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Abstract	

Policy	 makers	 worldwide	 are	 increasingly	 realising	 the	 importance	 of	

wellbeing.	 Maintaining	 mental	 wellbeing	 is	 important	 for	 positive	 life	

outcomes,	such	as	relationships,	employment,	and	physical	health.	It	can	also	

act	 as	 a	 buffer	 against	 the	 negative	 effects	 of	 stress.	 In	 this	 thesis,	 I	 am	

interested	in	the	individual	differences	that	determine	why	some	individuals	

have	 better	 wellbeing	 and	 respond	 better	 to	 wellbeing	 interventions	 than	

others.	 In	 addition,	 I	 investigate	 the	 close	 relationship	 between	 social	

connections	and	wellbeing.	I	predominately	concentrate	on	late	adolescence	

and	 emerging	 adulthood	 because	 this	 is	 a	 critical	 but	 underexplored	

developmental	 period	 for	 mental	 health.	 Three	 broad	 conclusions	 can	 be	

drawn	from	the	projects	 in	 this	 thesis.	Firstly,	 I	 find	that	social	connections	

are	often	positively	associated,	such	as	providing	social	support,	but	they	can	

also	be	negatively	associated	with	wellbeing,	such	as	through	negative	social	

comparisons.	Tapping	into	how	individuals	socially	interact	and	connect	with	

others	could	be	an	important	wellbeing	improving	intervention,	and	further	

research	 is	 needed	 here	 to	 disentangle	 mechanisms	 and	 direction	 of	

causality.	My	second	conclusion	is	that	tackling	inequality	should	be	of	high	

priority	for	policy	makers	as	inequality	contributes	to	lower	population	level	

wellbeing	levels.	Finally,	my	findings	suggest	that	one	of	the	ways	to	ensure	

we	do	not	increase	existing	inequalities	when	we	make	policies	is	to	have	a	

greater	 focus	 on	 personalised	 interventions	 and	 policies.	 Environments	 do	

not	just	passively	happen	to	us	–	even	environmental	measures	such	as	social	

support	are	mediated	by	genetics.	Therefore,	one-size-fits-all	policies	should	

be	replaced	with	more	personalised	approaches.	Overall,	my	projects	add	to	

the	 evidence	 base	 that	 can	 now	be	 collated	with	 other	 research	 outputs	 to	

produce	 policy	 recommendations.	 My	 thesis	 emphasises	 the	 need	 for	

evidence	 based	 on	 a	 range	 of	 methodologies	 to	 give	 us	 the	 most	

comprehensive	view	of	wellbeing.		 	
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Chapter	1 	Introduction	

	

1.1 Thesis	Motivation	

	

This	PhD	was	 an	opportunity	 for	me	 to	 expand	on	my	 scientific	 interest	 in	

mental	 health	 and	 wellbeing	 and	 to	 learn	 a	 range	 of	 new	 methodological	

skills	 to	 help	 me	 become	 a	 competent	 epidemiological	 researcher.	 I	 have	

always	been	interested	in	how	government	uses	evidence	from	research	and,	

since	this	PhD	was	in	collaboration	with	the	Department	of	Health,	I	had	the	

additional	 unique	 opportunity	 to	 learn	 skills	 in	 communicating	with	 policy	

makers	and	civil	servants	as	a	scientist.	

	

I	believe	in	the	value	of	researching	wellbeing	both	for	the	individual	as	well	

as	for	society.	I	hope	that	the	research	that	I	have	produced	in	this	thesis	will	

be	 a	 useful	 addition	 to	 the	 evidence	base	 that	 governments	will	 refer	 to	 in	

their	future	policy	decisions.	

	

1.2 Thesis	Overview	

	

This	thesis	aims	to	investigate	the	causes	and	correlates	of	wellbeing.	In	my	

projects,	I	conceptualise	wellbeing	as	a	range	of	positive	psychological	traits,	

though	 I	 have	 a	 main	 focus	 on	 the	 commonly	 used	 measures	 of	 life	

satisfaction	 and	 happiness.	 My	 investigations	 predominately	 focus	 on	
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adolescence	 and	 emerging	 adulthood,	 filling	 the	 gap	 in	 the	 literature	 since	

wellbeing	has	to	date	largely	been	explored	in	adults.	I	am	also	interested	in	

expanding	wellbeing	research	to	other	countries	and	cultures.	In	this	thesis,	I	

offer	different	insights	about	wellbeing	that	can	be	obtained	through	a	range	

of	 different	 methodological	 techniques.	 In	 order	 to	 examine	 wellbeing	

through	 the	 range	 of	 different	 perspectives,	 I	 use	 data	 from	 a	 range	 of	

different	datasets.	Two	are	cohort	studies	based	in	the	UK	–	the	Twins	Early	

Development	Study	(TEDS)	and	the	Avon	Longitudinal	Study	of	Parents	and	

Children	(ALSPAC),	while	another	is	a	household	panel	study	based	in	China	

–	the	China	Family	Panel	Study	(CFPS).		

	

1.3 Chapter	overview	

	

In	 this	 introduction	 chapter,	 I	 give	 an	 overview	of	 the	 history	 of	wellbeing	

research,	wellbeing	definitions,	the	use	of	wellbeing	in	policy	and	the	special	

role	that	social	relations	play	in	individual	and	national	wellbeing.	I	hope	that	

by	the	end	of	this	chapter,	I	will	have	effectively	communicated	to	the	reader	

the	importance	of	examining	wellbeing	and	the	value	that	it	adds	to	policy.	As	

the	 subsequent	 experimental	 chapters	 cover	 a	 range	of	 different	 aspects	 of	

wellbeing,	I	will	give	a	detailed	literature	review	of	the	relevant	aspects	in	the	

introduction	sections	of	each	of	the	individual	experimental	chapters.		

	

1.4 Why	Wellbeing?	

	

Living	 well	 is	 a	 human	 goal	 for	 all.	 People	 who	 have	 higher	 wellbeing	

function	 more	 effectively	 and	 have	 better	 outcomes	 in	 life,	 ranging	 from	
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better	 relationships,	 better	 health	 and	 better	 productivity	 at	 work	

(Lyubomirsky,	King,	&	Diener,	2005).	Feeling	good	is	a	reward	that	indicates	

to	people	that	they	are	achieving	their	goals	and	that	their	lives	are	on	track	

(Lazarus	&	 Lazarus,	 1991).	 National	wellbeing	 tells	 governments	 how	well	

they	are	fulfilling	the	needs	of	the	nation.	

	

Wellbeing	is	moderately	high	in	most	parts	of	the	world,	scoring	on	average	7	

out	 of	 10	 in	 most	 countries	 (Sachs,	 Layard,	 &	 Helliwell,	 2018).	 However,	

challenges	to	individual	and	national	wellbeing	do	still	exist.	Most	countries	

are	 still	 trying	 to	 recover	 from	 the	 Great	 Recession	 of	 2007,	which	 caused	

stresses	 including	 increases	 in	 debt,	 unemployment	 and	 distrust	 in	

government	(Grusky,	Western,	&	Wimer,	2011;	Kuttner,	2012).	There	is	still	

inequality	in	the	world,	with	the	basic	needs	to	food,	shelter	and	clothing	still	

not	met	 for	many	in	developing	and	underdeveloped	countries,	and	even	in	

poverty	pockets	 of	 developed	 countries	 as	well.	Mental	 illnesses	 are	 highly	

prevalent	throughout	the	world,	affecting	people	across	all	regions	(Steel	et	

al.,	 2014).	 Some	 have	 gone	 as	 far	 as	 to	 say	 that	 we	 are	 in	 a	 depression	

epidemic	 (Sachs	 et	 al.,	 2018).	 Depression	 is	 more	 prevalent	 now	 than	

previous	 generations	 (Collishaw,	 Maughan,	 Natarajan,	 &	 Pickles,	 2010;	

Kosidou	et	al.,	2010;	Pearson	et	al.,	2018),	with	it	now	being	the	leading	cause	

of	disability	worldwide	(WHO,	“Depression”).	Understanding	wellbeing,	and	

the	positive	side	of	mental	health,	is	crucial	for	the	prevention	of	mental	and	

physical	 illnesses.	 In	 addition,	 wellbeing	 makes	 individuals	 and	 nations	

resilient	 against	 other	 negative	 effects	 of	 stresses,	 be	 they	 natural	 or	man-

made	(Helliwell,	Huang,	&	Wang,	2014).	

	

Fortunately,	governments	worldwide	have	begun	to	realise	the	importance	of	

wellbeing.	 Policy	 makers	 and	 researchers	 are	 currently	 trying	 to	 develop	

metrics	that	measure	development	through	national	wellbeing	as	opposed	to	
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money	 like	 the	 predominately	 used	 Gross	 Domestic/National	 Product	

(GDP/GNP).	 Concurrently,	 we	 are	 increasingly	 seeing	 policies	 that	 put	

wellbeing	 as	 their	 policy	 goal.	 In	 order	 to	design	 such	policies,	 researchers	

need	to	continue	to	provide	evidence	on	what	works	 for	wellbeing.	Though	

research	on	this	is	increasing	exponentially,	due	to	the	relative	infancy	of	this	

field,	 there	 is	 still	 much	 that	 we	 do	 not	 know.	 This	 PhD	 aims	 to	 explore	

wellbeing	 through	 a	 range	 of	 perspectives	 to	 demonstrate	 the	 breadth	 of	

information	we	 need	 about	wellbeing	 to	 give	 us	 an	 overall	 comprehensive	

view	of	 it.	 I	also	explore	how	such	 information	will	be	useful	 for	policy	and	

how	it	could	be	presented	to	policy	makers.	

	

1.5 History	of	Wellbeing	

	

1.5.1 Ancient	Philosophy	

	

Considerations	of	wellbeing	go	back	to	ancient	philosophy	where	distinctions	

were	made	between	hedonic	and	eudaimonic	wellbeing	(Ryan	&	Deci,	2001;	

van	de	Weijer,	Baselmans,	van	der	Deijl,	&	Bartels,	2018).	Aristotle	believed	

wellbeing	to	be	a	product	of	living	“the	good	life”,	a	life	with	virtuous	activity,	

and	 referred	 to	 this	 type	of	wellbeing	as	 eudaimonia.	He	distinguished	 this	

from	hedonism,	which	describes	a	 life	 lived	 in	search	of	pleasure	(Kashdan,	

Biswas-Diener,	&	King,	2008).	Hedonic	wellbeing,	championed	by	Aristippus,	

proposed	that	wellbeing	was	a	result	of	maximising	pleasure	and	minimising	

pain	 (Feldman,	 2004).	 Epicurus	 also	proposed	 that	 pleasure	was	 central	 to	

wellbeing,	though	he	distinguished	unnecessary	physical	pleasures	from	the	

true	pleasure	gained	from	the	philosophical	pursuit	of	wisdom,	and	believed	

that	 virtue	 and	pleasure	were	 interdependent	 (Kesebir	&	Diener,	 2008).	 In	

the	 East,	 Buddha	 and	 Confucius	 preached	 the	 importance	 of	 virtual	 and	
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ethical	conduct	as	a	means	of	achieving	wellbeing	(Lu,	2001).	The	concept	of	

wellbeing	therefore	has	been	of	central	focus	to	many	people	for	a	long	time,	

and	the	ideas	of	hedonism	and	eudaimonia	persist	to	this	day.		

	

1.5.2 Early	Researchers	of	Wellbeing	

	

Research	 into	 wellbeing	 was	 scant	 up	 until	 the	 late	 1900s.	 Of	 the	 limited	

research	 that	was	done,	most	 findings	are	not	so	different	 to	 the	pattern	of	

findings	we	get	nowadays,	despite	differences	in	measurement	and	methods	

of	 analyses.	Most	 early	 researchers	 of	wellbeing	 focused	 on	 the	 concept	 of	

“avowed	 happiness”,	 termed	 so	 because	 they	 were	 based	 on	 self-report.	

Consistently,	 early	 researchers	 found	 that	 social	 interactions	 with	 family,	

friends	 and	 significant	 others	 as	well	 as	having	 a	 sociable	nature	 (Chassell,	

1928;	Gurin,	 Veroff,	&	 Feld,	 1960;	 Smith,	 1961;	Watson,	 1930;	Wessman	&	

Ricks,	1966),	self-confidence	and	competence	(Chassell,	1928;	Watson,	1930;	

Wessman	&	Ricks,	 1966),	 an	 even	 temperament	 and	warmth	 (Sailer,	 1931;	

Smith,	 1961),	 good	 home	 environments	 (Washburne,	 1941;	Watson,	 1930;	

Wessman	 &	 Ricks,	 1966)	 and	 health	 (Sailer,	 1931;	 Watson,	 1930)	 were	

important	for	happiness.	Similar	to	the	kind	of	results	we	obtain	nowadays,	

in	 early	 studies,	 results	 were	 also	 mixed	 for	 the	 connection	 between	

happiness	and	intelligence,	wealth,	participation	in	leisure	activities	and	age	

(e.g.	 Bradburn	 &	 Caplovitz,	 1965;	 Fellows,	 1956;	 Gurin	 et	 al.,	 1960;	

Hartmann,	1934;	Jasper,	1930;	Washburne,	1941;	Watson,	1930).		

	

From	 these	 early	 studies,	 Wilson	 (1967)	 made	 two	 postulates,	 which	

foreshadow	many	of	the	current	theories	of	wellbeing.	His	first	postulate	was	

that	 happiness	 resulted	 from	 a	 satisfaction	 of	 needs,	 be	 they	 recurrent	

psychological	 needs,	 pleasure	 seeking	 needs	 or	 secondary	 needs	 such	 as	
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affection	and	popularity.	 	His	 second	postulate	proposed	 that	 the	degree	of	

fulfillment	 felt	 depended	 on	 adaptation	 and	 aspirations,	 which	 themselves	

were	dependent	on	past	events,	comparison	to	others	and	personal	values.	A	

small	 number	 of	 other	 researchers	 at	 the	 time	were	 similarly	 interested	 in	

theories	 of	 wellbeing.	 For	 example,	 Jahoda	 (1958)	 discussed	 the	 causes	 of	

individual	differences	in	positive	mental	health	as	dependent	on	individual’s	

conceptualizations	 of	 themselves,	 the	 environment	 around	 them	 and	 their	

abilities	to	handle	life.	Interestingly,	though	not	expressed	explicitly	as	such,	

several	of	these	early	wellbeing	researchers	made	similar	conclusions	on	the	

need	 for	 individuals	 to	 be	 autonomous,	 have	 social	 relations	 and	 feel	

competence	 as	 a	 prerequisite	 to	 achieving	 wellbeing,	 conclusions	 that	

parallel	the	basic	psychological	needs	of	Self-Determination	Theory	(Richard	

M.	 Ryan	 &	 Deci,	 2000)	 that	 I	 will	 describe	 later.	 Other	 early	 researchers	

recognized	 the	 importance	 of	 reaching	 individual	 potential	 and	 finding	

fulfillment	(Buhler	&	Massarik,	1968;	Maslow,	1968;	Rogers,	1995),	showing	

similarities	 to	 later	 conceptualisations	 of	 eudaimonic	 wellbeing	 (e.g.	

Waterman,	2013).	

	

1.5.3 Positive	Psychology	Movement	

	

The	 positive	 psychology	 movement	 took	 off	 in	 1998,	 founded	 by	 Martin	

Seligman	 when	 he	 was	 elected	 president	 of	 the	 American	 Psychological	

Association	 (Fowler,	 Seligman,	 &	 Koocher,	 1999).	 Seligman	 argued	 that	

traditionally,	 psychologists	 had	 focused	 on	 the	 negative	 aspects	 of	 mental	

health	–	on	understanding	mental	 illnesses.	He	proposed	 that	psychological	

research	 should	 be	 expanded	 to	 include	 a	 greater	 focus	 on	 understanding	

what	 makes	 people	 flourish	 and	 what	 predicts	 positive	 functioning.	 This	

movement	brought	positive	mental	health	to	the	foreground	of	research	and	

unified	researchers	in	their	efforts	to	focus	on	human	strengths	and	thriving,	
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causing	 an	 exponential	 growth	 in	 positive	 psychological	 research	 over	 the	

last	two	decades.	

	

1.6 Definitions	of	Wellbeing	

	

As	yet,	there	is	still	no	consensus	on	the	definition	of	wellbeing.	It	is	typically	

thought	 to	 have	 two	 domains	 based	 on	 the	 hedonia-eudaimonia	 divide	

stemming	from	ancient	philosophy.	The	hedonic	domain	focuses	on	pleasure	

attainment	and	pain	avoidance	(Kahneman,	Diener,	&	Schwarz,	1999),	while	

the	eudaimonic	domain	focuses	on	self-realisation,	virtue	and	purpose	(Ryan	

&	Deci,	2001;	Ryff	&	Singer,	2008).	Researchers	now	often	use	happiness	or	

subjective	wellbeing,	which	consists	of	positive	affect,	negative	affect	and	life	

satisfaction	 (Diener,	 1984;	Diener,	 Emmons,	 Larsen,	&	Griffin,	 1985),	when	

referring	 to	 hedonic	 wellbeing	 (van	 de	 Weijer	 et	 al.,	 2018).	 Eudaimonic	

wellbeing	is	best	captured	nowadays	by	psychological	wellbeing,	which	has	6	

dimensions	 –	 self-acceptance,	 positive	 relations	 with	 others,	 autonomy,	

environmental	mastery,	purpose	 in	 life	and	personal	growth	(Ryff	&	Singer,	

2008).	 Other	 measures	 that	 tap	 into	 eudaimonic	 wellbeing	 are	 the	 basic	

psychological	 needs	 of	 autonomy,	 competence	 and	 relatedness	 (Richard	M.	

Ryan	&	Deci,	2000),	and	Waterman	et	al	(2010)’s	definition	of	 life	meaning,	

authenticity	and	purposefulness,	with	a	focus	on	resources	and	strengths.		

	

Evidence	has	accumulated	on	the	conceptual	and	biological	overlaps	between	

these	 different	 conceptualisations,	 showing	 that	 the	 distinction	 between	

hedonic	 and	 eudaimonic	 wellbeing	 rooted	 in	 philosophy	 do	 not	 translate	

exactly	 to	 science	 (Kashdan	 et	 al.,	 2008;	 van	 de	Weijer	 et	 al.,	 2018).	 It	 has	

been	 suggested	 that	 both	 eudaimonic	 and	 hedonic	 domains	 of	 wellbeing	

often	work	in	tandem.	Life	satisfaction,	the	most	commonly	used	measure	of	
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wellbeing,	loads	onto	both	in	this	way	(Proctor,	Tweed,	&	Morris,	2015)	–	this	

is	 not	 surprising,	 since	 assessments	 of	 life	 satisfaction	 could	 be	 based	 on	

immediate	 pleasures	 or	 it	 could	 be	 based	 on	 evaluations	 of	 fulfilment	 and	

how	one’s	life	is	in	line	with	one’s	ideals,	and	likely	it	is	both.	

	

Beyond	hedonic	and	eudaimonic	wellbeing,	other	measures	bring	additional	

insights	 about	 general	 positive	 experience.	 Researchers	 are	 increasingly	

adopting	 the	 idea	 of	 “flourishing”	 which	 is	 captured	 by	 measures	 such	 as	

optimism	and	self-esteem	 in	addition	 to	hedonic	and	eudaimonic	wellbeing	

constructs	(Diener	et	al.,	2010;	Huppert	&	So,	2013;	Seligman,	2012).	There	is	

still	much	that	we	do	not	know	about	the	causes,	correlates	and	outcomes	of	

these	other	positive	psychological	traits	and	more	research	is	needed	here.		

	

While	 psychologists	 tend	 to	 concentrate	 on	 mental-state	 accounts	 of	

wellbeing	(Parfit,	1984),	policy	analysts	tend	to	think	of	wellbeing	in	terms	of	

objective	 circumstances	 (Sen,	 1999).	 In	 this	 account,	wellbeing	 is	 based	 on	

the	meeting	 of	 essential	 needs	 such	 as	 food,	 shelter,	 health	 and	 security.	 It	

has	been	argued	that	these	needs	need	to	be	met	before	individuals	have	the	

capability	 to	 go	 on	 to	 truly	 flourish	 (Sen,	 2001).	 This	 account	 ties	 in	 with	

Maslow’s	 Hierarchy	 of	 Needs	 Model,	 in	 which	 basic	 needs	 exist	 at	 a	

foundational	 level	while	other	needs	are	at	higher	levels	based	on	necessity	

(Maslow,	1970).		

	

In	 addition	 to	 mental	 health	 state	 accounts	 and	 objective	 list	 accounts	 of	

wellbeing,	 economists	 think	 of	 wellbeing	 in	 terms	 of	 the	 ability	 to	 fulfil	

desires	 or	 satisfy	 preferences	 (Harsanyi,	 1982).	 Because	 money	 can	 help	

people	satisfy	material	desires,	wealth	is	seen	as	a	proxy	for	wellbeing	in	this	
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desire-fulfilment	account	(Dolan	&	White,	2007)	and	this	is	the	lens	through	

which	GDP	is	used	as	a	measure	of	national	wellbeing.		

	

1.7 Wellbeing	in	Policy	

	

1.7.1 Evidence-Based	Policy	

	

Surprisingly,	 the	 practice	 of	 developing	 policies	 based	 on	 evidence	 is	

relatively	 new.	 Former	 UK	 Prime	 Minister	 and	 leader	 of	 the	 Conservative	

Party,	Margaret	 Thatcher	 believed	 in	 “conviction	 politics”	 in	 the	 1970s	 (“A	

Tory	Wind	of	Change”,	1979),	a	 form	of	campaigning	based	on	fundamental	

views	 or	 ideas	 of	 the	 individual.	 The	 principles	 within	 the	 Conservative	

manifesto	of	the	early	2000s	were	still	rooted	in	“common	sense	instincts	of	

the	 mainstream	 majority	 in	 this	 country”	 (Hague,	 2001).	 But	 as	 evidence	

from	the	behavioural	economics	 literature	 tells	us,	humans	are	not	rational	

beings	 (Kahneman	 &	 Egan,	 2011;	 Tversky	 &	 Kahneman,	 1974).	 Often,	 we	

cannot	make	the	best	decisions	based	solely	on	our	“common	sense”	due	to	

our	limited	cognitive	ability	to	process	all	necessary	information	required	for	

rational	judgement.	We	are	often	bad	at	predicting	what	will	make	us	happy	

or	sad	(Gilbert,	2009;	Loewenstein	&	Lerner,	2003).	

	

It	was	the	newly	elected	Labour	government,	also	known	as	“New	Labour”,	of	

1997	 that	 emphasised	 the	 need	 for	 evidence-based	 policies	 through	 their	

principle	of	“What	counts	is	what	works”	(Labour	Party,	1997).	Rather	than	

deciding	on	policies	based	on	what	we	believed	would	work,	why	not	make	

policies	based	on	what	has	actually	been	shown	to	work	already?	Since	then,	
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increasingly	policy	makers	are	realising	that	policies	need	to	be	grounded	on	

comprehensive	evidence	that	will	predict	policy	effectiveness.	

	

Research	 has	 also	 changed	 in	 line	with	 the	 shift	 of	 focus	 in	 government	 to	

evidence-based	 policies,	 with	 emphasis	 now	 being	 placed	 on	 research	

“impact”.	 This	 refers	 to	 the	 effects	 that	 research	 results	 have	 on	 society,	

policy	making	 and	 governmental	 decisions,	 beyond	 adding	 to	 the	 academic	

knowledge	base	(Greenhalgh,	Raftery,	Hanney,	&	Glover,	2016).	The	Research	

Excellence	 Framework	 was	 introduced	 in	 2011	 (UK	 Higher	 Education	

Funding	 Bodies,	 2011)	 to	 assess,	 in	 addition	 to	 general	 research	 calibre,	

impact	 on	 wider	 society.	 20%	 of	 institution	 REF	 scores	 are	 based	 on	 case	

studies	of	 research	 impact.	Grant	applications	also	require	accounts	of	how	

research	 impact	will	 be	 achieved	 (“pathways	 to	 impact”).	 Especially	within	

the	social	sciences,	 it	 is	now	more	important	than	ever	to	produce	research	

that,	where	 possible,	 is	 policy	 relevant	 and	 communicated	 in	 a	way	 that	 is	

easy	for	policy	makers	to	understand,	 to	ease	and	encourage	the	process	of	

evidence	based	policy-making.	

		

1.7.2 Wellbeing	and	Policy	

	

Over	 the	past	decade,	 interest	 in	wellbeing	has	accumulated	 in	 the	political	

spheres.	 One	 of	 the	main	 events	 that	 introduced	wellbeing	 to	 the	 realm	 of	

policy	 was	 the	 decision	 by	 the	 Fourth	 King	 of	 Bhutan	 to	 introduce	 the	

concept	 of	 Gross	 National	 Happiness	 (GNH)	 in	 1972	 as	 a	 goal	 over	 GDP	

(Helliwell,	Layard,	&	Sachs,	2012).	In	addition	to	GDP,	Bhutan	currently	uses	

a	 GNH	 Index,	 established	 in	 2008,	 which	 is	 used	 for	 policy	 making	 and	

governance.	 The	 GNH	 Index	 is	 a	 multidimensional	 measure	 capturing	

“happiness”	 through	 9	 domains	 ranging	 from	 psychological	 wellbeing	 to	
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living	 standards	 to	 cultural	 diversity	 and	 resilience.	 The	 multidimensional	

GNH	 Index	 has	 allowed	 researchers	 and	policy	makers	 in	Bhutan	 to	 create	

profiles	of	what	happiness	means	 for	different	people,	and	to	 identify	areas	

that	need	policy	intervention,	as	indicated	by	the	data-driven	information	of	

the	domains	(Helliwell,	Layard,	&	Sachs,	2012).	

	

It	 was	 likely	 the	 catastrophes	 of	 the	 Great	 Recession	 that	 stimulated	 the	

current	 surge	 of	 political	 interest	 in	wellbeing.	 The	Great	Recession,	which	

started	in	2007,	was	the	worst	economic	crisis	since	the	Great	Depression	of	

the	 1930s,	 and	 caused	 large-scale	 economic,	 socio-economic	 and	 political	

upheaval	 in	 many	 countries,	 such	 as	 the	 United	 States	 and	 European	

countries.	National	GDP	for	many	countries	plummeted,	unemployment	rates	

increased,	 inequality	 increased	 and,	 as	 a	 result,	 political	 unrest	 increased	

along	with	distrust	in	the	government	and	a	general	increase	in	prevalence	of	

mental	 illness	 (Burgard,	 Ailshire,	 &	 Kalousova,	 2013;	 Cagney,	 Browning,	

Iveniuk,	 &	 English,	 2014).	 Not	 long	 after	 the	 Great	 Recession,	 then	 French	

president	 Nicholas	 Sarkosy	 asked	 a	 group	 of	 distinguished	 economists	 in	

2008	to	produce	a	report	on	the	use	of	wellbeing	in	policy.	The	subsequent	

report	 produced	 noted	 the	 importance	 of	 wellbeing	 and	 advised	 for	 more	

widespread	measurement	and	use	in	policy	(Fitoussi,	Sen,	&	Stiglitz,	2009).	It	

cautioned	the	over-reliance	of	governments	on	GDP,	even	speculating	about	

the	 scale	 of	 disaster	 left	 by	 the	 Great	 Recession	 had	 wellbeing	 been	

considered	 earlier.	 For	 example,	 was	 dissatisfaction	 in	 wealth	 inequality	

increasing	simultaneous	to	the	growing	financial	bubble	before	the	crisis,	and	

could	this	have	notified	us	of	oncoming	problems	earlier?		
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The	Commission	report,	known	now	as	the	“Fitoussi-Sen-Stiglitz	Report”,	led	

to	 a	 number	 of	 concurrent	 actions.	 The	 Organisation	 of	 Economic	

Cooperation	and	Development	(OECD),	a	group	of	34	member	countries	(see	

Appendix	1.1	for	 list	of	OECD	countries)	that	discuss	and	develop	economic	

and	 social	 policies,	 started	 their	 Better	 Lives	 Initiative	 in	 2011	 (Durand,	

2015).	 This	 initiative	 aimed	 to	 develop	 statistics	 to	 capture	 the	 quality	 of	

individual	 lives	 in	 order	 to	 better	 understand	 the	 drivers	 of	 wellbeing	 for	

individuals	and	for	nations.		The	OECD	defined	wellbeing	to	be	formed	from	

11	 dimensions	 ranging	 from	health	 to	 environment	 to	 overall	 rating	 of	 life	

satisfaction.	 Using	 data	 from	 OECD	 countries,	 the	 OECD	 now	 produces	

biannual	reports	on	 the	state	of	wellbeing	 in	 these	countries	(OECD,	2017),	

and	uses	these	data	to	create	an	interactive	wellbeing	tool	to	be	used	by	both	

policy	makers	and	interested	individuals	ranking	countries	according	to	the	

11	wellbeing	domains	(“OECD	Better	Life	Index,”	2018).	(Figure	1.1).		

Figure	1.1	OECD	Better	Life	Index	
Index	ranks	countries	based	on	11	wellbeing	domains	and	weightings	set	according	to	

individual	preferences	(Source:	OECD	Better	Life	Index,	

http://www.oecdbetterlifeindex.org).	
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The	 OECD	 also	 produced	 Guidelines	 for	 the	 Measurement	 of	 Subjective	

Wellbeing	 (OECD,	 2013),	 which	 recommended	 the	 use	 of	 a	 set	 of	 core	

questions	 covering	 life	 satisfaction,	 feeling	 of	 how	 worthwhile	 life	 is,	

happiness,	worry	 and	 depression.	Many	 countries	 have	 since	 then	 adopted	

these	 questions,	 allowing	 for	 a	 consistent	 set	 of	measures	 across	 countries	

that	can	be	compared	directly.	

Concurrently,	 the	 first	 World	 Happiness	 Report	 was	 released	 in	 2012	

(Helliwell,	 Layard,	 &	 Sachs,	 2012).	 This	 report	 specifically	 focussed	 on	

subjective	 wellbeing,	 comparing	 the	 measures	 across	 different	 countries.	

Reports	 have	 been	 produced	 annually	 since	 and	 have	 been	 informative	 in	

summarising	 the	wellbeing	 initiatives	 in	 governments	 across	 the	world,	 as	

well	 as	 producing	 invaluable	 evidence	 on	 predictors	 and	 outcomes	 of	

wellbeing	internationally	and	nationally.	

	

1.7.3 How	to	use	wellbeing	in	policy	

	

There	are	 three	main	ways	 in	which	wellbeing	can	be	used	 in	policy	–	as	a	

national	 index	 of	 growth	 to	 be	 used	 alongside	 traditional	 Gross	 Domestic	

Product	(GDP),	as	a	way	to	assess	policies	through	cost-benefit	analyses,	and	

within	policies	themselves	to	improve	outcomes	of	other	policy	goals.	First,	I	

will	discuss	the	inadequacies	of	GDP	as	a	measurement	of	growth	and	the	use	

of	 wellbeing	 as	 a	 more	 suitable	 national	 index	 of	 growth	 to	 use	 alongside	

GDP.	Gross	Domestic	Product	(GDP)	is	currently	the	internationally	accepted	

measure	of	growth,	measuring	the	monetary	value	of	all	goods	and	services	

produced	 by	 a	 region	 (Callen	&	 Product,	 2012).	 The	modern	 conception	 of	

GDP	was	introduced	in	the	1930s	(Kuznets,	1934;	Kuznets,	Epstein,	&	Jenks,	

1941)	as	a	measure	of	productivity	in	order	to	gain	a	better	understanding	of	

the	Great	Depression	in	America	and	how	to	tackle	it.	At	that	time,	GDP	was	

an	 appropriate	 measure	 of	 wellbeing	 since	 the	 main	 concern	 for	 America	
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then	was	to	meet	the	basic	needs	of	food,	shelter	and	clothing.	Past	a	certain	

point	however,	the	association	between	money	and	wellbeing	satiates	(Jebb,	

Tay,	Diener,	&	Oishi,	2018),	with	this	proposed	to	be	the	point	where	money	

stops	 serving	 to	 fulfil	 basic	 and	 psychological	 needs	 (Diener,	 Oishi,	 &	 Tay,	

2018).	 Since	 developed	 countries	 have	 enough	 resources	 to	 provide	 these	

basic	 human	 needs,	 GDP	 should	 no	 longer	 be	 considered	 an	 appropriate	

measure	of	wellbeing	in	countries	such	as	the	UK	and	America.	The	reliance	

on	 GDP	 as	 a	 measure	 of	 growth	 at	 the	 governmental	 level	 encourages	

material	 desires	 at	 the	 individual	 level,	 encouraging	 conspicuous	

consumption,	 where	 individuals	 aim	 to	 display	 their	 wealth	 through	

extravagant	 noticeable	 purchases,	 such	 as	 cars	 and	 large	 houses	 –	 this	 is	

wasteful	and	can	be	detrimental	 for	mental	health	(Frank,	1999).	A	country	

focussed	on	GDP	 is	also	more	 likely	 to	encourage	 it’s	 residents	 to	prioritise	

such	 materialistic	 things	 over	 more	 important	 factors	 such	 as	 social	

relationships.	Furthermore,	GDP	does	not	capture	other	factors	important	for	

societal	 wellbeing	 such	 as	 the	 level	 of	 inequality	 and	 trust	 in	 government.	

Researchers,	policy	makers	and	political	leaders	are	now	realising	the	value	

of	using	wellbeing	to	assess	a	nation’s	growth	and	development.	Wellbeing	is	

a	 much	 better	 measure	 of	 social	 progress	 and	 captures	 the	 value	 of	 non-

market	 activities	 (Hicks,	 Tinkler,	 &	 Allin,	 2013),	 such	 as	 community	

volunteering	and	spending	time	with	 friends	and	family.	While	measures	of	

economic	 growth	 using	 GDP	 is	 still	 useful	 for	 assessing	 certain	 productive	

output,	wellbeing	measures	of	growth	capture	how	a	nation	is	flourishing	by	

capturing	 aspects	 of	 a	 nation	 that	 produce	 no	monetary	 gains	 but	 are	 still	

important	for	an	individual’s	quality	of	life.			

	

Beyond	 its	 use	 as	 a	 tool	 of	 comparison	 between	 different	 nations	 and	 as	 a	

way	 of	 gauging	 progress	 over	 time,	 economic	 measures	 are	 also	 used	 to	

assess	policies	within	a	nation.	In	Britain,	as	in	many	other	countries,	policies	

are	 traditionally	 assessed	 through	 cost-benefit	 analysis	 whereby	 estimates	

are	made	 of	 how	much	money	 an	 individual	 would	 pay	 to	 gain	 the	 policy	
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benefit	 and	 how	much	money	 an	 individual	would	 pay	 to	 avoid	 the	 policy	

cost.	 While	 this	 form	 of	 policy	 assessment	 should	 continue	 to	 be	 used	 to	

assess	policies	such	as	transport,	industry	and	education	for	which	monetary	

value	 can	 be	 assigned,	 it	 has	 been	 shown	 that	 often	 people	 cannot	 make	

sensible	monetary	and	value	judgements	on	policies	concerning	issues	such	

as	 welfare,	 child	 wellbeing	 and	 elderly	 care	 (Kahneman,	 Ritov,	 Schkade,	

Sherman,	&	Varian,	1999).	Models	of	cost-benefit	analysis	using	wellbeing	as	

the	 judgement	 metric	 have	 been	 proposed	 (O’Donnell,	 Deaton,	 Durand,	

Halpern,	 &	 Layard,	 2014)	 and	 are	 still	 under	 development.	 Methods	 of	

assigning	 monetary	 value	 to	 subjective	 wellbeing	 changes	 have	 been	

suggested,	 to	 assess	 aspects	 such	 as	 the	 effect	 of	 unemployment	

(Winkelmann	 &	 Winkelmann,	 1998),	 air	 pollution	 (Welsch,	 2002),	 noise	

pollution	(Van	Praag	&	Baarsma,	2005)	and	the	fear	of	crime	(Moore,	2006)	

on	 psychological	 welfare.	 More	 research	 is	 needed	 however	 on	 the	

connection	 between	 money	 and	 wellbeing	 before	 these	 methods	 can	 be	

reliably	used.	

	

In	 addition	 to	 using	 subjective	 wellbeing	 as	 a	 policy	 goal,	 subjective	

wellbeing	can	be	used	as	a	policy	itself	to	bring	about	objective	outcomes	of	

traditional	 policy	 goals.	 An	 abundance	 of	 literature	 shows	 the	 connections	

between	 subjective	 wellbeing	 and	 objective	 outcomes	 such	 as	 work	

performance	 (Tenney,	 Poole,	 &	 Diener,	 2016),	 physical	 health	 (Diener,	

Pressman,	 Hunter,	 &	 Delgadillo-Chase,	 2017)	 and	 social	 relationships	

(Moore,	Diener,	&	Tan,	2018).	Even	if	subjective	wellbeing	is	not	the	ultimate	

policy	goal,	increasing	subjective	wellbeing	has	been	shown	to	increase	other	

positive	outcomes	(Lyubomirsky	et	al.,	2005).		
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1.7.4 Wellbeing	in	UK	Government		

Shortly	after	the	Fitoussi-Sen-Stiglitz	Report	was	released,	then	British	Prime	

Minister	 David	 Cameron	 launched	 the	 National	 Wellbeing	 Project	 in	

November	 2010	 to	 encourage	 focus	 of	 governmental	 policies	 on	wellbeing	

(Cameron,	2010).	The	initial	phase	of	this	was	a	national	online	debate	“What	

Matters	to	You?”	organised	by	the	Office	of	National	Statistics	(ONS;	Office	of	

National	 Statistics,	 2011)	 that	 gathered	 information	 on	 public	 thoughts	 on	

wellbeing	 and	 informed	 the	 data	 that	 the	 ONS	 subsequently	 decided	 to	

collect.	Similar	 to	 the	OECD	and	 the	World	Happiness	Report,	 the	ONS	now	

frequently	 produces	 reports	 on	 the	 state	 of	 wellbeing	 in	 the	 UK	 to	 inform	

policy	makers	and	interested	members	of	the	public.	The	ONS	has	an	online	

interactive	tool,	the	“Measures	of	National	Wellbeing	Dashboard”	(“Measures	

of	 National	 Well-being	 Dashboard	 -	 Office	 for	 National	 Statistics,”,	 2018),	

which	presents	visual	overviews	of	UK	wellbeing	according	 to	 the	different	

ONS	measures	collected.	The	ONS	also	annually	produces	a	report	“Life	in	the	

UK”	focussing	on	wellbeing	in	the	nation	as	well	as	across	genders,	ages	and	

other	demographic	divisions.	With	 respect	 to	 subjective	wellbeing,	 the	ONS	

developed	 4	 subjective	 wellbeing	 questions	 in	 line	 with	 OECD	

recommendations.	Based	on	 the	 latest	 report	on	 these	 subjective	wellbeing	

measures	 (Office	 of	 National	 Statistics,	 2017),	 UK	 individuals	 score	 on	

average	7.7	for	life	satisfaction,	7.9	for	feeling	that	life	is	worthwhile,	7.5	for	

happiness	and	2.9	for	anxiety,	all	on	scales	out	of	10.	This	is	consistent	with	

reports	 of	 wellbeing	 across	 most	 other	 countries	 (Sachs	 et	 al.,	 2018).	 The	

report	 told	 us	 that	 life	 satisfaction,	 feelings	 that	 life	 is	 worthwhile	 and	

happiness	 ratings	 have	 all	 been	 increasing	 since	 the	ONS	 started	 collecting	

these	 measurements	 in	 2012	 (Figure	 1.2).	 Rating	 of	 anxiety	 is	 lower	 than	

2012	averages	but	has	been	increasing	since	2015	(Figure	1.3).	
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Figure	1.2	Average	UK	Life	Satisfaction,	Life	Worthwhileness	and	Happiness	
Ratings	
From	year	ending	March	2012	to	year	ending	December	2017	(Source:	Annual	

Population	Survey,	Office	for	National	Statistics	

https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/bulletins/measu

ringnationalwellbeing/januarytodecember2017)	

	

	

	

Figure	1.3	Average	UK	Anxiety	Ratings	
From	year	ending	March	2012	to	year	ending	December	2017	(Source:	Annual	

Population	Survey,	Office	for	National	Statistics	

https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/bulletins/measu

ringnationalwellbeing/januarytodecember2017)	
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These	 wellbeing	 reports	 highlight	 areas	 of	 need	 in	 society	 where	 future	

research	 into	 effective	 policies	 is	 needed.	 These	 ONS	 reports	 are	 a	 useful	

resource	 for	 policy	 makers	 to	 access,	 as	 they	 are	 clear	 and	 concise	 with	

simple	 messages.	 In	 order	 to	 make	 effective	 policies	 to	 tackle	 these	

highlighted	 areas	 of	 need,	 policy	makers	 need	 to	 use	 academic	 research	 to	

inform	them	about	the	evidence	and	the	theories.	The	academic	literature	is	

much	 harder	 to	 understand	 and	 it	 is	 up	 to	 researchers	 to	 present	 their	

relevant	work	in	an	approachable	style.	The	process	of	assimilating	research	

to	make	 it	presentable	 to	policy	makers	has	also	been	 the	aim	of	 the	What	

Works	Centre	for	Wellbeing.	

	

1.7.5 What	Works	Centre	for	Wellbeing	

	

Over	 the	 past	 five	 years,	 the	 UK	 has	 developed	 a	 number	 of	 What	 Works	

Centres,	 focussed	 on	 assimilating	 research	 evidence	 to	 provide	 the	 best	

recommendations	 for	 policies	 related	 to	 specific	 areas	 of	 interest	 (Gough,	

Maidment,	 &	 Sharples,	 2018).	 Such	 what	 works	 centres	 include	 the	 What	

Works	 Centre	 for	 Local	 Economic	 Growth	 and	 the	 National	 Institute	 for	

Clinical	Evidence	(NICE).	2014	saw	the	launch	of	the	What	Works	Centre	for	

Wellbeing	(“What	Works	Centre	for	Wellbeing	|	Credible	evidence	for	better	

decisions,	to	improve	lives,”,	2018).	This	has	brought	together	civil	servants	

and	researchers	to	collectively	work	together	in	finding	the	best	evidence	on	

wellbeing	to	inform	policy.	The	centre	has	4	specific	programme	areas:	work	

and	 adult	 learning,	 culture	 and	 sport,	 community	 wellbeing	 and	 welcome	

across	 the	 life	 course,	 each	 with	 a	 dedicated	 academic	 and	 practitioner	

consortium.	Over	the	past	4	years	since	its	initial	formation,	the	What	Works	

Centre	 for	Wellbeing	 has	 produced	 in	 depth	 reports	 covering	 a	 number	 of	

different	 aspects	 of	 wellbeing	 such	 as	 “Family	 and	 Outdoor	 Recreation”,	

“Drivers	 of	 Wellbeing	 Inequalities”	 and	 “Gender	 and	 Unemployment”.	
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Alongside	 each	 long	 technical	 report	 produced,	 the	 What	 Works	 Centre	

bridges	 the	 gap	 from	 research	 to	 policy	 by	 also	 producing	 policy	 briefings	

that	give	summaries	of	key	points	as	well	as	policy	recommendations	based	

on	the	findings	(e.g.	“Work	progression	and	job	security”,	2018).	

	

Encouragingly,	 a	 number	 of	 wellbeing-based	 policies	 have	 already	 been	

implemented	 over	 the	 years	 since	 the	 Wellbeing	 agenda	 was	 introduced	

(Cabinet	 Office,	 2013).	 These	 policies	 were	 not	 created	 exclusively	 to	

promote	wellbeing,	but	the	wellbeing	element	was	embedded	among	a	range	

of	other	benefits.	For	example,	Public	Health	England	(PHE)	was	established	

in	 2013	 as	 an	 executive	 agency	 with	 operational	 autonomy	 that	 provides	

governmental	 services	 separate	 to	 the	 Department	 of	 Health	 and	 the	 NHS	

Public	Health	England	(2018).	Due	to	government’s	 focus	on	wellbeing,	one	

of	the	primary	roles	of	PHE	was	set	to	“protect	national	wellbeing”.	Now,	PHE	

is	a	key	department	providing	information	to	government	about	national	and	

community	wellbeing,	and	is	a	key	player	within	the	What	Works	Centre	for	

Wellbeing.	Another	example	of	wellbeing	policies	 implemented	 in	 the	UK	 is	

the	Staff	Wellbeing	in	the	Department	of	Health	programme	(Cabinet	Office,	

2013).	 Through	 this	 programme,	 a	 new	 Health	 and	 Wellbeing	 Board	 was	

established	 to	 promote	 staff	 physical	 and	 mental	 health.	 Department	 of	

Health	 staff	 now	 receive	 a	 number	 of	 wellbeing	 enhancing	 benefits	 from	

these,	such	as	free	physical	health	checks,	installation	of	a	gym	in	one	of	the	

offices,	 emotional	 resilience	 workshops	 and	 stop	 smoking	 workshops.		

Indeed,	 workplace	 wellbeing	 has	 been	 a	 particular	 area	 of	 interest	 for	

government	 for	 some	 time	 now,	with	 the	Department	 of	Health	 asking	 the	

National	Institute	for	Health	and	Clinical	Excellence	back	in	2009	to	produce	

guidelines	for	ensuring	workplace	mental	wellbeing,	with	recommendations	

for	 both	 employees	 and	 employers	 (“Mental	 wellbeing	 at	 work	 |	 Guidance	

and	 guidelines	 |	 NICE,”	 2009).	 In	 addition,	 a	 number	 of	 other	 policies	 and	

programmes	have	actively	considered	the	impact	on	subjective	wellbeing	in	

their	 policy	 evaluations	 in	 areas	 such	 as	 Alcohol	 Strategy,	 Community	
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Learning,	 Support	 for	 Long	Term	Unemployment,	Universal	 Parent	 Classes,	

Food	 Satefy	 (Cabinet	 Office,	 2013)	 asking	 the	 individuals	 involved	

questionnaires	of	subjective	wellbeing	to	use	as	a	form	of	policy	assessment	

alongside	their	standard	metrics.		

	

1.7.6 Policy	Relevant	Wellbeing	Research	

	

Government	 has	made	 a	 lot	 of	 progress	 in	 the	 use	 of	 research	 evidence	 to	

inform	 their	 policy	 decisions.	 This	 has	 been	 particularly	 highlighted	 by	 the	

creation	 of	 the	What	Works	 Centres.	 There	 are	 also	 recommendations	 for	

researchers	to	make	their	own	research	more	policy	relevant.	Discrepancies	

lie	 between	 policy	 makers	 and	 researcher	 in	 terms	 of	 their	 priorities	 and	

time	 scales.	 Policy	 makers	 want	 “facts”	 but	 this	 is	 not	 what	 research	

produces.	Research	relies	on	an	accumulation	of	evidence	on	a	time	scale	that	

is	far	too	long	for	policy	makers.		

	

Given	the	relative	infancy	of	the	field	of	positive	psychology,	there	is	still	a	lot	

of	 research	 needed	 in	 the	 field	 to	 inform	 policy	 effectively.	 Different	

methodologies	 and	 perspectives	 of	 wellbeing	 research	 will	 also	 eventually	

allow	us	 to	 triangulate	our	research	to	 increase	 the	robustness	of	evidence.	

Research	 about	 the	 relative	 effect	 of	 different	 correlates	 and	 predictors	 of	

wellbeing	 can	 indicate	 to	us	which	 factors	 are	 the	most	 important	 areas	 to	

intervene	 when	 considering	 wellbeing	 as	 a	 policy	 goal.	 Rigorous	 research	

outputs	 are	 also	 needed	 based	 on	 the	 newest	 data	 sources	 to	 provide	

evidence	in	light	of	contemporary	changes	in	society.	In	particular,	methods	

need	to	tap	 into	causality	so	that	we	know	the	best	places	to	 intervene	and	

apply	 resources	within	 policy.	When	 new	policies	 are	 introduced,	 research	

can	 inform	 us	 about	 the	 changes	 to	 wellbeing	 that	 can	 result.	 Research	
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evidence	can	 indicate	to	us	 if	new	policies	will	have	any	detrimental	effects	

on	wellbeing,	and	evidence-based	measures	can	be	put	in	place	to	limit,	offset	

or	compensate	the	negative	wellbeing	effect.	Wellbeing	research	can	also	be	

used	to	identity	the	subpopulations	of	people	that	require	wellbeing	policies	

the	 most,	 and	 also	 tailor	 strategies	 depending	 on	 individual	 and	 group	

differences	in	policy	efficacy.	

	

Much	 progress	 has	 been	 made	 in	 the	 practice	 of	 evidence-based	 policy	

making,	with	both	government	and	researchers	paying	more	attention	to	the	

use	 of	 research	 in	 developing	 policies.	 It	 has	 been	 encouraging	 to	 see	 the	

interest	 in	 wellbeing	 in	 government.	 Both	 national	 and	 international	

organisations	 such	 as	 the	OECD	 and	 the	ONS	 have	made	much	 progress	 in	

measuring	 national	 and	 international	 wellbeing	 levels.	 The	 What	 Works	

Centre	 for	 Wellbeing	 has	 been	 an	 effective	 development	 by	 the	 UK	

government	 to	 try	 to	 assimilate	 research	 evidence	 and	 policies	 and	

interventions	that	consider	wellbeing	have	been	accumulating	over	the	years	

and	will	continue	to	be	developed	in	the	years	to	come.		

	

One	 particular	 area	 of	 interest	 for	 the	 UK	 government	 that	 is	 intricately	

related	 to	 national	 wellbeing	 is	 loneliness	 in	 the	 UK	 community.	 Current	

Prime	Minister,	Theresa	May,	very	recently	committed	to	a	government	drive	

to	 tackle	 loneliness	 (Prime	 Minister’s	 Office	 et	 al.,	 2018),	 investing	 £20	

million	 on	 this	 issue	 (Department	 of	 Digital,	 Culture,	 Media	 &	 Sport	 et	 al.,	

2018).	 There	 is	 a	 close	 connection	 between	 social	 relationships	 and	

wellbeing	 that	 I	will	 explore	 in	my	 thesis.	 In	 the	 next	 section,	 I	will	 give	 a	

brief	summary	of	the	research	in	this	area.	
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1.8 Social	Relations	

	

1.8.1 Social	Relations	and	Wellbeing	at	the	Population	Level		

	

Social	relationships	are	integral	to	human	life	(Baumeister	&	Leary,	1995).	At	

the	population	level,	countries	high	in	social	trust,	volunteering	participation	

levels	and	quality	of	social	institutions	(e.g.	low	government	corruption)	tend	

to	 have	 the	 highest	 happiness	 as	well	 as	 economic	 advantages	 (Bjørnskov,	

2012).	Even	in	countries	that	have	negative	socioeconomic	indicators	such	as	

high	crime	rates	and	weak	political	institutions,	average	subjective	happiness	

can	still	be	high	when	the	culture	values	supportive	social	relationships	over	

materialism,	such	as	in	Latin	America	(Sachs	et	al.,	2018).	Researchers	have	

proposed	 that	positive	 social	 structures	 in	 society	 can	provide	 resilience	 to	

challenges	 to	 population	 level	 wellbeing.	 Communities	 with	 greater	 social	

engagement	tend	to	have	higher	levels	of	wellbeing	while	these	communities	

also	 suffer	 the	 least	 amount	 of	 wellbeing	 decline	 in	 response	 to	

unemployment	 increases	 (Helliwell,	 Huang,	 &	 Wang,	 2014).	 For	 example,	

Iceland	was	heavily	affected	by	the	economic	crisis	–	 in	2008,	 the	country’s	

currency	lost	more	than	half	its	value	and	unemployment	rates	rose	from	1%	

to	 8%	 from	 2007	 to	 2009.	 Despite	 these	 economic	 disruptions,	 as	 well	 as	

losses	in	citizens’	trust	in	financial	and	social	institutions,	the	changes	to	life	

evaluations	 were	 minimal	 (Gudmundsdottir,	 2013).	 It	 has	 been	 suggested	

that	this	is	because	of	high	levels	of	social	support	that	persist	in	the	country	

(Richard	&	Jeffrey,	2017).	

	

1.8.2 Social	Relations	and	Wellbeing	at	the	Individual	Level	
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At	 the	 individual	 level,	 many	 studies	 have	 shown	 the	 connection	 between	

social	 relationships	and	good	health	(Cohen,	2004).	The	happiest	people	all	

have	 close	 social	bonds	 (Diener	&	Seligman,	2002)	and	also	possess	 strong	

interpersonal	 character	 skills	 (Park,	 Peterson,	 &	 Seligman,	 2004).	 Higher	

wellbeing	 is	 associated	 with	 being	 in	 partnerships	 and	 having	 friendships	

(Hintikka,	Koskela,	Kontula,	Koskela,	&	Viinamaeki,	2000),	as	well	as	having	

confidants	(Antonucci,	Lansford,	&	Akiyama,	2001;	Chappell	&	Badger,	1989).		

	

Social	 factors	 are	 thought	 to	 be	 beneficial	 for	 health	 through	 two	 general	

mechanisms	 (Cohen,	 Underwood,	 &	 Gottlieb,	 2000).	 One	 is	 the	 stress	

buffering	mechanism,	in	which	social	connections	provide	resources	to	allow	

an	 individual	 to	 cope	 with	 stress.	 This	 is	 thought	 to	 be	 the	 primary	

mechanism	 through	 which	 social	 support	 provides	 benefits	 to	 health.	 Not	

only	 is	 actual	 support	beneficial	 for	 an	 individual	 going	 through	a	 stressful	

period,	it	is	thought	that	the	more	critical	factor	is	the	belief	in	the	availability	

of	a	support	system	to	an	individual	regardless	of	whether	they	use	it	or	not	

(Cohen,	 1988;	 Cohen	 &	 Wills,	 1985;	 Uchino,	 Cacioppo,	 &	 Kiecolt-Glaser,	

1996).	The	other	mechanism	is	the	main	effect	mechanism,	which	argues	that	

social	 connections	 are	 beneficial	 regardless	 of	 whether	 the	 individual	 is	

experiencing	 stress	 or	 not.	 This	 is	 the	 mechanism	 through	 which	 social	

integration	 is	 thought	 to	 have	 its	 beneficial	 effects,	 especially	 for	

psychological	 wellbeing	 (Cohen,	 2004).	 Social	 integration,	 which	 describes	

having	 social	 connections	 and	 belonging	 to	 one	 or	 several	 social	 groups,	 is	

thought	 to	 teach	 individuals	 on	 how	 to	 act	 in	 different	 roles.	 When	 an	

individual	meets	normative	 role	 expectations,	 they	gain	a	 sense	of	 identity,	

belonging	and	purpose	in	life	(Cohen,	2004;	Thoits,	1983).	Social	integration	

also	 teaches	 healthy	 behaviours	 that	 may	 encourage	 the	 social	 norms	 of	

health	and	self-care.	A	number	of	large-scale	studies	have	shown	associations	

between	 social	 integration	 and	 mortality,	 better	 mental	 health	 and	 better	

physical	health	(e.g.	Berkman	&	Glass,	2000;	Chang	et	al.,	2017;	Cohen	et	al.,	

2000;	Holt-Lunstad,	Smith,	&	Layton,	2010).	Social	integration	has	even	been	
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shown	 to	 improve	 the	 body’s	 ability	 to	 fight	 off	 the	 common	 cold	 (Cohen,	

Doyle,	Skoner,	Rabin,	&	Gwaltney,	1997)	as	well	as	other	infectious	diseases.	

Conversely,	 social	 isolation	 is	associated	with	psychological	distress	as	well	

as	a	host	of	negative	physical	effects	such	as	cardiovascular	illnesses,	cortisol	

levels	and	sleep	patterns	 (Cacioppo	et	al.,	2002;	Cohen,	1988;	Uchino	et	al.,	

1996).	 Similar	 constructs	 of	 loneliness,	 exclusion	 from	 social	 groups	 and	

ostracism	 have	 damaging	 effects	 to	 psychological	 and	 physical	 outcomes	

(Barden,	Garber,	Leiman,	Ford,	&	Masters,	1985;	Bowling,	Edelmann,	Leaver,	

&	Hoekel,	1989;	Williams,	2002).		

	

Due	 to	 the	 correlation	between	 social	 connections	 and	health,	 a	 number	of	

interventions	 have	 been	 tested	 to	 see	 if	 social	 interventions	 can	 have	 a	

positive	effect.	This	has	shown	mixed	results.	For	example,	interventions	that	

have	 tried	 to	 introduce	more	 social	 support	 for	 cancer	 and	postmyocardial	

infarction	 patients	 have	 had	 minimal	 effect	 (e.g.	 Berkman	 et	 al.,	 2003;	

Goodwin	et	al.,	2001).	One	of	the	reasons	why	these	interventions	have	had	

minimal	 effects	 may	 be	 the	 unnatural	 set-up	 of	 the	 intervention.	

Furthermore,	it	has	been	suggested	that	the	intervention	effect	is	moderated	

by	individual	differences	in	natural	support	systems	that	individuals	already	

have.	 For	 example,	 in	 one	 study	 for	women	with	 breast	 cancer,	 setting	 up	

peer	 emotional	 support	 groups	 were	 beneficial	 for	 women	 who	 reported	

receiving	 low	 emotional	 support	 naturally	 from	 their	 partners	 but	 actually	

harmed	 the	 physical	 functioning	 of	 women	 who	 reported	 initial	 high	

emotional	support	 from	partners	 (Helgeson,	Cohen,	Schulz,	&	Yasko,	2000).	

Social	 support	 interventions	have	also	been	shown	to	have	different	effects	

on	 men	 and	 women	 (Frasure-Smith	 et	 al.,	 1997).	 One	 reason	 why	 these	

interventions	have	not	had	the	expected	beneficial	effect	is	the	forced	setting.	

It	may	be	 better	 to	 devise	 other	ways	 of	 encouraging	people	 to	 build	 their	

supportive	 networks	 themselves.	 One	 way	 of	 doing	 this	 may	 be	 through	

encouraging	altruism.	 Indeed	evidence	suggests	 that	giving	support	may	be	

even	 more	 beneficial	 for	 health	 than	 receiving	 support	 (Brown,	 Nesse,	
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Vinokur,	&	Smith,	2003)	while	a	lack	of	ability	to	give	support	may	be	a	risk	

factor	for	 interpersonal	stress	(Herzberg	et	al.,	1998).	 In	Chapters	3	and	4	I	

go	 into	 further	 detail	 about	 the	 effects	 of	 an	 intervention	 designed	 to	

encourage	altruistic	behaviour	and	explore	 the	evidence	 for	using	altruistic	

interventions	to	improve	mental	wellbeing	and	psychological	health.		

	

Not	all	relationships	bring	benefits	to	wellbeing.	Social	relationships	can	also	

be	 extremely	 stressful	 (Hammen,	 1996;	 Walen	 &	 Lachman,	 2000).	 Poor	

marital	quality	brings	stress	and	is	associated	with	depression,	psychological	

distress,	 and	 poorer	 physical	 health	 including	 poor	 immune	 system	

functioning	 (John	&	Ross	 Catherine,	 2003;	Kiecolt-Glaser	&	Newton,	 2001).	

Social	contagion	describes	the	spread	of	negative	health	behaviours	through	

social	 contact	 (Smith	 &	 Christakis,	 2008).	 Social	 contact	 with	 risk	 taking	

peers	 is	 associated	 with	 increased	 individual	 risk-taking,	 such	 as	 alcohol	

consumption	(Crosnoe,	Muller,	&	Frank,	2004),	while	having	an	obese	spouse	

or	friend	increases	the	risk	of	personal	obesity	(Christakis	&	Fowler,	2007).	

Such	 negative	 behaviours	 are	 thought	 to	 propagate	 through	 social	 norms.	

Social	 comparison	 is	 the	 process	 whereby	 an	 individual	 compares	 his/her	

situation	to	 the	situation	of	others	(Easterlin,	1974)	and	results	 from	social	

interactions.	Social	comparison	can	be	positive,	 for	example	when	it	 is	used	

as	a	coping	strategy,	allowing	individuals	to	estimate	their	ability	to	handle	a	

stressful	novel	situation	(A.	P.	Buunk	&	Gibbons,	2006;	Raat,	Kuks,	Hell,	Ally,	

&	 Cohen�Schotanus,	 2013).	 Social	 comparison	 can	 also	 help	 improve	

people’s	 self-image	 (Suls	 &	 Wheeler,	 2012)	 and	 also	 motivate	 self-

improvement	 (Blanton,	 Buunk,	 Gibbons,	&	 Fruyper,	 1999).	However,	 social	

comparisons	 oftentimes	 have	 negative	 effects	 when	 individuals	 compare	

themselves	to	people	who	are	better	off,	which	has	been	shown	to	be	the	case	

for	income	comparisons	(Clark	&	Senik,	2010)	activating	a	specific	feeling	of	

“relative	 deprivation”	 (Botton,	 2004;	 Nikolaev,	 2016).	 We	 explore	 this	

phenomenon	in	Chapter	6.		
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Social	 connections	 are	 pivotal	 for	 physical	 and	 mental	 health.	 While	 most	

social	 interactions	 are	 beneficial,	 especially	 when	 they	 involve	 giving	 or	

receiving	social	support,	there	are	also	aspects	of	social	relationships,	such	as	

social	comparison	that	can	negatively	impact	health.	In	this	thesis,	I	explore	

both	 the	 good	 and	 the	 bad.	 In	 chapter	 2,	 I	 explore	 how	 certain	 social	

connections,	 such	 as	 partnership,	 can	 impact	 wellbeing	 in	 emerging	

adulthood,	 relative	 to	 other	 factors	 such	 as	 employment	 and	 education.	 In	

chapters	3	and	4,	I	explore	how	an	intervention	that	involves	acts	of	kindness	

can	 impact	 wellbeing,	 tapping	 into	 altruism	 and	 the	 effect	 of	 encouraging	

social	interactions	on	wellbeing.	In	chapter	5,	I	explore	the	aetiological	origin	

of	the	connection	between	social	support	and	wellbeing.	In	chapter	6,	I	look	

at	 social	 comparison,	 often	 thought	 to	 be	 a	 negative	 aspect	 of	 social	

connections	in	Western	society,	in	a	non-Western	population.	

	

1.9 Thesis	Aims	

	

This	 thesis	 aims	 to	 examine	 wellbeing	 through	 a	 psychological	 and	

epidemiological	 lens,	 while	 keeping	 it	 within	 a	 policy	 relevant	 framework.	

Each	of	the	following	experimental	chapters	aims	to	fill	a	different	gap	in	the	

wellbeing	literature,	from	lifecourse	perspectives	to	wellbeing	interventions	

to	genetic	aetiologies.	My	core	outcomes	of	 interest	are	 life	satisfaction	and	

happiness,	but	where	available,	I	also	aimed	to	add	to	the	wellbeing	literature	

by	 examining	 a	 number	 of	 other	 positive	 psychological	 traits.	 Each	

experimental	 chapter	 also	 taps	 into	 the	 special	 connection	between	mental	

wellbeing	and	social	relationships.		

	



	

	27	

Since	 my	 methods	 are	 diverse,	 ranging	 from	 multilevel	 modelling	 to	

qualitative	 analysis	 to	 twin	 modelling,	 I	 give	 a	 detailed	 explanation	 of	

samples	and	methods	used	in	each	methodology	section	of	each	experimental	

chapter.	 In	the	next	chapter,	which	 is	my	first	experimental	chapter,	 I	 focus	

on	a	life-course	perspective	of	wellbeing.		
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Chapter	2 	Life-course	 Predictors	 of	 Wellbeing	 in	

Emerging	Adulthood	

	

2.1 Chapter	Abstract	

	

Emerging	 adulthood	 is	 a	 protracted	 period	 of	 instability	 and	 uncertainty.	

Good	wellbeing	can	act	as	a	buffer	against	the	negative	health	consequences	

associated	with	stresses	experienced	at	this	age,	and	can	also	predict	positive	

outcomes	 later	 in	 life.	 But	 the	 literature	 is	 sparse	 on	 the	 developmental	

origins	 of	wellbeing	 in	 emerging	 adulthood.	 In	 this	 experimental	 chapter,	 I	

build	upon	established	life-course	models	to	investigate	the	relative	effects	of	

distal	 and	 proximal	 predictors	 on	 wellbeing	 at	 this	 age.	 Around	 4,000	

individuals	 from	 the	 Avon	 Longitudinal	 Study	 of	 Parents	 and	 Children	

completed	 a	 comprehensive	 wellbeing	 questionnaire	 at	 age	 23.	 Predictors	

included	 family	 and	 child	 level	 factors	 capturing	 early	 childhood,	 late	

childhood	and	adolescence	as	well	as	concurrent	emerging	adult	level	factors	

to	 predict	 the	 wellbeing	 outcomes.	 On	 average,	 the	 models	 built	 in	 this	

chapter	explain	approximately	30%	of	the	variance	in	wellbeing.	I	found	that,	

in	general,	emotional	health	followed	by	self-perceived	general	health	are	the	

strongest	 predictors	 of	 wellbeing.	 Partnership	 and	 employment	 were	 also	

important	 for	many	wellbeing	 outcomes,	 highlighting	 the	 salience	 of	 these	

developmental	 goals	 at	 this	 age.	 In	 addition,	 I	 found	differences	 in	 the	 life-

course	models	 of	 hedonic	wellbeing	 (happiness)	 and	 eudaimonic	wellbeing	

(meaning	in	life).	More	research	that	tests	causality	is	needed	but	the	results	

of	 this	chapter	suggest	 that	policies	 focussing	on	health	will	bring	 the	most	

benefits	to	wellbeing	over	and	above	educational	or	economic	policies.		
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2.2 Chapter	Aims	

	

In	 Chapter	 1,	 I	 discussed	 the	 importance	 of	 using	wellbeing	 in	 policy.	 This	

chapter	demonstrates	one	type	of	research	that	can	be	useful	to	government	

in	advising	their	policy	decisions	about	wellbeing.	When	deciding	on	a	policy	

aimed	 at	maximising	wellbeing,	 life-course	models	 can	 capture	 the	 relative	

impact	of	all	important	influences	on	wellbeing,	informing	us	about	the	most	

important	 policy	 areas	 that	 should	 be	 targeted.	 The	 literature	 is	 sparse	 on	

wellbeing	 in	 emerging	 adulthood	 and	 given	 its	 importance	 as	 a	 unique	

developmental	stage,	I	have	focused	my	analysis	on	this	age	group.		

	

In	this	chapter,	I	aim	to:	

1. Build	a	life-course	model	of	wellbeing	in	emerging	adulthood	using	a	

range	of	different	wellbeing	measures	

	

2.3 Introduction	

	

2.3.1 Emerging	Adulthood	

	

Adolescence	 is	 a	 period	 of	 biological	maturation	 and	 social	 role	 transitions	

(Sawyer,	 Azzopardi,	 Wickremarathne,	 &	 Patton,	 2018).	 The	 later	 stages	 of	

adolescence,	 from	 18	 to	 25,	 sometimes	 referred	 to	 as	 emerging	 adulthood	

(Arnett,	 2000;	 Patton	 et	 al.,	 2016),	 is	 an	 especially	 important	 period	 of	

change.		These	individuals	go	to	university	or	choose	to	leave	education,	they	
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often	 change	 peer	 groups	 and	 supportive	 networks,	 some	 go	 into	

employment	 and	 some	 leave	 the	 family	 home	 for	 the	 first	 time.	 This	 is	 a	

protracted	period	of	instability	and	uncertainty	where	individuals	experience	

identity	formation	(Schwartz,	Côté,	&	Arnett,	2005),	personality	development	

(Roberts,	Walton,	 &	 Viechtbauer,	 2006)	 and	 have	 to	make	 decisions	 about	

their	future	life	trajectory	(Macmillan	&	Copher,	2005;	Osgood,	Ruth,	Eccles,	

Jacobs,	&	Barber,	2005).		

	

The	 developmental	 challenges	 that	 an	 emerging	 adult	 faces	 can	 impact	 on	

mental	health.	This	 is	 a	period	 in	 the	 life-course	when	 stress	 ratings	are	at	

their	 highest	 (Stone,	 Schwartz,	 Broderick,	 &	 Deaton,	 2010)	 and	 emerging	

adulthood	 is	often	 seen	as	a	period	of	elevated	 risk	 for	 the	development	of	

mental	illnesses	(Blanco	et	al.,	2008;	Rohde,	Lewinsohn,	Klein,	Seeley,	&	Gau,	

2013).	 The	 average	 age	 for	 developing	 mood	 disorder	 problems	 and	 for	

experiencing	 first	 psychotic	 episodes	 lie	 within	 the	 18	 to	 25	 age	 bracket	

(Ingram	&	Gallagher,	2010)	and	75%	of	all	lifetime	cases	of	DSM-IV	disorders	

start	 by	 the	 age	 of	 24	 (Kessler	 et	 al.,	 2005).	 Good	 wellbeing	 can	 help	 to	

protect	 individuals	 against	 the	 negative	 consequences	 of	 stress	 on	 mental	

health	and	in	addition	also	predicts	positive	future	outcomes	(Lyubomirsky,	

King,	 &	 Diener,	 2005).	 But	 wellbeing	 itself	 has	 been	 shown	 to	 decrease	

during	 this	age	(Piper,	2015;	Stone	et	al.,	2010).	 I	wished	to	 investigate	 the	

predictors	of	wellbeing	in	emerging	adulthood	to	give	us	an	insight	into	how	

we	can	maintain	high	levels	of	wellbeing	at	this	age	to	ensure	future	positive	

outcomes	and	prevent	the	development	of	mental	illness.		

	

2.3.2 Life-course	Perspective	of	Wellbeing	
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The	 best	 way	 in	 which	 to	 establish	 the	 causes	 and	 correlates	 of	 good	

wellbeing	 in	 emerging	 adulthood	 is	 to	 build	 one	 comprehensive	 life-course	

model	that	will	tell	us	the	most	important	pathways	to	good	wellbeing.	Life-

course	 models	 allow	 diverse	 developmental	 predictors	 to	 be	 explored	

together,	 allowing	 us	 to	 compare	 relative	 effects.	 Using	 life-course	 models	

can	 indicate	 to	us	key	developmental	 factors	where	early	 intervention	may	

be	effective	 in	ensuring	good	wellbeing	 later	on	and	prevent	mental	 illness	

from	emerging.	 In	 the	current	 study,	 I	 separate	effects	 into	 those	occurring	

around	emerging	adulthood	(proximal	factors),	and	those	occurring	earlier	in	

the	 life-course	 (distal	 factors).	 Key	 proximal	 factors	 include	 socioeconomic	

and	educational	 influences,	behaviour	and	health.	Key	distal	 factors	 include	

childhood	cognitive	and	behavioural	development,	and	family	characteristics.	

	

This	current	study	conceptually	replicates	the	life-course	models	previously	

built	for	adult	wellbeing.	To	date,	the	most	comprehensive	life-course	model	

has	been	built	 for	34	 and	42	year	old	 adults	 taken	 from	 the	British	Cohort	

Study	 (Clark,	 Flèche,	 Layard,	 Powdthavee,	 &	 Ward,	 2018;	 Layard,	 Clark,	

Cornaglia,	 Powdthavee,	 &	 Vernoit,	 2014).	 Such	 models	 have	 combined	

proximal	adult	predictors	with	distal	childhood	predictors	as	well	as	 family	

influences	 during	 childhood.	 These	models	 have	 shown	 that	mental	 health	

and	 being	 partnered	 are	 the	 strongest	 correlates	 of	 adult	 life	 satisfaction,	

stronger	 than	 income,	 employment,	 non-criminality	 and	 general	 health	

ratings,	 with	 educational	 qualifications	 being	 the	 least	 predictive	 of	 later	

adult	 life	 satisfaction.	 These	models	 have	 also	 shown	 us	 the	 importance	 of	

childhood	 emotional	 health,	 which	 was	 more	 predictive	 of	 adult	 life	

satisfaction	 than	 childhood	 educational	 attainment	 and	 behaviour.	

Furthermore,	 at	 the	 family	 level,	 mother’s	 mental	 health	 is	 the	 most	

important	 for	 later	 adult	 life	 satisfaction	 (Clark	 et	 al.,	 2018;	 Layard	 et	 al.,	

2014).	 We	 consistently	 see	 the	 importance	 of	 mental	 health,	 not	 just	 an	

individual’s	own	but	also	that	of	close	others.	It	has	also	been	shown	that	the	

effects	of	childhood	are	remarkably	stable	in	their	strength	in	predicting	life	
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satisfaction	 in	 adults	 aged	 26	 to	 50,	 with	 childhood	 emotional	 health	

remaining	 the	 strongest	 predictor	 across	 adulthood	 (Clark,	 Flèche,	 &	

Lekfuangfu,	 2017).	 What	 is	 missing	 is	 the	 inclusion	 of	 emerging	 adults	 in	

such	analyses	–	by	the	age	of	26	(especially	in	the	older	cohorts	of	the	1958	

National	Child	Development	Study	and	the	1970	British	Cohort	Study	used	in	

the	 previous	 study),	 most	 individuals	 will	 already	 have	 paved	 their	 life	

trajectory	 and	 achieved	most	 of	 the	 important	 developmental	 goals	 which	

dictate	 emerging	 adulthood	 (such	 as	 getting	 a	 job	 and	 forming	 a	 serious	

romantic	partnership).	Emerging	adulthood	is	a	critical	and	developmentally	

distinct	period	when	we	see	the	emergence	of	a	number	of	mental	 illnesses	

(Ingram	&	Gallagher,	2010;	Kessler	et	al.,	2005).		

	

This	 is	 also	 a	 historically	 important	 time	 to	 examine	 emerging	 adult	

wellbeing	given	the	political	and	economic	climate	that	these	individuals	are	

in.	 Evidence	 has	 shown	 that	 the	 Great	 Recession	 has	 been	 hitting	 current	

young	 adults	 the	 hardest.	 Compared	 to	 all	 other	 age	 groups,	 young	 adults	

have	 suffered	 the	 highest	 increase	 in	 unemployment	 and	 highest	 falls	 in	

income	 since	 2007	 (Aassve,	 Cottini,	 &	 Vitali,	 2013;	 Belfield,	 Cribb,	Hood,	&	

Joyce,	2014;	Bell	&	Blanchflower,	2011;	Cribb,	Hood,	Joyce,	&	Phillips,	2013).	

This	 has	 led	 to	 a	 sharp	 rise	 in	 the	 number	 of	 young	 adults	 still	 living	with	

parents	(Belfield	et	al.,	2014).	Changes	to	mortgage	lending	as	a	result	of	the	

2007	 financial	 crisis	 has	 also	 made	 it	 disproportionally	 harder	 for	 young	

adults	(with	fewer	savings)	to	become	homeowners,	compared	to	the	higher	

number	 of	 home-owning	 young	 adults	 in	 previous	 cohorts	 (McKee,	 2012).	

Alongside	economic	challenges,	we	have	also	been	seeing	political	changes	in	

the	past	decade,	such	as	a	rise	 in	populism,	riots	and	the	UK’s	vote	to	 leave	

the	European	Union	(Inglehart	&	Norris,	2016;	Kawalerowicz	&	Biggs,	2015).	

The	prevalence	of	mental	illnesses	in	adolescence	and	emerging	adulthood	is	

higher	than	previous	generations	(Collishaw,	Maughan,	Natarajan,	&	Pickles,	

2010;	Kosidou	et	al.,	2010;	Pearson	et	al.,	2018).	
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	It	is	now	more	important	than	ever	to	expand	previous	life-course	research	

to	look	specifically	at	this	age	group.	

	

2.3.3 Hedonic	versus	Eudaimonic	Wellbeing	

	

As	 mentioned	 in	 Chapter	 1,	 historical	 literature	 suggests	 that	 wellbeing	

consists	of	two	domains	–	the	hedonic	and	the	eudaimonic	domain,	but	there	

is	debate	about	the	scientific	validity	of	separating	the	two.	Life	satisfaction	is	

a	 commonly	 used	 measure	 of	 wellbeing	 that	 is	 thought	 to	 load	 onto	 both	

constructs.	 Given	 its	 pervasiveness,	 it	 is	 important	 to	 continue	 using	

measures	of	life	satisfaction	in	wellbeing	research.	But	it	is	also	important	to	

incorporate	other	positive	psychological	measures	that	may	capture	different	

aspects	 of	 wellbeing	 –	 for	 example,	 happiness	 taps	 more	 into	 hedonic	

wellbeing	while	meaning	in	life	taps	more	into	eudaimonic	wellbeing.	

	

It	has	been	shown	that,	in	older	adults,	there	are	slight	differences	in	the	life-

course	predictors	of	hedonic	(measured	using	happiness)	versus	eudaimonic	

wellbeing	 (measuring	 using	 psychological	wellbeing	which	 consists	 of	 self-

acceptance,	 positive	 relations	 with	 others,	 autonomy,	 environmental	

mastery,	 purpose	 in	 life	 and	 personal	 growth)	 (Clark	 &	 Lee,	 2017).	 At	 the	

proximal	level,	the	effect	of	mental	health	was	the	strongest	for	both	hedonic	

and	eudaimonic,	with	similar	effect	sizes.	However,	while	years	of	schooling	

positively	 predicted,	 and	 never	 being	 married	 negatively	 predicted	

psychological	wellbeing	at	age	72,	neither	 significantly	predicted	happiness	

at	this	age.	Additionally,	while	being	unemployed	(before	retirement),	being	

widowed	 and	 physical	 health	 predicted	 happiness,	 they	 didn’t	 predict	
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psychological	wellbeing	 (Clark	&	Lee,	 2017).	Given	 these	differences,	 I	 also	

believed	 it	was	 important	 to	 conduct	 separate	 explorations	 of	 hedonic	 and	

eudaimonic	wellbeing.	

	

This	current	study	aims	to	fill	the	gap	in	the	wellbeing	literature	by	building	a	

life-course	 model	 of	 wellbeing	 in	 emerging	 adulthood,	 using	 the	

comprehensive	longitudinal	data	available	in	the	Avon	Longitudinal	Study	of	

Parents	and	Children	(ALSPAC).	We	conceptually	replicate	the	model	that	has	

been	previously	established	for	adults	(Clark	et	al.,	2018;	Layard	et	al.,	2014).	

I	use	the	same	proximal	predictors	as	used	in	these	previous	studies	but	due	

to	 the	wealth	 of	 developmental	 data	 available,	 I	was	 able	 to	 add	measures	

concerning	child	general	health	and	parental	health	to	provide	an	even	more	

detailed	 model.	 While	 Layard	 et	 al.	 (2014)	 used	 one	 predictor	 of	 “family	

psychosocial”	which	encompassed	all	parental	health	and	family	behavioural	

factors,	 I	 included	parental	health,	 parental	 emotional	problems	and	 family	

behaviour	 factors	 as	 separate	 predictors.	 	 I	 also	 wished	 to	 expand	 the	

literature	 by	 looking	 at	 a	 number	 of	 positive	 psychological	 outcomes	 that	

differentially	 tap	 into	 hedonic	 and	 eudaimonic	 wellbeing.	 My	 aims	 of	 the	

study	are	such:	

	

1.	 To	 conceptually	 replicate	 previous	 life-course	models	 and	 see	 if	 the	

same	 factors	 important	 for	 wellbeing	 in	 adults	 are	 also	 important	 for	

wellbeing	in	emerging	adults	in	this	particular	generational	cohort.	

2.	 To	see	if	life-course	models	differ	for	different	wellbeing	measures	in	

emerging	 adulthood,	 specifically	 looking	 at	 the	 difference	 between	 hedonic	

and	eudaimonic	wellbeing.	
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2.4 Methods	

	

2.4.1 Sample	

	

Participants	 were	 part	 of	 the	 Avon	 Longitudinal	 Study	 of	 Parents	 and	

Children	(ALSPAC).	ALSPAC	recruited	15,247	pregnant	women	in	1990-1992	

in	 Avon,	 UK	 (Boyd	 et	 al.,	 2013;	 Fraser	 et	 al.,	 2012).	 The	 sample	 was	

demographically	representative	of	the	British	population	during	the	ALSPAC	

planning	 stage,	 apart	 from	 mothers	 being	 less	 likely	 to	 live	 in	 rented	

accommodation	 and	 fathers	 being	 less	 likely	 to	 be	 in	 a	manual	 occupation	

(ALSPAC	Study	Team,	2001).	Since	recruitment,	these	mothers,	their	children	

and	 their	 partners	 have	 been	 followed	 intensively,	 with	 data	 collection	

including	 questionnaires,	 clinical	 assessments,	 biological	 samples	 and	 data	

linkage,	 to	 measure	 physical,	 biological,	 psychological,	 cognitive,	

socioeconomic	 and	 lifestyle	 factors.	 Sample	 attrition	 has	 resulted	 in	 some	

biases	 in	 the	remaining	sample	now,	with	active	participants	more	 likely	 to	

be	female	with	a	higher	educational	attainment	(Boyd	et	al.,	2013).	

	

Of	 the	 9,394	 participants	 who	 were	 sent	 questionnaires,	 4,222	 individuals	

(aged	22	to	25)	returned	the	Me	@	23	questionnaire		(35.06%	male,	45%	of	

9,394	questionnaires	sent)	which	included	a	comprehensive	set	of	wellbeing	

measures.	 Each	 wellbeing	 measure	 was	 selected	 for	 the	 ALSPAC	

questionnaire	 based	 on	 measure	 validity,	 the	 diverse	 cover	 of	 positive	

psychological	 traits	 and	 their	 significance	 in	 policy	 evaluations	 (e.g.	 ONS	 4	

wellbeing	measures).	
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	3	of	these	individuals	were	children	from	triplet	and	quadruplet	pregnancies	

and	were	excluded	from	the	analysis	for	reasons	of	confidentiality.	

	

2.4.2 Measures		

	

Details	of	 all	measures	used	 in	our	analysis	are	 shown	 in	Tables	2.1	 to	2.4,	

including	 information	 on	 who	 was	 assessed,	 age	 of	 participant	 when	

assessment	took	place,	 the	number	of	 items	in	each	scale,	 item	scoring,	and	

an	 example	 item.	 In	 total	 we	 had	 11	 wellbeing	 outcome	 measures	 in	

emerging	 adulthood	 (Table	 2.1):	 4	 ONS	 wellbeing	 items	 (Dolan,	 Layard,	 &	

Metcalfe,	2011;	Dolan	&	Metcalfe,	2012),	overall	wellbeing	(measured	using	

Warwick	Edinburgh	Mental	Wellbeing	Scale,	WEMWBS;	Tennant	et	al.,	2007),	

life	 satisfaction	 (Diener,	 Emmons,	 Larsen,	 &	 Griffin,	 1985),	 happiness	

(Lyubomirsky	 &	 Lepper,	 1999),	 meaning	 in	 life	 (Steger,	 Frazier,	 Oishi,	 &	

Kaler,	 2006),	 basic	 psychological	 needs	 (Gagné,	 2003;	 Ryan	 &	 Deci,	 2000),	

gratitude	 (McCullough,	 Emmons,	 &	 Tsang,	 2002)	 and	 optimism	 (Scheier,	

Carver,	 &	 Bridges,	 1994).	 Composite	 sum	 scores	 were	 created	 for	 all	

wellbeing	outcomes	other	than	subjective	happiness	and	basic	psychological	

needs	 subscales	 (which	 are	 composite	 mean	 scores),	 based	 on	 the	 scale	

creators’	manuals.	 Composite	 scores	 required	 50%	of	 the	 items	 to	 be	 non-

missing.	 This	 study	 was	 interested	 in	 looking	 at	 life-course	 predictors	 of	

overall	wellbeing,	as	well	as	life	satisfaction	to	enable	direct	comparison	with	

previous	 results	 in	 adults.	 Additionally,	 I	 was	 interested	 in	 examining	

differences	 between	 hedonic	 and	 eudaimonic	 wellbeing.	 The	 key	 outcome	

variables	 were:	 overall	 wellbeing	 (from	 WEMWBS),	 life	 satisfaction,	

happiness	 and	 meaning	 in	 life.	 Our	 life-course	 models	 used	 predictors	

belonging	 to	 three	 domains	 –	 socio-economic,	 behavioural	 and	 health	

predictors,	 which	 were	 taken	 at	 emerging	 adulthood	 level	 (Table	 2.2),	 at	

childhood	level	(Table	2.3)	and	at	family	level	(Table	2.4).	Emerging	adult	level	
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predictors,	 where	 available,	 were	 taken	 from	 the	 same	 me@23	

questionnaire.	 Data	 for	 educational	 attainment	 and	 antisocial	 behaviour	

were	not	available	concurrently	so	these	were	taken	at	ages	18,	20	and	22.	I	

took	self-perceived	health	and	emotional	problems	one	year	prior	as	done	by	

Layard,	 Clark	 and	 colleagues	 (Clark	 et	 al.,	 2018;	 Layard	 et	 al.,	 2014),	 in	 an	

attempt	to	separate	 these	constructs	 from	life	satisfaction.	 	Where	possible,	

we	 tried	 to	 take	measures	of	childhood	and	 family	 level	predictors	at	 three	

time	 points	 –	 early	 childhood,	 late	 childhood	 and	 adolescence,	 though	 in	

some	cases	 (e.g.	parental	social	class)	one	 time	point	was	 taken	 in	order	 to	

maximise	 sample	 size.	 To	 make	 predictor	 composites,	 we	 required	 all	

measures	from	all	time	points	(and	both	parents	for	parental	composites)	to	

be	available	in	order	to	make	mean	scores.		
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Table	2.1	Wellbeing	Outcomes	Measures	in	Emerging	Adulthood	

Construct	 Specific	Measure	 Number	
of	items	

Sample	item	 Item	scoring	 Composite	
creation	

Higher	
score	
means	

Question	
answered	
by	

Age	 Reference	

Overall	
wellbeing	

Warwick	Edinburgh	
Mental	Wellbeing	
Scale	(WEMWBS)	

14	 I've	been	feeling	good	
about	myself	

0	"none	of	the	
time"	to	4	“all	of	
the	time"	

sum	 higher	
wellbeing	

Participant	 23	 Tennant	et	al,	
2007	

Satisfaction	
with	life	

Satisfaction	with	
Life	

5	 In	most	ways	my	life	is	
close	to	my	ideal	

1"	strongly	
disagree"	to	7	
"strongly	agree"	

sum	 more	
satisfied	
with	life	

Participant	 23	 Diener,	Emmons,	
Larsen	&	Griffen,	
2000	

Happiness	 Subjective	
Happiness	

4	 In	general,	I	consider	
myself	[not	a	very	happy	
person]	-	[a	very	happy	
person]	

1	to	7	(variable	
responses)	

mean	 happier	 Participant	 23	 Lyubomirsky	&	
Lepper,	1999	

Meaning	in	
life	

Meaning	in	Life	
Scale	

10	 I	understand	my	life's	
meaning	

1	"absolutely	
untrue"	to	7	
"absolutely	true"	

sum	 more	
meaning	in	
life	

Participant	 23	 Steger,	Frazier,	
Oishi	&	Kaler,	
2006	

Life	
satisfaction	
(ONS)	

ONS	Personal	
Wellbeing	
Indicators	

1	 Overall,	how	satisfied	are	
you	with	your	life	
nowadays?	

0	"not	at	all"	to	10	
"completely"	

NA	 more	
satisfaction	

Participant	 23	 Dolan,	Layard	&	
Metcalfe,	2011,	
Dolan	&	
Metcalfe,	2012	

Worthwhile	
(ONS)	

ONS	Personal	
Wellbeing	
Indicators	

1	 Overall,	to	what	extent	do	
you	feel	the	things	you	do	
in	your	life	are	
worthwhile?	

0	"not	at	all"	to	10	
"completely"	

NA	 more	
worthwhile	

Participant	 23	 Dolan,	Layard	&	
Metcalfe,	2011,	
Dolan	&	
Metcalfe,	2012	

Happiness	
(ONS)	

ONS	Personal	
Wellbeing	

1	 Overall,	how	happy	did	
you	feel	yesterday?	

0	"not	at	all"	to	10	
"completely"	

NA	 happier	 Participant	 23	 Dolan,	Layard	&	
Metcalfe,	2011,	
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Indicators	 Dolan	&	
Metcalfe,	2012	

Anxiety	
(ONS)	

ONS	Personal	
Wellbeing	
Indicators	

1	 Overall,	how	anxious	did	
you	feel	yesterday?	

0	"not	at	all"	to	10	
"completely"	

NA	 more	
anxious	

Participant	 23	 Dolan,	Layard	&	
Metcalfe,	2011,	
Dolan	&	
Metcalfe,	2012	

Autonomy	 Basic	Psychological	
Needs	(BPN):	
Autonomy	subscale	

7	 I	feel	like	I	am	free	to	
decide	for	myself	how	to	
live	my	life	

1	"not	at	all	true"	
to	7	"very	true"	

mean	 more	
autonomy	

Participant	 23	 Ryan	&	Deci,	
2000,	Gagné,	
2003	

Relatedness	 BPN:	Relatedness	
subscale	

8	 I	really	like	the	people	I	
interact	with	

1	"not	at	all	true"	
to	7	"very	true"	

mean	 more	
relatedness	

Participant	 23	 Ryan	&	Deci,	
2000,	Gagné,	
2003	

Competence	 BPN:	Competence	
subscale	

6	 People	I	know	tell	me	I	
am	good	at	what	I	do	

1	"not	at	all	true"	
to	7	"very	true"	

	 more	
competenc
e	

Participant	 23	 Ryan	&	Deci,	
2000,	Gagné,	
2003	

Gratitude	 Gratitude	
Questionnaire	

6	 I	have	so	much	in	my	life	
to	be	thankful	for.	

1	"strongly	
disagree"	to	7	
"strongly	agree"	

sum	 more	
grateful	

Participant	 23	 McCullough,	
Emmons	&	
Tsang,	2002	

Optimism/	
Pessimism	

Life	Orientation	
Test	

10	 In	uncertain	times,	I	
usually	expect	the	best.	

1	"	disagree	
strongly"	to	5	
"agree	strongly"	

sum	 more	
optimistic	

Participant	 23	 Scheier,	Carver	&	
Bridges,	1994	
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Table	2.2	Emerging	Adulthood	Proximal	Predictors	

Construct	 Specific	
Measure	

Number	
of	items	

Sample	item	 Item	scoring	 Composite	creation	 Higher	
score	
means	

Question	
answered	
by	

Age	 Reference	

	Adult	socio-economic	

Income	 Take-home	
pay	

1	 What	is	your	total	
take-home	pay	each	
month	(after	tax	and	
national	insurance	are	
removed	as	
appropriate)?	

£1-£499,	
£500-£999	...	
£3000	and	
above	

Log	of	income	band	midpoint.	
For	respondents	in	the	highest	
income	band	(£3000	and	
above),	assumed	an	income	of	
1.5	of	the	lower	income	limit	
of	the	band.	

higher	
income	

Participant	 23	 	

Education	
level	

Qualification	
level	

2	 NA	 0	to	4	 Highest	qualification	obtained	
at	20.	For	those	who	provided	
an	answer	of	less	than	4	
(university	degree)	but	had	
been	awarded	a	place	at	
university	at	18,	assign	as	4	
also.	

higher	
education
al	level	

Participant	 18,	
20	

	

Employment	 Currently	
employed	

1	 Are	you	currently	in	
full-time	paid	work?	

1	(employed),		
0	
(unemployed)	

Classified	as	employed	if	
participant	is	in	full-time	paid	
work,	part-time	paid	work,	
irregular/occasional	work,	
self-employed,	or	doing	
modern	apprenticeship	

NA	 Participant	 23	 	

Adult	behavioural	

Antisocial	
behaviour	

Antisocial	
behaviour	
questionnaire	

12	 How	many	times	in	
the	last	year	have	you	
been	rowdy	or	rude	in	

0	"not	at	all"	
to	3	"6	or	
more"	

Total	frequency	 more	
antisocial	

Participant	 22	 Loeber,	
Stouthamer-
Loeber,	
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a	public	place	so	that	
people	complained	or	
you	got	in	trouble?	

Kammen	&	
Farrington,	
1989	

Marital	
Status	

Marriage/	
Partnership	

1	 Marrried	or	civil	
partnership	or	living	
with	partner	at	least	1	
year	

1	(partner/	
married),		
0	(no	partner)	

NA	 NA	 Participant	 23	 	

Adult	health	

Self-
perceived	
health	

Current	health	 1	 In	general,	would	you	
say	your	health	is	

0	(poor)	to	4	
(excellent)	

NA	 generally	
healthier	

Participant	 22	 	

Emotional	
problems	

Moods	and	
Feelings	

13	 I	felt	miserable	or	
unhappy	

0	"not	true"	to	
2	"true"		

sum		 more	
emotional	
problems	

Participant	 22	 Messer,	
Angold	&	
Costello,	
1995	
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Table	2.3	Childhood	Level	Distal	Predictors	

Construct	 Specific	
Measure	

Number	of	
items	

Sample	item	 Item	scoring	 Composite	
creation	

Higher	score	
means	

Question	
answered	
by	

Age	 Reference	

	Child	intellectual	

Child	IQ	 Wechsler	
Intelligence	
Scale	for	
Children	(WISC)	

5	verbal	
subtests	and	
5	
performance	
subtest	

Verbal	subtest:	
Information,	Similarities,	
Arithmetic,	Vocabulary	
Comprehension;	
Performance	subtest:	
Picture	completion,	coding,	
Picture	Arrangement,	Block	
Design,	Object	Assembly	

Variable	raw	scoring	
of	individual	
assessments	then	
converted	to	age	
adjusted	scales	of	0	
to	20	

Sum	of	all	
subtest	
scores	

higher	IQ	 Participant	 8	 Wechsler,	
Golombok	
and	Rust,	
1992	

Child	behavioural	

Child	
externalising	
problems	

Strengths	and	
Difficulties	
Questionnaire	
(SDQ):	conduct	
and	
hyperactivity	
subscales	

10	 Conduct:	She	has	often	had	
temper	trantrums	or	hot	
tempers;		
Hyperactivity:	She	has	been	
restless,	overactive,	cannot	
stay	still	for	long	

1	"not	true"	to	3	
"certainly	true"	

sum	 more	
externalising	
behaviours	

Parent	 3,	
9,	
13	

Elander	&	
Rutter,	1996,	
Goodman,	
1997	

	 	 	 	 	 	 	 	 	 	Child	health	
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Child	
internalising	
problems	

Strengths	and	
Difficulties	
Questionnaire	
(SDQ)	
internalising	
composite:	
emotional	and	
peer	problems	
subscale	

10	 Emotional	subscale:	He	has	
many	worries,	often	seems	
worried;	
Peer	problems	subscale:	He	
is	rather	solitary,	tends	to	
play	alone	

1	"not	true"	to	3	
"certainly	true"	

sum	 more	
internalising	
problems	

Parent	 3,	
9,	
16	

Elander	&	
Rutter,	1996,	
Goodman,	
1997	

Parent-
perceived	
general	
health	

Current	health		 1	 How	would	you	assess	the	
health	of	your	study	
teenager	nowadays?	

4	"very	healthy,	no	
problems"	to	1	
"almost	always	
unwell"	

NA	 better	health	 Parent	 3,	
8,	
13	
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Table	2.4	Family	Level	Distal	Predictors	

Construct	 Specific	
Measure	

Number	
of	items	

Sample	item	 Item	scoring	 Composite	creation	 Higher	
score	
means	

Question	
answered	
by	

Age	 Reference	

	Family	socio-economic	

Parent's	
social	class	

Social	Class	
based	on	
Occupation	
(formerly	
Registrar-
General's	
Social	Classes)	

1	 "What	is	your	present	
job?	If	you	are	not	
working,	what	was	
your	most	recent	
job?"	

1	(lowest	class)	
to	6	(highest	
class)	

Textual	responses	
processed	using	Computer	
Assisted	Structured	COding	
Tool	(CASCOT),	classified	
into	9	Social	Occupational	
Classification	2000	(SOC	
2000)	codes.		

higher	
social	class	

Parent	 18	weeks	
gestation	

Elias,	
Halstead	
and	Prandy	
(1993)	

Parent's	
income	

Family	(take-
home)	income	
per	week	

1	 Mid	point	of	income	
band	

<£100,	£100-
199,	£200-299,	
etc	

Log	of	mean	income	
measured	at	3	time	points	

higher	
income	

Parent	 2,	8,	11	 	

Siblings	 How	many	
siblings	

1	 	 	 	 	 Participant	 23	 	

Parental	
Employment	

Father	in	work	 1	 	 1	(employed),	
0	(unemployed)	

sum	 	 Parent	 8	months,	
9,	12		

	

Parent's	
educational	
qualifications	

Qualification	
level	

1	 Highest	qualification	 1	to	5	 mean	of	mother	and	father	 	 Parent	 Mother:	
32	weeks	
gestation,	
Father:	18	
weeks	
gestation	

	

Family	behavioural	
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	 	 	 	 	 	 	 	 	 	Child	
conceived	
within	
marriage	

Inference	
based	on	
questions		

2	 Based	on	questions:	
Do	you	currently	have	
a	partner?	and	Is	your	
partner	the	father	of	
your	unborn	child?	

1	(yes),	0	(no)	 If	they	answered	yes	to	
both	questions,	variable	
coded	1	

NA	 Parent	 8	weeks	
gestation	

	

Parents	still	
together	

Parent's	
martial	status		

1	 What	is	your	present	
marital	status?	

1	(married)	0	
(not	married)	

NA	 NA	 Parent	 10	 	

Crime	 Parental	
Crime/	
Antisocial	
behaviour	

1	 Have	you	ever	been	in	
trouble	with	the	law?	

1	(yes),	0	(no)	 Combine	both	parents		 0:	both	
parents	in	
trouble	
with	law,	
1:	1	
parent,	2:	
both	
parents	

Parent	 12	 	

Family	health	

Parent's	
emotional	
problems	

Edinburgh	
Postnatal	
Depression	
Scale	

10	 I	have	been	able	to	
laugh	and	see	the	
funny	side	of	things	

1	"as	much	as	I	
always	could"	to	
4	"not	at	all"	

sum	score,	then	mean	
across	mother	and	father		

more	
depressive	
symptoms	

Parent	 18	weeks	
gestation,	
8,	11	

Cox,	
Holden	&	
Sagovsky,	
1987	

Parental	self-
perceived	
health	

Current	health	 1	 Which	of	the	following	
would	you	say	
describes	your	health	
now?	

1	"always	fit	and	
healthy"	to	4	
"hardly	feels	fit	
and	healthy"	

mean	across	ages	 healthier	 Parent	 8	weeks,	
9	years,	
12	years	
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2.4.3 Missing	Data	and	Multiple	Imputation		

	

Epidemiological	 research	 using	 information	 from	 large-scale	 surveys	 and	

cohort	 studies	 frequently	 comes	 across	 the	 issue	 of	 missing	 data.	 Missing	

data	 can	 be	 classified	 into	 three	 types;	 these	 distinctions	 are	 important	 in	

determining	 how	 to	 deal	 with	 the	 missing	 data.	 Data	 that	 is	 said	 to	 be	 1)	

missing	 completely	 at	 random	 (MCAR)	 will	 increase	 the	 size	 of	 standard	

errors	of	 estimates	but	will	 not	bias	 the	 results	 and	no	 imputation	method	

needs	to	be	used.	For	example,	participants	have	data	missing	completely	at	

random	 if	 their	 survey	 response	 letter	 got	 lost	 in	 the	 post.	 Data	 can	 be	 2)	

missing	 at	 random	 (MAR),	 meaning	 that	 the	 probability	 of	 missingness	 is	

related	 to	 other	measured	 variables.	 For	 example,	 if	 certain	mental	 health	

scores	 are	 missing	 for	 older	 people,	 mental	 health	 missingness	 is	 then	

categorised	 to	 be	 a	 function	 of	 age.	 Data	 that	 is	missing	 at	 random	 can	 be	

imputed	 through	 multiple	 imputation	 methods.	 Finally,	 data	 can	 be	 3)	

missing	not	at	 random	(MNAR)	and	 this	 is	when	 the	probability	of	missing	

data	 is	a	 function	of	some	unmeasured	variable.	 If	we	cannot	 find,	measure	

and	 account	 for	 the	 source	 of	 data	 missingness,	 then	 we	 cannot	 reliably	

impute	missing	data	without	 introducing	extra	bias.	 In	multiple	 imputation	

we	increase	the	chance	of	data	being	missing	at	random	by	including	as	many	

potential	predictors	of	missingness	as	possible	 into	the	multiple	 imputation	

model.	However,	it	is	impossible	to	ever	distinguish	between	MAR	and	MNAR	

based	on	the	observed	data	(Jakobsen,	Gluud,	Wetterslev,	&	Winkel,	2017).	

	

Multiple	 imputation	 is	 a	 statistical	 tool	 that	 accounts	 for	missingness,	 first	

proposed	by	Rubin	(Rubin,	1978).	Multiple	imputation	creates	multiple	sets	

of	 imputed	 data	 and	 combines	 them	 to	 obtain	 single	 point	 estimates.	 This	

allows	 for	 the	 incorporation	 of	 natural	 variation	 in	 the	 imputed	 data,	 thus	

accounting	for	the	uncertainty	of	the	missing	data.	Each	imputed	datapoint	is	
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obtained	 from	sampling	 the	predictive	distribution	based	on	observed	data	

(Sterne	et	al.,	2009;	Van	Buuren,	2018).		

	

2.4.4 Statistical	Analysis	

	

I	 conducted	 multiple	 imputation	 using	 chained	 equations	 using	 the	 MICE	

package	 (Buuren	 &	 Groothuis-Oudshoorn,	 2010)	 in	 R	 Studio	 (Version	

1.0.153)	 (R	 Core	 Team,	 2014;	 RStudio	 Team,	 2016)	 to	 impute	 missing	

predictor	information.	I	ran	60	imputations	based	on	Rubin’s	rules	(Little	&	

Rubin,	 2014).	 For	 the	 complete	 cases	 and	 for	 the	 imputed	 data,	 we	 ran	

ordinary	 least	 squares	 multiple	 regression	 in	 which	 wellbeing	 outcomes	

were	 predicted	 by	 child	 and	 family	 level	 factors	 only	 (distal	 model),	 adult	

factors	 only	 (proximal	 model)	 and	 all	 child,	 family	 and	 adult	 factors	

combined	 (combined	 model).	 We	 conducted	 this	 analysis	 using	 all	

standardised	 variables	 (apart	 from	 sex)	 to	 gauge	 relative	 effects	 of	

predictors.	 Sex	 was	 not	 standardised	 in	 keeping	 with	 procedures	 that	 we	

were	 replicating,	 to	 ensure	 results	 could	 be	 compared	 to	 previous	 studies	

(Clark	 et	 al.,	 2018;	 Layard	 et	 al.,	 2014).	 I	 also	 ran	 analyses	 using	

unstandardized	variables.	This	allowed	me	to	get	meaningful	effect	sizes	for	

the	proximal	adult	predictors,	however,	since	the	family	level	and	childhood	

level	predictors	were	composite	scores,	unstandardized	effects	could	not	be	

as	 meaningfully	 interpreted	 and	 are	 therefore	 not	 reported	 in	 the	 main	

results	(full	tables	are	presented	in	Appendices).		

	

I	 used	 the	 Benjamini-Hochberg	 False	 Discovery	 Rate	 (FDR;	 Benjamini	 &	

Hochberg,	 1995)	 procedure	 to	 control	 for	 multiple	 testing	 of	 effects	 of	

interest	to	give	us	an	indication	of	the	strongest,	most	robust	effects.	Multiple	

testing	 increases	 the	 chance	 of	making	Type	 1	 errors	 (false	 positives).	 The	
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two	most	 common	 forms	of	multiple	 testing	adjustment	are	 the	Bonferroni	

correction,	which	controls	for	family-wise	error	and	the	Benjamini-Hochberg	

procedure,	 which	 controls	 for	 false	 discovery	 rate	 (McDonald,	 2009).	 The	

Bonferroni	 correction	 is	 too	 conservative	when	 testing	multiple	 regression	

coefficients	 since	 they	 are	 not	 independent	 tests.	 Therefore,	 I	 decided	 that	

the	 Benjamini-Hochberg	 procedure	 is	 a	 more	 suitable	 multiple	 testing	

procedure.	 In	 this	 method,	 the	 corresponding	 p	 values	 of	 all	 the	 relevant	

coefficients	are	ranked,	with	rank	1	corresponding	with	the	smallest	p	value.	

For	 each	 coefficient,	 the	 Benjamini-Hochberg	 critical	 value	 is	 calculated	 by	

(i/m)*Q	where	 i	 is	 the	 individual’s	 p-value	 rank,	 m	 is	 the	 total	 number	 of	

tests	 and	 Q	 is	 the	 false	 discovery	 rate	 (I	 set	 this	 as	 0.05).	 Looking	 at	 the	

original	p-values	in	descending	order,	the	largest	p-value	that	is	smaller	than	

its	corresponding	Benjamini-Hochberg	critical	value	 is	significant	as	well	as	

all	 the	 smaller	p-values	 following	 that	 (even	 if	 these	 smaller	values	are	not	

smaller	 than	 their	 own	 Benjamini-Hochberg	 critical	 value)	 (Benjamini	 &	

Hochberg,	1995).	

	

2.5 Results	

	

Data	on	wellbeing	in	emerging	adulthood	was	available	for	4,222	individuals	

aged	 22	 to	 25	who	 returned	 the	 ALSPAC	 questionnaire	 between	 2015	 and	

2016.	 2,045	 participants	 provided	 all	 adult	 level	 data,	 1,703	 participants	

provided	 all	 child	 level	 data	 and	 559	 participants	 provided	 all	 family	 level	

data.	 Given	 the	 low	 number	 of	 participants	 with	 all	 family	 level	 data	

available,	we	reran	complete	case	and	imputed	models	excluding	the	family	

level	 predictors	 as	 a	 sensitivity	 check.	 Table	 2.5	 shows	 demographic	

information	 comparing	 the	 4,222	 wellbeing	 questionnaire	 responders,	

participants	who	have	complete	information	for	all	predictors	and	outcomes	

(n=247),	 the	 remaining	 responders	who	do	 not	 have	 complete	 information	
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(n=3,975),	 the	 original	 ALSPAC	 sample	 at	 8	 months	 old	 and	 the	 whole	 of	

Great	Britain.	In	those	who	have	continued	to	participate	in	ALSPAC	up	to	the	

age	of	22-25	when	the	Me@23	questionnaire	was	sent	out,	there	is	a	higher	

proportion	 of	 females	 and	 a	 lower	 proportion	 of	 non-white	 participants.	

They	also	tend	to	be	from	slightly	families	of	higher	socio-economic	status	as	

indicated	by	situations	of	 the	mothers	at	birth.	 In	 the	group	of	participants	

who	 had	 complete	 predictor	 and	 outcome	 information,	 there	 are	 an	 even	

lower	 proportion	 of	 non-white	 participants	 and	 mothers	 were	 in	 better	

socioeconomic	 positions	 compared	 to	 those	 who	 did	 not	 have	 complete	

information.	
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Table	2.5	Socio-demographic	characteristic	comparison	of	participants	with	complete	and	missing	data	

	 %	

female	

%	non-

white	

%	mother	was	

owner	occupier	

when	participant	

was	8	months	old	

%	mother	lived	in	house	

with	1+	person/room	

when	participant	was	8	

months	

%	mother	had	car	

in	household	

when	participant	

was	8	months		

%	parents	are	

married	when	

participant	

was	8	months	

%	non-

white	

mother	

Wellbeing	

questionnaire	

responders		

(N=4222)	

65.3%	 4.1%	 85.57%	 26.78%	 95.26%	 85.57%	 2.1%	

Complete	case	

responders		

(N=247)	

65.6%	 2.4%	 97.56%	 19.09%	 99.59%	 94.72%	 0.04%	

Missing	data	

responders		

(N	=	3,975)	

65.3%	 4.2%	 84.68%	 27.35%	 94.94%	 84.90%	 2.2%	

ALSPAC	original	

sample	(8	months)	

48.6%	 5.0%	 79.1%	 33.5%	 90.8%	 79.4%	 2.2%	

Whole	of	Great	Britain		 51.4%	 5.9%*	 63.4%	 30.8%	 75.6%	 71.8%	 7.6%	
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Note.	 Table	 comparing	 the	 socio-demographic	 characteristics	 of	 wellbeing	 questionnaire	 responders,	 responders	 with	 complete	 predictor	 information	
(complete	case	responders),	responders	with	missing	predictor	information	(missing	data	responders),	the	ALSPAC	original	sample	and	the	Whole	of	Great	
Britain.		
*Estimate	 taken	 from	 1991	 Census	 in	 England	 and	 Wales	 (ONS:	
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/articles/ethnicityandnationalidentityinenglandandwales/2012-12-
11#more-census-analysis)	
Complete	case	participants	have	data	for	wellbeing	outcomes,	adult	level,	child	level	and	family	level	predictors.	Owner	occupied	accommodation	means	
that	home	owned	is	used	as	a	dwelling	by	the	owner,	1+	person/room	means	one	or	more	person	per	room	in	home.	
Information	 for	ALSPAC	original	 sample	based	on	questionnaire	answered	by	mothers	when	participants	were	8	months	old	 (questionnaires	 sent	1992-
1993).	 Information	 for	 the	ALSPAC	original	 sample	participants	 at	 8	months,	whole	of	Great	Britain	 and	Avon	 taken	 from	Fraser	 et	 al.	 (2012)	 and	ONS.	
Estimates	based	on	the	information	available,	some	participants	in	each	of	the	samples	had	missing	data.	Some	responders	to	the	wellbeing	questionnaire	
were	recruited	at	a	later	stage	and	not	in	the	core	sample	so	did	complete	the	questionnaire	sent	to	mothers	at	8	months.	
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Tables	 2.6.1	 to	 2.6.3	 show	 the	 descriptive	 statistics	 for	 the	 wellbeing	

outcomes	 and	 predictor	 variables	 (composites	 where	 applicable)	

respectively.	

	
Table	2.6.1	Descriptive	statistics	for	wellbeing	outcomes	

	 	

	 n	 Mean	 sd	 min	 max	 skew	 kurtosis	

ONS:	Life	
Satisfaction	

4167	 8.04	 1.95	 1	 11	 -0.92	 1.00	

ONS:	
Worthwhile	

4164	 8.13	 2.11	 1	 11	 -0.89	 0.65	

ONS:	
Happiness	

4162	 8.06	 2.22	 1	 11	 -0.88	 0.39	

ONS:	Anxiety	 4164	 4.14	 2.72	 1	 11	 0.60	 -0.73	

WEMWBS	 4162	 48.63	 9.07	 14	 70	 -0.38	 0.24	

Happiness	 4164	 4.85	 1.29	 1	 7	 -0.55	 -0.21	

Life	
Satisfaction	

4148	 23.58	 6.74	 5	 35	 -0.59	 -0.34	

Meaning	in	
Life	

4132	 43.24	 8.08	 10	 70	 -0.34	 1.42	

Basic	
Psychological	
Needs	

4129	 5.24	 0.85	 1.29	 7	 -0.47	 0.15	

Autonomy	 4129	 5.07	 0.94	 1	 7	 -0.45	 0.27	

Relatedness	 4141	 5.59	 0.93	 1.25	 7	 -0.62	 0.11	

Competence	 4129	 4.99	 1.07	 1	 7	 -0.40	 -0.08	

Gratitude	 4123	 34.49	 5.94	 7	 42	 -0.97	 0.82	

Optimism	 4129	 19.56	 4.59	 6	 30	 -0.36	 -0.13	
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Table	2.6.2	Descriptive	statistics	for	predictor	variables	

	 n	 mean	 sd	 min	 max	 skew	 kurtosis	

Self	reported	general	

health	

3098	 2.82	 0.86	 0	 4	 -0.54	 0.28	

Emotional	problems	 3045	 6.19	 5.54	 0	 26	 1.30	 1.34	

Childhood	IQ	 3116	 107.70	 16.23	 45	 149	 -0.16	 -0.21	

Childhood	externalising	

problems	

2421	 -0.15	 0.76	 -1.47	 3.22	 0.88	 0.99	

Childhood	internalising	

problems	

2353	 -0.04	 0.72	 -1.12	 4.22	 1.15	 1.88	

Childhood	general	

health	

2527	 3.56	 0.38	 1.67	 4	 -0.60	 -0.15	

Family	socio-economic	

composition	

1224	 0.14	 0.35	 -1.59	 0.92	 -1.21	 2.43	

Parental	self-perceived	

general	health	

1183	 1.56	 0.32	 0.17	 2	 -0.66	 0.32	

Parental	emotional	

problems	

1185	 -0.13	 0.74	 -1.37	 3.16	 0.87	 0.86	

Family	behavioural	

factors	

1445	 0.73	 1.45	 -6.70	 1.78	 -1.39	 1.77	

	

Table	2.6.3	Descriptive	statistics	of	discrete	predictors	

	 Percentage	

Sex	(%	female)	 65.28%	

Education	level	(%	A-level	or	above)	 87.81%	

%	Employed	 91.43%	

%	Partnered	 28.47%	
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Tables	2.7.1	–	2.7.4	compares	response	patterns	from	of	all	our	wellbeing	

outcomes	 as	 well	 as	 our	 predictor	 variables	 for	 the	 wellbeing	

questionnaire	 responders	 (data	 where	 available),	 for	 individuals	 with	

complete	information	and	for	the	imputed	data.	Appendix	2.1	shows	the	

correlation	matrix	of	all	wellbeing	outcomes	and	predictor	variables	with	

each	other,	for	the	raw	and	for	the	imputed	data.	
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Table	2.7.1	Mean	(SD)	of	wellbeing	outcomes	

Note.	 Complete	 cases	 sample	 represent	 respondents	 who	 provided	 data	 for	 all	

predictor	(family,	child	and	adult	level)	and	outcome	variables	(N=247).	

	 	

	 	 Wellbeing	
Questionnaire	
Responders		

Complete	Case		

	 	 Mean	(SD)	 N	 Mean	(SD)	 N	

	 	 	 	 	 	
ONS1	Life	Satisfaction	 8.04(1.95)	 4167	 8.32(1.62)	 247	

ONS2	Worthwhile	 8.13(2.11)	 4164	 8.52(1.67)	 247	

ONS3	Happy	 8.06(2.22)	 4162	 8.4(1.94)	 247	

ONS4	Anxious	 4.14(2.72)	 4164	 3.88(2.59)	 247	

Overall	Wellbeing	
(WEMWBS)	

48.63(9.07)	 4162	 50.52(8.04)	 247	

Happiness	 4.85(1.29)	 4164	 5.05(1.14)	 247	

Life	Satisfaction	 23.58(6.74)	 4148	 25.15(5.67)	 247	

Meaning	in	Life	 43.24(8.08)	 4132	 43.14(8.24)	 247	

Basic	Psychological	Needs	 5.24(0.85)	 4129	 5.41(0.74)	 247	

Autonomy	 5.07(0.94)	 4129	 5.16(0.8)	 247	

Relatedness	 5.59(0.93)	 4141	 5.79(0.78)	 247	

Competence	 4.99(1.07)	 4129	 5.18(0.97)	 247	

Gratitude	 34.49(5.94)	 4123	 35.59(5.07)	 247	

Optimism	 19.56(4.59)	 4129	 20.45(4.35)	 247	
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Table	 2.7.2	 Response	 patterns	 (N)	 for	 adult	 level	 predictor	 variables	 in	
sample	

Note.	Table	shows	numbers	of	participants	who	responded	and	(where	applicable)	
means	 and	 standard	 deviations.	 Complete	 cases	 sample	 represent	 respondents	
who	 provided	 data	 for	 all	 predictor	 (family,	 child	 and	 adult	 level)	 and	 outcome	

	 	 Wellbeing	
Questionnaire	
Responders		

Complete	
Cases		

Imputed	Data	
	

Income	 Not	doing	paid	work	 516	 27	 	

£1-£499	 360	 16	 		

£500-£999	 565	 37	 		

£1000-£1499	 1371	 96	 		

£1500-£1999	 714	 55	 		

£2000-£2499	 185	 13	 		

£2500-£2999	 45	 3	 		

£3000	and	above	 19	 0	 		

Log	income	 3375	
Mean	=	6.04		
(SD	=	2.47)	

247	
Mean	=	6.29	
(SD	=	2.26)	

4150	
Mean	=	6.02	
(SD	=	0.04)	

Education	
level	

0:	no	education	 27	 0	 35	

1	 21	 0	 42	

2	 310	 11	 472	

3	 1121	 92	 1597	

4	 1458	 144	 1985	

Employed	 Unemployed	 332	 10	 375	

Employed	 3542	 237	 3780	

Partnered	 Unpartnered	 2616	 202	 2976	

Partnered	 1041	 45	 1174	

Antisocial	behaviour	 3036	
Mean	=	0.26	
(SD	=	0.92)	

247	
Mean	=	0.21	
(SD	=	0.62)	

4136	
Mean	=	0.27	
(SD	=	0.02)	

Self-perceived	health	 3098	
Mean	=	2.82	
(SD	=	0.86)	

247	
Mean	=	3.02	
(SD	=	0.76)	

4139	
Mean	=	2.82		
(SD	=	0.02)	

Emotional	problems	 3045	
Mean	=	6.19	
(SD	=	5.54)	

247	
Mean	=	5.40	
(SD	=	4.71)	

4137	
Mean	=	6.20	
(SD	=	0.09)	



	

	57	

variables	 (N=247).	 Imputed	values	were	calculated	by	predictive	means	modelling	
using	 multiple	 imputation	 by	 chained	 equations.	 Where	 groups	 numbers	 were	
required	 such	 as	 numbers	 belonging	 to	 each	 education	 level,	 numbers	 varied	
slightly	 across	 imputed	 datasets	 and	 the	 numbers	 presented	 are	 from	 the	 first	
imputed	dataset.	
	
Table	2.7.3	Mean	(SD)	of	child	level	predictor	variables	in	sample	
	

	 	 Wellbeing	

Questionnaire	

Responders		

Complete	Case		 Imputed	Data	

	 	 Mean	(SD)	 N	 Mean	(SD)	 N	 Mean	(SE)	 N	

Child	IQ	 Age	8	 107.7(16.23)	 3116	 112.36(15.03)	 247	 107.29(0.3)	 4145	

Child	

externalising	

problems	

Age	3	 5.95(3.36)	 3464	 5.74(3.08)	 247	 		 		

Age	9	 3.68(2.88)	 3090	 2.86(2.28)	 247	 		 		

Age	13	 3.6(2.85)	 3001	 2.83(2.38)	 247	 		 		

Average	 -0.15(0.76)	 2421	 -0.31(0.61)	 247	 -0.11(0.02)	 4125	

Child	

internalising	

problems	

Age	3	 2.54(1.7)	 3464	 2.52(1.48)	 247	 		 		

Age	9	 2.53(2.63)	 3052	 2.06(2.33)	 247	 		 		

Age	13	 2.47(2.65)	 2926	 1.97(2.24)	 247	 		 		

Average	 -0.04(0.72)	 2353	 -0.13(0.61)	 247	 0(0.02)	 4121	

Parent-

perceived	

health	

Age	3	 1.59(0.57)	 3438	 1.54(0.55)	 247	 		 		

Age	8	 1.36(0.51)	 3238	 1.31(0.49)	 247	 		 		

Age	13	 1.39(0.53)	 3079	 1.35(0.49)	 247	 		 		

Average	 3.56(0.38)	 2527	 1.59(0.31)	 247	 3.55(0.01)	 4127	

Note.	See	note	 for	Table	2.6.2.	Descriptives	provided	 for	composite	scores	only	 in	

imputed	sample	since	only	these	were	imputed.	
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Table	 2.7.4	 Response	 patterns	 (N)	 of	 family	 level	 predictor	 variables	 in	
sample	
	 	 Wellbeing	

Questionnaire	
Responders		

Complete	
Cases		

Imputed	Data	
	

Family	
socioeconomic	
composite	

1224	
Mean	=		0.14	
(SD	=	0.35)	

247	
Mean	=	0.20	
(SD	=	0.27)	

4091	
Mean	=	0.11	
(SD	=	0.01)	

	 	 	 	 	Parental	
emotional	health	
composite	

1185	
Mean	=	-0.13	
(SD	=	0.74)	

247	
Mean	=	-0.22	
(SD	=	0.74)	

4092	
Mean	=	0.09	
(SD	=	0.02)	

	 	 	 	 	Parental	self	
perceived	health	
composite	

1183	
Mean	=	1.56	
(SD	=	0.32)	

247	
Mean	=	1.59	
(SD	=	0.31)	

4092	
Mean	=	1.54	
(SD	=	0.01)	

	 	 	 	 	Family	
behavioural	
composite	

1445	
Mean	=	0.73	
(SD	=	1.45)	

247	
Mean	=	0.96	
(SD	=	1.23)	

4099	
Mean	=	0.64	
(SD	=	0.05)	

Note.	 Table	 shows	 numbers	 of	 participants	 who	 responded	 and	 means	 and	

standard	deviations.	Complete	cases	sample	 represent	 respondents	who	provided	

data	for	all	predictor	(family,	child	and	adult	level)	and	outcome	variables	(N=247).	

Imputed	 values	 were	 calculated	 by	 predictive	 means	 modelling	 using	 multiple	

imputation	by	chained	equations.		
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Below,	we	discuss	the	main	results	from	our	life-course	models	for	each	

of	our	wellbeing	outcomes	of	 interest.	Our	key	outcome	variables	were	

overall	 wellbeing	 (measured	 using	 WEMWBS),	 life	 satisfaction,	

happiness	and	meaning	in	life.	We	provide	our	findings	for	our	additional	

outcome	 variables:	 4	 ONS	 wellbeing	 items,	 the	 3	 basic	 psychological	

needs	 components	 (autonomy,	 competence	 and	 relatedness),	 optimism	

and	 gratitude	 in	 Appendix	 2.3.	 We	 also	 present	 the	 results	 of	 our	

standardised	 life-course	 models	 using	 only	 our	 unimputed	 complete	

cases	samples	in	Appendix	2.4.	However,	given	the	much	reduced	sample	

size	for	the	combined	model,	mainly	due	to	the	amount	of	missing	values	

for	 family	 level	 predictors,	 we	 believe	 these	 results,	 especially	 for	 our	

combined	models,	are	biased	and	 less	 informative,	 though	the	direction	

of	effects	tended	to	be	the	same	as	in	our	imputed	results.	Appendix	2.5	

show	 comparable	 results	 for	 complete	 case	 and	 imputed	 standardised	

models	 rerun	 excluding	 family	 level	 predictors	 (and	 thus	 being	models	

with	 larger	 sample	 sizes).	 Below	 we	 present	 the	 results	 from	 our	 key	

outcome	 variables	 (overall	 wellbeing,	 life	 satisfaction,	 happiness,	 and	

meaning	in	life).	The	analysis	procedure	for	each	of	these	key	outcomes	

was	identical.	To	orient	the	reader	to	the	presentation	of	these	results	we	

describe	the	results	for	the	first	outcome	of	overall	wellbeing	in	detail.	

	

2.5.1 Overall	wellbeing	

	

Table	2.8	contains	 the	multiple	 regression	results	 for	overall	wellbeing,	

with	a	proximal	model	that	includes	adult-level	predictors,	a	distal	model	

that	includes	childhood-level	and	family-level	predictors,	and	a	combined	

model	that	includes	all	of	these	predictors	at	once.		The	first	two	columns	

of	 Table	 2.8	 show	 that,	 in	 the	 adult	 only	 predictors	 model,	 emotional	

problems,	as	measured	by	the	Moods	and	Feelings	Questionnaire	(MFQ),	
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are	 the	 strongest	 correlate	 of	 overall	 wellbeing,	 as	 measured	 using	

WEMWBS	 (β	 =	 -0.43,	 SE	 =	 0.02,	 p<0.001)	 followed	 by	 self-perceived	

general	health	(β	=	0.17,	SE	=	0.02,	p<0.001).	Our	unstandardized	model	

(Appendix	 2.6)	 shows	 that	 a	 one-point	 increase	 in	 adult	 emotional	

problems	 (26	 point	 scale)	 is	 associated	 with	 a	 0.70-point	 (SE	 =	 0.03)	

decrease	in	overall	wellbeing	(scale	ranging	14	to	70)	while	a	one	point	

increase	 in	 self-perceived	 general	 health	 (5	 point	 scale)	 is	 associated	

with	 a	 1.79	 (SE	 =	 0.17)	 point	 increase	 in	 overall	wellbeing.	 Effects	 are	

minimal	 for	 all	 other	 adult	 predictors.	 Overall	 this	 model	 using	 adult	

level	 predictors	 explains	 28.07%	 (95%	CI	 =	 25.41%	 to	 30.76%)	 of	 the	

variance	in	adult	overall	wellbeing	scores.	

	

Columns	3	and	4	of	Table	2.8	shows	the	distal	model	where	we	see	that	

childhood	 internalising	 problems	 are	 strongly	 associated	 with	 overall	

wellbeing	 (β	 =	 -0.15,	 SE	 =	 0.02,	 p<0.001).	 Altogether,	 the	 distal	 model	

explains	 6.25%	 (95%	 CI	 =	 4.44%	 to	 8.33%)	 of	 the	 variance	 in	 overall	

wellbeing.	 Since	 our	 childhood	 and	 family	 predictors	 are	 composites	

formed	from	standardised	scores	 in	early	childhood,	 late	childhood	and	

adolescence,	the	coefficients	from	our	distal	“unstandardized”	regression	

model	 do	 not	 have	 direct	 meaning.	 For	 example,	 the	 distal	

unstandardized	 model	 shows	 that	 a	 one	 unit	 increase	 in	 childhood	

internalising	 problem	 is	 associated	 with	 a	 -1.84	 point	 decrease	 in	

emerging	 adulthood	 overall	 wellbeing.	 This	 “one	 unit”	 is	 based	 on	 a	

composite	 of	 childhood	 internalising	 problems	 at	 early	 childhood,	 late	

childhood	and	adolescence		

	

Columns	5	and	6	of	Table	2.8	show	the	full	combined	predictor	model	for	

overall	wellbeing	where	 the	adult	 level	predictors	of	mental	health	and	

self-perceived	 general	 health	 continue	 to	 have	 the	 same	 size	 of	 effect	
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even	 after	 controlling	 for	 childhood	 and	 family	 level	 predictors	 (β	 =	 -

0.41,	SE	=	0.02,	p<0.001	and	β	=	0.17,	SE	=	0.02,	p<0.001	respectively).	

The	 effects	 of	 childhood	 internalising	 problems	were	 attenuated	 (β	 =	 -

0.08,	 SE	 =	 0.02,	 p<0.001).	 Controlling	 for	 adult	 and	 childhood	 level	

predictors,	 there	 are	 no	 differences	 in	 wellbeing	 between	 males	 and	

females.	 The	 combined	 model	 explains	 29.28%	 (95%	 CI	 =	 26.56%	 to	

32.02%)	 of	 the	 variance	 in	 overall	 wellbeing.	 Figure	 2.1	 shows	 the	

relationship	 between	 our	 correlates	 of	 interest	 and	 overall	 wellbeing,	

comparing	 the	 beta	 coefficients	 from	 our	 separate	 proximal	 and	 distal	

models	 with	 the	 beta	 coefficients	 from	 our	 combined	 model.	 	 Beta	

coefficients	 are	 very	 similar	 for	 the	 proximal	 predictors	 –	 emotional	

health	followed	by	self-perceived	general	health	are	the	most	important	

for	 wellbeing.	 In	 the	 distal	 predictors	 only	model,	 there	 is	 a	moderate	

association	 of	 wellbeing	 with	 childhood	 internalising	 problems	 and	

parental	 self-perceived	 health	 and	 these	 effects	 are	 attenuated	 in	 the	

combined	model.	
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Table	 2.8	 Multiple	 regression	 results	 of	 models	 using	 proximal	 predictors	 only,	 distal	 predictors	 only	 and	 both	 proximal	 and	 distal	 predictors	
together	to	predict	overall	wellbeing	and	life	satisfaction	in	emerging	adulthood	

	 Overall	Wellbeing	 Life	Satisfaction	

	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	

Income	 0.01	 0.02	 	 	 0.01	 0.02	 -0.01	 0.02	 	 	 -0.01	 0.02	

Education	level	 0.02	 0.02	 	 	 0.00	 0.02	 -0.01	 0.02	 	 	 -0.04*	 0.02	

Employed	 0.04	 0.02	 	 	 0.03	 0.02	 0.09***†	 0.02	 	 	 0.09***†	 0.02	

Antisocial	behaviour	 -0.01	 0.02	 	 	 0.00	 0.02	 -0.02	 0.02	 	 	 -0.01	 0.02	

Have	a	partner	 0.00	 0.01	 	 	 0.00	 0.02	 0.10***†	 0.01	 	 	 0.11***†	 0.02	

Self-perceived	general	health	 0.17***†	 0.02	 	 	 0.17***†	 0.02	 0.20***†	 0.02	 	 	 0.18***†	 0.02	

Emotional	problems	 -0.43***†	 0.02	 	 	 -0.41***†	 0.02	 -0.41***†	 0.02	 	 	 -0.39***†	 0.02	

Childhood	IQ	 	 	 0.03	 0.02	 0.03	 0.02	 	 	 0.00	 0.02	 0.01	 0.02	

Childhood	externalising	problems	 	 	 -0.03	 0.02	 0.01	 0.02	 	 	 -0.07**†	 0.02	 -0.03	 0.02	

Childhood	internalising	problems	 	 	 -0.15***†	 0.02	 -0.08***†	 0.02	 	 	 -0.10***†	 0.02	 -0.02	 0.02	

Childhood	general	health	 	 	 -0.01	 0.02	 -0.04*	 0.02	 	 	 0.00	 0.02	 -0.04*	 0.02	

Family	socio-economic	composition	 	 	 0.05	 0.03	 0.03	 0.03	 	 	 0.10**†	 0.03	 0.08**†	 0.03	

Parental	self-perceived	general	health	 	 	 0.07*	 0.03	 0.03	 0.03	 	 	 0.11***†	 0.03	 0.07*†	 0.03	

Parental	emotional	problems	 	 	 -0.01	 0.04	 -0.01	 0.03	 	 	 -0.04	 0.04	 -0.02	 0.03	

Family	behavioural	factors	 	 	 0.02	 0.03	 0.02	 0.03	 	 	 0.02	 0.03	 0.02	 0.02	

Female	 -0.03	 0.03	 -0.14***†	 0.03	 -0.02	 0.03	 0.22***†	 0.03	 0.13***†	 0.03	 0.23***†	 0.03	

Model	R2	 28.07%	 	 6.25%	 	 29.28%	 	 29.82%	 	 7.70%	 	 32.13%	 	

Note.	Overall	wellbeing	is	measured	using	the	Warwick	Edinburgh	Mental	Wellbeing	Scale	(WEMWBS)	while	life	satisfaction	is	measured	using	the	Satisfaction	with	Life	
Scale.	Proximal	model	shows	how	wellbeing/life	satisfaction	is	predicted	by	adult	only	predictors,	distal	model	shows	how	outcome	is	predicted	by	child	and	family	level	
predictors	while	combined	model	contains	all	adult	level,	child	level	and	family	level	predictors	together.	*p<0.05,	**p<0.01,	***p<0.001,	†FDR
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Figure	2.1	The	distal	and	proximal	predictors	of	overall	wellbeing	(WEMWBS)	

Beta	coefficients	from	standardised	models	are	shown	from	models	using	only	proximal	and	only	distal	predictors	(separate	model)	compared	to	the	model	that	

included	both	proximal	and	distal	predictors	together	(combined	model).	
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2.5.2 Life	Satisfaction	

	

The	results	for	life	satisfaction	are	shown	on	the	righthand	side	of	Table	2.8.	

Here	 we	 see	 that	 in	 the	 proximal	 model,	 emotional	 problems	 are	 the	

strongest	 correlate	 of	 life	 satisfaction	 followed	 by	 self-reported	 general	

health.	A	one-point	increase	in	adult	emotional	problems	(26	point	scale)	is	

associated	with	 a	 0.49	 (SD	=	 0.02)	 point	 decrease	 in	 life	 satisfaction	 (scale	

ranging	 from	 5	 to	 35)	 and	 a	 one-point	 increase	 in	 self-perceived	 general	

health	(5	point	scale)	is	associated	with	a	1.55	(SD	=	0.13)	point	increase	in	

life	satisfaction	(Appendix	2.6).	Being	employed	is	associated	with	a	2.17	(SD	

=	0.45)	point	increase	in	life	satisfaction	while	being	partnered	has	a	similar	

effect,	increasing	life	satisfaction	by	1.48	(SD	=	0.22)	(Appendix	2.6).		

	

Within	 the	 distal	 model,	 childhood	 externalising	 problems,	 childhood	

internalising	 problems,	 family	 economic	 situation,	 and	 parental	 self-

perceived	 general	 health	 are	 all	 associated	with	 adult	 life	 satisfaction,	with	

similar	 effect	 sizes.	 Even	 after	 controlling	 for	 childhood	 and	 family	 effects,	

the	adult-level	effects	of	being	employed,	being	partnered,	having	better	self-

perceived	 general	 health	 and	having	 fewer	mental	 health	 problems	 remain	

large.	 Controlling	 for	 adult	 level	 predictors,	 the	 effect	 of	 childhood	

externalising	 problems	 and	 childhood	 internalising	 problems	 on	 adult	 life	

satisfaction	 is	 attenuated.	 Interestingly,	 the	 effect	 of	 family	 economic	

situation	 is	minimally	attenuated	after	controlling	 for	adult	 level	predictors	

while	 parental	 self-perceived	 general	 health	 is	 attenuated	 slightly.	

Controlling	 for	 proximal	 and	 distal	 predictors,	 females	 are	 more	 satisfied	

with	 life	 than	 males.	 	 The	 results	 for	 our	 one	 item	 ONS	 measure	 of	 life	

satisfaction	 (Appendix	 2.3)	 are	 similar	 to	 our	 more	 comprehensive	 life	

satisfaction	measure.		
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2.5.3 Happiness	

	

Results	for	happiness	are	presented	in	the	left-hand	columns	of	Table	2.9.	In	

the	 proximal	 predictors	 model,	 emotional	 problems	 are	 the	 strongest	

correlate	of	happiness,	followed	by	self-perceived	general	health.	A	one-point	

increase	in	adult	emotional	health	(26	point	scale)	is	associated	with	a	0.11	

(SD	=	0.004)	point	decrease	 in	happiness	(scale	ranging	1-7)	and	one-point	

increase	in	self-perceived	general	health	(5	point	scale)	 is	associated	with	a	

0.23	 (SD	=	0.02)	point	 increase	 in	happiness	 (Appendix	2.6).	 In	 the	 overall	

combined	 model,	 childhood	 internalising	 problems	 are	 the	 most	 strongly	

associated	 with	 adult	 happiness,	 followed	 by	 child	 IQ.	 Adult	 emotional	

problems	and	self-perceived	general	health	continue	to	have	a	similar	size	of	

effect	 even	 after	 controlling	 for	 childhood	 and	 family	 level	 predictors.	 The	

effect	of	 childhood	 internalising	 symptoms	and	child	 IQ	on	adult	happiness	

are	slightly	attenuated	in	the	combined	model.	Females	are	also	happier	than	

males.	A	similar	pattern	of	results	 is	seen	 for	our	one	 item	ONS	measure	of	

happiness	(Appendix	2.3).		
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Table	 2.9	 Multiple	 regression	 results	 of	 models	 using	 proximal	 predictors	 only,	 distal	 predictors	 only	 and	 both	 proximal	 and	 distal	
predictors	together	to	predict	happiness	and	meaning	in	life	in	emerging	adulthood	

	 Happiness	 Meaning	in	Life	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.04*	 0.02	 	 	 0.03	 0.02	 -0.03	 0.02	 	 	 -0.04	 0.02	
Education	level	 -0.02	 0.02	 	 	 -0.01	 0.02	 -0.01	 0.02	 	 	 0.01	 0.02	
Employed	 0.01	 0.02	 	 	 0.01	 0.02	 0.08***†	 0.02	 	 	 0.08***†	 0.02	
Antisocial	behaviour	 0.00	 0.02	 	 	 0.00	 0.02	 0.02	 0.02	 	 	 0.02	 0.02	
Have	a	partner	 0.01	 0.01	 	 	 0.01	 0.01	 -0.03	 0.02	 	 	 -0.03	 0.02	
Self-perceived	general	health	 0.15***†	 0.02	 	 	 0.14***†	 0.02	 0.10***†	 0.02	 	 	 0.10***†	 0.02	
Emotional	problems	 -0.47***†	 0.02	 	 	 -0.44***†	 0.02	 -0.07***†	 0.02	 	 	 -0.08***†	 0.02	
Childhood	IQ	 	 	 -0.07***†	 0.02	 -0.07***†	 0.02	 	 	 -0.08***†	 0.02	 -0.08***†	 0.02	
Childhood	externalising	problems	 	 	 -0.05	 0.02	 -0.01	 0.02	 	 	 -0.01	 0.02	 0.01	 0.03	
Childhood	internalising	problems	 	 	 -0.18***†	 0.02	 -0.10***†	 0.02	 	 	 0.00	 0.02	 0.02	 0.02	
Childhood	general	health	 	 	 0.02	 0.02	 -0.02	 0.02	 	 	 0.01	 0.02	 -0.01	 0.02	
Family	socio-economic	
composition	

	 	 0.05	 0.03	 0.02	 0.03	 	 	 0.05	 0.03	 0.04	 0.03	

Parental	self-perceived	general	
health	

	 	 0.06*	 0.04	 0.02	 0.03	 	 	 0.04	 0.03	 0.02	 0.04	

Parental	emotional	problems	 	 	 -0.03	 0.03	 -0.02	 0.03	 	 	 0.03	 0.04	 0.02	 0.04	
Family	behavioural	factors	 	 	 -0.01	 0.03	 -0.02	 0.03	 	 	 0.01	 0.03	 0.01	 0.03	
Female	 0.15***†	 0.03	 0.00	 0.03	 0.14***†	 0.03	 0.16***†	 0.03	 0.11**†	 0.03	 0.15***	 0.03	
Model	R2	 29.58%	 	 6.84%	 	 31.24%	 	 3.07%	 	 1.47%	 	 4.24%	 	
Note.	Happiness	is	measured	using	the	Subjective	Happiness	Scale	while	meaning	in	life	is	measured	using	the	Meaning	in	Life	Scale.	Proximal	model	shows	
how	outcome	is	predicted	by	adult	only	predictors,	distal	model	shows	how	outcome	is	predicted	by	child	and	family	level	predictors	while	combined	model	
contains	all	adult	level,	child	level	and	family	level	predictors	together.	*p<0.05,	**p<0.01,	***p<0.001,	†FDR	 	
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2.5.4 Meaning	in	Life	

	

Self-reported	general	 health	 is	 the	 strongest	predictor	of	meaning	 in	 life	 in	

emerging	adulthood	(Table	2.9),	where	a	one-point	increase	in	self	perceived	

general	health	is	associated	with	a	0.96	(SE	=	0.17)	point	increase	in	meaning	

in	life	(on	a	scale	ranging	from	10	to	70;	Appendix	2.6).	Emotional	problems	

and	being	 employed	 are	 associated	with	meaning	 in	 life	with	 similar	 effect	

sizes.	A	one-point	 increase	 in	emotional	problems	 is	associated	with	a	0.11	

(SE	=	0.03)	point	decrease	and	being	employed	is	associated	with	a	2.15	(SE	

=	0.60)	point	increase	in	meaning	in	life	(Appendix	2.6).	Child	IQ	is	the	only	

distal	 predictor	 that	 is	 associated	 with	 meaning	 in	 life,	 where	 there	 is	 a	

strong	 negative	 association.	 The	 effect	 of	 being	 employed,	 self-reported	

health,	mental	health	and	child	IQ	remain	at	a	similar	level	 in	the	combined	

model	as	in	the	separated	models.	

	

2.5.5 Other	Wellbeing	Measures	

	

Appendix	 2.3	 shows	 the	 life-course	 model	 results	 for	 the	 other	 wellbeing	

measures	available	 in	this	study:	 the	4	Office	of	National	Statistics	(ONS)	1-

item	wellbeing	measures	rating	 life	satisfaction,	 feelings	of	how	worthwhile	

life	 is,	happiness,	and	anxiety,	the	three	basic	psychological	needs	subscales	

of	 autonomy,	 relatedness	 and	 competence,	 and	 measures	 of	 gratitude	 and	

optimism.	 Consistently	 across	 all	 these	 measures,	 we	 see	 that	 emotional	

problems	 followed	 by	 general	 health	 are	 the	 strongest	 correlates	 of	

wellbeing.	We	also	see	that	in	general,	the	effect	of	most	distal	predictors	of	

wellbeing	are	attenuated	once	proximal	predictors	are	added	into	the	model,	

suggesting	 indirect	 pathways	 from	 child	 and	 parental	 level	 factors	 to	

emerging	adult	wellbeing.	Interestingly,	while	we	have	seen	that	partnership	
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is	 positively	 associated	 with	 life	 satisfaction,	 partnership	 is	 negatively	

associated	with	the	basic	psychological	needs	subscale	of	relatedness.		In	the	

combined	models,	we	see	 that	education	 level	 is	negatively	associated	with	

life	 satisfaction	 (ONS	 item	 1)	 but	 positively	 associated	 with	 gratitude	 and	

optimism.	

	

2.5.6 Comparing	 Emerging	 Adult	 Life	 Satisfaction	 to	 Adult	 Life	
Satisfaction	

	

Figure	 2.2	 compares	 beta	 coefficients	 of	 distal	 and	 proximal	 predictors	 of	

emerging	 adulthood	 from	 our	 combined	 model	 with	 the	 results	 for	 adults	

(Layard	 et	 al.,	 2014).	 I	 used	 the	 same	 proximal	 predictors	 as	 used	 in	 the	

previous	study	but	I	added	more	comprehensive	distal	measures.	Therefore,	

there	 are	 no	 estimates	 to	 present	 for	 child	 general	 health,	 parental	 self-

perceived	 general	 health,	 parental	 emotional	 problems	 and	 family	

behavioural	factors	in	adults,	as	the	previous	study	used	family	psychosocial	

to	encompass	both	parental	health	and	family	behavioural	factors.	This	figure	

shows	 that	 while	 emotional	 problems	 were	 the	 strongest	 predictor	 of	 life	

satisfaction	 at	 both	 life	 stages,	 the	 effect	 size	 was	 larger	 in	 emerging	

adulthood.	 There	 was	 also	 a	 stronger	 association	 between	 self-perceived	

general	 health	 and	 emerging	 adult	 life	 satisfaction	 than	 for	 adults.	 Income,	

education	 level	 and	 non-criminality	 were	 shown	 to	 be	 associated	with	 life	

satisfaction	 for	 the	 older	 age	 group	while	 the	 association	was	minimal	 for	

emerging	adults.	Employment	and	having	a	partner	are	equally	important	for	

life	 satisfaction	 in	 emerging	 adults	 and	 adults.	 Of	 the	 distal	 predictors	 that	

were	used	in	both	emerging	adults	and	adults,	we	see	that	childhood	IQ	was	

positively	 associated	 with	 adult	 life	 satisfaction	 while	 there	 was	 no	

association	 for	 emerging	 adults.	 The	 association	 between	 childhood	

externalising	and	life	satisfaction	was	similar	in	emerging	adults	and	adults.	



	

	69	

The	association	between	childhood	internalising	was	stronger	with	adult	life	

satisfaction	 than	with	 emerging	 adult	 life	 satisfaction	while	 the	 association	

between	 family	 socio-economic	 composition	 and	 adult	 life	 satisfaction	was	

smaller	 than	 with	 emerging	 adult	 life	 satisfaction.	 The	 difference	 in	 life	

satisfaction	between	males	and	females	was	greater	for	emerging	adults	than	

adults,	 though	in	both	ages	 females	have	higher	 life	satisfaction	than	males.	

The	 overall	 combined	 model	 explained	 much	 more	 of	 the	 variance	 in	 life	

satisfaction	 in	 emerging	 adulthood	 (32.13%)	 compared	 to	 the	 results	 for	

adults	(14.2%).	
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Figure	2.2	Figure	comparing	the	coefficients	of	the	proximal	and	distal	predictors	of	life	satisfaction	in	emerging	adults	and	adults	
Adult	results	taken	from	Clark	et	al.	2018.	No	confidence	intervals	for	R2	estimate	available	from	Clark	et	al.,	2018.	
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2.5.7 Comparing	Hedonic	and	Eudaimonic	Wellbeing	

	

Figure	 2.3	 compares	 results	 from	 the	 combined	 models	 for	 hedonic	
(happiness)	 and	 eudaimonic	 (meaning	 in	 life)	 wellbeing.	 The	 main	
differences	 seen	 are	 in	 the	 association	 with	 proximal	 emotional	 problems,	
childhood	 internalising	 problems,	 employment	 and	 income.	 The	 overall	
combined	model	explained	much	more	of	the	variance	in	happiness	(31.24%)	
compared	 to	 meaning	 in	 life	 (4.24%).
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Figure	2.3	Comparing	the	correlates	of	hedonic	wellbeing	(happiness)	and	eudaimonic	wellbeing	(meaning	in	life)	
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2.6 Discussion	

	

This	 study	 examined	 the	 proximal	 adult	 and	 distal	 child	 and	 family	 level	

predictors	of	emerging	adult	wellbeing.	 In	 this	discussion	 I	will	explore	 the	

findings	 for	 the	most	 notable	 predictors	 and	 their	 patterns	 of	 associations	

with	the	different	measures	of	wellbeing.	These	include	health,	partnership,	

employment	and	family-level	predictors.	After,	I	will	explore	the	distinctions	

in	results	between	the	hedonic	versus	eudaimonic	measures	of	wellbeing.		

	

2.6.1 Physical	and	Emotional	Health	

	

Across	 all	 of	 the	 different	 measures	 of	 wellbeing,	 health	 (general	 self-

perceived	health	and	emotional	health)	was	consistently	the	most	important	

for	emerging	adults.	This	replicates	the	findings	from	adult	studies	(Clark	et	

al.,	2018;	Clark,	Flèche,	&	Lekfuangfu,	2017;	Layard	et	al.,	2014),	although	our	

results	 suggest	 that	 self-perceived	 health	 and	 emotional	 health	 are	 much	

stronger	correlates	of	 life	satisfaction	 in	emerging	adulthood	than	 in	34/42	

year	 old	 adults.	 This	 might	 be	 due	 to	 the	 proximity	 of	 the	 predictor	 and	

outcomes	 measures	 for	 emerging	 adults	 (1	 year	 apart)	 than	 for	 the	 older	

sample	 (8	 years	 apart).	Nevertheless,	 the	 importance	of	 physical	 health	 for	

young	 emerging	 adults	 is	 notable	 when	 they	 are	 developmentally	 at	 peak	

fitness.	It	is,	of	course,	no	surprise	that	we	find	strong	associations	between	

adult	emotional	health	and	wellbeing.	Our	measure	of	emotional	health	taps	

into	 depression	 and	 it	 has	 been	 shown	 that,	 while	 they	 are	 two	 distinct	

constructs,	 wellbeing	 and	 depression	 do	 have	 a	 high	 correlation,	 ranging	

between	-0.53	and	-0.64	in	18	year	olds	(Wang,	Davis,	Wootton,	Mottershaw,	

&	Haworth,	2017),	and	have	partly	overlapping	aetiologies	(Haworth,	Carter,	

Eley,	&	Plomin,	2017).	The	persistent	(and	potentially	 increasing)	 impact	of	
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emotional	health	in	emerging	adults	is	consistent	with	the	current	concerns	

of	a	mental	health	crisis	in	young	adults	in	contemporary	society	(Kessler	et	

al.,	2005;	Pitchforth	et	al.,	2017),	and	provides	further	evidence	for	the	need	

for	mental	health	support	in	adolescence	and	young	adulthood	to	allow	these	

young	people	to	remain	productive	and	healthy	members	of	society.	

	

Higher	subjective	wellbeing	has	previously	been	shown	to	be	associated	with	

better	physical	health	(Diener,	Pressman,	Hunter,	&	Delgadillo-Chase,	2017;	

Dockray	 &	 Steptoe,	 2010;	 Steptoe,	 Dockray,	 &	 Wardle,	 2009),	 but	 until	

recently	 little	 was	 known	 about	 the	 direction	 of	 causation.	 A	 recent	 study	

using	Mendelian	 Randomisation	 has	 shown	 that	 a	 higher	 Body	Mass	 Index	

(BMI),	 typically	 a	 sign	 of	 poorer	 physical	 health,	 causes	 lower	 subjective	

wellbeing	(Wootton	et	al.,	2018).	That	 finding	 is	 in	 line	with	our	results	 for	

the	persistent	 impact	of	physical	health	on	wellbeing.	The	recent	study	was	

underpowered	 to	 rule	 out	 reverse	 causation	 (i.e.	 lower	 wellbeing	 causing	

poorer	 health	 outcomes)	 so	 further	 investigation	 into	 the	 likely	 causal	

pathways	 is	 needed	 in	 light	 of	 the	 consistent	 observational	 associations	

found	between	wellbeing	and	physical	health.	The	study	was	however	able	to	

test	 with	 reasonable	 power	 that	 there	 is	 limited	 evidence	 for	 a	 causal	

pathway	from	physical	health	indices	of	coronary	artery	disease,	myocardial	

infarction	and	cholesterol	levels,	to	wellbeing	suggesting	the	possibility	that	

the	previous	associations	seen	between	health	and	wellbeing	may	have	been	

due	to	confounding.	Other	Mendelian	Randomization	studies	have	also	found	

an	 association	 between	BMI	 and	 depression	 (Hartwig	 et	 al.,	 2016;	 van	 den	

Broek	et	 al.,	 2018),	 so	 together	 these	 results	highlight	 the	pressing	need	 to	

investigate	 the	pathways	between	BMI	 and	mental	 health	 and	wellbeing	 to	

identify	targets	for	intervention.	
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2.6.2 Partnership	

	

We	also	found	that	for	many	of	the	wellbeing	measures,	having	a	partner	is	

important.	 Interestingly,	 while	 we	 saw	 a	 positive	 association	 between	

partnership	 and	 life	 satisfaction,	 we	 also	 found	 a	 negative	 association	

between	 partnership	 and	 the	 basic	 psychological	 needs	 subcomponent	 of	

relatedness	 (results	 shown	 in	 Appendix	 2.3).	 This	 adds	 weight	 to	 the	

argument	 that	 different	measures	 capturing	 different	 constructs	 should	 be	

used	 when	 assessing	 wellbeing.	 The	 formation	 of	 a	 healthy	 romantic	

relationship	is	one	of	the	most	important	developmental	tasks	for	emerging	

adults	 and	 failure	 to	 establish	 and	 maintain	 a	 partnership	 during	 this	

developmental	time	frame	has	long-term	negative	implications	for	wellbeing	

across	 adulthood	 (Kiecolt-Glaser	 &	 Newton,	 2001).	 	 Partnered	 individuals	

may	 feel	satisfied	with	 their	 lives	because	 they	believe	 they	have	reached	a	

socially	 expected	 developmental	 milestone.	 Partnership	 also	 brings	 about	

social	support	and	other	positive	benefits	 than	can	 increase	 life	satisfaction	

(Cutrona,	1996;	Gove,	Hughes,	&	Style,	1983).	However,	it	may	be	that	those	

with	a	partner	will	 also	have	 less	 time	 to	 spend	with	 friends	and	are	more	

likely	 to	 lose	 touch	 with	 them,	 therefore	 reducing	 an	 overall	 sense	 of	

relatedness	with	others.	Indeed	it	was	found	that	social	support	from	friends	

was	more	correlated	with	relatedness	than	social	support	from	a	significant	

other	 in	 late	 adolescence	 (18	 years	 old)	 (Wang	 et	 al.,	 2017)	 This	 complex	

relationship	could	explain	why	we	do	not	see	a	universal	positive	association	

between	partnership	and	all	our	wellbeing	measures.	

	

2.6.3 Employment	
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Gaining	employment	is	a	key	development	goal	of	emerging	adulthood,	so	it	

is	unsurprising	that	this	confers	positive	wellbeing	effects.	Employment	has	

been	theorised	to	bring	many	additional	benefits	to	wellbeing	in	addition	to	

income	 (Jahoda,	 1981)	 –	 it	 provides	 people	with	 structure	 during	 the	 day,	

goals,	social	contact,	identity	and	activity.	We	found	that	it	is	associated	with	

the	basic	psychological	needs	subcomponent	of	competence	(Appendix	2.3).	

Employed	 individuals	also	avoid	 the	 social	 stigma	of	unemployment	 (Clark,	

2003).	Employment	does	not	have	a	pervasively	positive	effect	on	wellbeing	

however	 –	 for	 example	 we	 see	 no	 association	 with	 overall	 wellbeing	

(WEMWBS)	or	happiness.	This	may	be	because	employment	 can	also	bring	

about	 daily	 stresses	 (Lee	 &	 Gramotnev,	 2007;	 Salmela-Aro,	 Taanila,	 Ek,	 &	

Chen,	2012)	and	takes	away	time	that	could	be	devoted	to	more	pleasurable	

and	“happiness-inducing”	leisure	activities	(Schor,	2008).	On-going	strategies	

to	 support	 young	 people’s	 transition	 into	 the	 workplace	 continue	 to	 be	

important,	 but	more	 attention	 could	be	directed	 to	workplace	wellbeing	 as	

this	 would	 likely	 provide	 a	 boost	 to	more	 hedonic	 aspects	 of	 wellbeing	 as	

well.		

	

2.6.4 Family	Level	Predictors	

	

Family	 economic	 composition	 is	 more	 important	 for	 emerging	 adult	 life	

satisfaction	 than	 adult	 life	 satisfaction.	 This	 could	be	because	 the	 effects	 of	

the	family	are	more	salient	for	emerging	adults,	many	of	whom	may	still	be	

living	with	family	(Belfield,	Cribb,	Hood,	&	Joyce,	2014)	or	have	only	recently	

left	the	family	home.	In	addition,	for	the	large	proportion	of	the	young	adult	

population	that	goes	to	university	(49.64%	in	our	current	sample,	Table	2.2),	

the	connection	between	family	economic	composition	and	emerging	adult	life	

satisfaction	could	be	related	to	the	burden	of	university	fees,	which	is	likely	

to	make	contemporary	young	adults	more	financially	reliant	on	family.	This	
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is	 in	 stark	 contrast	 to	 adults	 from	 older	 cohorts	 who	 did	 not	 have	 to	 pay	

university	 fees	 (“Teaching	 and	 Higher	 Education	 Act	 1998,”).	 This	 is	 an	

example	of	how	including	impacts	on	wellbeing	in	policy	evaluations,	such	as	

the	introduction	of	tuition	fees,	 is	crucial	if	we	are	to	design	and	implement	

policies	that	promote	wellbeing	rather	than	 just	protect	(or	promote)	gross	

domestic	product.		

	

We	 also	 find	 that	 parental	 self-perceived	 health	 throughout	 childhood,	 a	

previously	 unexplored	 predictor,	 also	 influences	 later	 emerging	 adult	 life	

satisfaction.	Such	effects	persist,	though	are	attenuated,	even	when	proximal	

predictors	are	also	added	into	the	model	suggesting	the	pervasiveness	of	the	

effect.	Further	research	should	explore	why	parental	general	health	has	such	

an	 effect	 over	 and	 above	 other	 family	 factors	 such	 as	 parental	 emotional	

health.		

	

2.6.5 Hedonic	versus	Eudaimonic	Wellbeing	

	

The	life-course	model	explains	much	more	of	the	variance	for	happiness	than	

for	meaning	 in	 life	 (29.58%	 versus	 3.07%,	 respectively).	 The	 key	 driver	 of	

this	 discrepancy	 is	 the	 impact	 of	 emotional	 health,	which	 is	much	 stronger	

for	our	hedonic	measure	of	happiness	compared	to	our	eudaimonic	measure	

of	meaning	 in	 life.	Happiness	 taps	 into	emotional	 considerations	of	 feelings	

so	 it	 is	 perhaps	 unsurprising	 that	 there	 is	 a	 larger	 association	 between	

emotional	 problems	 (both	 in	 emerging	 adulthood	 and	 childhood)	 and	

happiness.	In	contrast,	meaning	in	life	is	reliant	on	a	more	cognitive	process	

of	 evaluating	 one’s	 past,	 present	 and	 future	 and	 maybe	 less	 likely	 to	 be	

influenced	 by	 emotional	 state.	 We	 see	 instead	 that	 employment	 predicts	

meaning	 in	 life	 while	 no	 association	 is	 seen	 between	 employment	 and	
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happiness.	 Employment	 brings	 independence	 and	 a	 means	 to	 support	

oneself,	 and	 emerging	 adults	 could	 also	 feel	 that	 their	 job	 is	 meaningfully	

making	 a	difference	 to	 the	world.	However,	 employment	 is	 associated	with	

stress	 and	 this	 has	 negative	 effects	 on	 happiness	 (Lee	&	Gramotnev,	 2007;	

Salmela-Aro	et	al.,	2012).	 	Life	satisfaction,	which	can	tap	into	both	hedonic	

and	 eudaimonic	wellbeing	 (Proctor,	 Tweed,	&	Morris,	 2015)	 shows	 a	more	

mixed	 pattern	 of	 associations,	 some	 of	 which	 are	 similar	 to	 associations	

within	 the	happiness	model	 (e.g.,	 the	 strong	predictive	power	of	 emotional	

problems)	while	others	show	similarities	with	the	meaning	in	life	model	(e.g.,	

the	association	with	employment).	

	

Wellbeing	researchers	are	divided	on	how	distinct	eudaimonic	and	hedonic	

wellbeing	 are	 from	 one	 another.	 Some	 argue	 that	 the	 hedonic	 and	

eudaimonic	wellbeing	division	 is	 carried	over	 from	ancient	philosophy	 and	

has	 no	 scientific	 basis	 (Kashdan,	 Biswas-Diener,	 &	 King,	 2008).	 Different	

methodologies	 have	 produced	 different	 conclusions	 based	 on	 varying	

degrees	of	inter-correlation	between	the	two	wellbeing	constructs	and	their	

factor	distinctiveness	(Joshanloo,	2016;	Kashdan	et	al.,	2008).	When	looking	

at	genetic	aetiology,	hedonic	and	eudaimonic	wellbeing	have	been	shown	to	

have	high	genetic	relatedness,	even	more	correlated	in	this	genetic	way	than	

they	are	phenotypically	(Baselmans	&	Bartels,	2018).	Our	results	contribute	

to	 this	 debate	 by	 suggesting	 that	 clear	 differences	 exist	 in	 how	 lifecourse	

predictors	 are	 associated	 with	 hedonic	 wellbeing	 versus	 eudaimonic	

wellbeing	in	emerging	adulthood.	In	policy,	if	wellbeing	is	considered	as	part	

of	policy	deliberations	this	typically	includes	life	satisfaction	measures.	While	

this	is	a	good	overall	measure	which	captures	both	hedonic	and	eudaimonic	

effects,	 as	 can	been	 seen	 in	my	 current	 results,	 using	 life	 satisfaction	 as	 an	

assessment	 also	 misses	 out	 on	 effects	 that	 are	 specific	 to	 hedonic	 and	

eudaimonic	wellbeing.	As	yet,	 there	is	no	consensus	about	whether	hedonic	

or	 eudaimonic	 wellbeing	 should	 be	 valued	 over	 the	 other,	 but	 exploring	
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individual	 associations	 of	 these	 two	 constructs	 with	 correlates	 like	

productivity	and	health	takes	a	step	in	the	right	direction.	

	

Only	one	other	study	has	 looked	at	the	lifecourse	predictors	of	hedonic	and	

eudaimonic	 wellbeing	 in	 a	 sample	 of	 50-70	 year	 old	 adults	 (Clark	 &	 Lee,	

2017).	In	contrast	to	my	results,	they	found	eudaimonic	wellbeing	(measured	

using	 a	 measure	 of	 psychological	 wellbeing)	 was	 not	 associated	 with	

unemployment	 (before	 retirement)	 but	 was	 positively	 associated	 with	

schooling	and	negatively	associated	with	never	being	married.	The	difference	

in	 findings	may	 be	 due	 to	 the	 different	measures	 of	 eudaimonic	wellbeing	

used.	Alternatively,	individual	values	and	ideals	in	life	may	change	with	age.	

People	 draw	 meaning	 from	 their	 lives	 through	 multiple	 sources	 including	

family,	work	 and	 religion	 (Emmons,	 1997).	 Opinions	 of	what	 is	 thought	 to	

constitute	 the	 “good	 life”	 that	underpins	eudaimonic	wellbeing	may	change	

from	 one	 valuing	 employment	 in	 youth	 to	 one	 realising	 the	 importance	 of	

social	 connections	 in	 later	adulthood.	Therefore,	 it	 is	 important	 to	continue	

this	 line	 of	 research,	 expanding	 to	 a	 variety	 of	 specific	 ages	 and	

developmental	 stages	 so	 that	policies	 targeting	different	 age	 groups	 can	be	

evaluated	appropriately.	

	

2.6.6 Limitations	and	Future	Directions	

	

This	 study	has	many	 strengths.	This	 is	 the	 first	 study	 that	has	developed	a	

life-course	 model	 of	 wellbeing	 exclusively	 in	 emerging	 adulthood.	 Where	

possible,	 we	 were	 able	 to	 model	 3	 time	 points	 in	 development	 –	 early	

childhood,	 late	 childhood	 and	 adolescence.	 The	 detailed	measurement	 of	 a	

variety	of	positive	psychological	 traits	 allowed	us	 to	 compare	our	model	 in	

emerging	 adulthood	with	previous	models,	 but	 also	 allowed	us	 to	 compare	
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the	pattern	of	results	for	hedonic	versus	eudaimonic	wellbeing.	However,	our	

study	 also	 has	 limitations.	 Since	 we	 use	 purely	 observational	 data,	 it	 is	

impossible	 to	 infer	 causality.	 Methods	 such	 as	 cross	 lagged	 models	 using	

repeated	 measures	 of	 wellbeing	 or	 Mendelian	 Randomisation	 (Smith	 &	

Ebrahim,	2003)	could	help	this.		

	

Like	most	life-course	models	that	require	repeated	measurements,	we	had	a	

lot	 of	missing	 data	 that	 reduced	 our	 complete	 cases	model	 to	 a	 very	 small	

sample	 size.	 However,	 we	 are	 fairly	 confident	 that	 our	 imputation	method	

produced	reasonable	imputed	variables.	Multiple	imputation	involves	the	use	

of	 other	measured	 variables	 to	 build	 a	 predictive	 distribution.	When	more	

measured	 variables	 associated	with	missingness	 of	 a	 variable	 are	 added	 to	

the	model,	the	likelihood	of	that	variable	being	missing	at	random	increases.	

Given	the	wealth	of	information	available	in	ALSPAC,	we	were	able	to	add	a	

lot	of	predictor	variables	 in	 the	 imputation	models,	 to	make	the	 imputation	

more	 accurate.	 Related	 to	 the	 issue	 of	 missingness,	 there	 was	 a	 trade-off	

between	 depth	 and	 breadth	 of	 information	 to	 include	 in	 our	 life-course	

models.	 Our	 predictor	 variables	 could	 have	 been	 more	 detailed,	

incorporating	responses	from	different	surveys	and	questionnaires	and	at	a	

larger	 number	 of	 ages,	 but	 this	 would	 have	 heavily	 reduced	 our	 complete	

cases	sample	size	even	more.	Conversely,	although	ALSPAC	has	an	abundant	

number	 of	 measures,	 we	 cannot	 rule	 out	 the	 possibility	 of	 an	 additional	

variable,	 as	 yet	 untested	 or	 unthought-of,	 that	may	 enhance	 the	 lifecourse	

model	of	wellbeing.	Nevertheless,	 this	 is	the	most	comprehensive	 lifecourse	

model	for	wellbeing	to	date	and	explains	a	considerable	amount	of	variance	

in	wellbeing	in	emerging	adulthood.	

	

Future	research	should	interrogate	the	key	predictors	of	wellbeing	that	have	

been	 identified	 here,	 especially	 those	 that	 are	 most	 pertinent	 for	
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contemporary	society	and	could	contribute	to	efforts	to	reduce	mental	health	

burden	in	young	adults.	For	example,	having	found	that	health	(physical	and	

emotional)	is	the	most	important	correlate	of	wellbeing,	we	need	to	establish	

causal	pathways	and	develop	interventions	targeting	health	to	try	to	improve	

wellbeing.		

	

We	also	need	to	remember	to	explore	such	phenomenon	in	other	countries.	

Indeed	 we	 have	 evidence	 to	 suggest	 that	 life-course	 models	 do	 differ	 in	

different	 cultures	 since	 this	 has	 been	 found	 for	 adults,	 where	 income	 was	

more	 important	 for	 adult	 life	 satisfaction	 in	 Indonesia	 than	 in	 Western	

countries	 (UK,	 Australia	 and	 Germany)	 while	 being	 partnered	 and	 mental	

health	 was	 not	 as	 important	 in	 Indonesia	 compared	 to	 Western	 countries	

(Clark,	Flèche,	Layard,	Powdthavee,	&	Ward,	2017).	In	Chapter	6	of	this	thesis	

we	use	a	sample	from	China	to	investigate	the	association	with	wellbeing	of	

many	of	the	key	predictors	found	here	in	this	life-course	model.	

	

2.6.7 Implications	for	policy	

	

In	addition	to	the	implications	for	policy	as	discussed	in	previous	sections,	I	

will	explore	some	further	implications	for	policy	of	this	current	section.	Life-

course	models	 like	 the	 ones	 we	 have	 built	 are	 essential	 for	 policy	makers	

who	need	 to	 know	 relative	 effect	 sizes	 in	 order	 to	make	 judgements	 about	

the	 cost-effectiveness	 of	 policies.	 More	 research	 that	 taps	 into	 causality	 is	

needed	but	our	results	suggest	that	policies	focussing	on	health	will	bring	the	

most	 benefits	 to	 wellbeing	 over	 and	 above,	 for	 example,	 educational	 or	

economic	 policies.	 This	 effect	 of	 health	 also	 seems	 to	 be	 pervasive	 from	

emerging	adulthood	into	older	adulthood	(age	36	and	42;	Clark	et	al.	2018).	

The	ultimate	goal	 is	 to	establish	 causal	pathways	 that	exist	between	health	
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and	wellbeing.	Combining	causal	pathways	with	lifecourse	models	will	allow	

policy	makers	to	estimate	the	size	of	effect	that	changing	health	will	have	on	

wellbeing,	and	vice	versa.	Furthermore,	changing	health	will	have	knock-on	

effects	 on	 the	 other	 predictors	 related	 to	 wellbeing.	 Such	 models	 will	

eventually	 help	 policy	 makers	 in	 policy	 decisions,	 such	 as	 cost-benefit	

analyses.	

	

2.6.8 Conclusion	

	

This	 is	 the	 first	 study	 to	 build	 a	 comprehensive	 life-course	 model	 of	

wellbeing	specifically	in	emerging	adulthood.	I	found	evidence	to	support	the	

strong	link	between	health	and	wellbeing	in	emerging	adulthood	as	has	been	

shown	 in	 adulthood.	 I	 also	 saw	 that	 for	 many	 of	 the	 wellbeing	 measures,	

having	 a	 partner	 and	 being	 employed	 are	 also	 important,	 emphasising	 the	

salience	of	these	two	developmental	goals	at	this	age.	I	found	nuances	in	the	

predictors	 of	 different	 positive	 psychological	 constructs,	 with	 distinct	

differences	 emerging	 between	 the	 hedonic	 measure	 of	 happiness	 and	 the	

eudaimonic	measure	of	meaning	 in	 life.	 Further	 research	 is	 needed	now	 to	

determine	 truly	 causal	 pathways	 and	 inform	 intervention	 and	 prevention	

programmes	that	can	promote	wellbeing	across	the	life-course.	

	

In	the	next	chapter,	I	will	be	focussing	on	a	wellbeing	intervention	testing	on	

16-year-old	 UK	 adolescents.	 Such	 an	 intervention	 could	 potentially	 be	

applied	at	a	national	level,	however	we	must	first	explore	why	it	is	that	some	

individuals	 might	 respond	 better	 than	 others,	 to	 prevent	 wellbeing	

inequalities	from	widening.	
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Chapter	3 	Moderators	 of	 wellbeing	 interventions:	

why	do	some	people	respond	more	positively	than	

others?	1	

	

3.1 Chapter	Abstract	

	

Interventions	 rarely	 have	 a	 universal	 effect	 on	 all	 individuals.	 Reasons	

ranging	from	participant	characteristics,	context	and	fidelity	of	 intervention	

completion	could	cause	some	people	to	respond	more	positively	than	others.	

Understanding	 these	 individual	 differences	 in	 intervention	 response	 may	

provide	clues	to	the	mechanisms	behind	the	 intervention,	as	well	as	 inform	

future	 designs	 to	 make	 interventions	 maximally	 beneficial	 for	 all.	 In	 this	

chapter,	I	focus	on	an	intervention	designed	to	improve	adolescent	wellbeing,	

and	explore	potential	moderators	using	a	 representative	and	well-powered	

sample.	 16-year	 old	 participants	 (N=932)	 in	 the	 Twins	 Wellbeing	

Intervention	 Study	 logged	 online	 once	 a	 week	 to	 complete	 control	 and	

wellbeing-enhancing	 activities	 consecutively.	 Throughout	 the	 study	

participants	also	provided	information	about	a	range	of	potential	moderators	

of	 intervention	 response	 including	 demographics,	 seasonality,	 personality,	

baseline	characteristics,	activity	fit,	and	effort.	As	expected,	some	individuals	

gained	 more	 from	 the	 intervention	 than	 others;	 we	 used	 multi-level	

modelling	 to	 test	 for	moderation	effects	 that	 could	 explain	 these	 individual	

differences.	 	 Of	 the	 15	 moderators	 tested,	 none	 significantly	 explained	

individual	 differences	 in	 intervention	 response	 in	 the	 intervention	 and	

follow-up	 phases.	 Self-reported	 effort	 and	 baseline	 positive	 affect	 had	 a	

																																																								
1	Chapter	adapted	from	Wang,	R.	A.	H.,	Nelson-Coffey,	S.	K.,	Layous,	K.,	Bao,	K.	J.,	Davis,	
O.	 S.,	&	Haworth,	 C.	M.	 (2017).	Moderators	 of	wellbeing	 interventions:	Why	do	 some	
people	respond	more	positively	than	others?.	PloS	one,	12(11),	e0187601.	
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notable	 effect	 in	 moderating	 response	 in	 the	 control	 phase,	 during	 which	

there	 was	 no	 overall	 improvement	 in	 wellbeing	 and	 mental	 health.	 Our	

results	did	not	replicate	the	moderation	effects	that	have	been	suggested	by	

previous	 literature	 and	 future	 work	 needs	 to	 reconcile	 these	 differences.	

They	 also	 show	 that	 factors	 that	 have	 previously	 been	 shown	 to	 influence	

baseline	wellbeing	do	not	also	influence	an	individual’s	ability	to	benefit	from	

a	 wellbeing	 intervention.	 Although	 future	 research	 should	 continue	 to	

explore	 potential	moderators	 of	 intervention	 efficacy,	 these	 results	 suggest	

that	 the	beneficial	 effect	of	positive	activities	 in	adolescents	were	universal	

across	such	factors	as	sex	and	socioeconomic	status,	bolstering	claims	of	the	

scalability	of	positive	activities	to	increase	adolescent	wellbeing.	

	

3.2 Chapter	Aims	

	

In	 the	 previous	 chapter,	 I	 explored	 a	 research	 area	 within	 the	 field	 of	

wellbeing	 that	 can	be	useful	 for	policy	makers,	 finding	 the	 factors	 that	had	

the	 largest	 relative	 association	 with	 wellbeing	 where	 policies	 should	 be	

targeted.	In	this	chapter,	I	look	at	another	field	of	interest	for	policy	makers	–	

the	 area	 of	 wellbeing	 interventions.	 Individual	 differences	 in	 wellbeing	

intervention	response	exist	and	in	this	chapter,	I	aim	to:	

1)	Identify	potential	moderators	of	a	wellbeing	enhancing	intervention		

	

3.3 Introduction	
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Previous	 research	 has	 shown	 that	 positive	 interventions	 can	 be	 effective	

(Bolier	 et	 al.,	 2013;	 Sin	 &	 Lyubomirsky,	 2009).	 Such	 interventions	 include	

gratitude	 activities	 (Boehm,	 Lyubomirsky,	 &	 Sheldon,	 2011;	 Emmons	 &	

McCullough,	2003;	Layous,	Lee,	Choi,	&	Lyubomirsky,	2013;	Seligman,	Steen,	

Park,	&	Peterson,	2005),	acts	of	kindness	(Layous,	Nelson,	Oberle,	Schonert-

Reichl,	&	Lyubomirsky,	2012;	Lyubomirsky,	Sheldon,	&	Schkade,	2005),	and	

imagining	 one’s	 best	 possible	 self	 (Boehm	 et	 al.,	 2011;	 Lyubomirsky,	

Dickerhoof,	Boehm,	&	Sheldon,	2011;	Sheldon	&	Lyubomirsky,	2006).	These	

wellbeing	 interventions	 can	 be	 cost	 effective	 and	 easy	 to	 implement,	

especially	when	conducted	online.	

	

Gratitude,	 which	 is	 the	 acknowledgment	 by	 an	 individual	 of	 the	 external	

sources	of	benefits	 received	(Nelson	&	Lyubomirky,	2016),	has	consistently	

been	 shown	 to	 relate	 to	 higher	 wellbeing	 (such	 as	 positive	 affect	 and	 life	

satisfaction)	and	 lower	depressive	symptomology	(Wood,	Froh,	&	Geraghty,	

2010).	 Due	 to	 this	 connection,	 several	 gratitude	 interventions	 have	 been	

developed	 that	 promote	 positive	 affect	 and	 other	 aspects	 of	 wellbeing.	

Gratitude	 intervention	 activities	 include	 creating	 gratitude	 lists,	 writing	

letters	 of	 gratitude,	 and	 expressing	 gratitude	 directly	 to	 loved	 ones	 via	

gratitude	visits	(Boehm	et	al.,	2011;	Froh,	Sefick,	&	Emmons,	2008;	Seligman	

et	al.,	2005).	

	

Prosocial	 behaviour	 is	 defined	 as	 actions	 with	 the	 intention	 of	 benefitting	

others.	 It	 is	 also	 associated	 with	 improvements	 in	 wellbeing	 and	 mental	

health	 (Schwartz,	 Meisenhelder,	 Ma,	 &	 Reed,	 2003;	 Wheeler,	 Gorey,	 &	

Greenblatt,	 1998),	 and	 even	 predicts	 academic	 achievement	 in	 children	

(Caprara,	Barbaranelli,	Pastorelli,	Bandura,	&	Zimbardo,	2000).	One	way	that	

researchers	 have	 studied	 prosocial	 behaviour	 has	 been	 to	 instruct	

participants	 to	 perform	 acts	 of	 kindness.	 Performing	 acts	 of	 kindness	may	
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improve	wellbeing	by	providing	people	with	a	sense	of	control	and	optimism	

in	 their	 ability	 to	 help	 (Lyubomirsky,	 Sheldon,	 et	 al.,	 2005).	 Furthermore,	

kindness	 to	others	may	encourage	socializing	and	bonding	between	people.	

Doing	several	acts	of	kindness	in	one	day	each	week	has	been	shown	to	cause	

increases	in	wellbeing	(as	well	as	peer	acceptance)	in	children	(Layous	et	al.,	

2012)	and	college	students	(Lyubomirsky,	Sheldon,	et	al.,	2005),	as	well	as	in	

the	 general	 population	 (Buchanan	 &	 Bardi,	 2010;	 Nelson,	 Layous,	 Cole,	 &	

Lyubomirsky,	2016).	

	

3.3.1 Individual	Differences	in	Intervention	Response	

	

Although	 growing	 evidence	 suggests	 that	 wellbeing	 interventions	 can	

effectively	 improve	 wellbeing,	 less	 research	 has	 investigated	 individual	

differences	 in	 intervention	 response.	 What	 are	 the	 characteristics	 that	

determine	why	some	people	respond	better	to	a	wellbeing	intervention	than	

others	 (Layous	 &	 Lyubomirsky,	 2014;	 Lyubomirsky	 &	 Layous,	 2013)?	 One	

possibility	 is	 that	 wellbeing	 interventions	 will	 be	 most	 effective	 when	 the	

characteristics	 of	 the	 participant	 and	 the	 characteristics	 of	 the	 wellbeing	

tasks	are	optimally	matched	(i.e.	person-activity	fit)	(Lyubomirsky	&	Layous,	

2013).	 If	 researchers	 can	 identify	 these	 salient	 characteristics	 then	

interventions	 could	 be	 designed	 to	 be	 maximally	 beneficial	 for	 all,	 for	

example	 through	 personalisation	 of	 activities,	 timing,	 duration	 or	 support.		

Understanding	individual	differences	in	intervention	response	may	also	help	

to	uncover	the	mechanisms	that	drive	the	intervention	effect.		

	

Several	measures	have	been	explored	 for	 their	potential	moderation	effects	

in	 wellbeing	 interventions.	 These	 are	 personality	 (Senf	 &	 Liau,	 2013),	

baseline	 positive	 affect	 (Froh,	 Kashdan,	 Ozimkowski,	 &	Miller,	 2009;	 Rash,	
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Matsuba,	&	Prkachin,	2011),	baseline	gratitude	(Nelson	&	Lyubomirky,	2016;	

Rash	et	al.,	2011),	activity	fit	(Dickerhoof,	2007;	Proyer,	Wellenzohn,	Gander,	

&	Ruch,	2015;	Sheldon	&	Lyubomirsky,	2006;	Sin	&	Lyubomirsky,	2009)	and	

effort	 (Layous	 et	 al.,	 2013;	 Lyubomirsky	 et	 al.,	 2011;	 Proyer	 et	 al.,	 2015;	

Seligman	et	al.,	2005).	We	can	also	draw	suggestions	of	potentially	important	

factors	 from	the	general	wellbeing	 literature.	Sex,	socioeconomic	status	and	

season	 have	 all	 been	 associated	with	 general	wellbeing	 levels	 (Bergman	&	

Scott,	2001;	Diener,	Sandvik,	Seidlitz,	&	Diener,	1993;	Haring,	Stock,	&	Okun,	

1984;	 Pinquart	 &	 Sörensen,	 2000;	 Smith,	 1979;	 Sweeting	 &	West,	 2003).	 I	

decided	 to	 conduct	 exploratory	 analyses	 on	 these	 predictors,	 noting	 that	

factors	 that	 predict	 variation	 in	 wellbeing	 itself	 may	 not	 have	 the	 same	

direction	 or	 magnitude	 of	 effect	 on	 variation	 in	 wellbeing	 intervention	

response.		

In	 the	 current	 exploratory	 study,	 15	 potential	 moderators	 were	 selected	

based	 on	 current	 wellbeing	 intervention	 theory	 and	 suggestions	 from	 the	

general	 wellbeing	 literature.	 These	 included	 measures	 of	 demographics,	

seasonality,	personality,	baseline	characteristics,	activity	 fit,	 and	effort.	This	

is	 the	 first	 study	 to	 conduct	 a	 comprehensive	 exploration	 of	 potential	

moderators	of	wellbeing	 intervention	 response	 in	 an	adolescent	 age	group.	

Below	 I	 detail	 the	 previous	 research	 that	 led	 me	 to	 select	 these	 potential	

moderators.	 For	 the	 outcome	 measures,	 wellbeing	 was	 operationalized	 to	

include	 happiness	 and	 life	 satisfaction,	 and	 also	 measured	 symptoms	 of	

anxiety	and	depression,	which	I	refer	to	as	mental	health.	

	

3.3.2 Demographics	and	Seasonality	as	Moderators	

	

3.3.2.1 Sex	
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The	 literature	 on	 sex	 differences	 in	 wellbeing	 is	 mixed,	 depending	 on	 the	

particular	 aspect	 of	wellbeing	 studied,	 but	 the	 overall	 trend	 is	 that	women	

report	 lower	levels	of	wellbeing	than	men	(Haring	et	al.,	1984).	Specifically,	

in	 adolescents	 (15	 years	 old),	 females	 have	 been	 shown	 to	 report	 lower	

levels	 of	 self-esteem,	 happiness,	 and	more	 past	worries	 (Bergman	&	 Scott,	

2001).	 Females	 also	 tend	 to	 experience	 higher	 levels	 of	 depressive	

symptoms,	 with	 this	 discrepancy	 becoming	 apparent	 by	 the	 age	 of	 15	

(Sweeting	 &	West,	 2003).	 It	 has	 also	 been	 suggested	 that	 different	 sets	 of	

genes	 may	 be	 influencing	 subjective	 wellbeing	 in	 men	 and	 women	 and	

driving	 the	difference	between	 them	(Røysamb,	Harris,	Magnus,	Vittersø,	&	

Tambs,	2002).	Previous	research	has	therefore	highlighted	the	importance	of	

sex	 in	explaining	 individual	differences	 in	wellbeing,	but	the	mixed	findings	

do	not	 lead	 to	 a	 simple	hypothesis	 about	 the	 role	 of	 sex	 in	 explaining	how	

individuals	will	respond	to	a	wellbeing	intervention.	An	example	can	be	seen	

in	the	depression	literature	-	women	tend	to	have	higher	levels	of	depression	

than	 men	 (Nolen-Hoeksema,	 2001),	 but	 the	 same	 risk	 factors	 lead	 to	

depression	 in	 both	 men	 and	 women	 equally	 (Lyubomirsky,	 Layous,	

Chancellor,	 &	 Nelson,	 2015;	 Rood,	 Roelofs,	 Bögels,	 Nolen-Hoeksema,	 &	

Schouten,	 2009).	 Thus	 a	 similar	 effect	may	 be	 seen	with	wellbeing	 in	 that	

women	 may	 have	 lower	 baseline	 levels,	 but	 still	 respond	 equally	 to	 a	

wellbeing	 intervention	 as	men.	 This	 drove	me	 to	 explore	 the	 role	 of	 sex	 in	

explaining	individual	differences	in	response	to	the	wellbeing	intervention	in	

teenagers.		

	

3.3.2.2 Socioeconomic	Status	

	

Some	previous	research	has	 indicated	a	positive	correlation	between	socio-

economic	status	(SES)	and	levels	of	wellbeing	(Diener	et	al.,	1993;	Haring	et	

al.,	1984;	Pinquart	&	Sörensen,	2000),	with	measures	of	SES	including	indices	
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of	education,	employment,	income	and	social	class.	SES	has	also	been	related	

to	the	expression	of	gratitude	(Becker	&	Smenner,	1986),	with	a	contrasting	

association,	 whereby	 pre-schoolers	 from	 families	 with	 low	 SES	 expressed	

gratitude	 through	 saying	 “thank	 you”	 more	 frequently	 than	 children	 from	

families	 with	 higher	 SES.	 Accordingly,	 low	 SES	 might	 predict	 greater	

improvements	 in	 wellbeing	 because	 (on	 average)	 this	 group,	 who	 tend	 to	

have	 lower	 wellbeing,	 may	 have	 more	 room	 for	 improvement.	 But	 the	

differing	value	of	gratitude	as	a	function	of	SES	might	mean	that	a	gratitude	

intervention	 is	 differentially	 effective	 in	 low	 versus	 high	 SES	 groups,	

suggesting	that	expressing	gratitude	is	a	better	“fit”	for	people	from	low-SES	

families.	Previous	research	precludes	a	clear	hypothesis	about	the	direction	

of	effects,	so	I	explored	both	possibilities	in	the	analyses.		

	

3.3.2.3 Seasonality	

	

Finally,	the	limited	literature	on	seasonality	has	shown	that	happiness	tends	

to	be	higher	 in	Spring	 than	 in	Autumn	(Fall)	 (Smith,	1979)	and	 I	wished	 to	

explore	 the	 effect	 of	 season	 on	 intervention	 response.	 Accordingly,	 in	 this	

study,	 I	 included	the	demographic	 factors	of	sex	and	SES,	and	the	season	 in	

which	the	intervention	was	conducted	as	potential	moderators.		

	

3.3.3 Personality	as	a	Moderator	

	

The	 link	 between	 personality	 and	 wellbeing	 is	 well	 supported	 (Costa	 &	

McCrae,	1992;	Furnham	&	Christoforou,	2007),	including	at	the	genetic	level	

(Weiss,	 Bates,	 &	 Luciano,	 2008).	 Higher	 levels	 of	 neuroticism	 have	 been	
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linked	 to	 lower	 levels	 of	 happiness	 (Weiss	 et	 al.,	 2008).	 Furthermore,	 one	

study	 has	 provided	 preliminary	 evidence	 regarding	 the	moderating	 role	 of	

personality	 for	 intervention	 response.	 In	 this	 study,	 participants	 were	

instructed	 to	 write	 and	 present	 letters	 of	 gratitude	 and	 to	 conduct	 daily	

reflections	 on	 three	 good	 things	 that	 they	 experienced.	 It	 was	 found	 that	

participants	 with	 higher	 levels	 of	 extraversion	 and	 openness	 experienced	

greater	 gains	 in	 happiness	 and	 greater	 decreases	 in	 depression	 in	 the	

gratitude	 condition	 (Senf	 &	 Liau,	 2013).	 In	 relation	 to	 a	 prosociality	

intervention,	where	personality	as	a	moderator	has	not	been	explored,	given	

the	 interpersonal	 nature	 of	 performing	 acts	 of	 kindness	 for	 others,	 this	

activity	 might	 also	 be	 a	 particularly	 good	 fit	 for	 people	 who	 are	 high	 in	

extraversion.		

	

Another	 aspect	 of	 personality	 is	 sensation	 seeking,	 the	 degree	 to	which	 an	

individual	enjoys	and	searches	for	novel	experiences.	Sensation	seeking	has	

been	shown	to	moderate	the	association	between	physical	pleasure	and	life	

satisfaction	in	daily	life	(Oishi,	Schimmack,	&	Diener,	2001).	Individuals	high	

in	sensation	seeking	may	enjoy	the	novelty	of	completing	intervention	tasks	

and	 experience	 the	 greatest	 positive	 impact.	 Alternatively,	 over	 time,	 these	

intervention	 tasks	 may	 lose	 their	 novelty	 and	 end	 up	 having	 the	 smallest	

effect	on	this	group	compared	with	people	low	in	sensation	seeking.	

	

3.3.4 Baseline	Characteristics	as	Moderators		

	

Previous	 studies	 have	 produced	 inconclusive	 results	 when	 it	 comes	 to	 the	

moderating	 effects	 of	 baseline	 positive	 affect	 on	 wellbeing	 intervention	

response.	 In	one	 study	among	youths	asked	 to	write	and	deliver	a	 letter	of	

gratitude,	 those	 with	 lower	 levels	 of	 positive	 affect	 experienced	 greater	
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benefits	 at	 post-treatment	 and	 at	 follow-up,	 compared	 to	 those	 who	 only	

wrote	 about	 daily	 events	 (Froh	 et	 al.,	 2009).	 In	 another	 study	 in	 which	

participants	had	to	bring	to	mind	someone	or	something	for	which	they	were	

grateful,	no	moderating	effects	of	either	positive	or	negative	affect	at	baseline	

were	found	(Rash	et	al.,	2011).		

	

Similarly,	 given	 that	 the	 current	 study	 targeted	 gratitude	 and	 prosocial	

behaviour,	baseline	gratitude	and	prosociality	might	moderate	the	effects	of	

the	 intervention.	 In	 the	 study	 conducted	 by	 Rash	 et	 al.	 (Rash	 et	 al.,	 2011),	

participants	who	were	 in	 the	 gratitude	 condition	 reported	 greater	 gains	 in	

life	 satisfaction	 when	 they	 had	 lower	 dispositional	 gratitude	 (Nelson	 &	

Lyubomirky,	2016;	Rash	et	al.,	2011).	Based	on	this	evidence	obtained	with	

gratitude-inducing	 interventions,	 I	 tested	 the	moderating	 effect	 of	 baseline	

positive	affect	and	baseline	gratitude	levels	on	intervention	response.		Given	

that	the	current	 intervention	 includes	both	gratitude	(gratitude	 letters)	and	

prosociality	 (kind	acts)	 components,	 I	 also	 tested	 the	moderation	effects	of	

baseline	levels	of	prosociality.		

	

3.3.5 Activity	Measures	as	Moderators	

	

Participants	 may	 vary	 in	 how	 they	 carry	 out	 and	 react	 to	 intervention	

activities.	 Potential	 activity	 moderators	 include	 the	 degree	 of	 hedonic	

adaption,	 the	 fit	 of	 the	person	 to	 the	 activity,	whether	 the	 gratitude	 letters	

were	 shared	with	 others,	 and	 the	 amount	 of	 effort	 put	 into	 completing	 the	

activities.	
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3.3.5.1 Hedonic	Adaptation	

	

Hedonic	adaptation	refers	 to	 the	adjustment	 to	environmental	changes	 that	

may	initially	influence	wellbeing	levels.	For	example,	studies	have	shown	that	

wellbeing	shifts	 in	response	 to	 life	events,	such	as	marriage,	childbirth,	and	

divorce,	 followed	 by	 a	 return	 to	 pre-event	 levels	 of	 wellbeing	 (Luhmann,	

Hofmann,	Eid,	&	Lucas,	2012).	Adaptation	may	also	occur	as	people	engage	in	

activities	 to	 improve	 their	wellbeing,	 particularly	when	 those	 activities	 are	

similar	 from	 week	 to	 week.	 Consequently,	 any	 increases	 or	 decreases	 in	

wellbeing	 may	 be	 transient.	 Indeed	 the	 literature	 suggests	 that	 hedonic	

adaptation	is	faster	to	positive,	wellbeing-enhancing	events,	than	to	negative	

circumstances	(Lyubomirsky,	2011).	 I	explored	individual	differences	in	the	

rate	 at	 which	 people	 hedonically	 adjust	 to	 this	 wellbeing	 intervention	 and	

whether	this	has	an	effect	on	variation	in	how	much	people	improve	in	their	

wellbeing.				

	

3.3.5.2 Preferences	and	Motivations	

	

Supporting	 the	 notion	 of	 person-activity	 fit,	 participants	 with	 a	 strong	

preference	 for	 a	 wellbeing	 activity	 to	 which	 they	 are	 assigned	 tend	 to	

experience	 greater	 gains	 in	 their	 wellbeing	 (Proyer	 et	 al.,	 2015;	 Schueller,	

2010).	Similarly,	those	who	report	the	tasks	as	natural	and	enjoyable	tend	to	

reap	 the	most	 benefits	 (Dickerhoof,	 2007).	 Initial	 motivation	 to	 perform	 a	

wellbeing-boosting	 task	 has	 also	 been	 shown	 to	 predict	 performance	 and	

outcomes	of	that	task	(Sheldon	&	Lyubomirsky,	2006).	Participants	who	self-

select	 into	 positive	 interventions	 have	 been	 found	 to	 experience	 greater	

gains	than	those	who	do	not	self-select	(Sin	&	Lyubomirsky,	2009).	I	explored	

the	moderating	effects	of	perceiving	a	task	as	natural	and	enjoyable,	and	how	
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much	 the	 individual	 was	 motivated	 to	 improve	 their	 wellbeing,	 in	

determining	intervention	response.	

	

3.3.5.3 Gratitude	Letter	Sharing	

	

Some	 prior	 gratitude	 interventions	 have	 required	 participants	 to	 deliver	

their	 letter	 to	 the	 addressee	 (e.g.	 Seligman,	 Steen,	 Park,	 &	 Peterson,	 2005;	

Senf	&	Liau,	2013)	while	others	have	not	(Boehm	et	al.,	2011;	Lyubomirsky	et	

al.,	 2011).	 In	 addition	 to	 confounding	 the	 expression	 of	 gratitude	with	 the	

social	 interaction	inherent	in	gratitude	delivery,	 it	 is	believed	that	requiring	

the	 participant	 to	 deliver	 their	 letter	may	 not	 be	 suitable	 in	 an	 adolescent	

sample	 as	 it	may	 lead	 to	 anxiety	 over	 how	 the	 addressee	may	 receive	 the	

letter.	Therefore,	the	gratitude	intervention	did	not	require	the	individuals	to	

share	their	letter.	The	participants,	however,	were	asked	if	they	did	share	any	

letters,	 and	 I	 examined	 whether	 this	 led	 to	 a	 boost	 in	 wellbeing	 over	 and	

above	the	effect	of	merely	writing	gratitude	letters.			

	

3.3.5.4 Effort	

	

Research	 supports	 the	 role	 of	 effort	 on	 wellbeing	 intervention	 response.	

Effort	has	been	assessed	through	self-report	(Layous	et	al.,	2013)	and	ratings	

from	 independent	coders	 (Lyubomirsky	et	al.,	2011).	Across	 these	different	

modes	 of	 assessment,	 effort	 predicts	 greater	 increases	 in	 wellbeing	 in	

response	to	positive	activities.	Continued	adherence	to	positive	activities	and	

continuation	 of	 the	 activities	 after	 the	 intervention	 period	 have	 also	 been	

shown	to	predict	sustained	wellbeing	increase	(Proyer	et	al.,	2015;	Seligman	
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et	al.,	2005).	Effort	and	its	related	indices	were	also	of	interest	in	this	current	

study.		

	

3.3.6 The	Current	Study	

	

The	 aim	 of	 the	 current	 study	 is	 to	 better	 understand	 the	 moderators	 of	

wellbeing	intervention	response	and	advance	this	literature.	I	used	data	from	

the	 Twins	Wellbeing	 Intervention	 Study	 (TWIST;	 Haworth	 et	 al.,	 2016),	 in	

which	 participants	 completed	 gratitude	 letters	 and	 performed	 acts	 of	

kindness	 for	 3	 weeks.	 It	 has	 already	 been	 shown	 that	 this	 intervention	

significantly	improved	wellbeing	and	decreased	internalising	symptomology	

(Haworth	et	al.,	2016).	The	participants	were	16	years	old,	a	critical	period	of	

late	 adolescence.	 Most	 wellbeing	 interventions	 have	 focused	 on	 adult	

populations,	 and	 those	 that	 have	 examined	 child	 and	 adolescent	 samples	

usually	 explore	 this	 population	 over	 a	 large	 age	 range,	 with	mean	 ages	 in	

early	 adolescence.	 Because	 childhood	 and	 adolescence	 are	 periods	 of	 rapid	

change,	additional	insights	may	be	gained	by	focussing	on	specific	age	groups	

to	 accommodate	 the	 possibility	 of	 response	 heterogeneity	 across	 different	

ages.	This	study	focuses	for	the	first	time	on	a	specifically	narrow	age	range	

using	 a	 large	 sample	 size.	 In	 addition	 to	 investigating	 a	 rarely	 studied	 age	

group,	 this	 study	 also	 provides	 unique	 information	 on	 a	 large	 range	 of	

possible	moderators	of	response	to	a	wellbeing	intervention.		 	

	

3.4 	Method	
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3.4.1 Participants	

	

Participants	were	a	subsample	of	the	larger,	population	representative	Twins	

Early	 Development	 Study	 (Haworth,	 Davis,	 &	 Plomin,	 2013).	 TEDS	 is	 a	

longitudinal	cohort	study	that	has	been	following	twins	born	between	1994	

and	 1996	 in	 England	 and	 Wales.	 16,810	 twins	 were	 recruited	 and	 were	

representative	of	the	UK	population	(Haworth	et	al.,	2013).	Over	10,000	pairs	

of	 twins	 are	 still	 actively	 taking	 part	 in	 the	 study	 to	 date	 and	 this	 sample	

remains	 representative	 despite	 attrition	 (Kovas,	 Haworth,	 Dale,	 &	 Plomin,	

2007).	Families	were	selected	from	TEDS	to	provide	a	subsample	of	same-sex	

twin	 pairs	 who	 were	 representative	 with	 respect	 to	 socioeconomic	 status,	

sex,	 and	 zygosity.	 Ethical	 approval	 was	 provided	 by	 the	 Institute	 of	

Psychiatry	 research	 ethics	 committee	 at	 King’s	 College	 London	 (Ref:	

PNM/10/11-16).	 Informed	 consent	 was	 obtained	 from	 both	 the	 twins	

themselves	and	from	the	twins’	parents/guardians	on	behalf	of	the	twins,	in	

written	 form.	 Twins	 were	 rewarded	 £30	 shopping	 vouchers	 if	 they	

completed	the	study	and	families	where	both	twins	completed	all	time	points	

were	entered	into	a	raffle	to	win	a	pair	of	iPads.	The	sample	comprised	932	

individuals	(55.6%	females)	with	an	average	age	of	16.55	(SE	=	0.52)	at	time	

of	 consent.	 These	 individuals	were	 nested	 in	 twin	 pairs.	 The	 data	 from	 22	

participants	 were	 excluded	 because	 they	 had	 experienced	 birth	

complications.	Each	participant	completed	 the	same	tasks	 in	 the	study.	884	

participants	 provided	 the	 relevant	 baseline	 wellbeing	 and	 mental	 health	

responses	for	the	analysis	(subjective	happiness,	life	satisfaction,	anxiety	and	

depression),	 and	 805	 (91%)	 continued	 to	 provide	 outcome	 responses	 at	

follow-up.	These	884	participants	were	used	in	the	analysis.		

	

3.4.2 Study	Design	
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The	 participants	 took	 part	 in	 a	 10-week	 within-person	 controlled	 online	

intervention	study.	This	method	is	in	line	with	the	design	of	an	n-of-1	study	

which	has	been	 shown	 to	be	 feasible	 and	useful	 in	 educational	 and	 clinical	

settings	 (Guyatt	 et	 al.,	 1990,	 1990),	 and	 is	 a	 step	 towards	 personalising	

interventions	 (Lillie	 et	 al.,	 2011).	 Participants	 logged	 on	 each	 week	 to	

complete	a	range	of	assessments,	as	well	as	to	receive	instructions	for	their	

tasks.	 	Baseline	measures	were	collected	 in	week	0,	 followed	by	3	weeks	of	

control	 tasks	 in	 the	 control	 phase,	 then	 3	 weeks	 of	 wellbeing	 tasks	 in	 the	

intervention	 phase.	 The	 participants	 then	 had	 a	 3-week	 break	 before	

completing	 follow-up	 assessments	 in	 the	 follow-up	 phase.	 For	 the	 control	

tasks,	participants	were	instructed	to	take	note	of	three	places	they	visited	on	

one	day	of	each	week	and	were	asked	to	write	a	detailed	description	of	one	

room	 in	 their	 home	each	week.	 For	 the	 intervention	 tasks,	 the	participants	

had	to	perform	three	acts	of	kindness	on	one	day	of	each	week	and	write	a	

letter	of	gratitude	 to	 someone	 important	 in	 their	 lives	each	week.	Outcome	

measures	 were	 assessed	 at	 milestone	 weeks	 0	 (baseline),	 3	 (end	 of	 the	

control	phase),	6	(end	of	intervention	phase)	and	9	(end	of	follow-up	phase).	

The	 study	 was	 split	 into	 two	 waves	 of	 participants,	 with	 285	 participants	

(32%)	taking	part	in	the	study	in	Autumn	2012	and	598	participants	(68%)	

taking	part	in	the	study	in	Spring	2013.	

	

3.4.3 Measures	

	

3.4.3.1 Outcomes	

	

The	outcome	variables	were	wellbeing	 and	mental	 health.	Wellbeing	was	 a	

standardized	 composite	 of	 responses	 for	 the	 4-item	 Subjective	 Happiness	

Scale	 (SHS,	 Lyubomirsky	 &	 Lepper,	 1999)	 and	 the	 6-item	 Brief	
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Multidimensional	Student	Life	Satisfaction	Scale	(BMSLSS,	Seligson,	Huebner,	

&	 Valois,	 2003).	 Over	 all	 4	 data	 collection	 time	 points,	 these	 two	

questionnaires	 showed	 good	 internal	 consistency	 with	 Cronbach’s	 alphas	

ranging	from	0.86	to	0.88	for	SHS,	and	0.85	to	0.88	for	BMSLSS.	Mental	health	

was	a	standardised	composite	of	the	responses	for	the	short	(13-item)	Moods	

and	Feelings	Questionnaire	(MFQ,	Angold	et	al.,	1995)	and	the	6-item	State-

Trait	 Anxiety	 Inventory	 (STAI,	 Spielberger	 &	 Gorsuch,	 1983).	 These	

questionnaires,	measuring	symptoms	of	mental	 illness,	were	reverse	scored	

so	 that	 a	 higher	 value	 of	 the	 composite	 indicated	 better	 mental	 health.	

Cronbach’s	alphas	for	these	two	measures	ranged	from	0.90	to	0.91	for	MFQ	

and	0.79	to	0.83	for	STAI.	

	

3.4.3.2 Moderators		

	

Details	of	 the	moderators	are	 shown	 in	Table	3.1,	 including	 information	on	

the	 number	 of	 items	 in	 each	 scale,	 item	 scoring,	 an	 example	 item,	 and	 the	

reference	 for	 the	 published	 scale.	 In	 total,	 we	 used	 15	 moderators.	 All	

measures	 demonstrated	 good	 internal	 consistency	 reliability	 in	 the	 sample	

apart	from	the	personality	subscales	that	showed	low	correlations.	However,	

with	 only	 two	 items	 per	 construct,	 the	 low	 correlations	 were	 expected,	

reflecting	 that	 these	 two	 items	 try	 to	 eliminate	 item	 redundancy	 and	

minimise	 content	 overlap,	 at	 the	 expense	 of	 internal	 consistency	 (Gosling,	

Rentfrow,	&	Swann,	2003).		
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Table	3.1	Potential	moderators	of	intervention	response	

Construct	 Time	of	
assessment	

Measure	
Name	

Number	
of	items	

A	sample	item	 How	items	are	
scored	

Higher	score	
represents	

Internal	
Consistency	
(Cronbach’s	alpha)	

Reference	

Demographic	factors	 	 	

Sex	 First	TEDS	
contact:	when	
participants	were	
18	months	old	

n/a	 n/a	 n/a	 Dummy	coded	 Male	 n/a	 n/a	

0:	female	 	 	
1:	male	 	 	

Socioeconomic	
status	

First	TEDS	
contact:	when	
participants	were	
18	months	old	

n/a	 5	 n/a	 Composite	of	5	
derived	variables	
relating	to	parent	
qualifications	and	
employment,	and	
mother's	age	at	
birth	of	first	child	

Higher	SES	 n/a	 n/a	

Seasonality	 	 	

Season	 n/a	 n/a	 n/a	 n/a	 Dummy	coded	 Spring	2013	wave	 n/a	 n/a	
0:	Autumn	2012	
wave	

	 	

1:	Spring	2013	
wave	

	 	

Personality	and	Sensation	seeking	 	 	

Personality	 Baseline	(week	0)	 10	item	
personality	
inventory		

10	 "I	see	myself	as:	
Extraverted,	
enthusiastic"	

7	point	scale	from	
"disagree	strongly"	
to	"agree	strongly"	

Higher	
extraversion,	
agreeableness,	

Extraversion	=	0.33	 (Gosling,	
Rentfrow,	&	
Swann,	2003)	



	

	 99	

conscientiousness,	
openness	and	
lower	neuroticism	

Agreeableness	=	
0.13	

	

Conscientiousness	
=	0.33	

	

Neuroticism	=	0.46	 	
Openness	=	0.16	 	

Sensation	
seeking	

Baseline	(week	0)	 Brief	
Sensation	
Seeking	Scale		

8	 "I	would	like	to	
explore	strange	
places"	

5	point	scale	from	
"strongly	disagree"	
to	"strongly	agree"	

Higher	level	of	
sensation	seeking		

0.78	 (Hoyle,	
Stephenson,	
Palmgreen,	
Lorch,	&	
Donohew,	
2002)	

Baseline	characteristics	 	

Positive	affect	 Before	control	
phase	(week	0)	

Positive	
subscale	of	
Emotional	
Report		

4	 "Please	indicate	
the	extent	to	
which	you	have	
felt	this	way	in	
the	past	week:	
Happy"	

5	point	scale	from	
"not	at	all"	to	
"most	of	the	time"	

Higher	positive	
affect	

Before	control	
phase	=	0.83	

(E.	Diener	&	
Emmons,	
1984)	

Before	
intervention	
phase	(week	3)	

Before	intervention	
phase	=	0.88	

	

Gratitude	 Before	
intervention	
phase	(week	3)	

Gratitude	
Questionnaire	

6	 "I	have	so	much	
in	life	to	be	
thankful	for."		

7	point	scale	from	
"disagree	strongly"	
to	"agree	strongly"	

Higher	level	of	
gratitude	

0.81	 (McCullough,	
Emmons,	&	
Tsang,	2002)	

Prosociality	 Before	
intervention	
phase	(week	3)	

Prosocial	
subscale	of	
Strengths	and	
Difficulties	
Questionnaire	

5	 "I	try	to	be	nice	to	
other	people"	

3	point	scale	of	
"not	true",	"	
somewhat	true"	or	
"very	true"	

Higher	prosociality	 0.74	 (Goodman,	
1997)	

Activity	moderators	 	
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Hedonic	
adaptation	

After	control	
phase	(week	3)	

n/a	 2	 "To	what	extent	
did	you	get	bored	
with	describing	a	
room?"[14]	

7	point	scale	from	
"not	at	all	bored"	
to	"extremely	
bored"	

Higher	hedonic	
adjustment	to	
control/	
intervention	
activities	in	each	
consecutive	phase	

n/a	 n/a	

After	
intervention	
phase	(week	6)	

	

Person	activity	
fit	

Baseline	(week	0)	 n/a	 9	 "How	enjoyable	
would	it	be	for	
you	to	write	
down	your	daily	
activities	on	a	
regular	basis?"	
[24]	

7	point	scale	from	
"not	at	all	
enjoyable/natural"	
to	"extremely	
enjoyable/natural"	

Higher	fit	to	
control/	
intervention	tasks	
and	more	
motivated	to	
becoming	happier	

n/a	 n/a	

Shared	
gratitude	
letters	

Follow-up	(week	
9)	

n/a	 1	 "You	wrote	three	
letters	of	
gratitude	as	part	
of	the	study.	How	
many	(if	any)	did	
you	share	with	
someone	else?"	

Dummy	coded	 1	or	more	gratitude	
letters	shared	

n/a	 n/a	
0:	no	letters	
shared	

	

1:	1	or	more	
letters	shared	

	

Self-reported	
effort	

Control	phase:	
week	1,	2,	3	

n/a	 1	 "How	much	effort	
did	you	put	into	
completing	this	
week’s	
activities?"	

7	point	scale	from	
"no	effort	at	all"	to	
"a	great	deal	of	
effort"	

More	self-reported	
effort	in	control/	
intervention	phase	

n/a	 n/a	

Intervention	
phase:	week	4,	5,	
6	

	

Task	effort	 Control	phase:	
week	1,	2,	3	

n/a	 n/a	 n/a	 Composite	of	the	
average	number	of	
characters	written	
(i.e.	the	length	of	
the	written	
response),	and	the	

More	effort	in	
control/	
intervention	phase	
as	indicated	by	
their	task	response	

n/a	 n/a	

Intervention	
phase:	week	4,	5,	
6	
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amount	of	time	
spent	on	the	
written	activity	
each	week	

Continuation	 Follow-up	(week	
9)	

n/a	 1	 "Have	you	
continued	to	do	
acts	of	kindness	
for	people	since	
the	end	of	the	
study?"	

Dummy	coded	 Continuation	with	
wellbeing	tasks	
into	follow-up	

n/a	 n/a	

0:	continued	with	
wellbeing	tasks	

	

1:	did	not	continue	
with	wellbeing	
tasks	

	

Number	of	
practical	
activities	

Control	phase:	
week	1,	2,	3	

n/a	 n/a	 n/a	 Count	 Larger	number	of	
activities	
completed	in	
control/	
intervention	phase	

n/a	 n/a	

Note.	SES	was	also	measured	in	a	TEDS	subsample	when	the	twins	were	16	years	old,	but	none	of	the	TWIST	subsample	participants	were	part	of	the	
subsample	that	provided	this	16-year	SES	measure.	The	16-year	SES	from	the	TEDS	sample	was	strongly	correlated	with	the	18-month	SES	(Pearson’s	r=	
.70),	suggesting	the	18-month	SES	should	be	an	adequate	proxy	for	current	SES	in	the	TWIST	participants.
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3.4.4 Statistical	Analysis	

	

To	 correct	 for	 negative	 skew	 in	 the	 wellbeing	 and	mental	 health	 outcome	

measures,	 a	 van	 der	Waerden	 rank	 transformation	was	 applied.	 Piecewise	

hierarchical	 linear	mixed	models	were	fitted	to	the	data,	predicting	changes	

in	wellbeing	and	mental	health	in	the	control	phase,	intervention	phase,	and	

follow-up	phase.			

	

3.4.4.1 Multilevel	Modelling	

	

Multilevel	 modelling	 is	 a	 form	 of	 statistical	 modelling	 that	 deals	 with	 the	

hierarchical	nested	structure	that	can	sometimes	occur	 in	data,	 for	example	

looking	 at	 school	 pupils	 nested	 within	 schools	 or	 siblings	 nested	 within	

families	 or	 repeated	 measures	 nested	 within	 participants.	 We	 need	 to	

account	for	hierarchical	data	because	residuals	for	entities	at	one	lower	level	

may	 be	 correlated	with	 each	 other	 and	 this	 dependence	 breaks	 one	 of	 the	

assumptions	of	parametric	statistical	models,	which	assumes	residual	errors	

are	independent.	

	

Single	 level	models	 contain	 fixed	 coefficients	 (slope	 and	 intercept)	 and	 are	

usually	represented	as	such:	

yi=	b0+	b1	xi+εi	

where	 yi	 is	 the	 outcome	 of	 interest,	 xi	 is	 the	 predictor,	 b0	 is	 the	 intercept	

value,	bi	is	the	coefficient	of	predictor,	εi	is	the	random	error	in	the	model	and	
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i	 represents	 one	 particular	 entity	 (e.g.	 participant/time-point)	 within	 the	

entire	sample.	

	

In	 multilevel	 models,	 coefficients	 are	 allowed	 to	 vary	 and	 these	 are	 called	

random	effects.	Both	slope	and	intercept	coefficients	can	be	random	or	only	

one	can	be	random	while	the	other	one	stays	fixed.	The	following	describes	

the	two-level	model.	When	the	intercept	is	random	and	the	slope	is	fixed:	

yij=	(b0+u0j)+	b1	xij+εij	

where	j	represents	the	level	2	variable,	the	level	at	which	the	intercept	varies,	

uoj	 captures	 the	 variability	 of	 the	 random	 intercept	 coefficient	 and	 (b0+u0j)	

represents	the	intercept	of	the	whole	overall	model	(b0)	as	well	as	additional	

variability	at	the	second	level.	

	

When	the	intercept	is	fixed	but	the	slope	is	random:	

yij=	b0+	(b1+u1j)xij+εij	

where	uij	captures	the	variability	of	the	random	slope	coefficient	and	(b1+u1j)	

represents	 the	 slope	 of	 the	 whole	 overall	 model	 (bi)	 as	 well	 as	 additional	

variability	at	the	second	level.	

	

When	both	slopes	and	intercepts	are	random,	the	model	is	as	such:	

yij=	(b0+u0j)+	(b1+u1j)xij+εij	
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Hierarchical	models	can	be	extended	to	include	more	predictors	and	contain	

3	or	more	levels.	Within	the	context	of	this	current	study,	this	model	allows	

the	 fitting	 of	 within-individual	 repeated	 measures	 data	 in	 which	 outcome	

measures	 (level	 1)	 are	 nested	within	 participants	 (level	 2)	who	 are	 nested	

within	 families	 (level	 3).	 In	 addition	 to	 fixed	 parameter	 estimates,	 which	

inform	us	about	average	changes	in	outcome	over	the	three	phases,	random	

parameters	are	estimated	that	give	indications	of	individual	variability	in	this	

change.	 We	 use	 a	 piecewise	 model,	 which	 splits	 the	 model	 into	 sections	

containing	different	 slopes,	 to	 take	 into	 account	 the	different	 phases	 of	 the	

intervention	(Figure	3.1)	

Figure	3.1	Example	of	piecewise	model	
Piecewise	 model	 splits	 one	 single	 model	 into	 sections	 with	 different	 slopes.	 In	 this	 case,	 the	 three	
different	slopes	represent	the	three	different	phases	of	the	study	
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I	 wished	 to	 investigate	 a	 large	 number	 of	 potential	 predictors.	 	 This	

presented	 a	 danger	 of	model	 overfitting	 (Babyak,	 2004).	 This	 occurs	when	

too	many	predictors	are	 fitted	 into	 the	model	so	 that	 the	coefficients	 in	 the	

model	 start	 describing	 the	 random	 error	 in	 the	 data	 rather	 than	 actual	

relationships	 in	 the	population.	Overfitting	also	reduces	 the	generalizability	

of	the	model	to	other	populations.	Having	so	many	predictors	also	presents	a	

problem	of	multicollinearity,	when	predictor	variables	are	highly	correlated	

with	 each	other.	This	 results	 in	 less	 accurate	predictions,	where	 coefficient	

estimates	 have	 large	 standard	 errors	 (Dormann	 et	 al.,	 2013).	 To	 deal	with	

these	 issues,	 I	 used	 a	 simple	 method	 of	 variable	 selection:	 the	 t-to-enter	

method	 (Raudenbush	 &	 Bryk,	 2002).	 First,	 a	 basic	 piecewise	 hierarchical	

linear	mixed	model	was	fitted	with	wellbeing	as	the	outcome	and	no	level	2	

predictors,	 similar	 to	 analysis	previously	 conducted	 (Haworth	 et	 al.,	 2016).	

This	 gave	 an	 indication	 of	 general	 change	 in	 outcome	 response	 due	 to	 the	

three	 phases	 (fixed	 effects),	 and	 the	 individual	 differences	 in	 intervention	

response	 (random	effects).	Next,	 the	potential	 level	2	predictors	of	 interest	

were	 explored.	 Empirical	 Bayes	 residuals	 for	 each	 participant’s	 individual	

slopes	 (individual	 change	 in	 outcome	 in	 each	 of	 the	 three	 phases)	 were	

obtained	from	the	basic	model.	These	are	level	2	residuals,	representing	the	

difference	 between	 observed	 and	 predicted	 slopes	 for	 each	 individual	

(Raudenbush	 &	 Bryk,	 2002).	 These	 were	 regressed	 on	 the	 potential	

predictors	 in	 a	 series	 of	 univariate	 regressions.	 The	 predictors	 which	

produced	 regression	 results	 with	 t-to-enter	 values	 of	 more	 than	 1	 were	

selected	to	be	included	into	the	final	interaction	model	(Raudenbush	&	Bryk,	

2002).	An	interaction	model	was	then	fitted,	with	wellbeing	as	the	outcome	

variable	 and	 including	 the	 potential	 level	 2	 predictors	 that	 were	 selected	

from	the	univariate	“to-to-enter”	regressions	of	the	previous	step.	This	model	

was	 used	 to	 reveal	 the	 significant	 moderators	 of	 outcome	 change.	 These	

steps	were	repeated	using	mental	health	as	the	outcome.	

	



	

	 106	

A	large	number	of	interaction	effects	were	assessed	for	statistical	significance	

in	 the	 hierarchical	 models	 to	 test	 for	 the	 potential	 moderation	 effects.	 To	

correct	for	multiple	testing,	a	Bonferroni	significance	level	was	applied2.		 	

3.4.5 Power	Calculation	

Often	studies	are	designed	with	the	power	to	detect	main	effects.	This	means	

that	studies	are	often	underpowered	to	detect	interaction	effects,	which	have	

larger	 standard	 errors	 (Selvin,	 2004).	 TWIST	 was	 designed	 with	 a	 large	

enough	 sample	 size	 needed	 for	 twin	 analysis	 (see	 later	 Method	 section	 of	

Chapter	5).	Since	this	current	study	uses	secondary	data,	I	was	unable	to	do	

an	 initial	 power	 analysis	 to	 determine	 the	 sample	 size	 required	 to	 find	 an	

interaction	 effect.	 Instead,	 I	 have	 conducted	 a	 power	 analysis	 using	 a	

simulation	 based	 approach	 which	 can	 tell	 us	 what	 kind	 of	 effect	 size	 we	

would	 be	 able	 to	 determine	 with	 80%	 power	 and	 a	 sample	 size	 of	 360	

families.	 I	 conducted	 a	 power	 analysis	 for	 one	 of	 the	potential	moderators,	

agreeableness.	 I	 selected	 this	 one	 because	 it	was	 first	 alphabetically	 in	 the	

list,	and	there	is	no	evidence	in	the	previous	literature	to	suggest	that	power	

would	differ	greatly	across	the	different	moderators.	In	this	simulation	based	

power	analysis,	I	found	that	using	the	sample	size	of	360	families	(as	used	in	

the	final	moderation	model),	we	have	80%	power	to	detect	an	effect	size	as	

small	 as	 0.063	 for	 the	 interaction	 effect	 of	 agreeableness	 during	 the	

intervention	 phase	 on	 the	 wellbeing	 outcome	 (Figure	 3.2).	 Power	 analysis	

was	 conducted	on	MLPowSim	using	our	defined	 random	effect	models.	We	

used	a	Bonferroni	corrected	alpha	of	0.0025.	10,000	simulations	were	run	for	

each	estimate.		

																																																								
2	Subsequent	 Benjamini-Hochberg	 False	 Discovery	 Rate	 was	 also	 applied	
which	produced	the	same	results	
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Figure	3.2	Power	curve	
Power	curve	showing	power	as	a	function	of	effect	sizes	for	a	constant	sample	of	360	families,	each	with	2	twins.	These	effect	sizes	are	the	interaction	effects	
of	personality	 trait	 agreeableness	on	wellbeing	outcome	during	 the	 intervention	phase.	 The	 curve	 shows	we	have	80%	power	 to	detect	an	effect	 size	of	
approximately	0.063.	
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3.5 Results	

	

3.5.1 Descriptive	Statistics	

	

No	 mean	 differences	 emerged	 between	 those	 who	 provided	 outcome	

information	 at	 baseline	 and	 continued	 to	 provide	 information	 at	 follow-up	

compared	 to	 those	who	dropped	out	by	 follow-up	 in	 terms	of	SES,	baseline	

wellbeing	 levels	 and	 baseline	 mental	 health	 levels	 (Appendix	 3.1).	 All	

potential	 predictors	 showed	 variance	 inflation	 factors	 (VIF)	 of	 less	 than	

three,	 indicating	 no	 problematic	 collinearity	 (Appendix	 3.2).	 Descriptive	

statistics	for	predictors	variables	and	outcomes	used	in	subsequent	analyses	

are	shown	in	Table	3.2.1	-	3.2.3.	
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Table	3.2.1	Descriptive	statistics	of	predictors	

	 n	 mean	 sd	 min	 max	 skew	 kurtosi

s	Wellbeing	Week	0	 445	 0.01	 0.94	 -3.65	 1.48	 -1.13	 1.29	

Wellbeing	Week	3	 416	 0.02	 0.96	 -3.57	 1.48	 -0.99	 0.97	

Wellbeing	Week	6	 394	 0.10	 0.99	 -3.73	 1.48	 -1.09	 1.40	

Wellbeing	Week	9	 406	 0.10	 0.94	 -3.10	 1.48	 -0.90	 0.60	

Mental	Health	Week	0	 445	 -0.01	 0.92	 -3.76	 1.06	 -1.49	 2.62	

Mental	Health	Week	3	 416	 -0.02	 0.94	 -3.83	 1.06	 -1.33	 1.91	

Mental	Health	Week	6	 394	 0.08	 0.93	 -4.07	 1.06	 -1.60	 2.97	

Mental	Health	Week	9	 406	 0.10	 0.88	 -3.68	 1.06	 -1.40	 2.30	

Note.	Descriptive	statistics	of	random	individual	from	each	twin	pair	

Table	3.2.2	Descriptive	statistics	of	continuous	predictors	variables	

	 n	 mean	 sd	 min	 max	 skew	 kurtosis	

Socioeconomic	status	 425	 0.30	 0.97	 -1.95	 2.49	 0.00	 -0.82	

Extraversion	 445	 4.39	 1.32	 1	 7	 -0.15	 -0.37	

Agreeableness	 445	 4.84	 1.09	 1	 7	 -0.15	 -0.14	

Conscientiousness	 445	 4.95	 1.32	 1	 7	 -0.36	 -0.38	

Neuroticism	 445	 4.89	 1.35	 1	 7	 -0.52	 -0.33	

Openness	 445	 5.22	 1.03	 2	 7	 -0.28	 -0.46	

Sensation	seeking	 445	 3.20	 0.75	 1	 5	 -0.20	 -0.15	

Positive	affect	week	0	 445	 11.30	 2.76	 2	 16	 -0.47	 -0.01	

Positive	affect	week	3	 416	 11.39	 3.08	 0	 16	 -0.55	 -0.10	

Gratitude	week	3	 416	 5.70	 0.93	 1.4	 7	 -0.91	 1.31	

Prosociality	week	3	 416	 8.03	 1.92	 0	 10	 -1.10	 1.29	

Hedonic	adaptation	

(control	tasks)	

416	 4.03	 1.46	 1	 7	 0.12	 -0.55	

Hedonic	adaptation	

(intervention	tasks)	

394	 3.26	 1.40	 1	 7	 0.48	 -0.20	

Fit	to	control	tasks	 445	 3.87	 1.38	 1	 7	 -0.01	 -0.40	

Fit	to	intervention	

tasks	

445	 5.17	 1.14	 1	 7	 -0.48	 0.04	

Motivation	to	

becoming	happier	

445	 5.37	 1.29	 1	 7	 -0.76	 0.38	
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Self-reported	effort	

(control	tasks)	

383	 4.88	 0.93	 2.33	 7	 -0.24	 -0.30	

Self-reported	effect	

(intervention	tasks)	

361	 4.94	 1.10	 1.33	 7	 -0.58	 0.11	

Task	effort	(control	

tasks)	

383	 0.03	 0.85	 -1.48	 3.03	 0.64	 0.01	

Task	effort	

(intervention	tasks)	

361	 0.02	 0.81	 -1.87	 3.48	 0.91	 1.22	

Number	of	activities	

completed	in	control	

phase	

445	 5.49	 1.25	 0	 6	 -2.84	 7.99	

Number	of	activities	

completed	in	

intervention	phases	

445	 5.19	 1.62	 0	 6	 -2.04	 3.15	

Note.	Descriptive	statistics	of	random	individual	from	each	twin	pair	

Table	3.2.3	Descriptive	statistics	of	discrete	predictors	

	 %	

Sex	

(%	female)	

55.77%	

Season		

(%	spring)	

67.76%	

%	Shared	letters	 25.15%	

%	Continued	writing	gratitude	letters	 8.14%	did	continue	

37.22%	did	not	respond	

%	Continued	doing	acts	of	kindness	 43.32%	did	continue	

9.95%	did	not	respond	
Note.	Descriptive	statistics	of	random	individual	from	each	twin	pair	
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The	 basic	 piecewise	 models	 for	 wellbeing	 (Table	 3.3)	 and	 mental	 health	

(Table	 3.4)	 response	 produced	 the	 same	 pattern	 of	 results	 as	 previously	

found	 in	this	sample	(Haworth	et	al.,	2016).	The	results	are	not	 identical	 to	

the	 previous	 analysis	 on	 this	 sample	 because	 of	 differences	 in	 exclusion	

criteria	 between	 the	 two	 analyses,	 namely	 that	 I	 included	 number	 of	

activities	 completed	 as	 a	 potential	 moderator	 rather	 than	 as	 part	 of	 the	

exclusion	criteria	as	 in	 the	previous	analysis.	 In	addition,	 in	 contrast	 to	 the	

previous	 study,	 which	 looked	 at	 growth	 curves	 that	 combined	 the	

intervention	and	follow-up	phase,	I	split	the	analysis	into	3	different	phases	–	

the	 control	 phase,	 the	 intervention	 phase	 and	 the	 follow-up	 phase	 to	 see	

exactly	where	moderators	are	likely	to	have	an	impact.		

Table	3.3	Basic	model	for	wellbeing	response	

Fixed	effect	 Coefficient	(SE)	 p-value	

(Intercept,	β0)	 	 	

γ00	 -6.29e-02	(3.73e-02)	 9.21e-02	

Control	phase	(β1)	 	 	

γ10	 -4.77e-03	(1.84e-02)	 0.80	

Intervention	phase	(β2)	 	 	

γ20	 9.85e-02	(1.84e-02)	 9.42e-08�	

Follow-up	phase	(β3)	 	 	

γ30	 4.14e-02	(1.88e-02)	 2.82e-02*	

Random	parameter	 SD	

Level	1:	 	 	

Residual	error	(ei)	 0.15	 	

Level	2:	 	 	

Intercept	 0.61	 	

Control	phase	 0.13	 	

Intervention	phase	 0.07	 	

Follow-up	phase	 0.13	 	

Level	3:	 	 	

Intercept	(U0)	 0.68	 	

Control	phase	(U1)	 0.45	 	
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Intervention	phase	(U2)	 0.46	 	

Follow-up	phase	(U3)	 0.44	 	

AIC	 5570.10	 	

BIC	 5722.62	 	

logLik	 -2760.05	 	

*p<.05,	**p<.01,	***p<.001,	�p<0.0125	(Bonferroni)	

N=	884	twins	in	452	families,	3298	observations	

Note.	Basic	piecewise	hierarchical	linear	mixed	model	showing	significant	improvement	

in	 wellbeing	 during	 the	 intervention	 phase.	 3	 levels	 incorporating	 repeated	measures	

nested	in	twins	nested	in	families.	
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Table	3.4	Basic	model	for	mental	health	response	

Fixed	effect	 Coefficient	(SE)	 p-value	

(Intercept,	β0)	 	 	

γ00	 -7.46e-02	(3.56e-02)	 3.60e-02*	

Control	phase	(β1)	 	 	

γ10	 5.47e-03	(2.75e-02)	 0.84	

Intervention	phase	(β2)	 	 	

γ20	 8.59e-02	(2.65e-02)	 1.12e-03�	

Follow-up	phase	(β3)	 	 	

γ30	 5.62e-02	(3.00e-02)	 6.14e-02	

Random	parameter	 SD	

Level	1:	 	 	

Residual	error	(ei)	 0.28	 	

Level	2:	 	 	

Intercept	 0.51	 	

Control	tasks	phase	 0.25	 	

Wellbeing	tasks	phase	 0.19	 	

Follow-up	phase	 0.31	 	

Level	3:	 	 	

Intercept	(U0)	 0.72	 	

Control	tasks	phase	(U1)	 0.59	 	

Wellbeing	tasks	phase	(U2)	 0.57	 	

Follow-up	phase	(U3)	 0.61	 	

AIC	 7285.30	 	

BIC	 7437.83	 	

logLik	 -3617.651	 	

*p<.05,	**p<.01,	***p<.001,	�p<0.0125	(Bonferroni)	

N=	884	twins	in	452	families,	3298	observations	

Note.	Basic	piecewise	hierarchical	linear	mixed	model	showing	significant	improvement	

in	 mental	 health	 during	 the	 intervention	 phase.	 3	 levels	 incorporating	 repeated	

measures	nested	in	twins	nested	in	families.	
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I	obtained	empirical	Bayes	residuals	 for	each	participant’s	 individual	slopes	

in	 each	 of	 the	 three	 phases,	 regressing	 these	 on	 each	 of	 the	 potential	

moderators	to	obtain	t-to-enter	statistics	(Table	3.5	and	Table	3.6).	From	this	

exploratory	 t-to-enter	 stage,	 20	 interaction	 effects	 were	 put	 into	 the	 final	

wellbeing	 model	 (Table	 3.7	 and	 Appendix	 3.3)	 and	 26	 interaction	 effects	

were	put	into	the	final	mental	health	model	(Table	3.8	and	Appendix	3.4).	 	
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Table	 3.5	 Exploratory	 t-to-enter	 statistics	 for	 potential	 level	 2	 predictors	 of	
wellbeing	change	

Potential	Level	2	Predictors	(moderators)	 Level	1	Coefficient	(β )	

Control	

phase:	β1	

Intervention	

phase:	β2	

Follow-up	

phase,	β3	

sex	 1.64	 -1.74	 2.53	

SES	 -1.46	 0.55	 1.00	

study	wave	 -0.49	 1.57	 -2.28	

Extraversion	 1.86	 0.11	 -0.15	

Agreeableness	 0.38	 1.02	 0.61	

Conscientiousness	 0.41	 -0.29	 0.24	

Neuroticism	 1.64	 -2.79	 0.34	

Openness	 0.52	 -0.60	 0.94	

Sensation	Seeking	 -1.88	 0.54	 0.94	

Positive	Affect	Week	0	 -0.67	 	 	

Positive	Affect	Week	3	 	 -3.30	 	

Gratitude	week	3	 	 -1.07	 	

Prosociality	week	3	 	 1.60	 	

Hedonic	Adaptation	(Control	Tasks)	 -1.93	 	 	

Hedonic	Adaptation	(Intervention	Tasks)	 	 -1.79	 	

Fit	to	control	tasks	 -0.14	 	 	

Fit	to	intervention	tasks	 	 2.24	 	

Motivation	to	becoming	happier	 0.67	 0.51	 -0.45	

Shared	gratitude	letter	 	 -0.15	 0.15	

Self	Reported	Effort	(Control	Tasks)	 4.10	 	 	

Self	Reported	Effort	(Intervention	Tasks)	 	 0.82	 	

Task	Effort	(Control	Tasks)	 -1.37	 	 	

Task	Effort	(Intervention	Tasks)	 	 1.99	 	

Continuation	of	gratitude	letters	 	 	 -0.53	

Continuation	of	acts	of	kindness	 	 	 -0.49	

Activities	completed	(Control	phase)	 0.31	 	 	

Activities	completed	(Intervention	phase)	 	 0.67	 	

Note.	 Empirical	 Bayes	 residuals	 from	 the	 basic	 model	 were	 regressed	 on	 individual	

predictors	(univariate	regression).	Numbers	in	bold	indicate	t-values>1,	used	as	a	criteria	

for	 inclusion	 in	 the	 interaction	model,	 showing	20	 interaction	effects	 should	be	added	
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(Raudenbush	&	 Bryk,	 2002).	 Greyed	 out	 areas	 represent	 variables	 that	 do	 not	 have	 a	

plausible	 effect	 for	 the	 corresponding	 phase,	 e.g.	 self-reported	 effort	 to	 intervention	

tasks	during	intervention	phase	cannot	affect	change	in	wellbeing	in	the	control	phase.	

Effects	are	assumed	to	not	cross	over	to	subsequent	phases,	e.g.	self-reported	effort	to	

intervention	tasks	are	assumed	to	not	affect	change	in	wellbeing	in	follow-up	phase.		
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Table	 3.6	 Exploratory	 t-to-enter	 statistics	 for	 potential	 level	 2	 predictors	 of	
mental	health	change	

Potential	Level	2	Predictors	(moderators)	 Level	1	Coefficient	(β )	

Control	 phase:	

β1	

Intervention	

phase:	β2	

Follow-up	

phase,	β3	

sex	 2.03	 -4.15	 3.08	

ASES	 -2.20	 0.57	 1.01	

study	wave	 1.92	 1.32	 -1.28	

Extraversion	 -1.28	 0.85	 -0.86	

Agreeableness	 0.46	 2.19	 -0.75	

Conscientiousness	 -0.53	 1.44	 -1.54	

Neuroticism	 -1.26	 -3.23	 0.05	

Openness	 -0.21	 0.31	 0.78	

Sensation	Seeking	 -0.55	 -0.05	 0.08	

Positive	Affect	Week	0	 -2.55	 	 	

Positive	Affect	Week	3	 	 -4.85	 	

Gratitude	week	3	 	 -1.07	 	

Prosociality	week	3	 	 0.22	 	

Hedonic	Adaptation	(Control)	 -2.97	 	 	

Hedonic	Adaptation	(Intervention)	 	 -2.01	 	

Fit	to	control	tasks	 0.60	 	 	

Fit	to	intervention	tasks	 	 1.54	 	

Motivation	to	becoming	happier	 -0.38	 0.21	 -1.11	

Shared	gratitude	letter	 	 -2.18	 -1.50	

Self	Reported	Effort	(Control)	 1.60	 	 	

Self	Reported	Effort	(Intervention)	 	 1.11	 	

Task	Effort	(Control)	 -0.23	 	 	

Task	Effort	(Intervention)	 	 2.52	 	

Continuation	of	gratitude	letters	 	 	 0.42	

Continuation	of	acts	of	kindness	 	 	 0.42	

Activities	completed	(Control)	 -0.68	 	 	

Activities	completed	(Intervention)	 	 0.72	 	

Note.	See	notes	for	Table	3.4	above	



	

	 118	

Table	3.7	Moderator	model	for	wellbeing	response	

Fixed	parameter	(interaction	effects)	 Coefficient	 SE	 p-value	

Period	1,	Control	Phase	(β1)	 	 	 	

Effect	of	sex,	γ11	 8.07e-02	 4.30e-02	 0.06	

Effect	of	year	1	SES,	γ12	 -8.28e-03	 2.00e-02	 0.68	

Effect	of	extraversion,	γ13	 1.60e-02	 1.52e-02	 0.29	

Effect	of	neuroticism,	γ14	 -1.35e-02	 1.49e-02	 0.37	

Effect	of	sensation	seeking,	γ15	 -3.09e-02	 2.65e-02	 0.24	

Effect	of	hedonic	adaptation	to	control	

tasks,	γ16	

-7.72e-04	 1.35e-02	 0.95	

Effect	of	self-reported	effort	during	

control	phase,	γ17	

6.76e-02	 2.10e-02	 1.31e-03**�	

Effect	of	task	effort	in	control	phase,	γ18	 -3.29e-02	 2.27e-02	 0.15	

Period	2,	Intervention	Phase	(β2)	 	 	 	

Effect	of	sex,	γ21	 -3.98e-02	 4.21e-02	 0.35	

Effect	of	study	wave,	γ22	 3.03e-02	 4.15e-02	 0.46	

Effect	of	agreeableness,	γ23	 1.36e-02	 1.75e-02	 0.44	

Effect	of	positive	affect	before	

intervention	phase,	γ24	

-9.92e-03	 6.16e-03	 0.11	

Effect	of	gratitude	before	intervention	

phase,	γ25	

-3.47e-02	 2.37e-02	 0.14	

Effect	of	prosociality	before	

intervention	phase,	γ26	

2.41e-02	 1.07e-02	 2.47e-02*	

Effect	of	hedonic	adaptation	to	

wellbeing	tasks,	γ27	

-1.69e-02	 1.28e-02	 0.19	

Effect	of	fit	to	wellbeing	tasks,	γ28	 -3.27e-03	 1.82e-02	 0.86	

Effect	of	task	effort	in	intervention	

phase,	γ29	

2.80e-02	 2.08e-02	 0.18	

Period	3,	Follow-up	Phase	(β2)	 	 	 	

Effect	of	sex,	γ31	 0.12	 4.28e-02	 5.10e-03**	

Effect	of	year	1	SES,	γ32	 1.57e-02	 1.88e-02	 0.40	

Effect	of	study	season,	γ33	 -9.20e-02	 4.60e-02	 4.58e-02*	

Random	effects	 SD	
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Level	1:	 	

Level	1	error	 0.11	

Level	2:	 	

Intercept	 0.22	

Control	phase	 8.61e-02	

Intervention	phase	 0.11	

Follow-up	phase	 0.15	

Level	3:	 	

Intercept	 0.50	

Control	phase	 0.46	

Intervention	phase	 0.46	

Follow-up	phase	 0.46	

AIC	 3611.36	

BIC	 3969.25	

logLike	 -1744.68	

*p<.05.	**p<.01.	***p<.001.	�p<2.50e-03	(Bonferroni)	

N=654	twins	in	360	families,	2610	observations	

Note:	This	 is	a	piecewise	hierarchical	 linear	mixed	effects	model	for	predicting	changes	

in	wellbeing	and	potential	level	2	predictors	of	individual	differences	in	response.	The	3	

levels	of	 the	model	 incorporate	 repeated	measures	nested	 in	 twins	nested	 in	 families.	

This	table	only	shows	the	interactions	effects	of	the	model,	relevant	for	the	analysis.	For	

the	full	model,	see	Appendix	3.3.	Number	of	families,	twins	and	observations	used	differ	

across	the	analysis	as	the	multilevel	model	removes	cases	which	have	missing	values	in	

relevant	 predictors.	 The	 basic	 model	 was	 rerun	 using	 only	 compete	 cases	 to	 keep	

sample	 size	 the	 same	 as	 here	 (Appendix	 3.5)	 and	 comparable	 results	 were	 found.	

Appendix	 3.6	 shows	 the	 fit	 statistics	 comparing	 across	 models	 using	 only	 cases	 with	

complete	 data.	 Appendix	 3.7	 shows	 the	 complete	 interaction	 model	 for	 wellbeing	

response	removing	self-reported	effort	and	task	effort	as	predictors	(to	increase	sample	

size).	 	
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Table	3.8	Moderator	model	for	mental	health	response	

Fixed	parameter	(interaction	effects)	 Coefficient	 SE	 p-value	

Period	1,	Control	Phase	(β1)	 	 	 	

Effect	of	sex,	γ11	 9.73e-02	 6.71e-02	 0.15	

Effect	of	year	1	SES,	γ12	 -7.02e-02	 3.00e-02	 1.95e-02*	

Effect	of	study	wave,	γ13	 8.54e-02	 6.87e-02	 0.21	

Effect	of	extraversion,	γ14	 6.49e-03	 2.25e-02	 0.77	

Effect	of	neuroticism,	γ15	 -3.61e-02	 2.48e-02	 0.15	

Effect	of	initial	positive	affect	before	

control	phase,	γ16	

-3.57e-02	 1.14e-02	 1.80e-03**�	

Effect	of	hedonic	adaptation	to	control	

tasks,	γ17	

-5.01e-03	 1.97e-02	 0.80	

Effect	of	self-reported	effort	in	control	

tasks,	γ18	

9.77e-03	 3.14e-02	 0.76	

Period	2,	Intervention	Phase	(β2)	 	 	 	

Effect	of	sex,	γ21	 -0.12	 6.18e-02	 6.21e-02	

Effect	of	study	wave,	γ22	 9.95e-02	 6.20e-02	 0.11	

Effect	of	agreeableness,	γ23	 5.41e-02	 2.37e-02	 2.25e-02*	

Effect	of	conscientiousness,	γ24	 1.28e-02	 2.15e-02	 0.55	

Effect	of	neuroticism,	γ25	 -2.87e-02	 2.02e-02	 0.15	

Effect	of	initial	positive	affect	before	

intervention	phase,	γ26	

-1.11e-02	 8.74e-03	 0.20	

Effect	of	initial	gratitude	before	

intervention	phase,	γ27	

-2.27e-02	 3.30e-02	 0.49	

Effect	of	hedonic	adaptation	to	

wellbeing	tasks,	γ28	

-2.57e-02	 1.82e-02	 0.16	

Effect	of	fit	to	wellbeing	tasks,	γ29	 1.82e-02	 2.36e-02	 0.44	

Effect	of	sharing	gratitude	letters,	γ210	 -0.11	 6.02e-02	 8.11e-02	

Effect	of	self-reported	effort	in	

intervention	phase,	γ211	

8.04e-03	 2.45e-02	 0.74	

Effect	of	task	effort	in	in	intervention	

phase,	γ212	

3.19e-02	 2.84e-02	 0.26	

Period	3,	Follow-up	Phase	(β2)	 	 	 	
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Effect	of	sex,	γ31	 0.19	 6.75e-02	 4.74e-03**	

Effect	of	year	1	SES,	γ32	 2.53e-02	 3.04e-02	 0.41	

Effect	of	study	wave,	γ33	 -0.13	 7.25e-02	 7.99e-02	

Effect	of	conscientiousness,	γ34	 -2.63e-02	 2.56e-02	 0.30	

Effect	of	motivation	to	becoming	

happier,	γ35	

9.88e-03	 2.35e-02	 0.67	

Effect	of	sharing	gratitude	letters,	γ36	 -5.23e-02	 7.34e-02	 0.48	

Random	Effects	 SD		

Level	1:	 	

Residual	(ei)	 0.23	

Level	2:	 	

Intercept	 0.22	

Control	phase	 0.24	

Intervention	phase	 0.16	

Follow-up	phase	 0.30	

Level	3:	 	

(Intercept,	U0)	 0.55	

Control	phase	(U1)	 0.63	

Intervention	phase	(U2)	 0.59	

Follow-up	phase	(U3)	 0.65	

AIC	 5158.04	

BIC	 5562.40	

logLik	 -2510.02	

*p<.05,	**p<.01,	***p<.001,	�p<1.92e-03	(Bonferroni)	

N=	648	twins	in	358	families,	2592	observations	

Note:	This	is	a	piecewise	hierarchical	 linear	mixed	effects	model	for	predicting	changes	

in	mental	health	and	potential	 level	2	predictors	of	 individual	differences	 in	 response.	

The	 3	 levels	 of	 the	 model	 incorporate	 repeated	 measures	 nested	 in	 twins	 nested	 in	

families.	 This	 table	 only	 shows	 the	 interactions	 effects	 of	 the	model,	 relevant	 for	 the	

analysis.	 For	 the	 full	 model,	 see	 Appendix	 3.4.	 Number	 of	 families,	 twins	 and	

observations	used	differ	across	the	analysis	as	the	multilevel	model	removes	cases	that	

have	missing	values	in	any	of	the	relevant	predictors.	The	basic	model	was	rerun	using	

only	 compete	 cases	 (Appendix	 3.8)	 and	 comparable	 results	were	 found.	 Appendix	 3.9	

shows	 the	 fit	 statistics	 comparing	across	models	using	only	 cases	with	 complete	data.	

Appendix	 3.10	 shows	 the	 complete	 interaction	 model	 for	 mental	 health	 response	

removing	self-reported	effort	and	task	effort	as	predictors	(to	increase	sample	size).	
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3.5.2 Wellbeing	

	

Table	3.7	shows	the	interaction	effects	we	included	within	the	full	interaction	

model	 with	 wellbeing	 as	 the	 outcome	 (Appendix	 3.3	 shows	 the	 complete	

results	 from	the	model).	The	Bonferroni	corrected	α,	to	correct	 for	multiple	

testing	 for	 all	 20	 interaction	 effects	 of	 interest,	 was	 0.0025.	 Only	 self-

reported	 effort	 during	 the	 control	 phase	 significantly	 explained	 individual	

differences	in	changes	in	wellbeing	during	the	control	phase,	after	Bonferroni	

correcting	for	multiple	testing	(γ	=	0.07,	SE	=	0.02,	p	=	0.0013).	This	suggests	

that	those	who	reported	exerting	more	effort	experienced	greater	 increases	

in	 their	 wellbeing	 levels	 during	 the	 control	 phase.	 Some	moderators	 were	

nominally	significant	as	moderators	of	the	intervention	and	follow-up	phase	

at	0.05	and	0.01	alpha	levels	(3.6)	but	none	reached	Bonferroni	significance	

in	the	these	phases.	

	 	

3.5.3 Mental	Health	

	

Table	 3.8	 shows	 the	 interaction	 effects	 included	within	 the	 full	 interaction	

model	with	mental	health	as	the	outcome	(Appendix	3.4	shows	the	complete	

results	 from	the	model).	The	Bonferroni	corrected	α,	to	correct	 for	multiple	

testing	 for	 all	 26	 interaction	 effects	 of	 interest,	 was	 0.0019.	 Only	 baseline	

positive	 affect	 during	 the	 control	 phase	 significantly	 explained	 individual	

differences	 in	 changes	 in	 mental	 health	 during	 the	 control	 phase,	 after	

Bonferroni	correcting	for	multiple	testing	(γ	=	-0.04,	SE	=	0.01,	p	=	0.0018).	

This	 finding	suggests	that	those	with	 lower	levels	of	baseline	positive	affect	

experienced	 greater	 improvements	 in	 mental	 health	 during	 the	 control	

phase.	Again,	some	moderators	were	nominally	significant	as	moderators	of	
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the	intervention	and	follow-up	phase	at	0.05	and	0.01	alpha	levels	(see	Table	

3.8)	but	none	reached	Bonferroni	significance	in	these	phases.	

	 	

3.6 Discussion	

	

The	literature	is	sparse	on	characteristics	that	predict	individual	differences	

in	 response	 to	 wellbeing	 interventions.	 This	 study	 provided	 the	 unique	

opportunity	 to	 study	 a	 large	 number	 of	 potential	 moderators	 on	 a	 large	

sample	of	adolescents	within	a	specific	age	range.	Due	to	the	large	number	of	

interactions	I	examined,	I	corrected	for	multiple	testing	to	reduce	the	chance	

of	 making	 Type	 1	 errors.	 Upon	 Bonferroni	 correction,	 only	 two	 of	 the	

moderators	were	statistically	significant	for	change	in	wellbeing	and	mental	

health	 respectively,	 with	 effects	 seen	 only	 during	 the	 control	 phase	 of	 the	

study.	 I	 found	 that	 those	 who	 reported	 exerting	 more	 effort	 experienced	

greater	 increases	 in	 their	 wellbeing	 levels	 during	 the	 control	 phase,	 while	

those	 with	 lower	 levels	 of	 baseline	 positive	 affect	 experienced	 greater	

improvements	 in	mental	health	during	the	control	phase.	Since	participants	

were	 informed	 at	 the	 start	 of	 the	 study	 that	 they	 were	 taking	 part	 in	 an	

intervention	 designed	 to	 improve	 their	 wellbeing,	 self-reported	 effort	 and	

baseline	 positive	 affect	 may	 be	 proxy	 indicators	 of	 having	 a	 higher	

expectation	 of	 gaining	 positive	 results	 (Kunda,	 1990;	 Lyubomirsky	 et	 al.,	

2011).	 	The	 reason	why	 this	 is	only	 important	 in	 the	control	phase	may	be	

that	this	expectancy	is	greatest	at	the	start	of	the	study	and	has	a	decreasing	

effect	as	the	study	progresses	into	the	intervention	and	follow-up	phases.	In	

addition,	this	expectancy	effect	may	cease	to	have	an	effect	when	the	actual	

intended	 effect	 of	 the	 intervention	 comes	 into	 play	 (in	 the	 intervention	

phase).	While	on	average,	 there	was	no	significant	change	 in	wellbeing	and	

mental	health	scores	in	the	control	phase,	for	a	select	number	of	individuals	

(those	who	exerted	the	most	effort	and	have	a	lower	baseline	level	of	positive	
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affect),	 the	 control	 tasks	 may	 in	 themselves	 be	 rewarding.	 Similar	 to	

mindfulness	activities,	these	control	tasks	are	reflective	and	encourage	focus	

on	simple	activities,	which	a	subset	of	people	may	benefit	from.	Furthermore,	

simply	completing	the	task	can	be	rewarding	in	itself	by	giving	this	subset	of	

participants	a	sense	of	accomplishment.		

	

None	 of	 the	moderators	we	 tested	 reached	 neither	 Bonferroni	 significance	

nor	 significance	 at	 False	Discovery	 Rate	 correction	 during	 the	 intervention	

phase	 and	 follow-up	 phase.	 This	 suggests	 that	 the	 wellbeing	 tasks	 had	 a	

pervasive	 positive	 effect	 on	 individuals	 regardless	 of	 sex,	 SES,	 season,	

personality,	 baseline	 characteristics	 or	 activity	 characteristics.	 As	 in	 many	

other	high-income	countries,	one	of	the	top	priorities	of	the	UK	government	

is	 to	 reduce	 health	 inequality	 (“Health	 inequalities,”;	 “Health	 inequalities,”;	

Macintyre,	 2000).	 Health	 inequalities	 are	 differences	 in	 health	 that	 exist	

between	 groups	 or	 populations	 that	 are	 thought	 to	 be	 “unfair	 and	

unavoidable”	 (Kawachi,	 Subramanian,	 &	 Almeida-Filho,	 2002;	 Macinko	 &	

Starfield,	2002).	These	are	often	created	by	demographic	differences,	such	as	

in	 gender,	 age,	 education,	 income	 and	 other	 indicators	 of	 socioeconomic	

status	 (Marmot,	 2015).	 Inequality	 in	wellbeing	 is	 of	 increasing	 concern	 for	

government	and	policy	makers	(New	Economics	Foundation,	2015;	The	All-

Party	Partliamentary	Group	on	Wellbeing	Economics,	2014).	 Inequalities	 in	

wellbeing	have	previously	been	shown	to	be	partly	predicted	by	factors	such	

as	 SES	 (Haring	 et	 al.,	 1984;	 Pinquart	 &	 Sörensen,	 2000)	 and	 personality	

(Costa	&	McCrae,	1992;	Furnham	&	Christoforou,	2007;	Weiss	et	al.,	2008).	It	

is	 therefore	 interesting	 that	 these	 same	 factors	 are	 not	 a	 barrier	 for	

improvement	during	a	wellbeing	intervention.	This	suggests	that	these	easy-

to-implement	tasks	could	be	useful	in	improving	the	wellbeing	and	resilience	

of	 adolescents	 in	 a	 population-wide	 setting,	 without	 widening	 existing	

inequalities.	
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Previous	 between-group	 intervention	 studies	 have	 shown	 that	 effort,	 as	

rated	by	external	 judges,	predicts	an	 increase	 in	wellbeing	 in	 the	wellbeing	

group	 but	 not	 in	 the	 control	 group	 (Lyubomirsky	 et	 al.,	 2011),	 and	 self-

reported	 effort	 also	 predicts	 similar	 effects	 (Layous	 et	 al.,	 2013).	 Between-

group	 studies	 have	 produced	mixed	 results	 for	 the	 importance	 of	 baseline	

positive	 affect	 as	 a	 moderator	 of	 intervention	 response	 (Froh	 et	 al.,	 2009;	

Rash	et	al.,	2011).	The	finding	that	self-reported	effort	and	baseline	positive	

affect	moderated	responses	 in	the	control	phase	but	not	 in	the	 intervention	

phase	 is	 contrary	 to	 some	of	 these	previous	 findings.	 Interestingly,	 in	 their	

cross-cultural	study,	Layous	and	colleagues	(Layous	et	al.,	2013)	 found	that	

self-reported	 effort	 was	 a	 more	 important	 moderator	 of	 intervention	

response	in	their	U.S.	sample	compared	to	their	South	Korean	sample.	Thus,	

it	could	be	cultural	differences	in	this	U.K.	sample,	in	contrast	to	previous	U.S.	

samples	 that	are	causing	these	differences	 in	 findings.	Additionally,	 there	 is	

some	 evidence	 from	 the	 between-group	 studies	 of	 possible	 age-related	

differences	 in	 moderator	 effects	 (Froh	 et	 al.,	 2009;	 Rash	 et	 al.,	 2011)	 that	

could	 apply	 here	 to	 this	 16-year-old	 sample,	 as	 different	 results	 have	

previously	 been	 found	 in	 adult	 samples	 compared	 to	 younger	 samples.	

Furthermore,	 it	 may	 be	 due	 to	 differences	 in	 the	 measurement	 of	 the	

moderator	(e.g.	self-report	versus	external	raters),	use	of	different	outcome	

measures	(e.g.	positive	affect	and	gratitude	versus	life	satisfaction,	happiness	

and	 internalising	 symptoms),	 the	 use	 of	 a	 between-group	 versus	 a	within-

group	 design,	 and	 length	 and	 span	 of	 the	 intervention	 (e.g.	 instructions	 to	

complete	the	gratitude	task	5	times	over	2	weeks	versus	once	a	week	for	3	

weeks).	Further	work	is	needed	to	reconcile	these	differences	in	findings	for	

the	impact	of	effort	and	baseline	positive	affect	on	intervention	response.	In	

addition,	 although	 it	 is	 very	 positive	 that	 this	 intervention	 was	 equally	

effective	for	all,	there	remains	some	variation	in	intervention	response	to	be	

explained.	This	remaining	variation	is	either	random	or	moderated	by	other	

factors	not	considered	here.	A	key	future	direction	will	be	in	identifying	and	

testing	other	potential	moderators.	In	the	next	chapter,	I	explore	whether	it	

is	 how	 individuals	 carried	 out	 the	 tasks	 and	 how	 task	 instructions	 were	

interpreted	that	are	the	moderating	factors.	
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3.6.1 Study	strengths	and	limitations	

	

There	are	several	strengths	and	limitations	to	the	study.	Below	I	consider	the	

potential	 impact	of	aspects	of	 the	study	design	on	 the	results,	 including	 the	

use	of	the	within-individual	design,	using	twins	rather	than	singletons,	cross-

cultural	 differences,	 using	 a	 conservative	 Bonferroni	 correction,	 and	 other	

mechanisms	that	may	confound	the	effect	of	the	intervention	on	wellbeing.	

	

This	 study	 was	 a	 within-participant	 study	 with	 the	 participants	 acting	 as	

their	own	controls.	This	 is	 in	 line	with	 the	design	of	 an	n-of-1	 study	which	

recognises	 and	 objectively	 explores	 individual	 differences	 in	 intervention	

response.	N-of-1	 trials	have	been	argued	 to	be	of	 immense	utility	 in	health	

and	clinical	 research	and	should	be	demanding	more	attention	 (Lillie	et	al.,	

2011).	 The	 within-participant	 design	 allowed	 us	 to	 remove	 the	 error	

variance	 that	 exists	 in	 a	 between-subject	 design	 due	 to	 the	 possibility	 of	

sample	 differences	 between	 experimental	 conditions.	 Furthermore,	 I	 was	

able	 to	 increase	 the	 sample	 size	 and	 thus	 increase	 the	 power	 of	 the	 study;	

this	is	important	in	studies	exploring	moderators	because	interaction	effects	

need	more	power	to	be	detected	than	main	effects.		However,	a	limitation	of	

the	 within-individual	 control	 design	 is	 that	 it	 cannot	 provide	 definitive	

evidence	 for	 the	 intervention	 causally	 increasing	 wellbeing	 -	 an	 external	

unmeasured	factor	occurring	at	the	same	time	as	the	intervention	could	have	

caused	 the	 average	 increases	 in	 wellbeing	 and	 mental	 health	 (though	 this	

coincidence	is	unlikely).		
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Using	 twin	 pairs	 allowed	 for	 the	 novel	 examination	 of	 the	 importance	 of	

genetic	 and	 environmental	 influences	 on	 creating	 individual	 differences	 in	

intervention	response	(Haworth	et	al.,	2016).	One	criticism	of	the	twin	design	

is	 that	results	are	not	generalizable	 to	a	singleton	population.	Beyond	early	

childhood,	 studies	 have	 shown	 twins	 to	 be	 no	 different	 to	 singletons	 in	 a	

variety	 of	 traits,	 such	 as	 psychopathology	 (Rutter	 &	 Redshaw,	 1991),	

personality	 (Johnson,	 Krueger,	 Bouchard,	 &	 McGue,	 2002),	 antisocial	

behaviour	(Barnes	&	Boutwell,	2013)	and	cognitive	abilities	(Christensen	et	

al.,	 2006).	However,	 no	 study	 has	 looked	 at	whether	 twins	 are	 different	 to	

singletons	 in	positive	psychological	 traits.	 In	 addition,	 because	 the	 twins	of	

the	 TWIST	 study	 lived	 together	 and	 participated	 in	 the	 intervention	 at	 the	

same	time,	they	may	have	a	different	intervention	experience	than	singletons	

that	 could	 make	 results	 different.	 I	 corrected	 for	 the	 relatedness	 of	 the	

sample	in	all	the	multilevel	analyses	but	there	may	still	be	inherent	specifics	

of	 this	 particular	 twin	 sample	 that	 could	 be	 explaining	 our	 null	 findings	 in	

comparison	to	other	previous	studies.	

	

The	majority	of	previous	wellbeing	intervention	studies	have	come	from	the	

U.S.,	 using	 college-aged	participants.	 In	 contrast,	 this	 study	 consisted	of	UK	

teenagers,	 an	 important	 but	 under-unexplored	 group	 in	 the	 wellbeing	

literature.	 Cultural	 differences	 may	 mean	 that	 different	 moderators	 are	

important	to	this	UK	adolescent	sample	in	comparison	to	US	adults.	However,	

the	smaller	geographical	and	age	range	of	this	sample	may	have	limited	us	in	

the	amount	of	variation	we	were	able	to	observe	in	the	moderators.		

	

While	 I	 was	 able	 to	 tackle	 a	 potential	 limitation	 of	 multiple	 testing	 by	

adjusting	 the	 alpha	 level	 using	 Bonferroni	 correction,	 this	 is	 a	 highly	

conservative	 method	 as	 it	 assumes	 that	 all	 tests	 are	 independent	 of	 each	

other,	which	in	this	analysis	is	not	the	case.	However,	given	the	size	of	the	p-
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values,	 it	 is	unlikely	that	 less	stringent	corrections	would	have	dramatically	

changed	 the	 conclusions.	 As	 an	 additional	 check,	 I	 conducted	 a	 power	

analysis	as	stated	in	the	Methods	section.	I	found	that	using	the	sample	size	

of	360	families	(as	used	in	the	final	moderation	model),	I	had	80%	power	to	

detect	 an	 effect	 size	 as	 small	 as	 0.063	 for	 the	 interaction	 effect.	 Given	 that	

there	is	power	to	detect	such	small	interaction	effects,	I	can	rule	out	any	very	

large	 moderation	 effects	 of	 clinical	 significance	 for	 intervention	 response.	

However,	I	cannot	rule	out	the	possibility	that	we	are	still	underpowered	to	

detect	 a	 true	 interaction	effect	 given	 the	much	 larger	 sample	 sizes	 that	 are	

required	to	detect	interaction	effects	(Selvin,	2004).	

	

Finally,	 some	 increases	 in	wellbeing	 in	 the	 participants	may	 be	 due	 to	 the	

confounding	 effect	 of	 simply	 completing	 questionnaires	 on	 wellbeing.	

Completing	 wellbeing	 questionnaires	 may	 increase	 one’s	 emotional	

intelligence	 and	 this	 has	 been	 shown	 to	 be	 positively	 associated	 with	

wellbeing	 (Carmeli,	 Yitzhak�Halevy,	 &	 Weisberg,	 2009).	 However,	 if	 this	

were	the	case,	participants	would	have	also	experienced	significant	increases	

in	wellbeing	in	the	control	phase.	

	

3.6.2 Conclusions	

	

I	was	interested	in	understanding	why	some	people	respond	more	positively	

to	wellbeing	 interventions	 than	others.	 I	 tested	a	 large	number	of	potential	

moderators	 of	 intervention	 response	 to	 explore	 this	 question	 in	 an	

adolescent	UK	sample.	Self-reported	effort	and	baseline	positive	affect	were	

Bonferroni	 significant	 moderators	 for	 changes	 in	 wellbeing	 and	 mental	

health,	 respectively,	 in	 the	 control	 phase.	 I	 speculate	 that	 these	 could	 be	

proxy	 indicators	 for	 levels	of	expectation	 in	 the	positive	 intervention	effect.	
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No	 Bonferroni	 significant	 moderation	 effects	 were	 found	 during	 the	

intervention	and	follow-up	phases.	This	is	especially	interesting	as	it	suggests	

that	the	factors	that	are	normally	predictive	of	wellbeing	inequality,	such	as	

sex,	 SES	 and	 personality,	 are	 not	 barriers	 to	 enabling	 people	 to	 positively	

respond	 to	a	wellbeing	 intervention	such	as	 this	one.	This	adds	strength	 to	

the	 case	 for	using	a	 relatively	 low-cost	 and	easy-to-implement	 intervention	

such	as	this	to	improve	adolescent	wellbeing	at	a	population-wide	level.		

There	 still	 remain	 unexplained	 individual	 differences	 in	 response	 to	 this	

intervention.	One	possible	explanation	of	this	variation	could	be	the	different	

ways	 in	 which	 individuals	 experienced	 or	 interpreted	 the	 intervention	

activity	 instructions.	 In	 the	 next	 chapter,	 I	 analyse	 the	 different	 kinds	 of	

gratitude	 letters	 written	 and	 acts	 of	 kindness	 conducted	 to	 see	 if	 these	

differences	are	the	factors	causing	the	variation	in	intervention	response.	
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Chapter	4 	What	 kind	 of	 gratitude	 letters	 do	

adolescents	 write	 and	 what	 acts	 of	 kindness	 do	

they	 do	 in	 wellbeing	 interventions?	 A	 mixed	

method	exploration	

	

4.1 Chapter	Abstract	

	

No	previous	 study	has	 systematically	 explored	 the	 content	 of	 the	 gratitude	

letters	 written	 and	 the	 acts	 of	 kindness	 performed	 by	 adolescents	 in	 a	

wellbeing	 intervention.	 This	 study	 aimed	 to	 investigate	 this	 and	 examine	 if	

this	 predicted	 individual	 differences	 in	 intervention	 response,	 in	 a	 mixed	

methods	 framework.	 2,478	 gratitude	 letters	 and	 7,444	 acts	 of	 kindness,	

recorded	 during	 the	 Twins	 Wellbeing	 Intervention	 Study	 (TWIST),	 were	

qualitatively	coded.	I	found	that	adolescents	tended	to	write	gratitude	letters	

to	 friends	 and	 family	 relating	 to	 emotional	 and	 practical	 life	 support	while	

many	others	were	written	 to	 teachers	about	examinations	and	schoolwork.	

Different	 acts	 of	 kindness	 ranging	 from	 being	 polite	 to	 strangers	 to	 doing	

housework	 for	 family	 to	 helping	 out	 with	 homework	 for	 friends	 were	

reported.	Through	quantitative	 analysis	 using	multilevel	modelling,	 I	 found	

that	 the	 intervention	 improved	 gratitude	 and	 relatedness	 while	 having	 no	

effects	 on	 prosociality.	 Multilevel	 lasso	 regressions	 also	 showed	 that	 no	

gratitude	 letter	 or	 act	 of	 kindness	 codes	 were	 predictive	 of	 change	 in	

wellbeing,	mental	health,	gratitude	or	prosociality.	Gratitude	 letters	written	

about	self-esteem	and	the	recipient	sticking	up	for	the	writer	was	associated	

with	 increases	 in	 relatedness.	 Gratitude	 letters	 about	 school,	 being	 a	 bad	

person	and	physical	support	were	associated	with	decreases	in	relatedness.	

Acts	 of	 kindness	 that	 involved	 prolonged	 social	 interaction	 also	 decreased	



	

	 131	

relatedness.	 These	 results	 emphasise	 the	 uniquely	 interesting	 relationship	

between	wellbeing	and	social	connections.	

	

4.2 Chapter	Aims	

	

In	 the	 previous	 chapter,	 I	was	 interested	 in	 the	 determinants	 of	 individual	

differences	 in	 response	 to	 a	 wellbeing	 intervention.	 I	 tested	 15	 potential	

moderators	 spanning	 demographics,	 seasonality,	 personality,	 baseline	

characteristics,	activity	 fit	and	effort	 in	a	multilevel	modelling	 framework.	 I	

found	that	factors	associated	with	wellbeing	inequality	(such	as	sex,	SES	and	

baseline	 emotional	 health	 levels)	 were	 not	 the	 factors	 causing	 individual	

differences	 in	 intervention	 response.	While	 this	 result	 adds	 strength	 to	 the	

case	 for	 using	 wellbeing	 interventions	 such	 as	 TWIST	 (Twins	 Wellbeing	

Intervention	Study)	at	a	population-wide	 level,	 there	were	still	unexplained	

individual	 differences	 in	 intervention	 response	 and	 I	was	 still	 interested	 in	

finding	the	predictors	that	explain	them.	It	has	been	suggested	that	the	way	

in	which	participants	wrote	their	gratitude	letters	and	the	types	of	kind	acts	

that	they	performed	affects	intervention	response	(Haworth	et	al.,	2016).	In	

this	chapter,	I	aimed	to	investigate:	

1.	 The	 content	 of	 gratitude	 letters	 and	 types	 of	 acts	 of	 kindness	 that	

adolescents	wrote	and	conducted	

2.	 If	the	content	of	the	gratitude	letters	written	and	the	acts	of	kindness	

performed	moderated	intervention	response.	
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4.3 Introduction	

	

No	 previous	 studies	 have	 systematically	 investigated	 how	 different	 acts	 of	

kindness	can	have	different	effects	on	wellbeing.	Previous	studies	have	given	

short	 descriptions	 of	 the	 types	 of	 kind	 acts	 that	 are	 done.	 For	 example,	

children	have	been	noted	to	do	kind	acts	such	as	“gave	my	mom	a	hug	when	

she	 was	 stressed	 by	 her	 job,”	 “gave	 someone	 some	 of	 my	 lunch,”	 and	

“vacuumed	 the	 floor”	 (Layous,	 Nelson,	 Oberle,	 Schonert-Reichl,	 &	

Lyubomirsky,	 2012).	 Workers	 have	 reported	 acts	 of	 kindness	 such	 as	 “I	

brought	him	a	coffee,”	 “I	 gave	her	a	 sweatshirt,”	 “I	 encouraged	him,”	and	 “I	

showed	 him	 how	 to	 make	 a	 PO.”	 (Chancellor,	 Margolis,	 Jacobs	 Bao,	 &	

Lyubomirsky,	2018).	The	only	study	that	has	touched	on	how	different	kind	

acts	 can	 affect	 intervention	 effect	 on	 wellbeing	 is	 a	 recent	 meta-analysis,	

which	 found	 that	 type	of	 intervention	 (general	act	of	kindness	 intervention	

versus	 prosocial	 spending	 intervention)	 does	 not	 moderate	 intervention	

response	(Curry	et	al.,	2018).		

	

A	handful	of	studies	have	explored	what	young	people	feel	grateful	for.	One	

study	thematically	analysed	gratitude	statements	made	by	children	aged	4	to	

12	(Gordon,	Musher-Eizenman,	Holub,	&	Dalrymple,	2004)	finding	that	most	

children	 expressed	 gratitude	 for	 family,	 basic	 needs,	 friends,	 teachers	 and	

pets.	 Another	 study	 thematically	 analysed	 adolescent	 (mean	 age	 of	 14.68	

years)	 responses	 to	 the	 question	 of	what	 they	were	 grateful	 for	 and	when	

they	 felt	 it	 (Poelker,	 Gibbons,	 Hughes,	 &	 Powlishta,	 2016),	 showing	 that	

adolescents	 feel	 grateful	 most	 often	 for	 close	 people	 in	 their	 lives	 like	

parents,	teachers	and	friends.	However,	no	wellbeing	interventions	involving	

gratitude	 have	 explored	 if	 the	 specific	 content	 of	 gratitude	 letters	 can	

moderate	 wellbeing	 intervention	 response.	 Analysing	 the	 content	 of	

gratitude	 letters	 and	 acts	 of	 kindness	 in	wellbeing	 intervention	 studies	 can	
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give	 us	 insights	 into	 how	people	 are	 interpreting	 intervention	 instructions,	

how	 content	 might	 be	 determining	 individual	 differences	 in	 intervention	

response,	 and	 the	 possible	 mechanisms	 by	 which	 the	 intervention	 affects	

wellbeing	and	mental	health.			

	

4.3.1 Potential	 Activity	 Moderators	 of	 Wellbeing	 Intervention	

Response	

	

Previous	 studies	 can	 provide	 suggestions	 as	 to	 how	 different	 types	 of	

gratitude	 letters	 written	 and	 different	 acts	 of	 kindness	 done	 can	 produce	

individual	 differences	 in	 intervention	 response.	 With	 respect	 to	 gratitude	

letters,	 suggestions	 can	 be	 taken	 from	 the	 previously	 discussed	 literature	

showing	the	adolescents	feel	most	grateful	to	close	people	–	it	could	then	be	

letters	written	to	these	that	elicit	the	greatest	increase	in	wellbeing	(Poelker	

et	 al.,	 2016).	 Social	 interactions	 play	 a	 key	 role	 in	 wellbeing.	 One	 of	 the	

mechanisms	 through	which	wellbeing	 interventions	have	been	proposed	 to	

have	 their	 positive	 effect	 is	 through	 the	 increasing	 of	 social	 interactions	

(Fredrickson,	2001;	Layous	et	al.,	2012).	Increasing	social	interaction	can	tap	

into	feelings	of	relatedness,	one	of	the	three	basic	psychological	needs	(Ryan	

&	 Deci,	 2000).	 Different	 types	 of	 acts	 of	 kindness	 will	 produce	 different	

amounts	of	social	interaction,	for	example	helping	someone	in	person	versus	

donating	money	anonymously	to	charity.	This	will	be	reflected	in	the	content	

of	the	acts	of	kindness	written	responses.	The	content	of	gratitude	letters	can	

also	 differ	 in	 the	 degree	 of	 social	 connectedness	 that	 they	 stimulate	 in	 the	

writer	through	the	variations	in	recipient	and	subject.	

	

Certain	 activities	 can	 be	 more	 self-	 or	 other-oriented	 which	 can	 benefit	

different	kinds	of	people.	For	example,	gratitude	letters	could	be	thanking	the	
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recipient	 for	 all	 the	 help	 they	 have	 done	 for	 the	 writer,	 or	 they	 could	 be	

thanking	the	recipient	for	generally	being	an	inspiration	in	the	way	they	help	

others.	 At	 a	 high	 level,	 collectivists	 can	 benefit	 more	 from	 other	 oriented	

activities	while	 individualists	may	benefit	more	from	self-oriented	activities	

(Boehm,	 Lyubomirsky,	 &	 Sheldon,	 2011).	 Activities	 can	 also	 be	 social-

behavioural	or	reflective-cognitive,	and	they	can	be	oriented	in	different	time	

points,	 i.e.	 focused	 on	 the	 past	 or	 future	 (Lyubomirsky	 &	 Layous,	 2013).	

Certain	gratitude	letters	or	acts	of	kindness	may	also	exert	differential	effects	

on	 wellbeing	 through	 social	 comparison	 effects	 (Festinger,	 1954;	 Wood,	

1996).		A	gratitude	letter	may	be	so	thankful	and	express	so	much	admiration	

for	 the	recipient	 that	 it	 forces	 the	participant	 to	upwardly	socially	compare	

(Suls	&	Wheeler,	2012).	This	can	induce	feelings	of	inadequacy	and	perhaps	

decrease	 feelings	of	 competence,	 another	basic	psychological	need	 (Ryan	&	

Deci,	2000).	Conversely,	admiration	for	the	recipient	could	induce	feelings	of	

optimism	 that	 the	 individual	 themselves	 can	 improve.	 	 Doing	 an	 act	 of	

kindness	 for	 the	 less	 fortunate	 could	 induce	 downward	 social	 comparison,	

making	 the	 participant	 appreciate	 all	 that	 they	 have	 compared	 to	 the	 less	

fortunate	kind	act	receiver.	I	hope	to	elucidate	some	of	these	mechanisms	in	

this	 current	 study	 through	 the	 analysis	 of	 gratitude	 letter	 and	 acts	 of	

kindness	content.	

	

4.3.2 Applying	 Mixed	 Methods	 Research	 to	 Examine	 Individual	

Differences	in	Intervention	Response	

	

This	 is	 the	 first	 study	 to	 systematically	 investigate	 the	 content	 of	 gratitude	

letters	written	and	acts	of	kindness	performed	and	test	whether	variation	in	

content	 produced	 individual	 differences	 in	 intervention	 response.	 I	 used	 a	

mixed	methods	approach.	Mixed	methods	research	draws	upon	the	strengths	

of	 both	 qualitative	 and	 quantitative	 research,	 (Johnson	 &	 Onwuegbuzie,	
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2004)	combining	rich	and	deep	exploration	of	data	with	the	ability	to	analyse	

numerical	 values	 that	 summarise	 the	 data.	 Traditionally	 qualitative	 and	

quantitative	research	methods	tend	to	be	at	odds	with	each	other	due	to	their	

different	 theoretical	 frameworks.	 Quantitative	 researchers	 take	 a	

scientific/positivist	 approach,	 believing	 in	 the	 objectivity	 of	 methods	 and	

viewing	themselves	as	unbiased	assessors	who	do	not	affect	study	design	and	

interpretation	 (Onweugbuzie,	 2002).	However	 this	 assumption	has	obvious	

errors	–	for	example,	the	initial	decision	of	what	to	study	in	the	first	place	is	

subjectively	 chosen	 by	 the	 researcher.	 Qualitative	 researchers	 adopt	

relativist	 or	 constructivist	 approaches	 in	 which	 they	 acknowledge	 that	

researchers	 themselves	 are	 within	 and	 are	 subjectively	 influenced	 by	 the	

environments	 that	 they	 study.	These	approaches	also	have	disadvantages	–	

for	 example,	 the	 reflective	 acknowledgement	 of	 self-bias	 necessitates	 that	

individuals	refute	their	own	studies	and	interpretations,	hindering	progress	

(Guba,	1990).	Mixed	methods	research	takes	a	pragmatic	position	(Johnson	&	

Onwuegbuzie,	2004;	Yardley	&	Bishop,	2008),	which	mixes	 the	positions	of	

both	 qualitative	 and	 quantitative	 research	 in	 order	 to	 best	 answer	 the	

research	 question.	 Mixed	 methods	 researchers	 consider	 the	 practical	

consequences	of	a	piece	of	research	and	this	 in	turn	drives	the	researcher’s	

actions,	making	the	approach	to	a	mixed	methods	study	value-oriented.	This	

contrasts	with	the	research	of	purely	quantitative	or	qualitative	researchers,	

who	are	bound	by	their	epistemological	and	ontological	framework	(such	as	

positivistic	position	for	quantitative	researchers	and	constructionist	position	

for	qualitative	researchers)	and	the	associated	set	methods.	This	means	that	

a	 mixed	methods	 researcher	 is	 free	 to	 use	 a	mixture	 of	 methods	 that	 will	

most	effectively	answer	the	research	question.		

	

4.3.3 Why	mixed	methods	here?	
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My	research	question	for	this	study	was:	

	

“Do	 different	 types	 of	 gratitude	 letters	 written	 and	 acts	 of	 kindness	 done	

cause	individual	differences	in	wellbeing	and	mental	health	change	during	a	

wellbeing	intervention?”	

	

While	 ultimately	 I	 was	 interested	 in	 a	 quantitative	 measure	 (change	 in	

wellbeing	 and	 mental	 health,	 measured	 using	 questionnaires),	 the	 lack	 of	

research	on	 the	 types	 of	 gratitude	 letters	 and	 acts	 of	 kindness	done	meant	

that	I	needed	to	start	off	with	a	(partially)	qualitative	approach	to	target	this	

gap	 in	 the	 field.	 The	 TWIST	 dataset	 includes	 all	 of	 the	 gratitude	 letters	 (1	

each	week)	and	acts	of	kindness	(3	each	week)	recorded	by	each	participant	

during	 the	 intervention	 phase	 of	 the	 study.	 This	 meant	 that	 the	 dataset	

includes	over	2,000	gratitude	letters	and	over	7,000	acts	of	kindness.	Given	

the	size	of	 the	qualitative	data	available,	 I	decided	to	use	a	content	analysis	

approach	 to	 code	 the	written	 responses.	 Content	 analysis	 is	 the	 systematic	

analysis	 of	 textual	 data	 that	 typically	 involves	 comparing,	 contrasting	 and	

categorizing	 a	 set	 of	 data.	 This	 can	 involve	 both	 numeric	 and	 interpretive	

forms	 of	 analysis	 (Schwandt,	 1997),	 and	 so	 is	 partially	 qualitative	 and	

partially	 quantitative.	 While	 the	 coding	 is	 done	 qualitatively,	 numerical	

frequencies	 are	 taken	of	 the	 categories	 established	 (Joffe	&	Yardley,	 2004).	

This	 method	 has	 often	 been	 used	 to	 analyze	 the	 content	 of	 tweets	 from	

Twitter	 (Chew,	 2010;	 Hermida,	 Lewis,	 &	 Zamith,	 2014;	 Myslín,	 Zhu,	

Chapman,	&	Conway,	2013),	as	well	as	a	variety	of	other	textual	data	such	as	

news	 articles	 (Semetko	&	Valkenburg,	 2000)	 and	 online	 discussions	 (Hara,	

Bonk,	&	Angeli,	2000).	 I	decided	 to	use	a	 conventional	approach	 to	content	

analysis	 with	 an	 aim	 to	 fill	 the	 knowledge	 gap	 (Hsieh	 &	 Shannon,	 2005).	

Coding	and	category	development	were	inductive;	this	means	that	the	coding	

method	was	bottom-up	where	the	data	is	examined	with	no	prior	theoretical	
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ideas	 and	 coding	 schemes	 are	 created	 that	 are	 strongly	 linked	 to	 the	 data	

(Patton,	 1990).	 Following	 coding	 and	 content	 analysis	 of	 the	 written	

responses	I	next	applied	a	purely	quantitative	approach	by	using	the	codes	to	

predict	 change	 in	 a	 range	 of	 outcomes	 of	 interest	 using	 multilevel	 lasso	

regression.	

	

4.4 Method	

	

4.4.1 Participants	and	Study	Design	

	

Participants	were	 the	same	as	 in	Chapter	3,	using	a	subsample	of	 the	TEDS	

twins	who	took	part	in	the	Twins	Wellbeing	Intervention	Study	(TWIST).		

	

4.4.2 Qualitative	Method		

	

During	the	three-week	 intervention	phase,	 the	participants	 logged	online	at	

the	end	of	each	week	and	wrote	one	letter	of	gratitude	and	described	three	

acts	of	kindness	that	 they	had	done	 in	one	day	 in	 that	week.	Given	the	vast	

quantity	 of	 written	 responses	 (2,478	 gratitude	 letters	 and	 7,444	 acts	 of	

kindness),	I	decided	on	using	a	content	analysis	method,	which	incorporates	

both	qualitative	coding	as	well	as	quantitative	numerical	descriptions	of	the	

coding.	This	coding	procedure	also	required	multiple	coders	and	an	inductive	

coding	procedure	due	to	the	lack	of	knowledge	about	gratitude	letter	and	act	

of	kindness	content.	
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4.4.2.1 Coding	of	Gratitude	Letters		

	

Gratitude	letter	written	responses	from	weeks	4,	5	and	6	of	the	intervention	

(intervention	phase)	were	 randomised.	An	 inductive	 category	development	

approach	was	used	with	2	coders	(myself	and	a	collaborator)	coding	the	first	

30	randomly	selected	letters	using	an	open	and	focussed	coding	procedure	–	

this	meant	the	coders	had	no	prior	theories	that	they	tried	to	fit	to	the	data	

and	 initial	 codes	were	assigned	 through	detailed	assessment	of	 the	written	

text.	The	second	coder	and	I	then	met	to	discuss	initial	code	assignments	and	

from	 this	 developed	 a	 coding	 scheme.	 We	 then	 individually	 recoded	 the	

original	 first	 30	 gratitude	 letters	 and	 coded	 the	 next	 30	 randomly	 selected	

letters	 using	 this	 new	 coding	 scheme.	 We	 then	 met	 again	 to	 discuss	 this	

coding	 scheme	 based	 on	 our	 experience	 of	 coding	 the	 60	 letters,	 making	

modifications	 and	 changes,	 especially	 noting	 codes	 that	 had	 less	 than	 70%	

agreement.	 Following	 coding	 scheme	 refinement,	 we	 recoded	 the	 first	 60	

already	coded	letters,	then	coded	an	additional	randomly	selected	30	letters	

using	the	refined	coding	scheme.	Thematic	saturation,	where	new	codes	were	

no	 longer	 appearing,	 was	 agreed	 upon	 with	 90	 letters,	 when	 all	 codes	

reached	 over	 70%	 agreement.	 Percentage	 agreement	 of	 the	 codes	 ranged	

from	 72%	 to	 100%	 for	 all	 codes.	 A	 total	 of	 2,478	 gratitude	 letters	 were	

randomly	 divided	 and	 2	 coders	 coded	 1,239	 letters	 each.	 2,453	 letters	 had	

codable	responses.	Uncodable	responses	were	those	where	participants	did	

not	write	anything	and	left	only	a	punctuation	mark	or	space.		

	

4.4.2.2 Coding	Acts	of	Kindness	
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We	coded	the	acts	of	kindness	using	the	same	method	as	above.	Since	acts	of	

kindness	were	shorter	and	there	were	more	of	them,	we	randomly	selected	

acts	 of	 kindness	 in	 groups	 of	 90	 as	 opposed	 to	 30	 as	 for	 gratitude	 letters.	

Thematic	 saturation	was	 agreed	 upon	with	 270	 kind	 acts	 with	 percentage	

agreement	ranging	from	80%	to	100%	for	all	codes.	A	total	of	7,444	acts	of	

kindness	 were	 randomly	 divided	 for	 2	 coders.	 	 7,099	 had	 codable	 written	

responses.	

	

4.4.3 Qualitative	Results	

	

4.4.3.1 Gratitude	letters	

Table	4.1	and	4.2	summarise	the	gratitude	letters	written	by	the	participants,	

showing	 the	codes,	 the	proportion	of	 times	codes	occur,	and	 the	codes	 that	

co-occur	together	most	often.	Table	4.1	shows	the	codes	for	gratitude	letter	

content	and	Table	4.2	shows	whom	the	 letters	were	written	 to.	Both	 tables	

are	 in	 alphabetical	 order.	 Appendix	 4.1	 shows	 the	 proportions	 of	 co-

occurrence	of	the	gratitude	letter	codes.		
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Table	4.1	Gratitude	letter	content	codes	

Gratitude	 letter	
content	code	

Code	description	 Proportion	 of	
individuals		

Proportion	 of	
letters	

Average	count	(SD)	 Act	often	also	contains	

Admiration	 Admiration	 for	 addressee	 of	

gratitude	letter	

53.25%	 26.58%	 0.79	(0.88)	 For	family	(45.55%)	

Generally	being	there	(32.67%)	

Emotional	support	(27.15%)	

Advice	 Addressee	has	given	participant	

advice	

27.51%	 10.76%	 0.33	(0.58)	 For	family	(44.32%)	

Emotional	support	(36.74%)	

Generally	being	there	(35.61%)	

Bad	qualities	 Participant	 describes	 their	 own	

bad	qualities	

23.71%	 9.54%	 0.28	(0.55)	 For	family	(57.69%)	

Generally	being	there	(44.02%)	

Emotional	support	(38.03%)	

Better	person	 Participant	 made	 into	 better	

person	by	addressee	

30.89%	 13.17%	 0.40	(0.65)	 For	family	(53.87%)	

Admiration	(46.44%)	

Generally	being	there	(32.51%)	

Connections	 Addressee	 has	 made	 social	

connections	for	participant	

9.89%	 3.59%	 0.10	(0.33)	 For	family	(42.05%)	

Self	esteem	(36.36%)	

Admiration	(36.36%)	

Emotional	

support	

Addressee	 gave	 emotional	

support	

47.70%	 21.48%	 0.65	(0.80)	 Generally	being	there	(42.88%)	

For	family	(40.23%)	

Tough	time	(35.48%)	

Experiences	 Addressee	gave	participant	new	

experiences	

40.65%	 17.41%	 0.54	(0.74)	 For	family	(47.78%)	

Material	(29.74%)	

Specific	memory	(24.12%)	
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Future	 Participant	 expresses	 future	

hopes	

24.66%	 9.66%	 0.29	(0.54)	 Admiration	(42.62%)	

Generally	being	there	(38.82%)	

For	friend	(35.86%)	

Generally	 being	

there	

Addressee	 was	 “generally	

there”	for	participant	

56.37%	 27.03%	 0.84	(0.87)	 For	family	(51.89%)	

Emotional	support	(34.09%)	

Admiration	(32.13%)	

Goal	 Addressee	 helped	 participant	

attain	a	goal	

51.90%	 22.46%	 0.69	(0.78)	 School	(39.75%)	

For	teacher	(39.75%)	

For	family	(34.66%)	 	

Material	 Addressee	 gave	 participant	

material/financial	gift	

38.35%	 16.84%	 0.49	(0.72)	 For	family	(71.91%)	

Practical	life	support	(31.48%)	

Experiences	(30.75%)	

Mutual	 Addressee	 and	 participant	

mutually	support	each	other	

16.40%	 5.87%	 0.19	(0.45)	 For	friend	(52.78%)	

Emotional	support	(50.69%)	

Generally	being	there	(50.00%)	

Not	expressed	 Participant	 doesn’t	 express	

gratitude	enough	

34.01%	 14.47%	 0.44	(0.67)	 For	family	(64.23%)	

Generally	being	there	(36.62%)	

Admiration	(35.49%)	

Physical	 Addressee	 gave	 writer	 physical	

support	

11.38%	 4.28%	 0.13	(0.38)	 For	family	(48.57%)	

Specific	memory	(42.86%)	

Emotional	support	(34.29%)	

Pledge	 Participant	makes	a	pledge	 17.07%	 6.60%	 0.20	(0.46)	 For	family	(46.91%)	

Generally	being	there	(32.72%)	

Emotional	support	(26.54%)	
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Practical	 life	

support	

Addressee	 gave	 participant	

practical	life	support	(e.g.	giving	

lifts)	

44.04%	 19.12%	 0.58	(0.73)	 For	family	(83.80%)	

Generally	being	there	(33.26%)	

Material	(27.72%)	

Sacrifice	 Addressee	has	made	sacrifices	 28.18%	 11.21%	 0.35	(0.60)	 Recipient	family	(65.09%)	

Practical	life	support	(33.82%)	

Admiration	(29.09%)	

School	 Addressee	 gave	 participant	

school	support	

44.31%	 17.86%	 0.52	(0.65)	 For	teacher	(57.76%)	

Goal	(50.00%)	

Admiration	(24.43%)	

Self	esteem	 Addressee	 has	 increased	

participant’s	self	esteem	

27.64%	 11.54%	 0.34	(0.61)	 Goal	(40.99%)	

Emotional	support	(30.39%)	

Admiration	(29.68%)	

Specific	memory	 Participant	 refers	 to	 specific	

memory	

42.14%	 18.47%	 0.55	(0.74)	 For	family	(35.10%)	

Admiration	(25.83%)	

Emotional	support	(23.84%)	

Spiritual	 Participant	mentions	spirituality	 2.85%	 1.22%	 0.04	(0.26)	 Admiration	(56.67%)	

For	family	(36.67%)	

Emotional	support	(36.67%)	

Sticking	up	 Addressee	 has	 stuck	 up	 for	

participant	

15.04%	 5.42%	 0.17	(0.43)	 Recipient	family	(39.10%)	

Practical	life	support	(10.53%)	

Admiration	(26.32%)	

Subtraction	 Subtraction	 “if	 you	 had	 not	

been	there,	I	would	have…”	

40.38%	 17.33%	 0.53	(0.73)	 For	family	(43.76%)	

Goal	(29.65%)	

Admiration	(29.18%)	
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Third	 Addressee	 has	 helped	 a	 third	

person	

15.31%	 5.18%	 0.17	(0.41)	 For	family	(56.59%)	

Admiration	(37.01%)	

Generally	being	there	(31.50%)	

Tough	time	 Addressee	 has	 helped	

participant	through	tough	time	

34.55%	 14.43%	 0.45	(0.69)	 Emotional	support	(52.82%)	

For	family	(37.01%)	

Generally	being	there	(33.33%)	

Trust	 Addressee	 is	 trusted	 by	

participant	

16.80%	 5.87%	 0.19	(0.43)	 Generally	being	there	(50.69%)	

Recipient	friend	(50.69%)	

Emotional	support	(45.83%)	

Note.	 Proportion	 of	 participants	 represents	 the	 proportion	 of	 participants	who	mention	 code	 at	 least	 once	 in	 any	 of	 the	 gratitude	 letters	

written	 in	 the	 intervention	phase.	 Proportion	of	 letters	 represents	 the	proportion	of	 letters	out	of	 the	 codable	2,453	 that	 contain	 code	of	

interest.	Average	count	 is	 the	average	number	of	 times	code	occurs	 for	each	 individual	out	of	a	 total	of	3	 times.	 “Act	often	also	contains”	

column	shows	 the	codes	 that	co-occur	 the	most	with	 the	code	of	 interest	 -	percentages	 in	 this	 column	represents	 the	proportion	of	 times	

codes	occur	 together	e.g.	 in	all	 codes	 that	mention	 “Admiration”,	 “For	 family”	occurs	45.55%	of	 times.	Top	 three	 co-occurrence	 codes	are	

given.	
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Table	4.2	Gratitude	letter	addressees	 	

Gratitude	 letter	
addressee	code	

Code	description	 Proportion	 of	
individuals		

Proportion	 of	
acts	

Average	count	(SD)	 Act	often	also	contains	

For	family	 Addressed	to	family	member(s)	 75.88%	 42.32%	 1.24	(0.93)	 Practical	life	support	(37.86%)	

Generally	being	there	(33.14%)	

Admiration	(28.61%)	

For	friend	 Addressed	to	friend(s)	 45.26%	 18.06%	 0.55	(0.67)	 Generally	being	there	(43.79%)	

Emotional	support	(37.92%)	

Admiration	(26.19%)	

For	other	 Addressed	 to	 other	 e.g.	 to	

stranger,	 neighbour,	 family	

friend	

17.21%	 6.36%	 0.20	(0.46)	 Experiences	(32.69%)	

Specific	memory	(30.13%)	

Admiration	(27.56%)	

For	partner	 Addressed	to	significant	other	 4.47%	 1.39%	 0.05	(0.22)	 Emotional	support	(55.88%)	

Admiration	(44.12%)	

Generally	being	there	(35.29%)	

For	teacher	 Addressed	to	teacher	 42.68%	 16.14%	 0.49	(0.62)	 School	(63.89%)	

Goal	(54.80%)	

Admiration	(27.53%)	

For	unspecified	 Addressee	 unspecified	

(addressed	 to	named	person	or	

addressee	line	left	blank)	

32.38%	 15.00%	 0.45	(0.76)	 Specific	memory	(24.73%)	

Emotional	support	(23.91%)	

Generally	being	there	(22.01%)	

Note.	As	in	Table	4.1	
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Gratitude	 letters	were	most	 frequently	written	to	 family	members,	with	the	

“For	 family”	 code	occurring	 in	42.32%	of	2453	 letters	and	at	 least	once	 for	

75.88%	 of	 participants.	 The	 top	 three	 codes	 that	 occurred	 in	 letters	

containing	the	“For	family	“code	were	(Table	4.2):	

1. “Practical	life	support”	(37.86%	of	letters	with	“For	family”	code)	
2. “Generally	being	there”	(33.14%)	
3. “Admiration”	(28.61%)	

	

These	codes	captured	one	of	the	most	frequent	kinds	of	letters	written	by	the	

adolescent	 sample,	which	were	 letters	 addressed	 to	parents	 thanking	 them	

for	raising	the	individual,	in	both	practical	and	emotional	sense.	Examples	of	

such	letters	are:	
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“Dear Dad, 

I would like to thank you for always being there for me and for being my 

protector and guardian when I have needed you. 

You do many things for me every day; you bring me home from school, 

take me to places, cook and prepare meals all without any complaints. 

I don’t think that I show enough gratitude to you and everything you do 

which could be because you do these things every day and so these tasks 

often go unnoticed. However, I am very grateful for you even if I don’t say 

it as much as I should and think you should know that you are an amazing 

dad who will always be there for me. I love how you can always make me 

smile even if most of the time it is unintentional on your part….” 

“Dear Mum, 

I wrote this letter as a thank you for everything you have done for me. You 

are there for me no matter what and I know I don't tell you this enough 

but I am so so thankful for it.  

You give me much more than just food and shelter, you look after me 

when I am feeling down, you listen to my problems and I know I can talk 

to you if I have had a bad day. You make me smile when I am crying and 

you love me no matter what.  

Mum there isn't enough words to describe how amazing you really are…”  

These	letters	addressed	to	caregivers	often	also	mentioned	sacrifice,	e.g.:	

“Dear mum,  
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You do so much for us but I never get chance to properly say thank you.  

You're always there for me, no matter what and I always know I can talk to 

you about anything.  You even sacrefice yourself for us so that we can 

enjoy ourselves like the time when you gave up your place for segwaying 

so that Dad and me could all do it…” 

Many	 letters	 were	 also	 addressed	 to	 siblings,	 who	 often	 were	 thanked	 for	

“Generally	being	there”	and	“Emotional	support”:	

“I am really grateful for you, well, just being you. You have been, and i 

know always will be, the best sister i could have hoped for. Granted, we 

have had a few arguments and fights but nothing seriously, which i think 

is an achievement for any siblings, hehe, but you have always been there 

for me no matter what. I know that no mater how difficult things may get i 

can always turn to you and you'll be there.  

You have done so many things for which i am extremely grateful, and i 

don't know if i can choose just one thing, but i am extremely grateful for 

every time i have been upset and you have managed to make me feel 

better. even with the quirkiest of remarks or quotes.” 

“I just want to say thank you for how you have always been there for me 

when I have needed advice, help, or just encouragement. I will always 

remember that time during reboot when I came to you with my problems 

and you were just there for me and encouraged me. Also I want to thank 

you for when I have wanted advice about girls or just friends in general 

and you have always helped me so much. Even when I talk for hours and 

hours about different stuff, you have always listened attentively and said 
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just what I needed to hear. You have helped me so much in my walk with 

God in growing closer to him. You are someone that I can always come 

to, someone whose shoulder I can cry on, and someone who I can always 

hug. You are an absolutely amazing sister who I personally am so proud 

of. Thank you!!!” 

Participants	also	thanked	family	members	for	material	gifts	(with	71.91%	of	

letters	 showing	 gratitude	 for	 material	 gifts	 being	 addressed	 to	 family	

members).	 Often	 these	 were	 addressed	 to	 other	 relatives,	 such	 as	

grandparents.		

	

Participants	also	addressed	many	 letters	 to	 friends	(occurring	 in	18.06%	of	

letters	and	occurring	at	least	once	for	45.26%	of	participants).	The	top	three	

codes	that	occurred	in	these	letters	were:	

1. Generally	being	there	(43.79%)	
2. Emotional	support	(37.92%)	
3. Admiration	for	recipient	(26.19%)	

	

These	letters	to	friends	were	similar	to	the	letters	to	siblings,	e.g.:	

“I want to thank you for being such a great friend to me. You're always 

there when I'm upset and you are always concerned for me. When I was 

upset yesterday about the loss of someone in my church, you were the 

only one that contacted me. I have just realised how much of an amazing 

person you are, I really cant describe. Even when I'm mean to you, you 

seem to still stay with me. I know things have become a little dodgy after 

the end of our relationship and it's hard to become friends afterwards, 

but becoming friends with you again was so easy, I love being around you 
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because you make me laugh, give me advice, help me when I'm in need, 

and I think it's just an amazing thing for a friend to do.” 

“yhou have always been there for me. for five years i have had a true 

friend look out for me. you never judge people you help everyone and 

never put yourself first. you always have a smile on your face and you 

always help me with EVERYTHING!!! i just hope i can repay the favour to 

you. i remember one time i was feeling low and you just came over and 

said 'come on lets go' then you took me to my favourite shop and we 

tried on all these stupid clothes and then you made a complete idiot in 

front of everyone to cheer me up and you didn't care thats what i love 

about you. hope we will always be friends forever” 

Often	 the	 letters	 that	 expressed	 gratitude	 for	 “generally	 being	 there”	 also	

acknowledged	that	their	gratitude	was	not	expressed	enough:	

“Dear my long suffering friends… 

I'm writing this letter to simply say thank you. It's long overdue. I don't 

thank you often enough for the all the happiness you guys give me.  

All you give me different amounts of joy. Different 'things'. I've known 

you through different parts of my life. And I cherish every part of it, when I 

was with you.” 

While	gratitude	letters	addressed	to	friends	and	family	members	were	often	

about	 emotional	 support	 and	 the	 addressee	 generally	 being	 there	 in	 the	

participant’s	 life,	 a	 third	 type	 of	 letter	 that	 frequently	 appeared	 was	

addressed	 to	 teachers	 (occurring	 in	 16.14%	 of	 all	 gratitude	 letters	 and	 at	

least	once	 for	42.68%	of	participants).	These	 letters	were	most	often	about	

school	support	(making	up	63.89%	of	all	 letters	addressed	to	teachers)	and	
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frequently	involved	gratitude	for	achieving	goals	(54.80%	of	teacher	letters),	

which	were	usually	exam	results:	

“During my maths lessons you went above and beyond just teaching me, 

but helped me to develop my skills. You did everything that you could to 

hep me by giving me extra resources and doing extra lessons, so that I 

could achieve a good grade in my AS maths.” 

	

In	 summary,	 our	 qualitative	 exploration	 of	 gratitude	 letter	 content	 shows	

that,	 for	 adolescents,	 the	 most	 common	 letters	 are	 addressed	 to	 family,	

friends	and	teachers.	Letters	addressed	to	family	and	friends	are	often	about	

the	addressee	generally	providing	support	through	the	individual’s	life	while	

letters	 addressed	 to	 teachers	 frequently	 mentioned	 school-work	 and	 help	

with	exams.	 	
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Acts	of	kindness	

Table	 4.3	 and	 Table	 4.4	 summarise	 the	 acts	 of	 kindness	 written	 by	 the	

participants,	showing	the	codes,	the	proportion	of	times	codes	occur,	and	the	

codes	that	co-occur	together.	Because	the	acts	of	kindness	are	shorter,	there	

is	less	co-occurrence	so	instead	of	presenting	top	three	co-occurring	codes,	I	

present	 co-occurring	 codes	 when	 they	 appear	 over	 20%	 of	 the	 time.	 The	

table	 also	 includes	 examples	 of	 the	 acts	 of	 kindness	 included	 in	 each	 code.	

Table	4.3	presents	the	type	of	kind	acts	conducted	while	Table	4.4	presents	

whom	 the	 kind	 acts	 were	 conducted	 towards.	 All	 codes	 are	 presented	 in	

alphabetical	order	 in	each	table.	Appendix	4.2	shows	the	proportions	of	co-

occurrence	of	the	acts	of	kindness	codes.	
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Table	4.3	Type	of	kind	act	codes	 	

Kind	Act	 Proportion	of	
individuals		

Proportion	of	
acts	

Average	
count	(SD)	

Act	often	also	contains	 Example	

Act	involves	prolonged	
interaction	with	other	people	

92.23%	 31.79%	 2.89	(1.73)	 Schoolwork	(33.05%)	
For	family	(32.83%)	
Practical	support	(31.32%)	
For	friend	(30.75%)	
For	other	(20.96%)	

“I	helped	my	sister	do	her	history	essay”	
“Helping	parents	put	heavy	boxes	of	
books	in	the	loft”	
“helped	take	part	of	a	drum	kit	back	to	
a	room	after	concert	band.”	

Being	polite	(e.g.	holding	open	
door,	letting	someone	in	front	
in	the	queue)	

64.89%	 15.47%	 1.41	(1.47)	 For	unspecified	(38.80%)	
For	stranger	(21.77%)	

“Wished	someone	a	happy	birthday”	
“Gave	an	upset	stranger	a	tissue”	

Emotional	support	 30.07%	 5.03%	 0.44	(0.80)	 Act	with	someone	(68.63%)	
For	friend	(54.06%)	

“Took	a	friend	out	to	cheer	her	up”	

Helping	helpess	(e.g.	
homeless)	

6.04%	 0.76%	 0.06	(0.25)	 For	stranger	(64.81%)	
Material	support	(59.26%)	
Sacrifice	(22.22%)	
Act	with	someone	(20.37%)	

“Gave	change	to	homeless	person”	
“I	was	in	oxford	with	my	friend	and	we	
went	out	for	a	meal,	and	I	took	my	left	
over	food	in	a	doggy	bag	and	when	we	
were	walking	around	oxford	we	saw	a	
homeless	man	with	his	dog,	and	so	I	
decided	to	give	him	my	doggy	bag	
because	he	would	have	needed	it	more	
than	me.”	

Housework	 68.92%	 17.58%	 1.61	(1.60)	 For	family	(96.31%)	 “I	helped	mum	in	the	kitchen	to	prepare	
the	meal”	
“I	washed	my	dads	car	with	my	twin	
because	again	like	my	mum,	he	does	a	
lot	that	we	are	both	very	grateful	for.”	

Making	drink	 17.99%	 2.90%	 0.26	(0.63)	 For	family	(68.93%)	 “Making	my	parents	and	brother	
coffee”	
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Material	support	(gifting	or	
lending)	

66.47%	 15.76%	 1.42	(1.48)	 For	friend	(38.25%)	
Sacrifice	(37.18%)	
For	family	(22.88%)	

“Bring	presents	back	for	friends	and	
family	from	ploand”	
“when	my	friend	didnt	have	any	lunch	i	
let	her	have	half	of	mine,	and	shared	my	
lunch	around”	

Other	practical	support	(e.g.	
helping	carry	books)	

82.45%	 21.62%	 1.95	(1.53)	 Act	with	someone	(46.06%)	
For	family	(33.88%)	

“My	nan	is	ill,	and	needs	help	with	her	
mobility.	So	i	helped	her	move	from	one	
room	in	her	house	to	the	other.”	

Sacrifice	(e.g.	giving	up	own	
lunch)	

46.04%	 7.96%	 0.71	(0.95)	 Material	support	(73.63%)	
For	friend	(34.16%)	

“Offered	my	friend	some	of	my	food	
when	she	had	none”	

Schoolwork	 61.58%	 11.40%	 1.05	(1.06)	 Act	with	someone	(92.21%)	
For	friend	(47.96%)	
For	other	(29.05%)	

“I	helped	my	friend	with	a	politics	
presentation.”	

Taking	responsibility	(e.g.	
looking	after	children)	

22.88%	 3.20%	 0.28	(0.56)	 Act	with	someone	(70.48%)	
For	family	(34.80%)	
For	other	(23.79%)	
For	friend	(22.47%)	

“helped	look	after	my	2	year	old	cousin”	
“Helped	my	friend	babysitting”	

Volunteering	 11.37%	 1.59%	 0.15	(0.48)	 For	other	(74.34%)	
Act	with	someone	(68.14%)	
For	charity	(23.01%)	

	“Done	my	voluntary	work	at	he	local	
swimming	pool	teaching	younger	kids	
how	to	swim.”	
“helped	with	a	charity	event	at	school”	

Note.	 Proportion	 of	 participants	 represents	 the	 proportion	 of	 participants	who	mention	 code	 at	 least	 once	 in	 any	 of	 the	 acts	 of	 kindness	
recorded	in	the	intervention	phase.	Proportion	of	acts	represents	the	proportion	of	acts	out	of	7,099	that	contain	code.	Average	count	is	the	
average	number	of	times	code	occurs	for	each	individual	out	of	a	total	of	9	times.		“Act	often	also	contains”	column	shows	the	codes	that	co-
occur	the	most	with	corresponding	code	-	percentages	in	this	column	represents	the	proportion	of	times	codes	occur	together	e.g.	in	all	codes	
that	mention	“Emotional	support”,	“Act	with	someone”	occurs	68.63%	of	times.	Co-occurrence	codes	are	given	when	they	appear	over	20%	of	
the	time.	
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Table	4.4	Act	of	kindness	recipients	 	

Act	of	kindness	recipient	 Proportion	of	
individuals		

Proportion	of	
acts	

Average	
count	(SD)	

Act	often	also	contains	 Example	

For	charity		 11.37%	 1.76%	 0.16	(0.52)	 Material	support	(72.80%)	
Sacrifice	(30.40%	
Volunteering	(20.80%)	

“Donated	clothes	to	charity”	
“Volunteered	in	local	charity	shop”	

For	elderly	 29.06%	 4.70%	 0.42	(0.77)	 For	stranger	(45.51%)	
Practical	support	(42.22%)	
For	family	(37.72%)	
Being	polite	(29.94%)	

“helping	an	old	man	cross	the	road”	
“helped	grandad	on	computer”	

For	family	 88.63%	 34.79%	 3.16	(2.25)	 Housework	(48.66%)	
Act	with	someone	(30.00%)	
Practical	support	(21.05%)	

“helped	my	dad	make	tea”	
“Helping	my	nan	with	housework	and	
computer”	

For	friends	 74.53%	 19.72%	 1.78	(1.66)	 Act	with	someone	(49.57%)	
Material	support	(30.57%)	
Schoolwork	(27.71%)	

“Gave	up	a	free	period	to	help	a	friend	
with	maths.”	
“Lent	a	friend	money”	

For	other	 66.47%	 15.51%	 1.41	(1.36)	 Act	with	someone	(42.96%)	
Practical	support	(26.07%)	
Schoolwork	(21.34%)	

“offered	and	then	took	a	picture	of	a	
family	with	their	camera.”	
“helped	years	elevens	with	physics	
coursework”	

For	significant	other	 5.90%	 1.07%	 0.10	(0.49)	 Material	support	(39.47%)	
Act	with	someone	(32.89%)	

“I	took	my	boyfriend	out	for	a	meal	for	
his	birthday.”	

For	stranger	 36.26%	 6.45%	 0.57	(0.93)	 Being	polite	(52.19%)	
Practical	support	(34.06%)	
For	elderly	(33.19%)	

“Picked	an	old	woman's	walking	stick	up	
after	she	dropped	it”	

For	teacher	 25.47%	 3.72%	 0.31	(0.60)	 Practical	support	(54.92%)	
Being	polite	(40.15%)	

“carried	books	for	a	teacher	that	was	
struggling”	

For	unspecified	 63.17%	 15.83%	 1.41	(1.59)	 Being	polite	(37.90%)	 “Opened	the	door	for	someone”	

Note.	As	in	Table	4.3	
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From	 Table	 4.3	 and	 Table	 4.4,	 we	 see	 that	 the	 adolescents	 in	 this	 sample	

conducted	 a	 number	 of	 different	 kind	 acts.	 Family	were	 the	most	 common	

recipient	to	receive	kind	acts,	and	often	this	involved	the	participant	helping	

out	 with	 housework.	 When	 kind	 acts	 were	 practiced	 on	 friends,	 this	 was	

usually	helping	 them	out	with	schoolwork.	Participants	also	often	recorded	

kinds	acts	that	involved	lending	something	or	giving	someone	money	or	gifts.	

Another	frequent	kind	act	was	being	polite	to	strangers,	such	as	holding	open	

doors.	Kind	 acts	 that	 involved	 interaction	with	 others	 occurred	more	 often	

that	solitary	kind	acts.		 	

		

4.4.4 Quantitative	Method		

	

4.4.4.1 Measures	

	

4.4.4.1.1 Outcomes	

	

As	in	the	previous	chapter,	I	was	interested	in	the	outcomes	of	wellbeing	and	

mental	health.	Wellbeing	was	a	standardized	composite	of	responses	for	the	

4-item	Subjective	Happiness	Scale	(Lyubomirsky	&	Lepper,	1999)	and	the	6-

item	 Brief	 Multidimensional	 Student	 Life	 Satisfaction	 Scale	 (Seligson,	

Huebner,	&	Valois,	2003).	Mental	health	was	a	standardised	composite	of	the	

responses	for	the	short	(13-item)	Moods	and	Feelings	Questionnaire	(Angold	

et	 al.,	 1995)	 and	 the	 6-item	 State-Trait	 Anxiety	 Inventory	 (Spielberger	 &	

Gorsuch,	 1983).	 These	 questionnaires,	 measuring	 symptoms	 of	 mental	

illness,	were	reverse	scored	so	that	a	higher	value	of	the	composite	indicated	

better	mental	health.	More	details	about	these	measures	can	be	found	in	the	

previous	chapter.	
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I	 also	 examined	 gratitude,	 prosociality	 and	 relatedness	 as	 additional	

outcomes.	Gratitude	is	measured	using	the	Gratitude	Questionnaire-Six	Item	

Form	 (GQ-6)	 (McCullough,	 Emmons,	 &	 Tsang,	 2002).	 This	 is	 a	 6-item	

questionnaire	 that	asks	 for	degree	of	agreement	with	statements	such	as	 “I	

have	 so	 much	 in	 life	 to	 be	 thankful	 for.”	 on	 a	 7-point	 scale	 ranging	 from	

“strongly	disagree”	to	“strongly	agree”.	Over	all	4	data	collection	time	points	

(milestone	weeks	0,	3,	6	and	9),	the	Cronbach’s	alpha	of	this	measure	ranged	

from	 0.80	 to	 0.83.	 Prosociality	 was	 assessed	 using	 the	 5-item	 prosocial	

subscale	of	 the	Strengths	and	Difficulties	Questionnaire	 (Goodman,	Meltzer,	

&	Bailey,	 1998).	 	 Participants	 rated	 items	 such	as	 “I	 try	 to	be	nice	 to	other	

people”	 on	 a	 3-point	 scale	 of	 “not	 true”,	 “somewhat	 true”	 and	 “very	 true”.	

Relatedness	was	 assessed	 using	 the	 3	 relatedness	 items	 from	 the	 balanced	

measure	 of	 psychological	 needs	 (BMPN)	 scale	 (Sheldon	 and	Hilpert,	 2012).	

Over	all	4	data	collection	 time	points,	 the	Cronbach’s	alpha	of	 this	measure	

ranged	 from	 0.72	 to	 0.79.	 A	 relatedness	 composite	 was	 made	 up	 of	 three	

items	 where	 participants	 had	 to	 rate	 statements	 such	 as	 “I	 felt	 a	 sense	 of	

contact	with	people	who	care	for	me,	and	whom	I	care	for”	on	a	7-point	scale	

ranging	 from	 “Never”	 to	 “All	 the	 time”.	 Overall	 all	 8	 data	 collection	 time	

points	 (weeks	 0	 to	 6	 and	 then	 at	 follow-up	week	 9),	 the	 Cronbach’s	 alpha	

ranged	 from	 0.83	 to	 0.92.	 In	 the	 subsequent	 quantitative	 analysis,	 I	 used	

change	 in	 wellbeing,	 mental	 health,	 gratitude,	 prosociality	 and	 relatedness	

during	the	intervention	phase	(from	week	3	to	week	6)	as	well	as	change	in	

outcome	 measures	 from	 the	 start	 of	 the	 intervention	 phase	 to	 follow-up	

(weeks	3	to	9).		

	

4.4.4.1.2 Predictors	
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Predictor	 variables	 were	 codes	 for	 gratitude	 letters	 and	 acts	 of	 kindness	

obtained	from	the	content	analysis.	Two	types	of	variables	were	made	using	

these	codes.	The	first	type	of	predictor	variables	captured	whether	the	codes	

occurred	 in	 any	of	 the	 letters	 of	 gratitude	 and	 acts	 of	 kindness	 over	 the	3-

week	 intervention	 phase	 –	 henceforth	 I	 call	 these	 “occurrence”	 code.	 The	

second	 type	of	predictor	variables	captured	 the	number	of	 times	each	code	

occurred	 during	 the	 3-week	 intervention	 for	 gratitude	 letters	 and	 acts	 of	

kindness	–	henceforth	I	will	call	these	“count”	codes.		

	

4.4.4.2 Statistical	Analysis	

	

First,	 I	 tested	 the	 overall	 effect	 of	 the	wellbeing	 intervention	 on	 gratitude,	

prosociality	 and	 relatedness.	 I	 used	 multilevel	 growth	 curve	 modelling	 to	

assess	 this,	 as	 previously	 used	 for	 assessing	 wellbeing	 and	 mental	 health	

(Haworth	et	al.,	2016).	This	allowed	for	the	hierarchical	structure	of	repeated	

measures	 nested	 in	 twins	 nested	 in	 families.	 For	 each	 outcome,	 an	

unconditional	growth	model	as	well	as	a	piecewise	linear	growth	model	were	

fitted.	Both	models	provided	estimates	of	the	linear	slope	across	the	duration	

of	the	study	(weeks	0	to	9)	while	the	piecewise	growth	model	also	provided	

estimates	 of	 the	 additional	 changes	 in	 slope	 from	 week	 3	 (beginning	 of	

positive	activities	phase)	to	week	9.	Both	intercept	and	slopes	were	allowed	

to	vary	in	both	models.	

	

I	wished	to	test	which	of	the	32	gratitude	letter	codes	and	21	acts	of	kindness	

codes	 predict	 the	 outcomes	 of	 wellbeing,	 mental	 health,	 gratitude,	

prosociality	 and	 relatedness.	 Normally,	 this	 can	 be	 tested	 using	 linear	

regression	 models.	 However,	 the	 participants	 are	 twins	 nested	 within	

families	 so	we	need	 to	account	 for	 the	nested	structure	by	using	multilevel	
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modelling	as	 in	Chapter	3.	Furthermore,	as	 in	chapter	3,	 I	had	the	potential	

danger	 of	 overfitting	 and	 multicollinearity	 due	 to	 the	 large	 number	 of	

predictor	variables	I	wished	to	test.	In	this	study,	since	I	was	testing	an	even	

larger	 number	 of	 variables	 than	 in	 chapter	 3,	 I	 decided	 to	 use	 a	 more	

sophisticated	method	of	variable	selection.	I	ran	least	absolute	shrinkage	and	

selection	operator	 (lasso)	 regressions	 (Tibshirani,	 1996)	 to	 select	 the	most	

important	 predictors	 in	 the	 model.	 The	 lasso	 is	 a	 type	 of	 regression	 that	

conducts	variable	selection	and	L1	regularisation,	a	technique	of	reducing	the	

magnitude	 of	 coefficients.	 The	 lasso	 improves	 prediction	 accuracy	 by	

reducing	 the	 variance	 of	 predicted	 values	 and	 improves	 interpretability	 of	

the	results	by	only	selecting	a	subset	of	predictors	with	the	strongest	effects.	

Lasso	uses	a	penalty,	lambda	(λ),	to	constrain	the	sum	of	the	absolute	values	

of	 the	 coefficient	 estimates	 to	 be	 below	 a	 certain	 value.	 This	 forces	 some	

coefficients	to	be	reduced	to	0.		

	

Cross-validation	 is	 a	 standardised	 method	 used	 to	 select	 the	 optimal	 λ	

penalty	value.	In	cross-validation,	we	split	the	data	sample	into	a	training	set	

and	a	test	set	to	test	multiple	values	of	λ.	The	training	set	is	used	to	select	the	

appropriate	 statistical	 model	 while	 the	 test	 set	 is	 used	 to	 assess	 how	 that	

statistical	model	performs.	One	commonly	used	form	of	cross-validation	is	k-

fold	cross	validation.	This	procedure	partitions	the	data	into	K	separate	sets	

of	equal	sizes.	A	K	value	of	10	is	suggested	to	produce	the	smallest	variance	

and	 smallest	mean	 squared	 error	 in	 prediction	models	 (Kohavi,	 1995)	 and	

has	been	the	most	common	value	used	in	the	literature.	This	is	the	value	I	use	

in	my	analysis	and,	by	way	of	example,	I	will	now	describe	this	procedure	as	

10-fold	cross	validation.	 In	10-fold	cross	validation,	 the	data	 is	split	 into	10	

equally	sized	sets.	Training	is	done	on	all	but	the	kth	set	where	k	 is	a	value	

from	1	 to	10.	The	kth	 set	 is	 then	used	as	 a	 validation	 set,	which	 is	 used	 to	

obtain	the	total	error	in	the	model.	10	error	values	will	be	calculated	in	total	

corresponding	 to	 k=1	 to	 10,	 and	 these	 10	 error	 values	 are	 averaged	 to	

provide	the	cross-validated	error.		This	whole	process	is	then	repeated	over	
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multiple	 values	 of	 λ	 to	 find	 the	 λ	 that	 produces	 the	 smallest	 10-fold	 cross-

validated	error	value.	

	

Originally	 designed	 to	 be	 used	 for	 ordinary	 least	 squares	 regression,	 lasso	

regressions	have	been	extended	 to	other	models	 including	multilevel	 linear	

models.	To	account	for	the	multilevel	structure	of	the	TWIST	data	in	my	lasso	

regressions,	I	used	the	glmmLasso	package	(Groll	&	Tutz,	2014)	in	R	Studio	

(RStudio	Team,	2016).	

	

Examining	the	results	from	the	lasso	regression	output,	I	used	the	Benjamini-

Hochberg	 False	 Discovery	 Rate	 (FDR)	 procedure	 (Benjamini	 &	 Hochberg,	

1995)	 to	 control	 for	 multiple	 testing	 of	 effects	 of	 interest	 to	 give	 us	 an	

indication	of	the	strongest,	most	robust	effects.		

	

4.4.5 Quantitative	Results	

	

4.4.5.1 Descriptive	Statistics	

	

Table	4.5	shows	the	descriptive	statistics	for	the	outcomes.	
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Table	4.5	Descriptive	statistics	of	outcomes	

	
n	 mean	 sd	 min	 max	 skew	 kurtosis	

Change	in	wellbeing	week	3	to	6	 387	 0.08	 0.52	 -3.17	 1.95	 -0.93	 6.39	

Change	in	wellbeing	week	3	to	9	 396	 0.08	 0.47	 -2.01	 1.76	 -0.15	 2.72	

Change	in	mental	health	week	3	to	6	 387	 0.11	 0.69	 -3.36	 2.96	 -0.01	 3.16	

Change	in	mental	health	week	3	to	9	 396	 0.13	 0.67	 -3.07	 2.51	 -0.24	 2.59	

Gratitude	week	0	 445	 5.73	 0.89	 1.83	 7	 -1.05	 1.36	

Gratitude	week	3	 416	 5.70	 0.93	 1.4	 7	 -0.91	 1.31	

Gratitude	week	6	 394	 5.73	 1.00	 1.17	 7	 -0.98	 1.50	

Gratitude	week	9	 406	 5.77	 0.94	 2.17	 7	 -0.85	 0.67	

Change	in	gratitude	week	3	to	6	 387	 0.03	 0.65	 -3	 2.5	 -0.51	 3.64	

Change	in	gratitude	week	3	to	9	 396	 0.07	 0.70	 -3.83	 3.17	 -0.36	 3.99	

Prosociality	week	0	 445	 8.03	 1.85	 0	 10	 -1.08	 0.86	

Prosociality	week	3	 416	 8.03	 1.92	 0	 10	 -1.10	 1.29	
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Prosociality	week	6	 394	 8.10	 1.96	 0	 10	 -1.08	 0.99	

Prosociality	week	9	 406	 8.11	 1.95	 1	 10	 -0.98	 0.40	

Change	in	prosociality	week	3	to	6	 387	 0.09	 1.40	 -5	 9	 0.94	 5.58	

Change	in	prosociality	week	3	to	9	 396	 0.08	 1.40	 -5	 5	 0.22	 1.82	

Relatedness	week	0	 445	 12.62	 3.65	 0	 18	 -0.69	 0.27	

Relatedness	week	3	 416	 12.52	 3.87	 0	 18	 -0.64	 0.12	

Relatedness	week	6	 394	 12.83	 4.09	 0	 18	 -0.79	 0.28	

Relatedness	week	9	 406	 12.94	 3.99	 0	 18	 -0.77	 0.21	

Change	in	relatedness	week	3	to	6	 387	 0.35	 2.63	 -12	 11	 -0.19	 2.79	

Change	in	relatedness	week	3	to	9	 396	 0.43	 2.72	 -9	 11	 -0.09	 1.18	

Note.	One	random	individual	from	each	twin	pair.		
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4.4.5.2 Overall	Intervention	Effects	

	

Table	 4.6	 shows	 the	 estimates	 from	 the	 multilevel	 unconditional	 growth	

model	and	 the	multilevel	piecewise	growth	model	 for	 the	outcome	variable	

gratitude.	 The	 piecewise	 model	 is	 a	 better	 fit	 of	 the	 data	 according	 to	

deviance	and	AIC	scores.	The	results	indicate	that	while	there	was	an	overall	

small	 decrease	 in	 gratitude	 across	 the	 duration	 of	 the	 study	 (γ10=-0.04,	

p<0.05),	participants	actually	increased	in	their	gratitude	by	a	larger	amount	

during	intervention	and	follow-up	period	(γ20=0.08,	p<0.01).	

Table	 4.6	 Model	 Parameters	 and	 Goodness-of-Fit	 for	 Changes	 in	 Gratitude	
Through	Follow-Up	

	 Effect	 Parameter	 Model	1:		
Unconditional	Growth	
Model	

Model	2:		
Piecewise	
Model	

Fixed	Effects		 	 	 	 	
Status	at	
Baseline,	πoi		

Intercept		 γ00	 -0.02	(0.04)	 5.73	(0.03)***	

Rate	of	Change,	
π1i		

Time		 γ10	 .04***	(6.65e-03)	 -0.04	(0.02)*	

	 Time	2	 γ20	 	 	0.08	(0.03)**	
Random	Effects		 	 	 	 	
Level	1	 Residual		 σ2

ε	 0.20	 0.19	
Level	2	 Intercept		 σ2

0	 0.31	 0.29	
	 Time		 σ2

1	 0.01	 0.02	
	 Time	2	 σ2

2	 	 4.51e-03	
Level	3	 Intercept		 σ2

0	 0.27	 0.24	
	 Time	 σ2

1	 4.16e-03	 7.17e-03	
	 Time	2	 σ2

2	 	 0.02	
Goodness-of-fit		 	 	 	 	
	 Deviance	 	 6462.16	 6435.48	
	 AIC		 	 6480.16	 6467.48	
	 BIC		 	 6535.12	 6565.20	
*p	<	.05.	**p	<	.01.	***p	<	.001.	
Note.	 In	 both	 models,	 the	 intercept	 parameter	 estimate	 (γ00)	 represents	 the	 average	
gratitude	 score	 at	 baseline	 across	 the	 sample.	 In	 both	 models,	 γ10	 is	 the	 estimate	 of	
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linear	 slope	 across	 the	 entire	 study.	 In	Model	 2,	 γ20	reflects	 the	 additional	 changes	 in	
slope	beginning	with	 the	 intervention	period.	 In	both	models,	 the	 intercept,	 and	both	
estimates	 of	 slope	 (Time	 and	 Time	 2)	 were	 free	 to	 vary.	 In	 all	 models,	 repeated	
measures	were	nested	within	individuals,	and	individuals	were	nested	within	twin	pairs.			

	

Table	4.7	shows	the	estimates	 from	the	multilevel	unconditional	growth	model	

and	 the	multilevel	 piecewise	 growth	model	 for	 prosociality.	 The	 unconditional	

growth	curve	model	 is	a	better	fit	of	the	prosociality	data	according	to	AIC	and	

BIC	scores.	The	results	indicate	that	while	there	was	an	overall	small	increase	in	

prosociality	 across	 the	 duration	 of	 the	 study	 (γ10=-0.05,	 p<0.02,	 unconditional	

model).	No	 changes	 in	 prosociality	were	 significant	 according	 to	 the	 piecewise	

model.	

Table	 4.7	 Model	 Parameters	 and	 Goodness-of-Fit	 for	 Changes	 in	 Prosocial	 Through	
Follow-Up	

	 Effect	 Parameter	 Model	1:		
Unconditional	 Growth	
Model	

Model	2:		
Piecewise	
Model	

Fixed	Effects		 	 	 	 	
Status	 at	
Baseline,	πoi		

Intercept		 γ00	 7.99***	(0.07)	 8.02***	(0.07)	

Rate	 of	 Change,	
π1i		

Time		 γ10	 0.05**	(0.02)	 -7.91e-03	
(0.05)	

	 Time	2	 γ20	 	 0.08	(0.06)	
Random	Effects		 	 	 	 	
Level	1	 Residual		 σ2

ε	 0.91	 0.86	
Level	2	 Intercept		 σ2

0	 1.34	 1.44	
	 Time		 σ2

1	 9.92e-03	 0.23	
	 Time	2	 σ2

2	 	 0.23	
Level	3	 Intercept		 σ2

0	 1.19	 1.13	
	 Time	 σ2

1	 0.02	 0.03	
	 Time	2	 σ2

2	 	 0.04	
Goodness-of-fit		 	 	 	 	
	 Deviance	 	 11305.37	 11296.46	
	 AIC		 	 11323.37	 11328.46	
	 BIC		 	 11378.33	 11426.16	
*p	<	.05.	**p	<	.01.	***p	<	.001.	
Note.	 In	 both	 models,	 the	 intercept	 parameter	 estimate	 (γ00)	 represents	 the	 average	
prosocial	 score	 at	 baseline	 across	 the	 sample.	 In	 both	 models,	 γ10	 is	 the	 estimate	 of	
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linear	 slope	 across	 the	 entire	 study.	 In	Model	 2,	 γ20	reflects	 the	 additional	 changes	 in	
slope	beginning	with	 the	 intervention	period.	 In	both	models,	 the	 intercept,	 and	both	
estimates	 of	 slope	 (Time	 and	 Time	 2)	 were	 free	 to	 vary.	 In	 all	 models,	 repeated	
measures	were	nested	within	individuals,	and	individuals	were	nested	within	twin	pairs.			

	

Table	4.8	shows	the	estimates	 from	the	multilevel	unconditional	growth	model	

and	the	multilevel	piecewise	growth	model	for	relatedness.	The	piecewise	model	

is	a	better	fit	of	the	data	according	to	deviance	and	AIC	scores.	The	results	from	

the	 piecewise	model	 shows	 that	 controlling	 for	 overall	 linear	 slope	 across	 the	

duration	of	the	study	(the	effect	of	which	was	not	significant),	there	was	a	large	

improvement	 in	 relatedness	 during	 the	 intervention	 and	 follow-up	 period	

(γ20=0.48,	p<0.001).	

Table	4.8	Model	Parameters	 and	Goodness-of-Fit	 for	 Changes	 in	Relatedness	
Through	Follow-Up	

	 Effect	 Parameter	 Model	1:		
Unconditional	Growth	
Model	

Model	2:		
Piecewise	
Model	

Fixed	Effects		 	 	 	 	
Status	at	
Baseline,	πoi		

Intercept		 γ00	 12.47***	(0.13)	 12.60***	
(0.13)	

Rate	of	Change,	
π1i		

Time		 γ10	 0.13***	(0.03)	 -0.20	(0.11)	

	 Time	2	 γ20	 	 0.48***	(0.14)	
Random	Effects		 	 	 	 	
Level	1	 Residual		 σ2

ε	 4.37	 4.00	
Level	2	 Intercept		 σ2

0	 4.52	 5.10	
	 Time		 σ2

1	 0.05	 1.38	
	 Time	2	 σ2

2	 	 1.40	
Level	3	 Intercept		 σ2

0	 3.98	 1.86	
	 Time	 σ2

1	 0.01	 0.64	
	 Time	2	 σ2

2	 	 0.75	
Goodness-of-fit		 	 	 	 	
	 Deviance	 	 16234.8	 16195.8	
	 AIC		 	 16252.8	 16227.8	
	 BIC		 	 16307.8	 16325.5	
*p	<	.05.	**p	<	.01.	***p	<	.001.	
Note.	 In	 both	 models,	 the	 intercept	 parameter	 estimate	 (γ00)	 represents	 the	 average	
relatedness	 score	at	baseline	across	 the	 sample.	 In	both	models,	 γ10	is	 the	estimate	of	
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linear	 slope	 across	 the	 entire	 study.	 In	Model	 2,	 γ20	reflects	 the	 additional	 changes	 in	
slope	beginning	with	 the	 intervention	period.	 In	both	models,	 the	 intercept,	 and	both	
estimates	 of	 slope	 (Time	 and	 Time	 2)	 were	 free	 to	 vary.	 In	 all	 models,	 repeated	
measures	were	nested	within	individuals,	and	individuals	were	nested	within	twin	pairs.			

	

4.4.5.3 Moderation	Analysis	

	

Figure	4.1	and	Figure	4.2	show	the	heat	maps	of	tetrachoric	correlations	for	

gratitude	 letter	 codes	 and	 acts	 of	 kindness	 codes.	 Tetrachoric	 correlations	

look	 at	 how	pairs	 of	 codes	 agree.	 They	 assume	 that	 binary	 variables	 lie	 on	

underlying	 continuous	 scales	 and	 estimate	 a	 correlation	 under	 this	

assumption.	Red	areas	represent	positive	correlations	where	both	codes	tend	

to	 occur	 or	 not	 occur	 together.	 For	 example,	 gratitude	 letters	 written	 to	

family	members	 also	 often	 contain	 expressions	 of	 gratitude	 about	practical	

life	 support.	White	areas	 represent	no	connection	between	 two	codes.	Blue	

areas	 represent	 two	 codes	 that	 are	 very	 unlikely	 to	 occur	 together.	 For	

example,	 letters	 written	 to	 teachers	 are	 unlikely	 to	 contain	 expression	 of	

gratitude	 about	 receiving	 a	 financial	 gift.	 These	 tetrachoric	 graphs	

correspond	and	visually	represents	our	qualitative	content	analysis	findings.	 	
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Multilevel	lasso	regressions	were	run	with	the	gratitude	letter	codes	and	acts	

of	 kindness	 codes	 predicting	 wellbeing	 (subjective	 happiness	 and	 life	

satisfaction),	 mental	 health	 (anxiety	 and	 depression	 symptoms),	 gratitude,	

prosociality	and	relatedness.	None	of	 the	occurrence	and	count	 codes	were	

important	in	predicting	wellbeing	change	during	intervention	phase	(week	3	

to	6)	and	up	to	follow	up	(week	3	to	9)	–	coefficients	were	all	reduced	to	0.	

Some	coefficients	of	occurrence	and	count	codes	were	retained	(not	reduced	

to	 0)	 in	 the	 multilevel	 lasso	 regression	 for	 mental	 health	 change	 during	

intervention	(Appendix	4.3	and	4.4),	however	while	important	in	the	model	

none	of	the	codes	reached	statistical	significance.	No	codes	were	predictive	of	

mental	health	change	from	week	3	to	9	–	all	coefficients	were	reduced	down	

to	0.		

	

The	act	of	kindness	occurrence	code	indicating	that	the	participant	did	an	act	

of	kindness	towards	a	friend(s)	at	least	once	during	the	intervention	was	the	

only	 code	 to	be	 retained	 in	 the	model	 for	predicting	gratitude	change	 from	

week	3	to	week	9	(b=-0.22,	SE=0.09,	p<0.05).	No	other	occurrence	or	count	

codes	were	retained	in	the	models	predicting	gratitude	change.	

	

No	 codes	 were	 predictive	 of	 prosociality	 change	 from	 week	 3	 to	 6.	 Some	

coefficients	of	occurrence	and	count	codes	were	retained	(not	reduced	to	0)	

in	 the	 multilevel	 lasso	 regression	 for	 prosociality	 change	 from	 week	 3	 to	

week	 9	 (Appendix	 4.5	 and	 4.6),	 however	 none	 of	 these	 codes	 were	

statistically	significant	in	the	models.	

	

Several	 occurrence	 codes	 were	 retained	 in	 the	 multilevel	 lasso	 regression	

predicting	 change	 in	 relatedness	 from	 week	 3	 to	 6	 (intervention	 phase).	

These	 are	 presented	 in	 Table	 4.9	 from	 the	 model	 that	 included	
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unstandardized	 codes	 and	 the	 model	 that	 included	 standardised	 codes.	

Coefficients	from	the	standardised	codes	model	allow	us	to	compare	relative	

effects.	

Table	 4.9	 Multilevel	 lasso	 regression	 model	 of	 occurence	 codes	 predicting	
change	in	relatedness	from	week	3	to	6	

	 Multilevel	Lasso	

Coefficients	

(unstandardized)	

Multilevel	Lasso	

Coefficients	

(standardised)	

Fixed	Effects,	γ	 	 	

Intercept	 1.95***	(0.11)	 0.31**	(0.11)	

Gratitude	letter:	School	 -0.35**†	(0.12)	 -0.17**†	(0.06)	

Gratitude	letter:	Bad	person	 -0.72***†	(0.14)	 -0.31***†	(0.06)	

Gratitude	letter:	Physical	

support	

-1.06	***†	(0.17)	 -0.34***†	(0.06)	

Gratitude	letter:	Self	esteem	 0.47***†	(0.13)	 0.21***†	(0.06)	

Gratitude	letter:	Sticking	up	 0.50**†	(0.17)	 0.18**†	(0.06)	

Act	of	kindness:	Act	

involved	prolonged	

interaction	

-1.51***†	(0.22)	 -0.40***†	(0.06)	

Random	Effects	 	 	

σ2
ε	 3.87	 3.87	

Note.	*p<0.05,	**p<0.01,	***p<0.001,	†FDR		
Table	 showing	 estimates	 from	 multilevel	 lasso	 regression	 predicting	 change	 in	
relatedness	from	week	3	to	week	6.	Predictors	of	codes	for	gratitude	letters	and	acts	of	
kindness	 indicate	whether	code	occurred	at	 least	once	at	any	point	during	the	3-week	
intervention.	 Participants	 are	 nested	 in	 families	 and	 the	 intercept	 was	 free	 to	 vary.	
Coefficients	that	were	not	reduced	to	0	 in	 lasso	are	presented.	p-values	were	adjusted	
using	 the	 Benjamini-Hochberg	 False	 Discovery	 Rate	 Procedure	 to	 control	 for	 multiple	
testing	of	 the	gratitude	 letter	 and	act	of	 kindness	 codes	 that	had	non-zero	 coefficient	
estimates	 from	 the	 lasso	 regression.	 All	 code	 predictors	 were	 statistically	 significant	
after	adjustment.	

	

The	majority	of	significant	predictors	of	change	in	relatedness	are	gratitude	

letter	codes.	Writing	a	gratitude	letter	mentioning	school,	being	a	bad	person	
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or	 receiving	 physical	 support	 is	 associated	with	 a	 decrease	 in	 relatedness.	

Writing	 a	 gratitude	 letter	 about	 improving	 self-esteem	 and	 the	 addressee	

sticking	up	for	the	writer	is	associated	with	an	increase	in	relatedness.	Doing	

an	act	of	kindness	with	someone	resulted	in	a	decrease	in	relatedness.	From	

the	 model	 containing	 standardised	 code	 predictors,	 we	 can	 see	 that	 the	

strongest	coefficient	is	the	“act	involved	prolong	interaction	”	kind	act	code,	

followed	by	the	physical	support	gratitude	letter	code.	

		

No	 occurrence	 codes	 were	 retained	 in	 the	 model	 predicting	 change	 in	

relatedness	 from	 week	 3	 to	 9,	 while	 no	 count	 codes	 were	 retained	 in	 the	

models	predicting	change	in	relatedness	from	week	3	to	6	or	from	week	3	to	

9.	

	

4.5 Discussion	

	

4.5.1 The	content	of	gratitude	letters	and	types	of	acts	of	kindness	

	

This	is	the	first	study	that	has	systematically	examined	the	types	of	gratitude	

letters	 written	 and	 acts	 of	 kindness	 done	 by	 16	 year	 olds	 in	 a	 wellbeing	

intervention.	 Unsurprisingly,	 most	 of	 the	 themes	 that	 occur	 are	 related	 to	

family,	friends	and	teachers,	three	salient	social	connections	for	adolescents.	

Participants	 tended	 to	 write	 letters	 thanking	 parents	 for	 raising	 them	 and	

sacrificing	 a	 lot	 to	 provide	 emotional	 and	 practical	 support	 for	 them.	 They	

also	wrote	many	 letters	 thanking	 family	members	and	 friends	 for	generally	

being	there	for	them,	providing	them	with	emotional	support	and	noting	the	

admiration	they	had	for	their	addressees.	These	all	tap	into	a	sense	of	being	
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cared	 for	 and	 having	 a	 supportive	 social	 circle.	 These	 elements	 are	 highly	

important	during	 the	 adolescent	developmental	period	because	 they	 affirm	

adolescent	identity	and	can	help	to	establish	a	stable	and	secure	self	(Reis	&	

Sprecher,	2009).	Some	letters	were	also	to	show	gratitude	for	material	gifts.	

This	 kind	 of	 gratitude	 has	 been	 proposed	 to	 be	 “shallow	 gratitude”	

(Baumeister	 &	 Ilko,	 1995).	 Shallow	 gratitude	 is	 socially	 dictated	 and	

conditioned	from	parents,	so	 it	 is	thought	that	these	expressions	do	not	tap	

into	 real	 felt	 gratitude.	 However,	 my	 analysis	 showed	 that	 this	 kind	 of	

gratitude	did	not	produce	any	different	results	compared	to	the	other	kinds	

of	gratitude	expressed.		Many	participants	wrote	letters	to	teachers,	thanking	

them	for	help	in	school	and	in	helping	them	achieve	good	exam	grades.	The	

focus	 on	 examinations	 is	 understandable	 since	 the	 data	 were	 collected	

around	the	same	time	that	participants	completed	their	GCSEs	and	A-Levels	

(UK	national	examinations	typically	taken	at	ages	16-18).		

	

The	participants	performed	a	range	of	kind	acts.	The	majority	of	them	were	

simple	 tasks	 such	 as	 helping	 someone	 with	 schoolwork	 or	 helping	 out	 at	

home.	 The	 different	 kind	 acts	 done	 can	 be	 explained	 by	 different	 altruistic	

mechanisms	 (Curry	et	al.,	 2018).	Kin	altruism,	kindness	done	 to	genetically	

related	 others,	 explains	 the	 large	 number	 of	 kind	 acts	 done	 to	 family	

members.	Mutualism	proposes	 that	 individuals	will	 be	 kind	 to	members	 of	

the	same	community,	and	this	explains	kind	acts	done	to	friends,	families	and	

local	community	organisations.	Kind	acts	which	are	done	to	strangers	and	in	

public	 situations,	 such	 as	 “helping	 an	 old	 man	 cross	 the	 street”	 can	 be	

partially	 explained	 by	 competitive	 altruism,	 which	 gives	 individuals	 the	

opportunity	to	impress	others	and	improve	one’s	own	status.	

	

Many	of	 the	participants	 considered	being	generally	polite,	 such	as	holding	

open	a	door	or	saying	thank	you,	to	be	an	act	of	kindness,	with	64.89%	of	the	
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participants	 reporting	 doing	 this	 act	 of	 kindness	 at	 least	 once	 during	 the	

intervention	 period.	 Judging	 by	 the	 ways	 certain	 acts	 of	 kindness	 were	

reported,	it	 is	possible	that	many	participants	did	not	follow	the	instruction	

of	going	out	of	their	way	to	do	acts	of	kindness,	instead	reflecting	on	the	acts	

that	 they	 had	 done	 during	 the	 day	 that	 could	 be	 considered	 an	 act	 of	

kindness.	Such	responses	as	 “I	can't	 think	of	anything	which	makes	me	 feel	

awful”	 when	 asked	 to	 report	 the	 act	 of	 kindness	 done	 suggest	 this	

misinterpretation	 of	 instructions.	 However,	 there	 is	 evidence	 that	 even	

simply	 reflecting	 on	 kind	 acts	 done	 can	 be	 beneficial	 to	 wellbeing	 (Otake,	

Shimai,	Tanaka-Matsumi,	Otsui,	&	Fredrickson,	2006).		

	

From	 the	 qualitative	 analysis,	 I	 found	 that	 adolescents	 tended	 to	 write	

gratitude	letters	to	friends	and	family,	similar	to	previous	studies	looking	at	

what	 adolescents	 are	 grateful	 for	 (Poelker	 et	 al.,	 2016).	 Adolescents	 also	

wrote	letters	to	teachers	and	about	receiving	gifts.	Participants	performed	a	

range	of	kind	acts	ranging	from	towards	family,	towards	friends	and	towards	

strangers.	

	

4.5.2 Quantitative	analysis	of	overall	intervention	response	

	

I	 tested	 the	 effects	 of	 the	 current	wellbeing	 intervention	 on	 other	 positive	

psychological	traits	in	addition	to	the	wellbeing	and	mental	health	outcomes	

that	 had	 previously	 been	 examined	 (Haworth	 et	 al.,	 2016).	 Gratitude	

interventions	were	developed	because	 researchers	wanted	a	way	 to	 induce	

gratitude	 in	 an	 attempt	 test	 its	 causal	 link	 to	 wellbeing	 (Emmons	 &	

McCullough,	 2003).	 So	 the	 positive	 change	 seen	 for	 gratitude	 ratings	 likely	

indicates	 that	 gratitude	 is	 mediating	 the	 effect	 of	 the	 intervention	 on	

wellbeing	 and	mental	 health.	 Despite	 the	 prosocial	 element	 of	 the	 positive	
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intervention	activities,	 the	 intervention	did	not	 improve	prosociality	scores.	

Although	 we	 cannot	 distinguish	 between	 the	 effects	 of	 gratitude	 letter	

writing	 and	 the	 effects	 of	 doing	 acts	 of	 kindness,	 this	 minimal	 change	 in	

prosocial	scores	could	suggest	that	doing	acts	of	kindness	is	the	less	effective	

intervention	 for	 adolescents,	 if	 we	 are	 to	 assume	 that	 the	 effect	 of	 acts	 of	

kindness	on	wellbeing	is	mediated	by	prosociality.	This	could	be	because	the	

acts	of	kindness	were	not	autonomously	motivated,	which	has	been	shown	to	

be	 required	 for	 wellbeing	 intervention	 effectiveness	 (Weinstein	 &	 Ryan,	

2010).	 Indeed	 evidence	 does	 suggest	 that	 not	 all	 interventions	 are	 equally	

effective:	one	seminal	early	study	found	that	“using	signature	strengths	in	a	

new	way”,	 “naming	 three	 good	 things	 in	 life”,	 and	 	 “gratitude	 visits”	 were	

effective	at	 increasing	wellbeing,	while	“writing	about	you	at	your	best	self”	

and	 “identifying	 signature	 strengths”	 only	 produced	 very	 transient	 effects	

(Seligman,	Steen,	Park,	&	Peterson,	2005).	These	authors	did	not	explore	acts	

of	kindness.	More	recently,	one	study	found	differential	effects	for	variations	

of	 the	 “three	pleasurable	 things”	 task	 (Gander,	 Proyer,	&	Ruch,	 2017).	This	

study	had	3	positive	activity	conditions:	a	cognitive-only	focussed	condition	

where	participants	were	asked	to	explain	pleasurable	situations	in	the	most	

neutral	 way,	 a	 cognitive	 and	 emotional	 combined	 focus	 condition	 where	

participants	 were	 instructed	 to	 re-experience	 the	 emotional	 aspect	 of	 the	

experience	while	 describing	 them,	 and	 an	 emotion-only	 focussed	 condition	

where	participants	spent	 time	on	something	pleasurable	without	reflection.	

The	authors	found	that	the	two	conditions	that	had	cognitive	focuses	showed	

stronger	increases	in	wellbeing	than	the	condition	that	had	an	emotion-focus	

only.	This	could	explain	the	difference	in	effects	on	gratitude	and	prosociality	

outcomes	 scores	 in	 my	 analysis	 due	 to	 the	 more	 cognitive	 element	 of	 the	

gratitude	 letters	 producing	 more	 pervasive	 effects	 compared	 to	 the	 more	

emotion-focussed	element	of	acts	of	kindness.		

	

As	I	have	alluded	to	already,	another	explanation	as	to	why	I	found	changes	

in	 gratitude	 but	 not	 prosociality	may	 be	 due	 to	 the	 fact	 that	 the	 gratitude	
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letter	 task	was	 actually	 adhered	 to	while	 the	 act	 of	 kindness	 task	was	 not.	

The	gratitude	 letter	 task	had	to	be	completed	at	 the	exact	moment	the	task	

was	 given,	 as	 it	 had	 to	 be	 entered	 onto	 the	 online	 system.	 The	 acts	 of	

kindness	 task	 required	 the	 participants	 to	 remember	 to	 complete	 the	 task	

later	in	the	week	and	then	report	it	when	they	next	logged	on.	So	it	may	be	

possible,	 and	 given	 some	of	 the	 responses	 provided	 it	may	 in	 fact	 be	 quite	

likely,	 that	some	participants	did	not	actually	perform	acts	of	kindness	 that	

were	additional	and	exceptional	 to	 their	normal	 lives.	 In	contrast,	we	know	

that	 the	 gratitude	 letters	 written	 were	 an	 additional	 exercise	 to	 the	

participant’s	lives.		

	

Alternatively,	 the	 difference	 in	 results	 between	 prosociality	 and	 gratitude	

changes	may	be	due	to	the	different	ways	they	are	measured.	The	gratitude	

questionnaire	makes	the	participant	think	about	how	much	they	are	grateful,	

e.g.	“I	have	so	much	in	life	to	be	thankful	for”.	The	prosociality	questionnaire	

involves	 much	 more	 internal	 self-reflection,	 examining	 personal	

characteristics	e.g.	“I	try	to	be	nice	to	other	people”.	The	participant	may	not	

be	 able	 to	 internalise	 their	 acts	 of	 kindness	 and	 attribute	 it	 to	 their	 own	

characteristics	after	such	a	short	period	of	intervention	time	(perhaps	partly	

due	to	this	being	an	emotion-focussed	task).	

	

I	 also	 found	 a	 large	 positive	 effect	 of	 the	 intervention	 on	 relatedness.	 This	

supports	my	predictions	on	the	importance	of	social	interactions	in	wellbeing	

interventions	 and	 supports	 previous	 studies	 that	 have	 found	 similar	

connections	to	relatedness	(Boehm,	Lyubomirsky,	&	Sheldon,	2011;	Layous,	

Nelson,	&	Lyubomirsky,	2013).	
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4.5.3 Gratitude	 letter	 content	 and	 acts	 of	 kindness	 in	 predicting	

outcomes	

	

I	did	not	find	any	gratitude	letter	or	act	of	kindness	codes	to	be	predictive	of	

individual	differences	in	wellbeing,	mental	health,	gratitude	and	prosociality.	

This	suggests	that	all	kinds	of	gratitude	letters	and	acts	of	kindness	produced	

similar	 effects	 on	 these	 outcomes	 and	 supports	 the	 practice	 of	 keeping	

intervention	instructions	general,	giving	individuals	a	degree	of	autonomy	to	

select	the	kind	of	 letter	or	kind	act	that	they	would	prefer	to	write	or	do.	 It	

could	 also	 be	 that	 individuals	 choose	 the	 ideal	 tasks	 to	 fit	 their	 personal	

characteristics.	Much	of	the	literature	tells	us	that	people	are	notoriously	bad	

at	 predicting	 what	 will	 make	 them	 happier	 (Gilbert,	 2009),	 for	 example	

valuing	 materialistic	 good	 over	 relationships.	 However,	 no	 research	 has	

explored	whether	people	make	similarly	bad	choices	 in	 the	types	wellbeing	

activities	they	do.	This	might	produce	different	results	since	predicting	what	

makes	us	happy	is	a	different	process	compared	to	choosing	an	activity	under	

instruction.	

	

I	 found	 that	 certain	 gratitude	 letters	 and	 act	 of	 kindness	 codes,	 if	 they	

occurred	 at	 least	 once	 during	 the	 intervention,	were	 strongly	 predictive	 of	

change	in	relatedness	over	the	duration	of	the	intervention	(from	week	3	to	

week	 6	 of	 the	 study).	 Relatedness	 is	 very	 important	 for	 adolescents,	

predicting	 better	 adjustment	 and	 psychological	 development	 (Buhrmester,	

1990).	 Writing	 gratitude	 letters	 that	 mention	 the	 writer’s	 self-esteem	

improvement	was	associated	with	a	positive	change	in	relatedness	during	the	

intervention.	 Higher	 self-esteem	 is	 associated	with	 enhanced	 initiative	 and	

happiness	 (Baumeister,	 Campbell,	 Krueger,	 &	 Vohs,	 2003).	 Self-esteem	

development	in	adolescents	can	also	affirm	the	identities	that	adolescents	are	
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developing,	therefore	helping	them	in	their	transition	through	this	important	

developmental	 stage	 (Reis	 &	 Sprecher,	 2009).	 	 However,	 it	 has	 been	

suggested	 that	 the	 pursuit	 of	 self-esteem	 may	 actually	 hinder	 relatedness	

(Crocker	 &	 Park,	 2004)	 since	 people	 focussing	 on	 their	 own	 self-

improvement	 in	 this	way	 are	 less	 likely	 to	 look	 outwardly	 on	 others.	 	 Our	

results	 present	 an	 interesting	 angle	 since	 writing	 a	 gratitude	 letter	 about	

improved	 self-esteem	 actually	 predicts	 relatedness	 improvement.	 This	

suggests	 that	 there	 may	 be	 interventions	 that	 can	 improve	 self-esteem	

without	 the	 negative	 side-effects	 on	 relatedness.	 For	 example,	 we	 could	

implement	 a	 self-esteem	 improving	 intervention	 within	 an	 entire	 social	

network.	 Rather	 than	 prioritising	 self-improvement	 of	 own	 self-esteem,	

individuals	within	a	social	network	could	be	instructed	to	try	improving	the	

self-esteem	 of	 others	 in	 the	 network.	 The	 reciprocal	 self-esteem	 boosting	

behaviour	 could	 then	 increase	 relatedness	 as	well	 as	 overall	 self-esteem	 in	

the	entire	network.		

	

Gratitude	letters	that	mention	the	addressee	sticking	up	for	the	writer	were	

also	 associated	with	 increases	 in	 relatedness.	Having	others	defend	oneself	

can	 give	 an	 individual	 a	 sense	 of	 belongingness	 and	 inclusion	 (Leary	 &	

Baumeister,	2017).	Many	of	the	gratitude	letters	that	contained	these	codes	

were	related	to	bullying,	e.g.:	

	

“Thank	you	for	being	there	for	me	and	sticking	up	for	me	when	people	were	

mean	to	me.”	

	

Bullying	 is	a	 salient	phenomenon	 for	 this	 teenage	age	group	 that	has	many	

negative	 outcomes	 (Volk,	 Craig,	 Boyce,	&	King,	 2006).	 Peers	 are	 present	 in	

about	 80%	 of	 bullying	 situations	 (Atlas	 &	 Pepler,	 1998)	 but	 they	 rarely	
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intervene	 (Atlas	&	Pepler	1998).	My	results	 suggest	 that	having	 individuals	

stick	up	for	each	other	will	not	only	stop	bullying	(Lynn	Hawkins,	Pepler,	&	

Craig,	 2001)	 but	 this	 has	 extra	 benefits	 in	 increasing	 the	 victim’s	 sense	 of	

relatedness,	which	is	a	basic	psychological	need.	

	

In	addition	to	understanding	the	content	of	gratitude	letters	and	types	of	acts	

of	kindness	that	lead	to	improvements	in	wellbeing,	it	is	equally	as	important	

to	 find	 if	certain	gratitude	 letters	or	acts	of	kindness	may	be	detrimental	 to	

wellbeing.	 From	 the	 analysis	 looking	 at	 the	 outcome	 of	 relatedness,	 it	 is	

suggested	 that	gratitude	 letters	 that	mention	school,	being	a	bad	person	or	

getting	 physical	 support	 may	 be	 detrimental	 to	 relatedness.	 These	 codes	

however	were	not	detrimental	for	our	main	outcomes	of	 interest,	wellbeing	

and	 mental	 health.	 Future	 research	 should	 try	 to	 identify	 for	 whom	 these	

types	of	gratitude	letters	maybe	detrimental.	

	

Surprisingly,	I	found	that	acts	of	kindness	that	involved	prolonged	periods	of	

social	interaction	were	associated	with	a	decrease	in	relatedness.	This	could	

link	 back	 to	 the	 concept	 of	 autonomous	 motivation	 (Weinstein	 &	 Ryan,	

2010),	where	an	 individual’s	actions	have	an	 internal	 locus	of	causality	and	

reflects	 the	 individual’s	 own	 values	 (Ryan	 &	 Connell,	 1989).	 Individuals	

carried	 out	 these	 acts	 of	 kindness	 because	 they	were	 instructed	 to,	 and	 so	

were	 not	 autonomously	 motivated,	 instead	 having	 controlled	 motivation	

(Deci	&	Ryan,	2000;	Ryan	&	Connell,	1989).	The	forced	nature	of	the	activity	

may	have	actually	made	people	more	aware	of	their	lack	of	connection	with	

others.	 Further	 work	 should	 be	 done	 to	 look	 at	 whether	 certain	

characteristics,	 such	 as	 baseline	 levels	 of	 connectedness,	 sociability	 and	

extraversion	 could	moderate	 the	 link	 between	 doing	 kind	 acts	with	 others	

and	changes	in	relatedness.	
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4.5.4 Limitations	and	Future	Directions	

	

This	study	used	a	unique	dataset	to	fill	a	previously	unexplored	aspect	of	the	

literature.	However,	this	study	is	limited	by	the	data	and	methods	available.	

Within	 the	qualitative	element	of	our	study,	 the	method	of	content	analysis	

was	selected	because	content	analysis	has	a	systematic	methodology	and	so	

there	 is	 a	 smaller	 degree	 of	 subjectivity	 compared	 to	 other	 qualitative	

methods.	 However,	 this	 method	 is	 not	 completely	 free	 from	 rater	 bias	

because	 each	 coder	 is	 biased	 by	 his/her	 own	background	 and	 experiences.	

The	coders	all	came	from	a	psychology	background,	and	coders	coming	from	

another	 background	might	 produce	 different	 codes.	 Furthermore,	 many	 of	

the	 codes	 that	 were	 found	 in	 the	 analysis	 seemed	 to	 be	 specific	 to	

adolescents,	for	example	relating	to	school	outcomes,	so	it	will	be	important	

to	repeat	this	work	with	data	from	an	adult	sample.	Further	research	should	

use	this	study	as	a	starting	point	in	developing	their	own	codes	when	looking	

at	other	test	groups.	

	

The	 fact	 that	 we	 only	 found	 codes	 acting	 as	 significant	 moderators	 for	

relatedness	 may	 be	 due	 to	 a	 lack	 of	 power.	 Appendix	 4.7	 shows	 that	 the	

relatedness	model	using	relatedness	variables	standardised	to	baseline	as	a	

way	of	directly	comparing	effect	sizes	to	those	previously	found	for	wellbeing	

and	 mental	 health	 (Haworth	 et	 al.,	 2016).	 The	 relatedness	 effect	 sizes	 are	

shown	to	be	twice	as	large.	It	may	be	that	the	lasso	is	only	predicting	codes	

important	 in	 moderating	 intervention	 response	 on	 relatedness	 because	 of	

this	 larger	overall	effect	size.	We	may	be	underpowered	 to	detect	effect	 for	

the	other	outcomes	due	to	the	smaller	overall	effect	sizes.	This	initial	analysis	

considered	only	 two	 types	of	predictors	using	 the	codes	 in	 the	quantitative	

analysis	 –	whether	 the	 code	was	 used	 at	 least	 one	 during	 the	 intervention	

and	 the	 number	 of	 times	 the	 code	 was	 used.	 There	 are	 many	 follow-on	
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analyses	that	are	possible,	such	as	considering	the	variety	in	codes	across	the	

intervention,	and	these	should	be	considered	in	further	research.	

	

Finally,	 I	 needed	 to	 test	 a	 large	 number	 of	 predictor	 codes	 and	 therefore	

decided	 on	 using	 lasso	 regression	 to	 select	 the	 most	 parsimonious	 model	

with	 only	 the	 most	 relevant	 predictors.	 This	 method	 has	 advantages	 over	

stepwise	 or	 stagewise	 variable	 selection.	 These	 latter	 methods	 are	 time-

consuming	and	produce	biased	results	due	to	 the	violations	of	assumptions	

of	parametric	statistical	testing.	The	lasso	presents	a	method	that	overcomes	

these	limitations.	However,	being	an	automated	statistical	method,	the	lasso	

selects	variables	regardless	of	context.	 In	some	situations,	even	if	a	variable	

has	a	small	effect,	we	may	want	to	keep	it	in	the	model.		

	

The	open	written	responses	obtained	for	the	acts	of	kindness	and	gratitude	

letters	required	a	large	number	of	codes.	Therefore,	I	had	to	balance	depth	of	

knowledge	with	interpretability	of	results.	Perhaps,	using	a	smaller	number	

of	 codes,	 with	 broader	 descriptions	 might	 have	 made	 our	 results	 more	

interpretable.	 Future	 research	 should	 consider	 using	 qualitative	method	 to	

groups	 the	 codes	 that	 I	 have	 found	 so	 that	 they	 can	 all	 be	 tested	 in	 a	

regression	model	 with	 less	 danger	 of	 overfitting	 and	mulicollinearity	 (and	

therefore	without	the	need	for	variable	selection	methods	like	lasso).		

	

4.5.5 Conclusion	

	

This	is	the	first	study	to	systematically	examine	the	types	of	gratitude	letters	

written	and	acts	of	kindness	performed	in	a	wellbeing	intervention.	A	coding	
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scheme	 is	 presented	which	 can	 now	 be	 used	 as	 a	 starting	 point	 for	 future	

coding	 of	 intervention	 responses.	 In	 subsequent	 studies,	 I	 recommend	

exploring	 the	use	of	 a	 smaller	number	of	 codes	 to	enhance	 interpretability.	

Overall	we	found	that	in	addition	to	the	positive	changes	previously	observed	

for	 wellbeing	 and	 mental	 health,	 the	 intervention	 also	 produced	 positive	

changes	 in	 gratitude	 and	 relatedness.	 While	 no	 codes	 were	 predictive	 of	

individual	differences	in	the	outcomes	of	wellbeing,	mental	health,	gratitude	

and	prosociality,	we	found	some	interesting	results	related	to	the	outcome	of	

relatedness.	 This	 study	 touches	 on	 some	 interesting	 relations	 between	

wellbeing	 and	 social	 connections	 and	 I	 was	 interested	 in	 exploring	 this	

further.	 In	 the	 next	 chapter,	 I	 conduct	 a	 deeper	 examination	 into	 the	

connection	 between	 wellbeing	 and	 one	 important	 aspect	 of	 social	

connections,	social	support.		
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Chapter	5 	Social	 support	 and	 mental	 health	 in	

emerging	adulthood	are	 correlated	 for	genetic,	 as	

well	as	environmental,	reasons3	

	

5.1 Chapter	Abstract	

	

As	 discussed	 in	 Chapter	 1,	 emerging	 adulthood	 is	 a	 crucial,	 but	

underexplored,	 developmental	 stage	with	 respect	 to	 the	 aetiology	 of	 social	

support.	 These	 individuals	 are	 experiencing	 many	 major	 life	 changes	 and	

social	 support	 can	 help	 them	 adjust	 to	 the	 associated	 environmental	

stressors	 of	 this	 time.	 	 Using	 1,215	 18-year-old	 twin	 pairs	 from	 the	 Twins	

Early	Development	Study,	measures	of	two	indices	of	support	were	collected:	

support	 quality	 and	 support	 quantity,	 as	well	 as	wellbeing	 and	depression.	

Both	 support	 indices	 were	 moderately	 heritable	 (55%	 and	 49%,	

respectively),	 an	 interesting	 finding	given	 the	many	environmental	 changes	

that	emerging	adults	are	encountering	that	could	be	environmentally	altering	

their	 social	 network	 structures.	 Finding	 a	 genetic	 influence	 on	 support	

suggests	the	presence	of	gene-environment	correlation	whereby	individuals	

create	and	perceive	 their	 supportive	environment	based	upon	 their	genetic	

predispositions.	 Shared	 genetic	 influences	 mediated	 the	 moderate	

phenotypic	correlation	(mean	r	=	0.46)	between	support	and	mental	health.	

Genetic	correlations	were	higher	between	support	quality	and	mental	health	

(mean	rg	=	0.75),	than	between	support	quantity	and	mental	health	(mean	rg	

=	 0.54),	 reflecting	 the	 phenotypic	 pattern.	 Overall	 the	 results	 suggest	 that	

interventions	 should	 focus	 more	 on	 making	 emerging	 adults	 aware	 of	 the	

																																																								
3	Chapter	adapted	from	Wang,	R.	A.	H.,	Davis,	O.	S.,	Wootton,	R.	E.,	Mottershaw,	A.,	&	
Haworth,	 C.	 M.	 (2017).	 Social	 support	 and	 mental	 health	 in	 late	 adolescence	 are	
correlated	for	genetic,	as	well	as	environmental,	reasons.	Scientific	Reports,	7(1),	13088.	
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quality	 of	 support	 around	 them	 than	 encouraging	 them	 to	 increase	 their	

social	network	size.	

	

5.2 Chapter	Aims	

	

As	implied	in	many	of	the	studies	in	this	thesis,	social	relationships	play	a	key	

role	for	human	wellbeing.	In	Chapter	2,	 I	 found	partnership	to	be	positively	

associated	with	several	measures	of	wellbeing,	including	life	satisfaction.	The	

wellbeing	intervention	I	examined	in	Chapters	3	and	4	contained	a	gratitude	

letter	writing	exercise	that	encouraged	individuals	to	think	about	their	social	

connections	and	an	acts	of	kindness	exercise	where	I	saw	many	participants	

doing	kind	acts	that	involved	social	interaction	with	others.	Social	support	is	

a	 uniquely	 important	 aspect	 of	 social	 interactions	 that	 increases	wellbeing	

and	 buffers	 against	 the	 negative	 effects	 of	 stress.	 In	 this	 chapter,	 I	wish	 to	

gain	 a	 deeper	 knowledge	 of	 social	 support	 by	 studying	 its	 genetic	 and	

environmental	aetiology.	

	

In	this	chapter,	I	aim	to:	

1. Investigate	the	genetic	and	environmental	aetiology	of	social	support	
in	emerging	adulthood	
	

2. Investigate	the	phenotypic	correlation	between	social	support	and	
mental	health	at	this	age	
	

3. Expand	the	sparse	literature	by	exploring	the	genetic	influences	that	
mediate	these	phenotypic	associations	using	multivariate	twin	
analyses.	
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5.3 Introduction	

	

As	discussed	 in	 chapters	2	 and	3,	 adolescence	and	emerging	adulthood	are	

important	 periods	 of	 biological,	 cognitive	 and	 emotional	 development.	

Emerging	adulthood	 spans	 from	18	 to	25	 (Arnett,	 2000)	 and	 individuals	 at	

this	 developmental	 stage	 undergo	 identity	 formation	 (Schwartz,	 Côté,	 &	

Arnett,	 2005)	 and	 personality	 changes	 (Roberts,	 Walton,	 &	 Viechtbauer,	

2006).	 They	 also	 experience	many	 environmental	 changes	 such	 as	moving	

away	from	home	for	university	or	starting	a	full-time	job.	Stress	levels	are	at	

their	highest	at	this	age	(Stone,	Schwartz,	Broderick,	&	Deaton,	2010).	Many	

mental	health	problems	also	 tend	 to	emerge	 (Blanco	et	al.,	2008;	 Ingram	&	

Gallagher,	2010;	Kessler	et	al.,	2005;	Rohde,	Lewinsohn,	Klein,	Seeley,	&	Gau,	

2013)	and	can	be	predictive	of	occurrence	or	recurrence	of	mental	illness	in	

later	adulthood	(Rice,	Harold,	&	Thapar,	2002).	Social	support	is	a	key	factor	

in	 helping	 young	 adults	 navigate	 their	major	 life	 changes	 (Azmitia,	 Syed,	&	

Radmacher,	 2013;	Milevsky,	2005),	 acting	 as	 a	buffer	 against	 stress	 and	 its	

negative	 consequences	 on	 health	 (Cohen	 &	 Wills,	 1985).	 However,	 these	

environmental	 changes	 can	 bring	 about	 instability	 and	 changes	 to	 an	

individual’s	 social	 circle	 itself,	 and	 an	 individual’s	 perceptions	 of	 support	

from	 others	 can	 change	 dramatically	 during	 this	 time	 (Furman	 &	

Buhrmester,	 1992;	 Guan	 &	 Fuligni,	 2015;	Wrzus,	 Hänel,	 Wagner,	 &	 Neyer,	

2013).		

	

Genetically	 informative	 study	 designs	 allow	us	 to	 investigate	 the	 origins	 of	

individual	 differences	 in	 social	 support,	 providing	 us	with	 a	more	 in	 depth	

understanding	 of	 support	 during	 this	 environmentally	 unstable	

developmental	 stage.	 This	 study	 seeks	 to	 understand	 the	 aetiology	 of	 two	

dimensions	 of	 support:	 support	 quality	 and	 support	 quantity.	 	 I	 wish	 to	

investigate	the	phenotypic	correlation	of	these	two	dimensions	with	mental	
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health	 at	 this	 age.	 Furthermore,	 I	 wish	 to	 expand	 the	 sparse	 literature	 by	

exploring	 the	genetic	 influences	 that	mediate	 these	phenotypic	associations	

using	multivariate	twin	analyses.	

	

5.3.1 Social	Support	

	

Social	 support	 has	 a	 variety	 of	 dimensions	 (Heller	 &	 Swindle,	 1983;	 Vaux,	

Riedel,	&	Stewart,	1987).	A	range	of	operationalisations	encompass	a	mix	of	

factors,	such	as	degree	of	social	integration,	function	of	the	social	relationship	

and	 type	 of	 support	 (Barrera	 Jr,	 1986;	 House,	 Umberson,	 &	 Landis,	 1988;	

Tardy,	 1985).	 One	 notable	 overlap	 across	 many	 of	 these	 definitions	 is	 the	

distinction	 between	 a	 functional	 definition	 of	 support	 (i.e.	 the	 quality	 of	

support	provided	or	perceived)	and	a	structural	definition	(i.e.	 the	network	

size	and	quantity	of	available	support).	With	regards	to	mental	health,	quality	

of	support	has	been	shown	to	be	more	important	than	quantity	in	both	adults	

(Schwarzer	 &	 Leppin,	 1991)	 and	 children	 (Chu,	 Saucier,	 &	 Hafner,	 2010;	

Rueger,	Malecki,	Pyun,	Aycock,	&	Coyle,	2016).	However,	no	such	distinction	

has	 been	 investigated	 specifically	 in	 late	 adolescence	 and	 emerging	

adulthood.	This	distinction	is	especially	important	to	look	at	during	this	time	

given	 the	 individual’s	 changes	 in	 both	 social	 network	 structure	 (support	

quantity)	 (Wrzus	 et	 al.,	 2013)	 and	 support	 perception	 (quality)	 (Guan	 &	

Fuligni,	2015).		

	

Genetically	informative	study	designs	allow	us	to	investigate	the	reasons	why	

we	 find	 individual	 differences	 in	 experiences	 and	 outcomes,	 as	 well	 as	

understand	 genetic	 and	 environmental	 overlap	 between	 these	 (Plomin,	

DeFries,	 Knopik,	 &	 Neiderheiser,	 2013).	 Heritability	 is	 the	 proportion	 of	

phenotypic	variance	in	a	trait	in	a	population	that	can	be	explained	by	genetic	
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differences	 between	 individuals	 in	 that	 population	 (Plomin	 et	 al.,	 2013).	

Social	support	is	typically	thought	of	as	a	measure	of	the	environment.	While	

environments	are	assumed	to	be	independent	of	the	individual,	studies	have	

repeatedly	 shown	 that	 many	 environmental	 measures	 have	 a	 heritable	

component,	 supporting	 a	 bidirectional	model	 of	 human-environment	 inter-

relationship	 (Scarr	 &	 McCartney,	 1983).	 Looking	 across	 a	 range	 of	

environments	 (such	 as	 life	 events,	 parenting,	 social	 support,	 and	 marital	

quality),	 Kendler	 and	 Baker	 (2007)	 found	 that	 the	 average	 heritability	 of	

these	 environments	 was	 27%.	 	 An	 individual’s	 genetically	 mediated	

behaviour	 impacts	 on	 their	 environment;	 this	 is	 called	 gene-environment	

correlation	(rGE),	or	the	nature	of	nurture	(Plomin	&	Bergeman,	1991).	This	

rGE	 is	 especially	 interesting	 to	 explore	 in	 emerging	 adulthood	 given	 the	

changing	 social	 circumstances,	 which	 may	 allow	 individuals	 to	 have	 more	

freedom	 to	 select	 the	 support	 around	 them	 based	 on	 their	 genetic	

predispositions	 (resulting	 in	 increased	 heritability	 due	 to	 rGE)	 or	 these	

changing	 social	 circumstances	 may	 increase	 the	 influence	 of	 the	 external	

environment	 by	 pushing	 individuals	 into	 novel	 social	 contexts	 which	 they	

cannot	 control	 (resulting	 in	 decreased	 or	 stable	 heritability	 of	 the	 support	

measure	in	this	age	group).	

	

Only	one	study	has	looked	at	the	heritability	of	support	quality	in	emerging	

adults	(Matthews	et	al.,	2016),	which	the	authors	invert	and	conceptualise	as	

a	 proxy	 for	 social	 isolation,	 finding	 a	 heritability	 of	 40%.	 Information	 is	

missing	on	the	heritability	of	support	quantity	in	emerging	adulthood	as	the	

rest	 of	 the	 genetically	 informative	 previous	 literature	 on	 support	 have	 all	

been	 conducted	 on	 adult	 or	 older	 adult	 samples.	 From	 these	 adult	 studies,	

heritability	estimates	for	quantity	of	support	are	varied	with	some	estimating	

there	to	be	no	heritable	component	(Bergeman,	Plomin,	Pedersen,	McClearn,	

&	Nesselroade,	 1990;	 Kessler,	 Kendler,	 Heath,	 Neale,	 &	 Eaves,	 1992)	while	

others	 estimate	 a	 high	 heritability	 of	 75%	 (Kendler,	 1997).	 The	 moderate	

levels	 of	 heritability	 estimates	 from	 the	 majority	 of	 adult	 studies	 to	 date	
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suggest	 that	 rGE	 may	 be	 particularly	 important	 for	 these	 “environmental”	

social	support	constructs	(Plomin	&	Bergeman,	1991).	For	many	factors,	the	

importance	 of	 genetic	 influences	 changes	 with	 age	 (Bergen,	 Gardner,	 &	

Kendler,	 2007;	 Haworth	 &	 Davis,	 2014).	 Scarr	 and	 McCartney	 (1983)	

proposed	 that	 the	 genetic	 influences	 on	 environmental	 measures	 would	

increase	with	development	 as	 individuals	 expand	 their	 experiences	beyond	

the	family	environment	and	start	to	actively	select	their	own	environments.	

Given	the	changing	nature	of	social	circles	during	emerging	adulthood,	it	was	

therefore	important	to	investigate	the	genetic	influences	on	support	quantity	

in	 a	 emerging	 adult	 sample,	 in	 addition	 to	 trying	 to	 replicate	 the	 previous	

findings	on	support	quality.	

	

Another	 novel	 aspect	 of	 this	 study	 is	 that	 I	 include	 measures	 of	 both	

wellbeing	and	symptoms	of	depression	(which	I	refer	to	using	the	umbrella	

term	 of	 mental	 health),	 allowing	 us	 to	 investigate	 how	 social	 support	 is	

related	 to	 both.	 Wellbeing	 encompasses	 factors	 such	 as	 life	 satisfaction,	

emotional	 affect	 and	 happiness	 (Diener,	 1994;	 Dolan	 &	 Metcalfe,	 2012;	

Huebner	 &	 Dew,	 1996).	 Based	 on	 a	 recent	 meta-analysis,	 wellbeing	 has	 a	

heritability	 of	 36%	 (Bartels,	 2015).	 Similar	 levels	 of	 heritability	 have	 been	

reported	 for	 happiness	 (33%)	 and	 life	 satisfaction	 (44%)	 in	 adolescence	

(Haworth,	 Carter,	 Eley,	 &	 Plomin,	 2015).	 A	 large	 literature	 exists	 on	 the	

heritability	of	depression,	with	 estimates	 ranging	 from	31%-42%	(Sullivan,	

Neale,	&	Kendler,	2000),	and	at	similar	levels	(40-45%)	in	adolescence	(Lau	

&	 Eley,	 2006).	 It	 was	 important	 for	 us	 to	 conduct	 separate	 analyses	 for	

wellbeing	and	depression	as	the	two	are	not	100%	phenotypically	correlated,	

with	negative	 correlations	of	 around	 -0.5	 (Keyes,	2002).	 It	has	been	shown	

that	 individuals	can	have	high	 levels	of	wellbeing	and	high	 levels	of	mental	

illness	concurrently,	as	well	as	score	low	on	both	dimensions	(Greenspoon	&	

Saklofske,	 2001).	 Furthermore,	while	 they	 share	 some	 genetic	 overlap,	 the	

two	 also	 have	 genetic	 (and	 environmental)	 specificities	 (Greenspoon	 &	
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Saklofske,	2001;	Haworth	et	al.,	2015)	suggesting	the	two	to	be	aetiologically	

independent,	but	correlated,	constructs.		

	

Support	and	mental	health	have	been	found	to	be	phenotypically	associated	

in	adolescence	and	emerging	adulthood	(Kong	&	You,	2013;	Matthews	et	al.,	

2016;	Suldo	&	Huebner,	2006).	One	meta-analysis	found	that	the	association	

between	 support	 and	 mental	 health	 became	 stronger	 with	 increasing	 age	

from	early	childhood	into	emerging	adulthood	(Chu	et	al.,	2010)	though	this	

moderation	effect	was	not	replicated	 in	a	 later	meta-analysis	(Rueger	et	al.,	

2016).	 Looking	across	a	broad	age	 range	 from	early	 childhood	 to	20	years,	

both	meta-analyses	 found	perceived	quality	of	 support	 to	be	more	strongly	

associated	 with	 mental	 health	 outcomes	 (better	 wellbeing	 and	 fewer	

depressive	symptoms)	than	quantity	of	support.	

	

As	 both	 social	 support	 and	mental	 health	 are	 heritable,	 the	 two	 constructs	

may	be	phenotypically	correlated	due	to	a	shared	genetic	aetiology.	Only	one	

study	 to	 date	 has	 investigated	 this	 genetic	 link	 in	 emerging	 adulthood	

(Matthews	 et	 al.,	 2016).	 The	 authors	 examined	 the	 genetic	 correlation	

between	social	isolation	and	depression	in	a	sample	of	18	year-old	UK	twins.	

They	 found	 a	 genetic	 correlation	 of	 0.33	 and	 a	 non-shared	 environmental	

correlation	 of	 0.15.	 The	 authors	 note	 that	 future	 studies	 should	 focus	 on	

incorporating	measures	 that	 tap	 into	 other	 aspects	 of	 social	 networks.	 The	

only	other	study	which	has	explored	the	genetic	correlation	between	support	

and	 mental	 health	 was	 conducted	 on	 a	 Swedish	 sample	 of	 older	 adults	

(Bergeman,	 Plomin,	 Pedersen,	 &	McClearn,	 1991).	 They	 found	 that	 65%	 of	

the	phenotypic	correlation	between	perceived	social	support	and	depression	

was	 due	 to	 shared	 genetic	 influences,	 with	 35%	 due	 to	 shared	 individual	

specific	 environments.	 They	 also	 found	 that	 56%	 of	 the	 phenotypic	

correlation	between	perceived	social	support	and	life	satisfaction	was	due	to	



	

	 188	

shared	 genetic	 influences	while	 44%	was	 due	 to	 shared	 individual	 specific	

environments.	I	wished	to	expand	on	the	work	of	these	two	studies,	filling	in	

the	 gaps	within	 the	 literature	 by	 using	 another	measure	 of	 social	 network,	

support	 quantity,	 and	 also	 linking	 both	 support	 quality	 and	 quantity	 with	

wellbeing	 (and	 related	 positive	 psychological	 traits)	 in	 addition	 to	

depression.	

	

In	this	current	study,	using	a	sample	of	18	year-old	UK	twins,	 I	hypothesise	

that:	

	

1. Both	support	quality	and	support	quantity	will	be	heritable.	

	

2. There	 will	 be	 a	 moderate	 phenotypic	 link	 between	 these	 support	

measures	with	wellbeing	and	depression.		

	

3. The	association	between	support	and	mental	health	will	be	mediated	

by	both	genetic	and	environmental	influences.	 	
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5.4 Methods		

5.4.1 Sample	

Participants	were	a	subsample	drawn	from	the	same	cohort	as	in	chapters	3	

and	4,	the	Twins	Early	Development	Study	(TEDS;	Haworth,	Davis,	&	Plomin,	

2013).	Data	for	this	study	were	collected	as	part	of	a	project	on	online	social	

networks	 in	 late	 adolescence/emerging	 adulthood.	 Participants	 from	 the	

main	TEDS	sample	were	 invited	 to	 complete	 this	 study	 if	 they	 (or	 their	 co-

twin)	 had	 previously	 indicated	 that	 they	 used	 online	 social	 media	 (e.g.	

Twitter	or	Facebook).	1,215	twin	pairs	(78.5%	of	those	invited	to	take	part)	

completed	a	postal	questionnaire	that	contained	measures	of	social	support	

and	 mental	 health.	 Of	 these,	 57	 twin	 pairs	 were	 excluded,	 either	 due	 to	

missing	 zygosity	 information	 (N	 =	 6	 twin	 pairs)	 or	 birth	 complications,	

autism,	or	medical	conditions	(N	=	51	twin	pairs).	After	these	exclusions	the	

sample	 included	 1,158	 twin	 pairs	who	 provided	 relevant	 data	 for	 the	 final	

analysis.	 The	mean	 age	 of	 the	 sample	was	 17.85	 (SD=0.77)	 and	 64%	were	

female.	31%	of	the	sample	were	MZ	twins	and	69%	were	DZ	twins.	Of	these	

DZ	twins,	51%	were	same-sex	pairs,	and	49%	were	opposite-sex	pairs.	Table	

5.1	provides	more	information	about	the	composition	of	the	sample,	split	by	

sex	and	zygosity	for	each	of	the	measures	of	interest.	The	representativeness	

of	 this	subsample	 is	presented	 in	Table	5.2	and	compared	with	data	 for	the	

whole	TEDS	sample	(Haworth	et	al.,	2013).	In	general,	the	current	subsample	

is	 reasonably	 representative	of	 the	whole	TEDS	 sample.	There	was	 a	 slight	

tendency	for	this	sub-sample	to	have	proportionally	more	white	participants	

and	 proportionally	 fewer	 MZ	 twin	 pairs,	 but	 the	 magnitude	 of	 these	

differences	 was	 quite	 small.	 This	 sub-sample	 does	 have	 more	 female	

participants	 than	 the	main	TEDS	sample	(63%	versus	52%),	which	 is	 likely	

driven	 by	 the	 higher	 uptake	 of	 social	 network	 use	 in	 females	 compared	 to	

males	 (Lenhart,	 Purcell,	 Smith,	&	 Zickuhr,	 2010;	 Rowan-Kenyon	&	Aleman,	

2016).	
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Table	5.1	Means	(Standard	Deviation,	SD)	and	ANOVA	Results	 	

	 All	

N=1141-1144	

MZ	

N=356-357	

DZ	

N=784-787	

Male	

N=417-418	

Female	

N=724-726	

Zygosity	p-

value	

Zygosity	

effect	size	

Sex	p-value	 Sex	effect	

size	

Positive	Affect	 33.74	(7.61)	 33.77	(7.32)	 33.73	(7.74)	 34.62	(7.48)	 33.24	(7.64)	 0.94	 5.64E-06	 3.20E-03**	 7.59E-03	

Negative	Affect	 18.87	(6.74)	 18.77	(6.47)	 18.92	(6.86)	 17.39	(6.19)	 19.73	(6.89)	 0.72	 1.16E-04	 1.12E-08***	 2.82E-02	

Subjective	

Happiness	

5.16	(1.02)	 5.22	(0.94)	 5.13	(1.05)	 5.20	(0.99)	 5.14	(1.03)	 0.17	 1.62E-03	 0.30	 9.32E-04	

Life	Satisfaction	 5.67	(1.01)	 5.73	(0.97)	 5.65	(1.02)	 5.76	(0.94)	 5.63	(1.04)	 0.21	 1.38E-03	 0.03*	 3.91E-03	

Gratitude	 5.81	(0.90)	 5.86	(0.89)	 5.79	(0.90)	 5.73	(0.84)	 5.86	(0.93)	 0.25	 1.14E-03	 0.01*	 5.25E-03	

Meaning	in	Life	 5.12	(1.18)	 5.15	(1.16)	 5.10	(1.18)	 5.17	(1.12)	 5.09	(1.21)	 0.48	 4.39E-04	 0.29	 9.62E-04	

Autonomy	 5.04	(0.85)	 5.08	(0.85)	 5.03	(0.85)	 5.02	(0.82)	 5.06	(0.87)	 0.39	 6.40E-04	 0.45	 5.06E-04	

Competence	 4.98	(1.01)	 5.00	(1.01)	 4.97	(1.02)	 5.01	(0.95)	 4.96	(1.05)	 0.59	 2.53E-04	 0.39	 6.58E-04	

Relatedness	 5.76	(0.84)	 5.79	(0.83)	 5.75	(0.85)	 5.67	(0.83)	 5.81	(0.84)	 0.45	 4.94E-04	 7.75E-03**	 6.21E-03	

Depression	 9.76	(5.56)	 9.76	(5.66)	 9.76	(5.52)	 9.06	(4.60)	 10.16	(6.01)	 1.00	 2.28E-09	 1.29E-03**	 9.05E-03	

Support	Quantity	 15.23	(4.53)	 14.88	(4.59)	 15.38	(4.50)	 14.92	(4.49)	 15.40	(4.55)	 0.08	 2.64E-03	 8.58E-02	 2.59E-03	

Support	Quality	

(total)	

5.64	(1.00)	 5.71	(0.96)	 5.61	(1.01)	 5.53	(0.96)	 5.71	(1.01)	 0.13	 1.97E-03	 2.85E-03**	 7.77E-03	

Support	Quality	

(significant	other)	

5.65	(1.29)	 5.77	(1.22)	 5.60	(1.32)	 5.39	(1.27)	 5.80	(1.28)	 0.04*	 3.56E-03	 2.20E-07***	 2.32E-02	

Support	Quality	

(family)	

5.69	(1.14)	 5.73	(1.18)	 5.68	(1.13)	 5.71	(1.05)	 5.68	(1.19)	 0.43	 5.52E-04	 7.02E-01	 1.28E-04	
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*p<0.05,	**p<0.01,	***p<0.001.	MZ=	monozygotic	twins;	DZ	=	dizygostic	twins	(same	and	opposite	sex)	
Note.	Table	showing	means	and	standard	deviations	of	the	measures,	unstandardized.	Estimates	were	obtained	from	a	subset	consisting	of	one	randomly	
selected	twin	from	each	twin	pair,	and	were	calculated	for	each	measure	across	the	whole	sample,	for	monozygotic	participants	only,	dizygotic	participants	
only,	males	 only	 and	 females	 only.	Differences	 in	measure	 scores	 between	 zygosity	 groups	 and	 between	 sex	were	 investigated	 using	ANOVA	with	 eta-

squared	(proportion	of	variance	attributed	to	an	effect)	used	to	look	at	the	size	of	the	effect	of	zygosity/sex	on	the	measures.	
	
	
	 	

Support	Quality	

(friends)	

5.58	(1.17)	 5.62	(1.14)	 5.56	(1.19)	 5.48	(1.10)	 5.64	(1.21)	 0.42	 5.58E-04	 0.02*	 4.74E-03	
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Table	5.2	Representativeness	of	Sample	 	

	 Original	 TEDS	
sample		

16	 year	 TEDS	
sample	

Social	Networks	Questionnaire	
Invitation	sample	

Social	Networks	Questionnaire	
Response	sample	

χ2	

test/	
t-test	

p-value	

N	families	 13,734	families	 7,723	families	 1547	families	 1215	families	

(78.5%	response	rate)	

--	 --	

%	Female	 50.24%	 52.45%	 60.85%	 63.41%	 133.53	 6.91e-31***	
%	MZ	 33.34%	 35.13%	 31.71%	 30.52%	 26.19	 3.09e-07***	

%	White	 91.70%	 92.98%	 93.59%	 94.88%	 15.59	 7.88e-05***	
Mean	SES	composite	(SE)	 0.00	(1.00)	 0.17	(0.99)	 0.16	(0.94)	 0.19	(0.93)	 1.12	 0.26	
Mean	Life	Satisfaction	(SE)		 --	 5.69	(1.07)	 5.67	(1.09)			 5.69	(1.09)	 0.32	 0.75	

Mean	Depression	(SE)	 --	 3.62	(4.45)	 3.87	(4.69)	 3.79	(4.62)	 1.56	 0.12	

Note.	Table	showing	representativeness	of	sample	of	TEDS	participants	who	took	part	in	the	current	study.	***	p<0.001	

%	female	relates	to	the	sex	of	the	 individuals.	MZ	=	monozygotic	twins.	%	White	=	ethnicity	of	 individual	reported	at	first	contact.	Socioeconomic	status	
(SES)	 composite	 is	 composed	 of	 5	 derived	 variables	 relating	 to	 parent	 qualifications	 and	 employment,	 and	 mother's	 age	 at	 birth	 of	 first	 child,	 and	 is	
standardised	at	first	contact.	Life	satisfaction	 is	a	composite	score	(ranging	from	1	to	7)	 from	the	Brief	Multidimensional	Students’	Life	Satisfaction	Scale	

(BMSLSS),	measured	at	age	16.	Depression	is	a	composite	score	(ranging	from	0	to	26)	from	the	Moods	and	Feelings	Questionnaire,	measured	at	age	16.	
Original	TEDS	sample	refers	to	the	 information	of	all	 the	 individuals	who	were	first	contacted	to	take	part	 in	the	study	between	1994	and	1996.	16	year	
TEDS	sample	refers	to	all	 individuals	who	completed	the	main	TEDS	data	collection	between	2010	to	2012,	when	participants	were	roughly	16	years	old.	

During	this	data	collection,	participants	completed	comprehensive	mental	health	questionnaires,	including	life	satisfaction	and	depression.	Social	Networks	
Questionnaire	Invitation	sample	refers	to	all	the	individuals	who	were	invited	to	take	part	in	the	current	study,	and	these	invited	individuals	were	selected	
based	on	previous	indication	that	they	(or	their	co-twin)	used	online	social	media	(e.g.	Twitter	or	Facebook).	Social	Networks	Response	sample	refers	to	all	

individuals	who	completed	and	returned	the	postal	questionnaire	used	in	this	current	study.	32	families	completed	and	returned	this	postal	questionnaire	

but	did	not	complete	the	data	collection	in	the	full	2010-2012	study.	Of	the	participants	who	took	part	 in	the	main	2010-2012	data	collection,	χ2	tests/t-

tests	were	used	to	statistically	compare	proportions/means	between	participants	who	went	on	to	complete	the	current	study	and	participants	who	did	not	
go	on	to	take	part	in	the	current	study.		
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5.4.2 Measures	

	

Details	of	all	measures	used	in	the	analysis	are	shown	in	Table	5.3,	including	

information	 on	 the	 number	 of	 items	 in	 each	 scale,	 item	 scoring,	 and	 an	

example	 item.	 In	 total,	 I	 used	 nine	measures	 of	 wellbeing,	 one	measure	 of	

depression	 and	 two	 measures	 of	 social	 support.	 The	 measure	 of	 support	

quality	 is	 the	 Multidimensional	 Scale	 of	 Perceived	 Social	 Support	 (Zimet,	

Dahlem,	Zimet,	&	Farley,	1988).	This	scale	 is	 formed	 from	a	combination	of	

three	 subscales,	 perceived	 support	 from	 family,	 from	 friends	 and	 from	 a	

significant	 other,	 and	 I	 conducted	 supplementary	 analysis	 on	 these	 three	

subscales	in	addition	to	the	main	analysis	using	the	total	combined	scale.	The	

measure	 of	 support	 quantity	 is	 the	 Lubben	 Social	Network	 Scale	 –	Revised	

(Lubben	&	Gironda,	2004).	The	original	measure	includes	two	subscales,	one	

for	 family	and	one	for	 friendships.	 I	 included	just	the	friendship	subscale	of	

this	measure	because	for	young	people	who	are	still	living	with	their	families	

there	 is	 limited	 variation	 in	 the	 frequency	 that	 they	 see	 their	 relatives	 (i.e.	

most	 participants	 would	 see	 a	 family	 relative	 everyday).	 Therefore,	 I	 was	

unable	 to	 conduct	 any	 subscale	 analysis	 using	 this	 measure.	 All	 measures	

demonstrated	good	internal	consistency	in	the	sample	(Table	5.3).	
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Table	5.3	Description	of	measures	

Construct	 Measure	Name	 Number	

of	items	

Sample	item	 Item	scoring	 Higher	score	

represents	

Internal	

consistency,

α		

Social	Support	
Support	

quantity	

Lubben	Social	Network	

Scale	–	Revised	(friendships	

section)(Lubben	&	Gironda,	

2004)
	

6	 “How	many	friends	do	you	see	or	

hear	from	at	least	once	a	month?”	

6	point	scale	from	

“none”	to	“nine	or	

more”,	or	from	“less	

than	monthly”	to	

“daily”,	or	from	“never”	

to	“always”	

Greater	

quantity	of	

support	

0.82	

Support	

quality	

Multidimensional	Scale	of	

Perceived	Social	

Support(Zimet	et	al.,	1988)
	

12	 Family	subscale	(4	items):	“My	

family	really	tries	to	help”	

Friend	subscale	(4	items):	“I	can	

count	on	my	friends	when	things	go	

wrong”	

Significant	other	subscale	(4	items):	

“There	is	a	special	person	who	is	

around	when	I	am	in	need”	

7	point	scale	from	“very	

strongly	disagree”	to	

“very	strongly	agree”	

Greater	quality	

of	support	

0.93	

Wellbeing	
Positive	

affect	

Positive	and	Negative	

Affect	Scale	(PANAS)	

positive	affect	

subscale(Watson,	Clark,	&	

Tellegen,	1988)
	

10	 “Indicate	to	what	extent	you	have	

felt	this	way	during	the	past	few	

weeks:	Interested”	

5	point	scale	from	“very	

slightly	or	not	at	all”	to	

“extremely”	

Greater	positive	

emotion	

0.88	
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Negative	

affect	

Positive	and	Negative	

Affect	Scale	(PANAS)	

negative	affect	

subscale(Watson	et	al.,	

1988)
	

10	 “Indicate	to	what	extent	you	have	

felt	this	way	during	the	past	few	

weeks:	Distressed”	

5	point	scale	from	“very	

slightly	or	not	at	all”	to	

“extremely”	

Less	negative	

emotion	

0.86	

Subjective	

happiness		

Subjective	Happiness	

Scale(Sonja	Lyubomirsky	&	

Lepper,	1999)
	

4	 “Some	people	are	generally	very	

happy	and	enjoy	life	regardless	of	

what	is	going	on.	To	what	extent	

does	this	describe	you?”	

7	point	scale	from	“not	

at	all”	to	“a	great	deal”	

Greater	

happiness	

0.81	

Life	

satisfaction	

Brief	Multidimensional	

Students’	Life	Satisfaction	

Scale(Seligson,	Huebner,	&	

Valois,	2003)
	

6	 “How	happy	are	you	with	your	

friendships?”	

7	point	scale	from	"very	

dissatisfied"	to	"very	

satisfied"	

Greater	life	

satisfaction	

0.84	

Gratitude	 Gratitude	

Questionnaire(McCullough	

et	al.,	2002)	

6	 “I	have	so	much	in	life	to	be	

thankful	for.”	

7	point	scale	from	

“strongly	disagree”	to	

“strongly	agree”	

Higher	level	of	

gratitude	

0.83	

Meaning	in	

life	

Meaningful	life	

scale(Morgan	&	Farsides,	

2007)	

5	 “My	life	interests	and	excites	me.”	 7	point	scale	from	

“strongly	disagree”	to	

“strongly	agree”	

Higher	level	of	

meaning	in	life	

0.86	

Autonomy	 Basic	Psychological	Needs	

Scale	autonomy	

subscale(Gagné,	2003;	

Ryan	&	Deci,	2000)	

7	 “I	feel	like	I	am	free	to	decide	for	

myself	how	to	live	my	life”	

	

7	point	scale	ranging	

from	“not	at	all	true”	to	

“very	true”	

Higher	level	of	

autonomy	

0.71	

	

Competence	 Basic	Psychological	Needs	

Scale	competence	

6	 “Often	I	do	not	feel	very	

competent”	

7	point	scale	ranging	

from	“not	at	all	true”	to	

Higher	level	of	

competence	

0.77	
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subscale(Gagné,	2003;	

Ryan	&	Deci,	2000)	

	 “very	true”	

Relatedness	 Basic	Psychological	Needs	

Scale	relatedness	

subscale(Gagné,	2003;	

Ryan	&	Deci,	2000)	

8	 “I	really	like	the	people	I	interact	

with”	

7	point	scale	ranging	

from	“not	at	all	true”	to	

“very	true”	

Higher	level	of	

relatedness	

0.84	

Depression	 	 	 	 	 	 	

Depression	 Centre	for	Epidemiologic	

Studies	Depression	

Scale(Radloff,	1977)	

20	 “I	was	bothered	by	things	that	

usually	don’t	bother	me”	

4	point	scale	from	

“rarely	or	none	of	the	

time”	to	“most	or	all	of	

the	time”	

Lower	level	of	

depressive	

symptomology	

0.88	
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5.4.3 Data	Preparation	

	

For	all	measures,	composites	were	created	by	 taking	 the	mean	of	 the	 items	

(requiring	50%	of	the	 items	to	be	non-missing).	This	 is	standard	procedure	

for	 all	 composite	 formation	 in	 TEDS.	 Raw	 scores	 were	 used	 for	 the	

descriptive	analysis	and	scores	were	subsequently	standardised	for	the	twin	

analyses.	 In	 addition,	 as	 is	 standard	 in	 twin	 analysis,	 all	 measures	 were	

corrected	for	the	mean	effects	of	age	and	sex	(McGue	&	Bouchard	Jr,	1984).	

As	 expected,	 several	 measures	 were	 skewed	 (towards	 better	 wellbeing,	

fewer	 symptoms	 of	 depression,	 and	 good	 social	 support)	 (Appendix	 5.1).	

Because	OpenMx’s	 full-information	maximum	 likelihood	 procedure	 is	 fairly	

robust	to	non-normality,	I	decided	to	conduct	the	analyses	on	untransformed	

scales.	 However,	 for	 those	 measures	 with	 a	 skew	 over	 1,	 I	 repeated	 the	

analyses	 on	 a	 reflected	 then	 log-transformed	 version	 of	 those	 scales	 with	

negative	 skew	 and	 directly	 log-transformed	 version	 of	 those	 scales	 with	

positive	skew.	Results	using	transformed	scales	(presented	in	Appendix	5.2)	

showed	 a	 very	 similar	 pattern	 of	 findings,	 with	 confidence	 intervals	 that	

overlapped	with	the	untransformed	analyses.		

	

5.4.4 Twin	Analyses	

	

A	small	proportion	of	the	human	genome	varies	from	individual	to	individual.	

Heritability	is	the	proportion	of	phenotypic	variance	in	a	trait	in	a	population	

(VP)	that	can	be	explained	by	genetic	differences	between	individuals	in	that	

population	 (Plomin	 et	 al.,	 2013).	 Heritability	 can	 be	 split	 into	 two	 types	 –	

broad	 sense	 heritability	 (H2),	 which	 refers	 to	 the	 influence	 of	 all	 genetic	

effects,	 and	 narrow	 sense	 heritability	 (h2),	 which	 refers	 only	 to	 the	
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proportion	of	phenotypic	variance	that	is	due	to	additive	genetic	effects	(A).	

Additive	genetic	effects	refer	to	the	genetic	variants	that	influence	a	trait	in	a	

summative	 way.	 Non-additive	 genetic	 effects	 refer	 to	 genetic	 variants	 that	

influence	a	trait	in	non-summative	ways,	for	example	through	dominance	(D)	

where	genetic	variants	 that	 lie	on	 the	same	 locus	 (one	section	of	DNA	on	a	

chromosome)	 interact	with	one	another	or	epistasis	where	genetic	variants	

in	different	loci	interact	with	one	another.		

	

In	addition	to	genetic	similarities,	shared	environments	between	individuals	

can	also	contribute	to	trait	similarity	if	environmental	factors	are	important	

for	 that	 trait.	 Within	 behavioural	 genetics,	 environments	 that	 are	 shared	

between	family	members	and	contribute	to	making	family	members	similar	

to	one	another	are	called	shared	environmental	influences	(C).	Environments	

that	are	not	shared	between	family	members	and	make	them	different	from	

one	 another	 are	 called	 non-shared	 environmental	 influences	 (E).	 E	 also	

captures	measurement	error.	The	total	phenotypic	variance	of	a	trait	is	a	sum	

of	A,	D,	C	and	E.	

	

In	order	to	obtain	these	estimates,	behavioural	geneticists	have	traditionally	

used	adoption	and	 family	studies	where	degrees	of	genetic	 relatedness	and	

shared	environments	are	known.	When	individuals	who	are	more	genetically	

related	are	more	phenotypically	similar	for	a	particular	trait	of	interest	than	

individuals	who	 are	 less	 genetically	 related,	 then	 this	 is	 evidence	 that	 this	

trait	at	least	partly	has	a	genetic	component.	

	

Twin	 studies	 are	 the	 most	 commonly	 used	 family	 study	 in	 behavioural	

genetic	research.	Twins	can	be	monozygotic	(MZ)	or	dizygotic	(DZ).	MZ	twins	

are	identical,	sharing	their	entire	DNA	sequence.	DZ	twins	are	non-identical,	
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sharing	half	of	their	additive	genetic	components	and	a	quarter	of	their	non-

additive	genetic	variance	components.		We	assume	that	both	reared	together	

MZ	 and	 DZ	 twins	 share	 100%	 of	 their	 shared	 environment	 (C).	 Using	 this	

information	 of	 genetic	 and	 environmental	 similarity,	 we	 can	 predict	

concordances	of	a	 trait	between	MZ	and	DZ	twin	pairs	and	compare	 this	 to	

actual	 observed	 concordances	 to	 enable	 us	 to	 decompose	 the	 phenotypic	

variance	 of	 a	 trait	 (Shrout	&	 Fleiss,	 1979).	When	MZ	 twin	 correlations	 are	

greater	 than	 DZ	 twin	 correlations,	 we	 can	 expect	 genetic	 factors	 to	 be	

important	for	the	trait.	In	the	classic	twin	model,	only	one	of	D	and	C	can	be	

estimated	at	any	one	time.	Considering	the	genetic	relatedness	between	the	

twins,	ACE	models	are	used	when	DZ	correlations	are	more	than	half	of	the	

MZ	 correlation	 since	 C	 is	 suggested.	 ADE	 models	 are	 used	 when	 the	 DZ	

correlation	 is	 less	 than	 half	 of	 the	MZ	 correlation	 (Rijsdijk	&	 Sham,	 2002).	

When	MZ	twins	are	less	than	100%	phenotypically	correlated	this	 indicates	

the	importance	of	E	for	the	trait.	

	

The	proportion	of	phenotypic	variance	(VP)	that	can	be	explained	by	additive	

genetic	 influences	 (A),	 dominant	 genetic	 influences	 (D),	 shared	

environmental	 influences	 (C)	 and	 non-shared	 environmental	 influences	 (E)	

(Plomin	et	al.,	2013)	are	represented	as	h2,	d2,	c2	and	e2	respectively:	

h2=A/	VP	

d2=D/	VP	

c2=C/	VP	

e2=E/	VP		
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In	 the	 calculations	 that	 I	 will	 subsequently	 describe,	 e2	 also	 captures	

measurement	error	ε.	A	diagram	of	the	basic	univariate	twin	model	is	shown	

in	Figure	5.1.	 	
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Figure	5.1	 Illustration	of	 the	basic	 twin	
model	for	one	trait	of	one	twin	(within	a	
twin	pair)	
This	 is	 the	 basic	 twin	 model	 path	 diagram	
for	a	trait	of	one	twin	(within	a	twin	pair).	a,	
d/c	and	e	are	path	coefficients.	The	variance	
of	a	variable	is	the	covariance	of	the	variable	
with	 itself	 so	 the	 expected	 additive	 genetic	
(A),	 non-additive	 genetic	 (D)/shared	
environmental	 (C),	 and	 non-shared	
environmental	 (E)	 influences	 are	 the	
individual	 paths	 from	 the	 variable	 to	 itself	
(following	Wright’s	rules	of	path	tracing).	a2,	
d2/c2	 and	 e2	 are	 the	 indices	 of	 the	 relative	
contribution	of	A,	D/C	and	E	respectively	on	
the	 phenotypic	 variance.	 The	 phenotypic	
variance	is	equal	to	the	sum	of	all	paths.	

	

	 	

Twin	1	Trait 

A 

C/D E 

a 

c/d e 

Additive	genetic	influence,	A: 
	a*1*a	=	a2 
	
Non-additive	genetic	influence,	D: 
d*1*d	=	d2 
	
Shared	environmental	influence,	C: 
c*1*c	=	c2 
	
Non-shared	environmental	influence,	E: 
e*1*e	=	e2 

1 

1 1 



	

	 202	

Using	 knowledge	 about	 genetic	 and	 environmental	 relatedness	 in	 twins,	

Falconer	presented	a	method	to	estimate	heritability	estimates	in	1960,	using	

Falconer’s	 formula	 (Falconer,	 1960).	 We	 know	 that	 the	 proportion	 of	

phenotypic	 variance	 explained	 by	 genetic,	 shared	 and	 non-shared	

environments	must	add	to	1.	MZ	twins	share	their	entire	DNA	sequence	and	

also	 their	 entire	 shared	 environment	 while	 DZ	 twins	 share	 half	 of	 their	

genetic	make-up	and	all	of	 their	shared	environment.	This	knowledge	 leads	

to:	

h2	+	c2	+	e2	=	1	

rMZ	=	h2	+	c2	

rDZ	=	½h2	+	c2	

where	rMZ	is	the	phenotypic	correlation	of	the	trait	of	interest	between	MZ	

twin	 pairs	 and	 rDZ	 is	 the	 phenotypic	 correlation	 between	 DZ	 twin	 pairs.	

Falconer	did	not	consider	other	 types	of	genetic	effects	so	his	equations	do	

not	 include	d2.	We	can	 subsequently	 solve	 these	 simultaneous	equations	 to	

generate	estimates	of	h2,	c2,	e2	as	follows:	

h2	=	2(rMZ-rDZ)	

c2	=	rMZ	-	h2		

e2	=	1	-	h2	-	c2	

e2	can	also	be	solved	as	e2	=	1-	rMZ	since	non-shared	environments	are	the	

only	influences	that	make	MZ	twins	different	from	one	another.	
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Falconer’s	approach	has	since	been	replaced	by	more	advanced	methods	that	

are	based	on	the	same	principles	but	allow	for	more	complex	analyses	such	

as	examining	sex	differences	in	aetiology	and	multivariate	trait	analysis.	The	

standard	way	of	analysing	twin	data	now	is	using	structural	equation	models	

that	 can	 formally	 test	 and	 compare	 the	 fit	 of	 different	 twin	 models	 and	

provide	 estimates	 of	 parameters	 and	measurement	 error	 (Rijsdijk	&	 Sham,	

2002).	They	also	allow	for	other	family	relationships	to	be	included	as	well,	

so	 long	 as	 we	 know	 about	 their	 genetic	 relatedness.	 Structural	 equation	

modelling	 take	 observed	 parameters	 and	 estimate	 the	 best	 fitting	 latent	

parameters	 through	 optimisation.	 Optimisation	 is	 the	 process	 whereby	

parameter	 values	 are	 iteratively	 adjusted	 until	 the	 model	 is	 the	 least	

discrepant	 from	 the	data.	The	maximum	 likelihood	 criterion	 is	 used	 to	 test	

goodness-of-fit.	 Models	 can	 be	 compared	 using	 the	 likelihood	 ratio	

comparison,	which	is	chi-square	distributed	under	the	null.	The	OpenMx	2.0	

package(Boker	 et	 al.,	 2014;	 Neale	 et	 al.,	 2015;	 Pritikin,	 Hunter,	 &	 Boker,	

2015)	 in	 R	 Studio	 (Version	 1.0.136)(R	 Core	 Team,	 2014;	 RStudio	 Team,	

2016)	was	 specially	 developed	 for	 this	 type	of	 analysis.	 Covariance	models	

are	 fitted	 to	 the	 raw	data	 and	 latent	 genetic	 and	environmental	 factors	 are	

estimated	using	full-information	maximum	likelihood.		

	

5.4.4.1 Fitting	the	Univariate	Model		

	

A	diagram	of	the	basic	univariate	twin	model	is	shown	in	Figure	5.2.	Firstly,	

we	 fit	 “full	 univariate	 models”	 which	 contain	 all	 the	 possible	 sources	 of	

variation	 that	 can	 be	 estimated	 in	 the	 classic	 twin	model.	 Following	 this,	 a	

systematic	 series	 of	 reduced	 nested	 models	 are	 fitted	 which	 test	 the	

significance	of	 the	A,	 and	C/D	parameters.	A	model	 just	 containing	E	 is	 the	

null	model	 (i.e.	 it	 is	 not	possible	 to	 test	 the	 significance	of	E).	 The	 reduced	

models	 used	 are	 the	 AE	model	 (dropping	 the	 C/D	 component),	 the	 CE/DE	
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model	 (dropping	 the	A	 component)	and	 the	E	model	 (dropping	both	A	and	

C/D	 components).	 To	 find	 the	 best	 fitting	 model,	 we	 adopt	 the	 rule	 of	

parsimony	and	aim	to	select	the	simplest	model	possible.	We	first	look	at	the	

likelihood	 ratio	 comparison	 chi-square	 statistic,	 for	 the	 full	 univariate	

ACE/ADE	models	and	their	nested	submodels	–	significance	of	this	difference	

indicates	whether	dropping	 the	parameter	 from	the	 full	model	 significantly	

worsens	the	model	fit.	When	two	or	more	submodels	(e.g.	DE	and	AE	models)	

show	that	they	both	do	not	significantly	worsen	the	fit	of	the	model,	we	next	

look	at	 the	Akaike's	 information	criterion	(AIC;	Akaike,	1987)	and	Bayesian	

Information	 Criterion	 (BIC)	 (BIC;	 Schwarz,	 1978)	 values.	 Both	AIC	 and	BIC	

values	are	based	on	log	likelihood	values	as	well	as	a	penalty	term,	which	is	

larger	 (and	 thus	 penalises)	 the	 more	 complex	 the	 model	 is.	 BIC	 applies	

heavier	penalties	on	model	 complexity.	The	model	with	 the	 lowest	AIC	and	

BIC	values	represents	the	best	fitting	model	(Lin,	Huang,	&	Weng,	2017).	

	
Figure	5.2	A	path	diagram	of	the	basic	univariate	twin	model	
Note.	This	figure	shows	the	genetic	and	environmental	relationships	within	twins	for	one	trait	and	
forms	the	basis	of	all	twin	analyses.	The	total	observed	phenotypic	variance	of	a	trait,	shown	by	
the	 rectangular	 boxes,	 is	 the	 sum	 of	 additive	 genetic	 (A),	 shared	 environmental	 (C),	 and	 non-
shared	environmental	(E)	influences,	shown	as	latent	factors	in	the	circles.	The	path	coefficients	of	
these	latent	variables	are	represented	by	a,	c	and	e	respectively.		
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Sex	 differences	 in	 aetiology	 can	 be	 explored	 by	 looking	 at	 twin	 intra-class	

correlations	 for	 the	 different	 zygosity	 groups	 –	 MZ	 males,	 DZ	 males,	 MZ	

females,	DZ	females	and	DZ	opposite	sex	pairs.	The	small	sample	sizes	within	

each	 zygosity	 group	 in	 this	 current	 study	 meant	 that	 the	 data	 was	

underpowered	to	explore	these	sex	differences.	

	

5.4.4.2 	Fitting	the	Bivariate	Model		

	

A	bivariate	Cholesky	decomposition	allows	us	 to	decompose	the	covariance	

between	 two	 traits,	 indicating	 the	 degree	 of	 genetic	 and	 environmental	

overlap	 between	 the	 measures.	 By	 way	 of	 example,	 we	 can	 look	 at	 the	

bivariate	model	of	life	satisfaction	and	support	quality	(Figure	5.3).	
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Figure	5.3	Illustration	of	the	Cholesky	Decomposition	
Note.	A	bivariate	Cholesky	decomposition	allows	us	 to	decompose	 the	 covariance	between	 two	
traits,	indicating	the	degree	of	genetic	and	environmental	overlap	between	our	measures.		

	

A	 first	 genetic	 factor	 represents	 genetic	 influences	 on	 life	 satisfaction.	 The	

extent	to	which	these	same	genetic	effects	from	this	first	genetic	factor	also	

influence	 support	 quality	 can	 then	 be	 estimated.	 A	 second	 genetic	 factor	

represents	the	genetic	influence	on	support	quality,	which	is	independent	of	

those	 shared	 with	 life	 satisfaction.	 The	 same	 decomposition	 is	 done	 for	

shared	 and	 non-shared	 environmental	 influences.	We	 can	 then	 convert	 the	

results	into	the	mathematically	equivalent	correlated	factors	solution	(Figure	

5.4)	which	does	not	impose	an	order	on	the	included	variables	and	allows	us	

to	 estimate	 genetic	 and	 environmental	 correlations	 between	 our	measures	

(Neale,	Boker,	Xie,	&	Maes,	2006).	
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Figure	5.4	Illustration	of	the	Correlated	Factors	Solution	
Note.	rA	is	the	genetic	correlation	between	trait	1	(life	satisfaction)	and	trait	2	(support	
quality),	 rC	 is	 the	 shared	 environmental	 correlation	 and	 rE	 is	 the	 non-shared	
environmental	correlation	
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Using	estimates	of	genetic	and	environment	 correlations	obtained	 from	 the	

correlated	 factors	 solution	 as	 well	 as	 genetic	 and	 environment	 influences	

exerted	on	each	trait	individually,	we	can	also	calculate	the	proportion	of	the	

phenotypic	correlation	between	the	measures	of	mental	health	and	support	

that	is	accounted	for	by	overlapping	genetic	or	environmental	influences.	The	

proportion	of	the	phenotypic	correlation	that	is	accounted	for	by	overlapping	

genetic	influences	is	calculated	as	such:	

(√h1
2	*	rA	*	√h2

2)/rPh	

where	h1	is	the	heritability	of	the	first	trait	of	interest,	h2	is	the	heritability	of	

the	 second	 trait	 of	 interest	 and	 rPh	 is	 the	 phenotypic	 correlation	 between	

trait	 1	 and	 trait	 2.	 The	 proportion	 of	 the	 phenotypic	 correlation	 that	 is	

accounted	for	by	overlapping	shared	environment	influences	is	calculated	as	

such:	

(√c12	*	rC	*	√c22)/rPh	

where	c1	is	the	proportion	of	the	phenotypic	variance	in	trait	1	explained	by	

shared	environmental	 influences	and	c2	is	 the	proportion	of	 the	phenotypic	

variance	 in	 trait	 2	 explained	 by	 shared	 environmental	 influences.	 The	

proportion	of	the	phenotypic	correlation	that	is	accounted	for	by	overlapping	

non-shared	environment	influences	is	calculated	as	such:	

(√e12	*	rE*	√e22)/rPh	

where	e1	is	the	proportion	of	the	phenotypic	variance	in	trait	1	explained	by	

non-shared	 environmental	 influences	 and	 e2	 is	 the	 proportion	 of	 the	

phenotypic	variance	in	trait	2	explained	by	shared	environmental	influences.	
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5.5 Results		

	

5.5.1 Zygosity	and	Sex	Differences	

	

Mean	 difference	 between	 identical	 (monozygotic,	 MZ)	 and	 non-identical	

(dizygotic,	 DZ)	 twins	 was	 significant	 on	 the	 significant	 other	 subscale	 of	

support	quality,	 though	 this	effect	was	very	 small	 explaining	only	0.36%	of	

the	 variance.	 (Table	 5.1)	 When	 fitting	 the	 structural	 equation	 models,	

constraining	 the	 fully	 saturated	models	 across	 twin	 order	 and	 zygosity	 did	

not	significantly	worsen	the	fit	of	the	models	(Appendix	5.3)	showing	that	the	

twin	 modelling	 assumptions	 of	 equal	 environments	 hold.	 This	 assumption	

states	that	MZ	twins	are	treated	no	differently	than	DZ	twins.	

Table	5.4	shows	descriptive	statistics	of	the	mental	health	and	social	support	

measures.	 Table	 5.5	 shows	 descriptive	 statistics	 of	 individual	 traits	 across	

zygosity	 groups	 split	 by	 sex.	 Table	 5.6	 shows	 the	 patterns	 of	 twin	

correlations	between	MZ	and	DZ	same	sex	and	opposite	sex	twin	pairs.	From	

the	twin	correlations	between	MZ	males	and	DZ	males	compared	to	between	

MZ	 females	 and	 DZ	 females,	 I	 find	 evidence	 of	 potential	 quantitative	 sex	

differences,	 where	 the	 same	 genetic	 and	 environmental	 factors	 influence	

both	 males	 and	 females	 but	 to	 varying	 extents.	 DZ	 opposite	 sex	 twin	

correlations	were	generally	lower	than	DZ	same	sex	twin	correlations	which	

suggests	qualitative	sex	differences	as	well,	where	there	are	different	genetic	

and	 environmental	 influences	 on	 a	 trait	 for	 females	 and	 males.	 The	 small	

sample	 sizes	 within	 each	 zygosity	 group	 meant	 that	 the	 data	 was	

underpowered	 to	 run	a	 sex-limitation	model.	 I	 have	 conducted	analyses	on	

the	sample	with	males	and	 females	combined	 to	maximise	power,	however	

these	 sex	 differences	 should	 be	 followed	 up	 with	 a	 larger	 sample.	 The	
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measures	were	 corrected	 for	 the	mean	 effect	 of	 sex	 before	 conducting	 the	

twin	model	fitting	analyses.		
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Table	5.4	Descriptive	statistics	of	outcome	and	predictor	variables	

	
n	 mean	 sd	 min	 max	 skew	 kurtosis	 se	

Positive	Affect	 1143	 33.74	 7.61	 10	 50	 -0.48	 0.15	 0.23	

Negative	Affect	 1143	 18.87	 6.74	 10	 48	 1.20	 1.58	 0.20	

Subjective	Happiness	 1141	 5.16	 1.02	 1.25	 7	 -0.73	 0.49	 0.03	

Life	Satisfaction	 1142	 5.67	 1.01	 1.17	 7	 -1.23	 1.57	 0.03	

Gratitude	 1143	 5.81	 0.90	 1.17	 7	 -1.11	 1.92	 0.03	

Meaning	in	Life	 1142	 5.12	 1.18	 1	 7	 -0.95	 1.18	 0.03	

Autonomy	 1141	 5.04	 0.85	 1.29	 7	 -0.45	 0.27	 0.03	

Competence	 1143	 4.98	 1.01	 1.33	 7	 -0.43	 0.06	 0.03	

Relatedness	 1141	 5.76	 0.84	 1.75	 7	 -0.83	 0.80	 0.02	

Depression	 1142	 9.76	 5.56	 3.16	 39	 2.09	 5.37	 0.16	

Support	Quantity	 1143	 15.23	 4.53	 0	 24	 -0.57	 0.09	 0.13	

Support	Quality	(total)	 1144	 5.64	 1.00	 1.08	 7	 -1.01	 1.17	 0.03	

Support	Quality	(significant	other)	 1144	 5.65	 1.29	 1	 7	 -1.15	 1.06	 0.04	

Support	Quality	(family)	 1144	 5.69	 1.14	 1	 7	 -1.11	 1.25	 0.03	

Support	Quality	(friends)	 1144	 5.58	 1.17	 1	 7	 -0.97	 0.77	 0.03	
	 	



	

	 212	

Table	5.5	Means	and	Standard	Deviations	(SD)	of	individual	traits	across	zygosity	groups	split	by	sex	

Measure	 MZ	males	 DZ	males	 MZ	females	 DZ	females	 DZ	opposite	
sex	

ANOVA	p	
value	

ANOVA	
effect	size	

Positive	affect	 35.39	(7.10)	 34.66	(8.04)	 33.14	(7.33)	 33.38	(7.30)	 33.70	(7.95)	 8.28E-02	 2.63E-03	
		 N=	100	 N=	119	 N=	257	 N=	280	 N=	387	 	 	
Negative	affect	 17.19	(6.03)	 16.75	(5.80)	 19.38	(6.54)	 19.58	(6.65)	 19.12	(7.19)	 8.23E-04***	 9.76E-03	
		 N=	100	 N=	119	 N=	257	 N=	280	 N=	387	 	 	
Subjective	happiness	 5.33	(0.81)	 5.29	(1.03)	 5.18	(0.98)	 5.13	(1.03)	 5.09	(1.07)	 8.54E-03**	 6.06E-03	
		 N=	99	 N=	119	 N=	257	 N=	280	 N=	386	 	 	
Life	satisfaction	 5.93	(0.82)	 5.83	(0.92)	 5.65	(1.01)	 5.58	(1.04)	 5.64	(1.04)	 4.56E-03**	 7.04E-03	
		 N=	100	 N=	119	 N=	257	 N=	280	 N=	386	 	 	
Gratitude	 5.79	(0.80)	 5.85	(0.83)	 5.88	(0.93)	 5.87	(0.86)	 5.71	(0.95)	 0.13	 2.02E-03	
		 N=	100	 N=	119	 N=	257	 N=	280	 N=	387	 	 	
Meaning	in	life	 5.32	(1.09)	 5.28	(1.14)	 5.09	(1.19)	 5.15	(1.10)	 5.01	(1.25)	 8.75E-03**	 6.01E-03	
		 N=	100	 N=	119	 N=	256	 N=	280	 N=	387	 	 	
Autonomy	 5.12	(0.79)	 5.11	(0.77)	 5.06	(0.88)	 5.07	(0.86)	 4.98	(0.86)	 6.58E-02	 2.97E-03	
		 N=	100	 N=	118	 N=	257	 N=	279	 N=	387	 	 	
Competence	 5.19	(0.95)	 5.04	(0.97)	 4.93	(1.02)	 4.99	(1.05)	 4.93	(1.01)	 5.73E-02	 3.16E-03	
		 N=	100	 N=	118	 N=	257	 N=	281	 N=	387	 	 	
Relatedness	 5.71	(0.82)	 5.79	(0.79)	 5.82	(0.83)	 5.81	(0.80)	 5.69	(0.89)	 0.34	 7.97E-04	
		 N=	100	 N=	118	 N=	257	 N=	279	 N=	387	 	 	
Depression	 8.66	(4.21)	 8.43	(4.19)	 10.19	(6.09)	 9.94	(5.70)	 10.03	(5.69)	 7.68E-03**	 6.22E-03	
		 N=	100	 N=	119	 N=	256	 N=	280	 N=	387	 	 	
Support	Quantity	 14.93	(4.33)	 15.35	(4.63)	 14.86	(4.70)	 15.52	(4.46)	 15.29	(4.49)	 0.36	 7.29E-04	
		 N=	100	 N=	119	 N=	257	 N=	281	 N=	386	 		 		
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Support	Quality	(total)	 5.63	(0.86)	 5.53	(1.03)	 5.74	(1.00)	 5.66	(1.00)	 5.61	(1.02)	 0.90	 1.34E-05	
N=	100	 N=	119	 N=	257	 N=	281	 N=	387	 	 	

Support	Quality	
(significant	other)	

5.41	(1.16)	 5.41	(1.32)	 5.90	(1.22)	 5.73	(1.27)	 5.56	(1.34)	 0.60	 2.37E-04	
N=	100	 N=	119	 N=	257	 N=	281	 N=	387	 	 	

Support	Quality	
(family)	

5.91	(0.92)	 5.68	(1.14)	 5.67	(1.26)	 5.65	(1.17)	 5.69	(1.09)	 0.28	 1.02E-03	
N=	100	 N=	119	 N=	257	 N=	281	 N=	387	 	 	

Support	Quality	
(friends)	

5.56	(0.98)	 5.48	(1.16)	 5.65	(1.20)	 5.58	(1.21)	 5.57	(1.18)	 0.84	 3.61E-05	
N=	100	 N=	119	 N=	257	 N=	281	 N=	387	 	 	

*p<0.05,	**p<0.01,	***p<0.001.	MZ=	monozygotic	twins;	DZ	=	dizygotic	twins		
Note.	Table	showing	means	and	standard	deviations	of	the	measures,	unstandardized.	Estimates	were	obtained	from	a	subset	consisting	of	one	randomly	
selected	 twin	 from	each	 twin	pair,	 and	were	calculated	 for	each	measure	within	each	 zygosity	pair	 split	by	 sex.	Differences	 in	measure	 scores	between	
zygosity	groups	were	investigated	using	ANOVA	with	eta-squared	(proportion	of	variance	attributed	to	an	effect)	used	to	look	at	the	size	of	the	effect	of	
zygosity/sex	on	the	measures.		
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Table	5.6	Twin	Correlations	across	zygosity	groups	split	by	sex	

		 MZ	all	 DZ	all	 MZ	males	 DZ	males	 MZ	females	 DZ	females	 DZ	same	sex	 DZ	opposite	sex	
Positive	affect	 0.49		

(0.41,	0.57)	
0.19		
(0.12,	0.26)	

0.54		
(0.39,	0.67)	

0.30		
(0.13,	0.45)	

0.47		
(0.37,	0.56)	

0.32		
(0.21,	0.42)	

0.31		
(0.22,	0.40)	

0.08		
(-0.02,	0.18)	

Negative	affect	 0.38		
(0.29,	0.47)	

0.15		
(0.08,	0.21)	

0.38	
(0.20,	0.54)	

-0.00		
(-0.18,	0.18)	

0.39		
(0.28,	0.48)	

0.21		
(0.10,	0.32)	

0.17		
(0.07,	0.26)	

0.12		
(0.02,	0.22)	

Subjective	
happiness	

0.47		
(0.39,	0.55)	

0.16		
(0.10,	0.23)	

0.46		
(0.29,	0.60)	

0.04		
(-0.14,	0.22)	

0.48		
(0.37,	0.56)	

0.30		
(0.18,	0.40)	

0.23		
(0.14,	0.32)	

0.10		
(-0.00,	0.20)	

Life	satisfaction	 0.57		
(0.5,	0.64)	

0.34		
(0.28,	0.40)	

0.42		
(0.25,	0.57)	

0.32		
(0.15,	0.47)	

0.60		
(0.52,	0.68)	

0.46		
(0.37,	0.55)	

0.43		
(0.35,	0.51)	

0.25		
(0.15,	0.34)	

Gratitude	 0.58		
(0.51,	0.65)	

0.22		
(0.15,	0.29)	

0.46		
(0.29,	0.60)	

0.25		
(0.07,	0.41)	

0.61		
(0.53,	0.68)	

0.33		
(0.22,	0.43)	

0.31	
	(0.21,	0.39)	

0.13		
(0.03,	0.23)	

Meaning	in	life	 0.53		
(0.45,	0.60)	

0.23		
(0.16,	0.29)	

0.68		
(0.56,	0.77)	

0.31		
(0.14,	0.46)	

0.48		
(0.38,	0.57)	

0.33		
(0.22,	0.43)	

0.33		
(0.24,	0.41)	

0.14		
(0.04,	0.23)	

Autonomy	 0.52		
(0.44,	0.60)	

0.23		
(0.16,	0.29)	

0.48		
(0.31,	0.62)	

0.17		
(-0.01,	0.34)	

0.53		
(0.44,	0.62)	

0.34	
(0.24,	0.44)	

0.30		
(0.21,	0.39)	

0.15		
(0.05,	0.25)	

Competence	 0.51	
(0.42,	0.58)	

0.23	
(0.16,	0.30)	

0.53	
(0.37,	0.66)	

0.24		
(0.06,	0.40)	

0.49		
(0.39,	0.58)	

0.36		
(0.25,	0.45)	

0.33	
(0.24,	0.41)	

0.12		
(0.02,	0.22)	

Relatedness	 0.57		
(0.50,	0.64)	

0.21		
(0.14,	0.28)	

0.55		
(0.40,	0.68)	

0.26		
(0.09,	0.42)	

0.58		
(0.49,	0.65)	

0.35		
(0.24,	0.45)	

0.32		
(0.23,	0.41)	

0.10		
(-0.00,	0.20)	

Depression	 0.41		
(0.32,	0.50)	

0.20		
(0.13,	0.26)	

0.45		
(0.28,	0.59)	

0.10		
(-0.10,	0.29)	

0.41		
(0.30,	0.50)	

0.33		
(0.22,	0.43)	

0.29	
(0.20,	0.38)	

0.08		
(-0.02,	0.18)	

Support	quantity	 0.49		
(0.41,	0.57)	

0.27		
(0.21,	0.34)	

0.48		
(0.31,	0.62)	

0.29		
(0.11,	0.44)	

0.50		
(0.40,	0.58)	

0.36		
(0.26,	0.46)	

0.34	
(0.25,	0.43)	

0.21		
(0.11,	0.30)	

Support	Quality	 0.55		 0.27		 0.47		 0.33	 0.57		 0.32		 0.32		 0.22		
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(total)	 (0.48,	0.62)	 (0.2,	0.33)	 (0.30,	0.61)	 	(0.16,	0.48)	 (0.48,	0.65)	 (0.21,	0.42)	 (0.23,	0.41)	 (0.12,	0.31)	
Support	Quality	
(significant	other)	

0.44		
(0.35,	0.52)	

0.21		
(0.15,	0.28)	

0.48		
(0.32,	0.62)	

0.26		
(0.08,	0.42)	

0.42		
(0.32,	0.52)	

0.26		
(0.14,	0.36)	

0.25		
(0.16,	0.34)	

0.17		
(0.07,	0.26)	

Support	Quality	
(family)	

0.59		
(0.52,	0.65)	

0.31		
(0.25,	0.37)	

0.41		
(0.23,	0.56)	

0.28		
(0.11,	0.44)	

0.63		
(0.55,	0.70)	

0.36		
(0.25,	0.45)	

0.34		
(0.25,	0.42)	

0.28		
(0.19,	0.37)	

Support	Quality	
(friends)	

0.40		
(0.31,	0.49)	

0.15		
(0.08,	0.22)	

0.34		
(0.15,	0.50)	

0.23		
(0.05,	0.39)	

0.42		
(0.31,	0.51)	

0.24		
(0.12,	0.34)	

0.23		
(0.14,	0.33)	

0.07		
(-0.03,	0.17)	

Note	 Twin	 correlations	 were	 obtained	 through	maximum	 likelihood	 from	 the	 constrained	 saturated	 univariate	model.	We	 used	within	 trait	 cross	 twin	
correlations	from	our	saturated	model,	which	constrained	means	across	sex	and	age.	Twin	pairs:	total	Npairs	=	1,158,	NMZM	pairs	=	101,	NDZM	pairs	=	122,	NMZF	

pairs	=	259,	NDZF	pairs	=	282,	N	DZO	pairs	=	394.	There	seem	to	be	both	quantitative	and	qualitative	sex	differences.	However,	many	of	 the	confidence	 intervals	
overlap	and	we	cannot	make	any	inferences	from	our	point	estimates	due	to	our	small	sample	sizes.	The	small	sample	sizes	within	each	zygosity	group	in	
this	study	means	that	we	are	underpowered	to	run	a	sex-limitation	model.		
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Table	 5.7	 compares	 phenotypic	 correlations	 between	 mental	 health	 and	
support	 measures	 split	 by	 males	 and	 females	 belonging	 to	 same	 sex	 twin	
pairs.	 	With	regards	to	support	quantity,	 its	correlations	with	mental	health	
are	very	similar	across	male	and	female	twin	pairs.	With	regards	to	support	
quality,	 the	 trend	 suggests	 that	 its	 association	with	mental	 health	 is	 higher	
for	females,	however	confidence	intervals	overlap.	
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Table	5.7	Phenotypic	correlations	split	by	sex	

	

	

	

	

	

	
Note.	 Phenotypic	 correlations	 between	 social	 support	 measures	 and	 mental	 health	 measures	 for	 same	 sex	 male	 twins	 and	 same	 sex	 female	 twins.	
Phenotypic	correlations	were	obtained	using	MZ	and	DZ	single	sex	twins	through	full	information	maximum	likelihood	by	running	a	fully	saturated	bivariate	
model	and	then	constraining	the	model	so	that	the	cross-twin	cross-trait	correlations	equate	across	twin	order	and	zygosity.		
	 	

	 Support	Quantity	 Support	Quality	(total)	
		 Males	 Females	 Males	 Females	
Positive	affect	 0.36	(0.27,	0.44)	 0.36	(0.31,	0.42)	 0.39	(0.31,	0.48)	 0.47	(0.42,	0.52)	
Negative	affect	 -0.15	(-0.24,	-0.05)	 -0.19	(-0.25,	-0.13)	 -0.21	(-0.30,	-0.12)	 -0.35	(-0.41,	-0.29)	
Subjective	happiness	 0.38	(0.30,	0.46)	 0.34	(0.28,	0.40)	 0.46	(0.38,	0.54)	 0.57	(0.53,	0.61)	
Life	satisfaction	 0.39	(0.31,	0.47)	 0.45	(0.39,	0.50)	 0.66	(0.60,	0.72)	 0.70	(0.67,	0.73)	
Gratitude	 0.31	(0.22,	0.40)	 0.38	(0.32,	0.44)	 0.52	(0.44,	0.59)	 0.60	(0.56,	0.64)	
Meaning	in	life	 0.32	(0.22,	0.41)	 0.32	(0.26,	0.37)	 0.53	(0.46,	0.60)	 0.54	(0.50,	0.59)	
Autonomy	 0.36	(0.27,	0.45)	 0.36	(0.30,	0.41)	 0.47	(0.38,	0.54)	 0.54	(0.50,	0.59)	
Competence	 0.33	(0.24,	0.42)	 0.34	(0.28,	0.40)	 0.47	(0.39,	0.55)	 0.52	(0.47,	0.56)	
Relatedness	 0.64	(0.57,	0.70)	 0.61	(0.57,	0.65)	 0.64	(0.57,	0.69)	 0.66	(0.63,	0.70)	
Depression	 -0.29	(-0.38,	-0.20)	 -0.32	(-0.37,	-0.26)	 -0.42	(-0.50,	-0.33)	 -0.53	(-0.57,	-0.48)	
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5.5.2 Univariate	Heritability	Estimates	

	

MZ	 intraclass	 correlations	were	 all	 greater	 than	DZ	 correlations	 suggesting	

that	all	the	measures	are	genetically	influenced	(Table	5.8).	I	ran	twin	models	

to	formally	test	the	significance	of	genetic	and	environmental	influences,	and	

to	 provide	 confidence	 intervals.	 The	 sources	 of	 variation	 considered	 are	

additive	 genetic	 influences	 (A),	 non-additive	 genetic	 influences	 (D),	 shared	

environmental	influences	(C)	and	non-shared	environmental	influences	(E).	I	

ran	ACE	models	for	life	satisfaction,	support	quantity	and	the	family	subscale	

of	 support	 quality	 because	 DZ	 correlations	were	more	 than	 half	 of	 the	MZ	

correlations	 for	 these	 measures.	 I	 ran	 ADE	 models	 for	 the	 remaining	

measures	 because,	 for	 these,	DZ	 correlations	were	 less	 than	half	 of	 the	MZ	

correlations.	I	subsequently	ran	a	series	of	reduced	nested	models	to	test	the	

significance	 of	 the	 A,	 C/D	 and	 E	 parameters.	 Estimates	 of	 genetic	 and	

environmental	 influence	on	each	trait	are	shown	in	Table	5.8	(based	on	the	

best	 fitting	 reduced	 AE	 model)	 and	 Appendix	 5.4	 (full	 ACE/ADE	 model).	

Model	 fit	statistics	are	shown	 in	Appendix	5.5	(including	comparison	of	 the	

full	ACE/ADE	model	 to	a	saturated	model	 that	makes	no	constraints	on	 the	

data).	 Based	 on	 these	 fit	 statistics	 comparing	 nested	 models	 with	 the	 full	

model,	 it	 was	 shown	 that	 AE	was	 the	 best	 fitting	model	 for	 all	 constructs,	

apart	 from	 subjective	 happiness	 and	 relatedness.	 For	 these,	 the	 DE	model	

had	 lower	 Akaike's	 Information	 Criterion	 (AIC)	 values	 than	 the	 AE	model,	

however	neither	models	 significantly	worsened	 the	 fit	 compared	 to	 the	 full	

ADE	model,	at	the	significance	level	of	0.01.	Since	both	models	produced	very	

similar	 fit	 statistics,	 and	 since	A	 and	D	 components	 are	highly	 correlated,	 I	

decided	 to	 use	 the	 AE	 model	 for	 all	 constructs	 to	 facilitate	 the	 bivariate	

analysis.		
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Table	5.8	Monozygotic	and	Dizygotic	Twin	Correlations	and	Univariate	Twin	Analysis	Results	(with	95%	confidence	intervals)	

Note.		The	univariate	results	are	from	the	best	fitting	(AE)	model	with	variance	components	due	to	additive	genetic	(a2)	and	non-shared	environmental	(e2)	

effects.		
1While	both	AE	and	DE	model	 fit	 statistics	were	extremely	 similar,	 the	DE	model	had	 lower	AIC	 values	 than	 the	AE	model	 for	 subjective	happiness	and	

relatedness.	Running	the	DE	for	these	two	constructs	produced	the	following	results:	Subjective	happiness	d2	=	0.49	(0.41,	0.56)	and	e2	=	0.51	(0.44,	0.59),	

Relatedness	d2	=	0.58	(0.51,	0.63)	and	e2	=	0.42	(0.37,	0.49).		

	

Monozygotic	twin	pairs		

Npairs=354	

Dizygotic	twin	pairs		

Npairs=779	 a2	 e2	

Positive	Affect	 0.49	(0.41,	0.57)	 0.19	(0.12,	0.26)	 0.47	(0.40,	0.54)	 0.53	(0.46,	0.60)	

Negative	Affect	 0.38	(0.29,	0.47)	 0.15	(0.08,	0.21)	 0.35	(0.27,	0.42)	 0.65	(0.58,	0.73)	

Subjective	Happiness1	 0.47	(0.39,	0.55)	 0.16	(0.10,	0.23)	 0.44	(0.36,	0.51)	 0.56	(0.49,	0.64)	

Life	Satisfaction	 0.57	(0.50,	0.64)	 0.34	(0.28,	0.40)	 0.60	(0.54,	0.65)	 0.40	(0.35,	0.46)	

Gratitude	 0.58	(0.51,	0.65)	 0.22	(0.15,	0.29)	 0.55	(0.49,	0.61)	 0.45	(0.39,	0.51)	

Meaning	in	Life	 0.53	(0.45,	0.60)	 0.23	(0.16,	0.29)	 0.52	(0.45,	0.58)	 0.48	(0.42,	0.55)	

Autonomy	 0.52	(0.44,	0.60)	 0.23	(0.16,	0.29)	 0.51	(0.44,	0.57)	 0.49	(0.43,	0.56)	

Competence	 0.51	(0.42,	0.58)	 0.23	(0.16,	0.30)	 0.50	(0.43,	0.56)	 0.50	(0.44,	0.57)	

Relatedness1	 0.57	(0.50,	0.64)	 0.21	(0.14,	0.28)	 0.54	(0.47,	0.60)	 0.46	(0.40,	0.53)	

Depression	 0.41	(0.32,	0.50)	 0.20	(0.13,	0.26)	 0.40	(0.33,	0.47)	 0.60	(0.53,	0.67)	

Support	quantity	 0.49	(0.41,	0.57)	 0.27	(0.21,	0.34)	 0.49	(0.43,	0.55)	 0.51	(0.45,	0.57)	

Support	quality	(total)	 0.55	(0.48,	0.62)	 0.27	(0.20,	0.33)	 0.55	(0.48,	0.60)	 0.45	(0.40,	0.52)	

Support	quality	(significant	other)	 0.44	(0.35,	0.52)	 0.21	(0.15,	0.28)	 0.43	(0.36,	0.50)	 0.57	(0.50,	0.64)	

Support	quality	(family)	 0.59	(0.52,	0.65)	 0.31	(0.25,	0.37)	 0.59	(0.53,	0.64)	 0.41	(0.36,	0.47)	

Support	quality	(friends)	 0.40	(0.31,	0.49)	 0.15	(0.08,	0.22)	 0.37	(0.29,	0.44)	 0.63	(0.56,	0.71)	
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Based	on	the	best-fitting	AE	model,	the	heritability	of	quality	of	support	was	

55%	 (95%	 CI	 =	 48%,	 60%)	 and	 of	 support	 quantity	was	 49%	 (95	%	 CI	 =	

43%,	55%).	Examining	the	subscales	for	support	quality,	the	family	subscale	

showed	the	highest	heritability	(a2	=	59%,	95%	CI	=	53%,	64%).		Heritability	

estimates	 for	 mental	 health	 measures	 were	 moderate,	 with	 the	 lowest	 for	

negative	 affect	 (a2	 =	 35%,	 95%	 CI	 =	 27%,	 42%)	 and	 the	 highest	 for	 life	

satisfaction	(a2	=	60%,	95%	CI	=	54%,	65%).	Estimates	for	all	of	the	variables	

are	shown	in	Table	5.8.	

	

5.5.3 Phenotypic	Correlations	

	

Phenotypically,	quality	of	support	and	quantity	of	support	had	a	correlation	

of	0.51	(95%	CI	=	0.48,	0.54).	The	friends	subscale	of	support	quality	had	the	

highest	 phenotypic	 correlation	 with	 support	 quantity,	 which	 was	 to	 be	

expected	as	the	support	quantity	questionnaire	only	asked	questions	related	

to	 friends	 (Table	 5.).	 Phenotypic	 correlations	 between	 the	 mental	 health	

measures	ranged	(in	absolute	size)	from	0.15	(95%	CI	=	0.11,	0.20)	between	

positive	 affect	 and	 negative	 affect	 (negative	 correlation)	 to	 0.71	 (95%	CI	 =	

0.69,	0.74)	between	competence	and	meaning	 in	 life	 (Table	5.10).	Given	 the	

variability	 in	phenotypic	correlations	between	 these	measures,	 I	decided	 to	

conduct	bivariate	analyses	between	mental	health	and	support	separately	for	

the	different	mental	health	constructs.	 I	 also	believe	 this	 separation	will	be	

more	informative	for	future	studies	that	are	unlikely	to	have	the	exact	same	

set	of	wellbeing	indicators.	The	phenotypic	correlations	between	the	support	

and	mental	health	scales	were	all	in	the	expected	direction	with	higher	levels	

of	 support	 correlated	 with	 higher	 levels	 of	 wellbeing	 and	 lower	 levels	 of	

depressive	 symptomatology	 (Figure	 5.5	 and	 Table	 5.9;	 absolute	 mean	

correlation	 =	 0.46).	 Phenotypic	 correlations	 between	 total	 support	 quality	

and	 mental	 health	 were	 all	 higher	 (absolute	 mean	 =	 0.54)	 than	 between	
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support	quantity	and	mental	health	(absolute	mean	=	0.38).	All	subscales	of	

support	 quality	 tended	 to	 have	 lower	 correlations	 with	 the	 mental	 health	

measures	than	the	total	combined	score.	Often,	the	higher	correlations	of	the	

total	combined	score	were	driven	by	higher	correlations	between	the	mental	

health	measure	and	the	family	subscale	(such	as	for	subjective	happiness	and	

life	 satisfaction)	 or	 between	 the	 mental	 health	 measure	 and	 the	 friend	

subscale	(such	as	 for	relatedness).	The	significant	other	 subscale	of	support	

quality	tended	to	be	less	important	for	most	of	the	mental	health	measures.	
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Table	5.9	Phenotypic	Correlations	between	Mental	Health	and	Support	Constructs	(95%	Confidence	Intervals	

	 Support	quantity	 Support	quality		

(total)	

Support	 quality	

(significant	other)	

Support	 quality	

(family)	

Support	 quality	

(friends)	

Positive	affect	 0.38	(0.34,	0.41)	 0.44	(0.41,	0.47)	 0.36	(0.32,	0.40)	 0.37	(0.33,	0.41)	 0.36	(0.32,	0.39)	

Negative	affect	 -0.19	(-0.23,	-0.15)	 -0.32	(-0.36,	-0.28)	 -0.19	(-0.24,	-0.15)	 -0.33	(-0.37,	-0.29)	 -0.27	(-0.31,	-0.23)	

Subjective	happiness	 0.37	(0.33,	0.40)	 0.55	(0.52,	0.58)	 0.41	(0.38,	0.45)	 0.49	(0.46,	0.52)	 0.45	(0.41,	0.48)	

Life	satisfaction	 0.43	(0.40,	0.47)	 0.68	(0.66,	0.71)	 0.48	(0.44,	0.51)	 0.63	(0.61,	0.66)	 0.59	(0.56,	0.61)	

Gratitude	 0.37	(0.33,	0.41)	 0.58	(0.55,	0.61)	 0.45	(0.41,	0.48)	 0.57	(0.53,	0.59)	 0.43	(0.39,	0.46)	

Meaning	in	life	 0.34	(0.30,	0.38)	 0.54	(0.51,	0.57)	 0.44	(0.40,	0.47)	 0.48	(0.45,	0.52)	 0.42	(0.38,	0.45)	

Autonomy	 0.37	(0.34,	0.41)	 0.54	(0.51,	0.57)	 0.38	(0.34,	0.42)	 0.50	(0.47,	0.54)	 0.45	(0.42,	0.49)	

Competence	 0.37	(0.33,	0.40)	 0.53	(0.50,	0.56)	 0.40	(0.37,	0.44)	 0.48	(0.45,	0.51)	 0.42	(0.38,	0.45)	

Relatedness	 0.61	(0.58,	0.64)	 0.66	(0.63,	0.68)	 0.48	(0.44,	0.51)	 0.49	(0.46,	0.53)	 0.66	(0.63,	0.68)	

Depression	 -0.33	(-0.36,	-0.29)	 -0.51	(-0.54,	-0.48)	 -0.36	(-0.40,	-0.33)	 -0.48	(-0.52,	-0.45)	 -0.41	(-0.45,	-0.38)	

Support	quantity	 1	 	 	 	 	

Support	quality	(total)	 0.51	(0.48,	0.54)	 1	 	 	 	

Support	quality	(significant	other)	 0.34	(0.31,	0.38)	 0.85	(0.84,	0.86)	 1	 	 	

Support	quality	(family)	 0.27	(0.23,	0.31)	 0.80	(0.78,	0.82)	 0.53	(0.50,	0.56)	 1	 	

Support	quality	(friends)	 0.65	(0.63,	0.68)	 0.81	(0.80,	0.82)	 0.55	(0.52,	0.58)	 0.46	(0.42,	0.49)	 1	

Note.	Phenotypic	correlations	were	obtained	through	full	 information	maximum	likelihood	(FIML)	from	the	constrained	saturated	bivariate	model.	The	bivariate	
saturated	model,	which	 constrained	means	 across	 sex	 and	 age,	 included	within-twin	within-trait,	within-twin	 cross-trait,	 cross-twin	within	 trait	 and	 cross-twin	
cross	trait	covariances.	The	bivariate	saturated	model	was	constrained	across	twin	order	and	zygosity	 to	give	us	phenotypic	correlation	estimates	between	the	
measures	for	the	population	with	confidence	intervals.	The	FIML	method	handles	missing	data.	Total	number	of	observations	(twin	pairings)	used	in	each	analysis	
was	N=1,133.	
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Table	5.10	Phenotypic	Correlations	between	Mental	Health	Constructs	(95%	Confidence	Intervals)	

	 Positive	
Affect	

Negative	
Affect	

Subjective	
Happiness	

Life	
satisfaction	

Gratitude	 Meaning	 in	
Life	

Autonomy	 Competence	 Relatedness	

Negative	Affect	 -0.15		
(-0.20,	-0.11)	

	 	 	 	 	 	 	 	

Subjective	Happiness	 0.50		
(0.46,	0.53)	

-0.48		
(-0.52,	-0.45)	

	 	 	 	 	 	 	

Life	satisfaction	 0.47		
(0.43,	0.50)	

-0.48		
(-0.51,	-0.45)	

0.66		
(0.64,	0.69)	

	 	 	 	 	 	

Gratitude	 0.49		
(0.46,	0.53)	

-0.34		
(-0.38,	-0.31)	

0.54		
(0.51,	0.57)	

0.60		
(0.57,	0.62)	

	 	 	 	 	

Meaning	in	Life	 0.62		
(0.60,	0.65)	

-0.37		
(-0.41,	-0.34)	

0.57		
(0.54,	0.60)	

0.60		
(0.57,	0.62)	

0.61		
(0.58,	0.64)	

	 	 	 	

Autonomy	 0.42		
(0.39,	0.46)	

-0.47		
(-0.51,	-0.44)	

0.54		
(0.51,	0.57)	

0.57		
(0.54,	0.6)	

0.51	
(0.48,	0.54)	

0.56		
(0.53,	0.59)	

	 	 	

Competence	 0.59		
(0.56,	0.61)	

-0.43		
(-0.46,	-0.39)	

0.54		
(0.51,	0.57)	

0.58		
(0.55,	0.61)	

0.54		
(0.51,	0.57)	

0.71		
(0.69,	0.74)	

0.65		
(0.62,	0.67)	

	 	

Relatedness	 0.47		
(0.43,	0.50)	

-0.39		
(-0.43,	-0.35)	

0.56		
(0.53,	0.59)	

0.63		
(0.61,	0.66)	

0.61		
(0.58,	0.63)	

0.57		
(0.54,	0.59)	

0.65		
(0.63,	0.68)	

0.63		
(0.60,	0.65)	

	

Depression	 -0.48		
(-0.51,	-0.45)	

0.62		
(0.59,	0.65)	

-0.61		
(-0.64,	-0.59)	

-0.64		
(-0.66,	-0.61)	

-0.53		
(-0.56,	-0.49)	

-0.59		
(-0.62,	-0.56)	

-0.55		
(-0.58,	-0.52)	

-0.58		
(-0.60,	-0.55)	

-0.55		
(-0.58,	-0.52)	

Note.	See	Table	5.7
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Figure	5.5	Genetic,	non-shared	environmental	and	phenotypic	correlations	with	95%	confidence	intervals	

*For	comparative	purposes,	 correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	measures	are	negatively	correlated	with	both	
support	measures	
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(a)	 Correlations	 between	 support	 quality	 (total	 score)	 and	 mental	 health	 constructs.	 Absolute	 average	 phenotypic	 correlations	 between	 total	 support	
quality	score	and	mental	health	=	0.54.	Absolute	average	genetic	correlation	=	0.75,	absolute	average	non-shared	environmental	correlation	=	0.32.		
(b)	Correlations	between	support	quantity	and	mental	health	constructs.	Absolute	average	phenotypic	correlations	between	support	quantity	score	and	
mental	health	=	0.38.	Absolute	average	genetic	correlation	=	0.54,	absolute	average	non-shared	environmental	correlation	=	0.21	
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5.5.4 Bivariate	Heritability	Estimates	

	

I	fitted	bivariate	AE	models	to	explore	the	relationship	between	the	two	support	

measures	 and	 between	 mental	 health	 and	 support.	 Support	 quantity	 had	 a	

genetic	correlation	with	total	support	quality	of	0.64	(95%	CI	=	0.56,	0.71),	and	

an	environmental	 correlation	of	0.38	 (95%	CI	=	0.30,	0.45).	These	correlations	

were	mainly	driven	by	the	friends	subscale	of	support	quality	(Appendix	5.6).	

	

Figure	5.5	shows	the	genetic	and	environmental	correlations	(see	also	Appendix	

5.6)	 between	 the	 support	 and	 mental	 health	 measures.	 Most	 of	 the	 genetic	

correlations	were	moderate	to	high	(absolute	mean	rA	=	0.67,	absolute	range	=	

0.29	 to	 0.85),	 while	 the	 non-shared	 environmental	 correlations	 tended	 to	 be	

much	lower	(absolute	mean	rE	=	0.25,	absolute	range	=	0.07	to	0.53).	Common	

genetic	 influences	explained	a	 larger	proportion	of	 the	phenotypic	 correlations	

between	all	of	 the	measures	of	mental	health	and	support	(mean	proportion	of	

correlation	 explained	 by	 genetic	 overlap	 =	 72%,	 range	 =	 57%	 to	 85%)	 than	

common	non-shared	environmental	influences	(Figure	5.6	and	Appendix	5.7).	
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Figure	5.6	Bivariate	AE	model	fitting	results	for	support	measures	and	mental	health	constructs	
Proportion	of	the	phenotypic	correlation	between	the	measures	of	mental	health	and	social	support	that	is	accounted	for	by	overlapping	genetic	or	
environmental	influences.	Genetic	influences	explained	a	larger	proportion	of	the	phenotypic	correlations	between	all	of	the	measures	of	mental	health	and	
support.	This	applied	to	both	(a)	support	quality	and	(b)	support	quantity	
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As	 with	 the	 phenotypic	 correlations,	 genetic	 and	 non-shared	 environmental	

correlations	were	all	greater	for	support	quality	with	the	mental	health	outcomes	than	

for	 support	 quantity	 (Figure	 5.5	 and	 Appendix	 5.6).	 Differences	 across	 the	 support	

quality	subscales	could	be	seen	in	the	genetic	and	environmental	correlations	with	the	

mental	 health	 measures	 (Appendix	 5.6),	 which	 reflected	 the	 phenotypic	 results.	 For	

example,	correlations	were	lower	for	the	significant	other	subscale	with	negative	affect	

and	life	satisfaction.	Correlations	were	noticeably	higher	between	the	friends	subscale	

and	 relatedness	 and	 between	 the	 family	 subscale	 and	 gratitude.	 Due	 to	 the	 potential	

overlap	 in	 item	 content	 across	 the	 subscales,	 namely	 due	 to	 items	 in	 the	 significant	

other	subscale	such	as	“There	is	a	special	person	who	is	around	when	I	am	in	need”,	I	

believed	it	was	best	to	focus	the	results	on	the	overall	combined	support	quality	scale.	

	

Bivariate	 results	 were	 comparable	 across	 the	 range	 of	 wellbeing	 measures,	 and	

followed	the	same	trend	as	the	depression	measure.	 Interestingly,	 life	satisfaction	had	

higher	 phenotypic	 correlations	 with	 support	 quality	 (r	 =	 0.68,	 95%	 CI	 =	 0.66,	 0.71),	

compared	 to	 all	 other	 mental	 health	 constructs,	 with	 non-overlapping	 confidence	

intervals,	 other	 than	 relatedness.	While	 genetic	 correlations	 between	 life	 satisfaction	

and	 support	 quality	 were	 not	 different	 to	 other	 constructs,	 the	 higher	 phenotypic	

correlation	was	due	to	the	larger	non-shared	environmental	correlation	(rE	=	0.50,	95%	

CI	=	0.43,	0.57).	

	 	

5.6 Discussion	

	

5.6.1 Genetic	and	environmental	aetiology	of	social	support	
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The	first	aim	of	this	study	was	to	examine	the	magnitude	of	genetic	and	environmental	

influences	on	two	types	of	social	support	in	emerging	adulthood.	I	found	the	heritability	

of	support	quality	and	quantity	 to	be	55%	(95%	CI	=	48%,	60%)	and	49%	(95%	CI	=	

43%,	55%)	respectively.	The	heritability	estimate	for	support	quality	(55%)	is	similar	

to	 the	 estimate	 of	 40%	 (95%	CI	 =	 34%,	 46%)	 for	 social	 isolation	 (the	 inverse	 of	 the	

same	measure	that	I	used	for	support	quality)	found	in	a	similar	sample	of	18	year	old	

UK	 twins	 (Matthews	 et	 al.,	 2016).	 The	 slight	 difference	 in	 estimates	 could	 be	 due	 to	

sample	differences,	as	participants	 in	 the	sample	were	selected	 if	 they	owned	a	social	

media	account	 (Twitter),	which	 is	 likely	 to	 indicate	genetic	predispositions	associated	

with	 social	 interaction	 (possibly	 increasing	 rGE).	 This	 study	 adds	 to	 the	 literature	 by	

showing	that	support	quantity	at	this	age	is	also	moderately	heritable,	and	this	estimate	

is	 much	 higher	 than	 those	 found	 in	 some	 previous	 studies	 looking	 at	 older	 adults	

(Bergeman	 et	 al.,	 1990).	 This	 high	 heritability	 of	 support	 quantity	 in	 emerging	

adulthood	 is	 in	 line	 with	 one	 of	 the	 most	 prominent	 social	 network	 theories	 –	 the	

socioemotional	 selectivity	 theory	 (Carstensen,	 1995)	which	posits	 that	 having	 a	 large	

social	network	is	a	much	more	salient	priority	for	young	people.	This	priority	is	perhaps	

driving	 young	 people	 to	 actively	 seek	 out	 and	 select	 new	 acquaintances	 and	 social	

experiences,	and	this	is	possibly	resulting	in	the	higher	heritability	of	support	quantity	

in	 emerging	 adulthood	 compared	 to	 older	 adults,	 again	 through	 rGE.	 Indeed,	 global	

social	networks	have	been	shown	to	increase	during	adolescence	into	young	adulthood,	

before	shrinking	in	later	adulthood	(Wrzus	et	al.,	2013).	

	

There	 are	 three	 mechanisms	 by	 which	 genetically	 influenced	 characteristics	 of	 the	

individual	could	influence	the	support	environment	(Scarr	&	McCartney,	1983).	Parents	

provide	 both	 genes	 and	 the	 shared	 environment	 for	 the	 individual	 that	 results	 in	

passive	gene-environment	 correlation	 (rGE).	Active	 rGE	occurs	when	 individuals	 seek	

out	experiences	based	on	their	genotype	–	people	could	be	seeking	supportive	network	

sizes	 that	 match	 their	 genetic	 preference	 (resulting	 in	 the	 heritability	 of	 support	

quantity)	 or	 seeking	 certain	 types	 of	 friends	 who	 differ	 in	 the	 type	 and	 quality	 of	

support	 they	 provide	 (resulting	 in	 the	 heritability	 of	 support	 quality).	 Evocative	 rGE	

occurs	when	an	individual’s	genetic	characteristics	evoke	certain	reactions	from	others	
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–	 for	 example,	 genetically	 mediated	 traits,	 such	 as	 personality,	 could	 elicit	 more	

supportive	 behaviour	 from	 others	 or	 cause	 other	 people	 to	 want	 to	 come	 into	more	

frequent	contact	with	them.	Undoubtedly,	a	large	combination	of	genetic	characteristics	

will	 be	 involved,	 and	 this	 design	 is	 unable	 to	 unequivocally	 separate	 these	 different	

mechanisms	of	rGE.		

	

5.6.2 Phenotypic	 correlation	 between	 mental	 health	 and	 support	 in	 late	
adolescence	

	

Phenotypic	correlations	between	support	quality	and	support	quantity	were	moderate	

and	 slightly	 higher	 than	 the	 weak	 associations	 that	 have	 previously	 been	 found	

(Sarason,	 Shearin,	 Pierce,	 &	 Sarason,	 1987).	 This	 stronger	 relationship	 suggests	

different	 patterns	 of	 social	 connection	 in	 adolescents	 compared	 to	 adults.	 Adults	 are	

more	 likely	 to	 have	 close	 circles	 of	 established	 social	 bonds.	 In	 contrast,	 in	 the	 new	

environments	which	many	late	adolescents	are	experiencing	(such	as	in	a	new	job	or	in	

university),	these	individuals	are	just	forming	their	social	circles.	At	this	age,	many	also	

value	 large	 friendship	 circles.	 In	 relation	 to	 the	 second	 hypothesis,	 I	 also	 found	

moderate	phenotypic	correlations	between	mental	health	and	the	support	measures	in	

the	 emerging	 adulthood	 sample,	 that	 are	 higher	 than	 those	 found	 in	 adult	 samples	

(Finch,	 Okun,	 Pool,	 &	 Ruehlman,	 1999;	 Pinquart	 &	 Sörensen,	 2000)	 and	 comparable	

with	 the	 correlation	 between	 depression	 and	 social	 isolation	 found	 by	Matthews	 and	

colleagues	in	their	emerging	adulthood	sample(Matthews	et	al.,	2016).	Individuals	with	

better	 social	 support	 had	 higher	 wellbeing	 and	 fewer	 symptoms	 of	 depression.	 This	

cross-sectional	 analysis	 was	 unable	 to	 elucidate	 the	 question	 of	 causality,	 but	 future	

cross-lagged	 longitudinal	 studies	 could	give	us	 such	 insight.	This	 association	between	

mental	health	and	social	support	could	go	in	both	directions.	At	this	developmental	life	

stage,	those	with	better	mental	health	may	be	more	sociable	and	approachable	and	so	

are	 able	 to	make	more	 social	 connections	 (mainly	 friendships)	 of	 better	 quality.	 This	

may	be	 less	 important	 for	 the	established	 connections	of	 later	 adulthood.	Conversely,	
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social	 networks	may	 be	more	 salient	 and	 valued	 in	 late	 adolescence	 than	 adulthood,	

thus	producing	a	stronger	association	with	mental	health	compared	to	adults.	

	

5.6.3 Genetic	 and	 environmental	 correlations	 between	 mental	 health	 and	

support	in	late	adolescence	

	

The	 third	 aim	 of	 the	 study	 was	 to	 explore	 the	 degree	 to	 which	 genetic	 and	

environmental	 influences	can	account	 for	the	relationship	between	social	support	and	

mental	 health.	 I	 found	 genetic	 correlations	 between	 the	 support	 and	 mental	 health	

measures	 to	 be	moderate,	 with	 genetic	 influences	 explaining	most	 of	 the	 phenotypic	

correlation	 between	 them.	 The	 genetic	 correlation	 between	 depression	 and	 support	

quality	of	-0.60	is	higher	than	that	found	by	Matthews	and	colleagues	of	0.33	(Matthews	

et	al.,	2016)	(they	used	the	inverse	of	support	quality).	Differences	are	likely	to	be	due	

to	 this	 self-report	 measure	 of	 depression	 using	 CES-D	 compared	 to	 their	 interview	

measure	using	the	Diagnostic	Interview	Schedule.	The	environmental	correlations	were	

very	comparable	(0.15	and	0.19	respectively).	The	measure	of	life	satisfaction	allowed	

us	 to	 compare	 the	 current	 results	 with	 the	 only	 other	 study	 that	 has	 looked	 at	 the	

genetic	 correlation	between	wellbeing	and	support.	 In	an	older	adult	Swedish	sample	

(mean	 age	 =	 65.6	 years),	 genetic	 influences	 were	 found	 to	 explain	 56%	 of	 the	

phenotypic	 correlation	 (r	 =	 0.27)	 between	 perceived	 support	 and	 life	

satisfaction(Bergeman	 et	 al.,	 1991).	 I	 found	 genetic	 influences	 to	 explain	 68%	 of	 the	

phenotypic	 correlation	 (r	 =	 0.65)	 between	 perceived	 quality	 of	 support	 and	 life	

satisfaction.	So	interestingly,	support	and	life	satisfaction	are	much	more	correlated	in	

this	younger	sample,	and	genetic	influences	explain	slightly	more	(68%	versus	56%)	of	

the	higher	phenotypic	correlation.	Further	studies	should	use	longitudinal	twin	models	

to	 give	 us	more	 insight	 into	 the	 connection	 between	 support	 and	wellbeing	 over	 the	

lifecourse	 since	 patterns	 of	 connection	 are	 different	 at	 different	 ages.	 Such	 lifecourse	

twin	models	can	tell	us	if	the	same	genetic	effects	link	mental	health	and	support	across	

the	lifecourse,	or	if	new	genetic	effects	emerge	at	specific	timepoints	linked	to	specific	
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life	events.	Furthermore,	the	results	using	life	satisfaction	gave	interesting	insights	into	

the	difference	between	wellbeing	and	depression,	even	showing	a	special	relationship	

of	life	satisfaction	with	support	quality	that	is	not	seen	in	the	other	wellbeing	measures,	

perhaps	indicating	a	unique	non-shared	environmental	pathway.	Further	studies	should	

try	 to	 find	 the	 non-shared	 environments	 that	 are	 distinctively	 driving	 the	 higher	

phenotypic	 correlation	 between	 life	 satisfaction	 and	 support	 quality.	 More	 generally,	

this	provides	even	more	evidence	for	the	utility	of	using	wellbeing	in	giving	us	insights	

that	would	not	have	been	found	from	looking	at	depression	alone.	

	

Based	 on	 the	 findings	 of	 the	 current	 study,	 I	 am	 unable	 to	 infer	whether	 support	 or	

mental	 health	 is	 primary	 to	 the	 other,	 just	 that	 they	 share	 a	 genetic	 aetiology.	

Alternatively,	 the	 genetic	 relationship	 could	 be	 explained	 by	 genetic	 influences	 on	 a	

third	variable,	 such	as	personality,	which	 impacts	on	both	mental	health	and	support.	

The	crucial	implication	of	this	finding	is	that	we	should	not	think	of	social	support	as	a	

purely	environmental	experience	that	has	a	direct	causal	influence	on	our	mental	health	

outcomes.	 Shared	 genetic	 influences	 are	 important	 in	 explaining	 the	 relationship	

between	social	support	and	mental	health.	Studies	of	phenotypic	correlation	which	do	

not	 consider	 gene-environment	 correlations	 are	 in	 danger	 of	 providing	 biased	

estimations	of	the	size	of	the	effect	the	“environmental”	measure	(social	support)	has	on	

the	 outcome	 (mental	 health).	 Experiences,	 like	 social	 support,	 do	 not	 just	 passively	

happen	to	us;	we	create,	select,	seek	out	and	perceive	our	social	support	partly	based	on	

our	genetic	predispositions.	Simply	changing	the	social	support	available	to	individuals	

will	not	necessarily	improve	their	mental	health.	

	

The	 environmental	 correlations	 were	 all	 substantially	 lower	 than	 the	 genetic	

correlations.	However,	their	absolute	magnitudes	were	all	greater	than	0	and	were	all	in	

the	 expected	 direction.	 This	 indicates	 that	 there	 are	 also	 some	 non-shared	

environmental	 influences	 that	 cause	 both	 increases	 in	 wellbeing	 (and	 decreases	 in	

depression)	 and	 increases	 in	 support	 quality	 and	 quantity,	 though	 the	 effect	 is	much	
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smaller	 than	 the	effect	of	 shared	genetic	 influences.	As	an	example,	one	of	 these	non-

shared	 environmental	 factors	 could	 be	 an	 emerging	 adult’s	 extra-curricular	 activities.	

These	activities	will	create	unique	environments	which	can	have	an	impact	on	the	social	

circles	 formed,	 since	 extra-curricular	 activities	 are	 one	 of	 the	 primary	 ways	 through	

which	 young	 people	 maintain	 existing,	 and	 develop	 new	 friendships	 (Schaefer,	

Simpkins,	Vest,	&	Price,	2011).	Concurrently,	these	extra-curricular	activities	could	also	

have	an	impact	on	an	individual’s	mental	health	(Fredricks	&	Eccles,	2006)	that	could	be	

mediated	 by	mechanisms	 that	 are	 independent	 of	 relationships,	 for	 example	 through	

identity	 formations	 (Eccles,	 Barber,	 Stone,	 &	 Hunt,	 2003).	 Of	 course,	 many	 of	 these	

unique	 environments	 selected	 will	 themselves	 be	 under	 genetic	 influence,	 due	 to	 an	

individual’s	genetically	predisposed	preferences.	This	will	even	incorporate	life	events	

such	 as	 being	 in	 a	 car	 accident	 or	 hospitalisation	 (McAdams,	 Gregory,	 &	 Eley,	 2013;	

Wootton,	Davis,	Mottershaw,	Wang,	&	Haworth,	2017).	This	study	is	unable	to	identify	

specific	environments	driving	the	phenotypic	correlation	between	support	and	mental	

health,	 though	methods	such	as	 the	MZ	differences	design	could	help	us	 identify	such	

factors	that	are	independent	of	genetic	influences	(Asbury,	Dunn,	Pike,	&	Plomin,	2003;	

Liang	&	Eley,	2005;	Pike,	Reiss,	Hetherington,	&	Plomin,	1996).	

	

The	phenotypic	 results	 follow	a	 similar	pattern	 to	previous	 studies	which	have	 found	

stronger	 links	 between	 the	 quality	 (in	 contrast	 to	 quantity)	 of	 support	 and	 mental	

health	 outcomes	 in	 both	 adults	 (Finch	 et	 al.,	 1999;	 Kessler	 et	 al.,	 1992;	 Pinquart	 &	

Sörensen,	 2000;	 Siedlecki,	 Salthouse,	 Oishi,	 &	 Jeswani,	 2014)	 and	 children(Chu	 et	 al.,	

2010;	Rueger	et	al.,	2016).	This	study	adds	additional	weight	to	the	evidence	by	finding	

that	genetic	correlations	are	also	higher	between	support	quality	and	mental	health	in	

emerging	adulthood.		

	

While	 loneliness	 is	 always	 associated	 with	 negative	 outcomes,	 namely	 depression	

(Beutel	et	al.,	2017;	Victor	&	Yang,	2012),	solitude,	or	a	retreat	from	social	contact,	may	

in	 itself	be	a	positive	experience	 (Long	&	Averill,	 2003).	 Solitude	has	been	associated	
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with	 better	 adjustment	 and	 emotional	 state	 (Larson,	 1990,	 1997).	 Furthermore,	

individual	differences	have	been	shown	to	exist	in	the	preference	for	solitude	(Burger,	

1995).	Therefore,	one	explanation	that	I	propose	for	the	difference	between	quality	and	

quantity	 of	 support	 in	 their	 relation	 to	 mental	 health	 is	 that	 while	 most	 individuals	

experience	 benefits	 to	 their	 mental	 health	 by	 knowing	 that	 they	 have	 good	 quality	

support	around	them,	there	are	individual	differences	in	the	desired	frequency	of	actual	

supportive	contact.	It	would	be	useful	for	future	studies	to	examine	the	positive	benefits	

an	individual	may	experience	when	their	preference	for	solitude	and	their	experience	of	

the	 social	 environment	 “fits”	 (similar	 to	 Lyubomirsky	 and	 Layous’	 Positive	 Activity	

Model	(Lyubomirsky	&	Layous,	2013)	from	the	wellbeing	intervention	literature).	It	will	

be	 important	 to	assess	whether	quantity	and	quality	have	different	relationships	with	

mental	 health	 based	 on	 context.	 For	 example,	 when	 an	 individual	 is	 going	 through	 a	

period	of	stress	quantity	may	have	a	higher	correlation	with	mental	health	compared	to	

when	an	individual	is	no	longer	in	distress	when	this	correlation	may	be	lower.	This	is	

crucial	because	it	will	inform	the	personalisation	of	preventative	measures	based	on	the	

environmental	conditions	an	individual	is	facing.	However,	we	must	remember	that	the	

two	 measures	 of	 support	 were	 moderately	 correlated,	 suggesting	 that,	 for	 many	

individuals,	quantity	is	related	to	quality	of	social	contact,	though	this	relationship	may	

not	necessarily	be	linear.	Furthermore,	reporting	biases	may	be	at	play:	individuals	who	

have	a	more	positive	outlook	in	life	will	rate	their	support	as	more	satisfactory	and	also	

report	 being	mentally	 healthier.	 This	 effect	 may	 be	 stronger	 for	 the	 current	 support	

quality	 measure	 since	 this	 requires	 more	 subjective	 appraisal	 while	 reporting	

frequencies	 in	 the	 support	 quantity	 measure	 may	 be	 less	 under	 the	 influence	 of	

appraisal	bias.		

	

Overall,	 the	 results	 suggest	 that	 social	 support	 and	 mental	 health	 are	 related	 in	

emerging	 adulthood,	 and	 that	 shared	 genetic	 factors	 mediate	 this	 association.	 The	

higher	 correlations	 seen	 between	 support	 quality	 and	 mental	 health,	 in	 contrast	 to	

support	quantity	suggests	that	interventions	could	focus	on	helping	young	people	to	be	

more	 aware	 of	 the	 support	 that	 is	 available	 to	 them,	 as	 changing	 the	 objective	

environmental	condition	may	not	be	as	effective	 for	everyone.	There	 is	also	scope	 for	
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personalising	 interventions	 to	 match	 personal	 characteristics	 with	 different	 types	 of	

social	 support	 interventions	 (e.g.	 increasing	 social	 network	 size	 versus	 increasing	

awareness	of	support).	

	

Within	the	support	quality	measure,	the	results	also	suggested	that	family	and	friends	

tended	 to	 be	 more	 important	 for	 mental	 health	 than	 the	 support	 from	 a	 significant	

other.	This	is	understandable	as	romantic	relationships	are	only	starting	to	form	at	this	

age.	Furthermore,	 this	ties	 in	with	the	patterns	seen	in	the	 life-course	development	of	

social	 relationships,	 in	which	supportive	network	sizes	are	 larger	 in	adolescence	 than	

adulthood	(Wrzus	et	al.,	2013),	 suggesting	 the	 importance	of	 larger	supportive	circles	

over	one	close	relationship.	

	

5.6.4 Limitations	and	Future	Directions	

	

This	study	has	many	strengths,	including	a	focus	on	an	interesting	developmental	stage,	

the	use	of	mental	health	measures	of	both	wellbeing	and	depression,	and	social	support	

measures	 of	 both	 quantity	 and	 quality.	 However,	 there	 are	 ways	 in	 which	 the	 data	

available	 are	 limited.	All	 of	 the	measures	were	 self-reported,	meaning	 they	 all	 have	 a	

degree	 of	 subjectivity.	 Especially	 when	 considering	 perceived	 support	 quality	 and	

mental	health,	the	link	may	be	due	to	a	positive	attribution	style	or	reporting	bias	based	

on	 individual	 personality	 or	 reporting	 style,	 which	 is	 a	 limitation	 of	 the	 use	 of	 self-

report	 questionnaires.	 Focussed	 studies	 of	 social	 support	 should	 attempt	 to	 collect	 a	

combination	of	subjective	and	objective	ratings	of	social	support	networks	through	the	

use	of	multiple	raters,	peer	nominations	and	independent	observers.	In	the	exploratory	

analysis,	 I	 found	 evidence	 to	 suggest	 there	 are	 quantitative	 and	 qualitative	 sex	

differences	 for	 some	 of	 the	 measures,	 which	 partly	 aligns	 with	 previous	 genetically	

informed	 sex	 differences	 studies(Agrawal,	 Jacobson,	 Prescott,	 &	 Kendler,	 2002;	

Røysamb,	Harris,	Magnus,	Vittersø,	&	Tambs,	2002).	Phenotypic	 correlations	between	
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support	and	mental	health,	split	by	sex,	also	suggested	a	stronger	link	in	females	which	

aligns	with	 previous	 phenotypic	 studies	 (Milner,	 Krnjacki,	 &	 LaMontagne,	 2016).	 Our	

study	was	limited	by	the	sample	size	of	the	data	and	so	was	underpowered	to	run	full	

sex-limitation	models	but	future	well-powered	studies	should	focus	on	exploring	these	

sex	differences.	In	addition,	we	find	small	but	statistically	significant	differences	in	the	

demographics	between	 the	 subsample	of	TEDS	who	participated	 in	 the	 current	 study	

and	 the	 complete	 TEDS	 sample	 (Table	 5.2).	 These	 differences	 seem	 in	 line	 with	 the	

demographics	of	social	media	users	(Lenhart,	Purcell,	Smith,	&	Zickuhr,	2010;	Rowan-

Kenyon	&	Aleman,	2016)	but	I	cannot	rule	out	the	possibility	of	selection	biases	and	the	

possibility	 of	 differences	 between	 social	 media	 users	 and	 non-users,	 and	 survey	

responders	and	non-responders.	

	

As	with	all	statistical	analyses,	the	twin	design	makes	several	assumptions.	In	general,	

these	 assumptions	 have	 been	 tested	 and	 appear	 reasonable,	 for	 example	 the	 equal	

environments	 assumption	 in	which	monozygotic	 and	 dizygotic	 twins	 share	 the	 same	

environment	 to	 the	 same	 extent	 (Derks,	 Dolan,	 &	 Boomsma,	 2006;	 Gunderson	 et	 al.,	

2006)	 and	 the	 assumption	 of	 generalisability	 of	 twin	 results	 to	 the	 rest	 of	 the	

population	(Brouwer	et	al.,	2006;	Johnson,	Krueger,	Bouchard,	&	McGue,	2002;	Robbers	

et	al.,	2011).	In	the	model	fitting	analyses	I	found	that	the	AE	model	was	the	best-fitting	

model.	However,	the	study	could	be	underpowered	to	detect	the	smaller	effects	of	C	or	

D	as	 significant.	One	 implication	of	 this	 is	 that	we	may	be	 inflating	 the	 importance	of	

genetic	influences	(by	dropping	C	in	the	reduced	model)	or	deflating	it	(by	dropping	D).	

However,	when	I	compare	the	overall	genetic	influence	from	the	full	model	(Appendix	

5.4)	to	the	estimate	of	additive	genetic	influence	in	the	reduced	AE	model	(Table	5.7),	I	

find	very	similar	levels	of	heritability.	Future	studies	with	larger	sample	sizes	would	be	

better	 placed	 to	 estimate	 the	 separate	 influence	 of	 additive	 and	 non-additive	 genetic	

factors,	but,	as	A	and	D	are	highly	correlated,	it	is	unlikely	the	results	would	appear	very	

different.		
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A	 future	 direction	 would	 be	 to	 determine	 if	 the	 same	 genetic	 and	 environmental	

influences	on	support	that	are	important	in	youth	continue	to	have	the	same	effect	into	

later	 adulthood,	 or	 if	 new	 genetic	 and	 environmental	 factors	 come	 into	 play.	

Furthermore,	 I	 could	 not	 infer	 causation	 from	 the	 analysis.	 Longitudinal	 twin	models	

could	 help	 us	 answer	 both	 these	 questions.	 As	 increasingly	 well-powered	 molecular	

genetic	studies	give	us	more	detailed	information	about	the	individual	genetic	variants	

that	influence	complex	traits,	we	will	also	be	able	to	use	approaches	such	as	Mendelian	

Randomisation	(Smith	&	Ebrahim,	2003)	to	infer	causation.		

	

5.6.5 Policy	Implications	

	

There	 are	 no	 direct	 policy	 recommendations	 that	we	 can	make	 from	 current	 genetic	

studies	 of	 psychological	 traits.	 Ultimately,	 it	 is	 hoped	 that	 genetics	will	 play	 a	 role	 in	

personalising	 treatments	 and	 identifying	 those	who	 are	 at	 genetic	 risk	 for	 disease	 or	

have	 genetic	 susceptibility	 to	 respond	 the	most	 negatively	 to	 negative	 circumstances.	

My	discussion	of	gene-environment	correlation	throws	caution	to	findings	of	the	studies	

that	 have	 more	 policy	 relevance.	 Purely	 observational	 studies	 cannot	 assume	

environments	 lead	 to	 certain	 outcomes	 since	 genetics	 might	 mediate	 the	 association	

without	 the	 need	 for	 a	 causal	 pathway.	 Further	 research	 is	 needed	 to	 look	 at	 causal	

pathways	but	 if,	 as	my	 results	 suggest,	 social	 support	 quality	 is	more	 important	 than	

quantity,	 the	government	might	want	 to	 start	 looking	at	 interventions	which	 increase	

interaction	skills,	and	teaching	people	how	to	form	social	bonds.		

	

5.6.6 Conclusion	
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In	summary,	I	found	that	in	this	emerging	adulthood	sample,	genetic	and	environmental	

influences	were	equally	important	in	explaining	individual	differences	in	both	support	

quality	and	support	quantity.	The	heritability	of	support	could	be	due	to	a	combination	

of	 passive,	 active	 and	 evocative	 gene-environment	 correlations	 in	 which	 the	 genetic	

predisposition	 of	 individuals	 (and	 their	 parents)	 dictate,	 alter	 and	 reconstruct	 the	

external	 environment	 of	 support.	 Individuals	with	higher	 levels	 of	 social	 support	 had	

better	mental	health,	although	support	quality	had	stronger	links	than	support	quantity,	

and	 these	 associations	 were	 mediated	 primarily	 by	 shared	 genetic	 influences.	 I	 also	

found	 that	 genetic	 correlations	 were	 higher	 between	 support	 quality	 (compared	 to	

support	 quantity)	 and	 mental	 health.	 I	 speculate	 that	 while	 most	 individuals	 will	

experience	 benefits	 to	 their	 mental	 health	 by	 knowing	 that	 they	 have	 good	 quality	

support	around	them,	there	are	individual	differences	in	the	desired	frequency	of	actual	

supportive	contact.		 	
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Chapter	6 	Keeping	up	with	the	Joneses	Wangs:	the	impact	of	

individual	 and	 contextual	 effects	 on	 individual	 mental	

health	in	China	

	

6.1 Chapter	Abstract	

	

The	previous	chapters	have	all	explored	wellbeing	in	a	UK	population.	While	these	are	

beneficial	for	policy	in	Western	societies,	there	is	a	lack	of	wellbeing	research	in	other	

cultures.	 China	 has	 experienced	 dramatic	 social	 and	 economic	 changes	 over	 the	 past	

few	decades	that	have	not	been	uniform	across	the	country.	With	this	rising	inequality,	

it	is	now	more	important	than	ever	to	explore	how	other	people’s	circumstances	may	be	

affecting	 an	 individual’s	 own	 mental	 health.	 This	 study	 looks	 at	 the	 individual	 and	

contextual	effects	of	regional	education,	unemployment	and	marriage	rate	on	individual	

happiness,	 life	 satisfaction	 and	 depression.	 Data	 was	 collected	 from	 over	 29,000	

individuals	(age	range	=	18	to	110,	51.91%	female)	in	the	China	Family	Panel	Study,	and	

merged	with	county	level	census	data.	I	found	that	a	one-year	increase	in	education	was	

associated	 with	 a	 0.17%	 increase	 in	 happiness	 and	 a	 0.16%	 increase	 in	 depressive	

symptomatology.	 Increasing	 contextual	 education	 was	 associated	 with	 greater	

happiness	 and	 less	 depression,	with	 the	 effect	 stronger	 for	 less	 educated	 individuals.	

Interestingly,	 I	 found	 that	 more	 educated	 individuals	 were	 less	 satisfied	 with	 life	 in	

more	 educated	 counties,	 an	 effect	 that	 is	 possibly	 due	 to	 social	 comparison.	 I	 found	

unemployed	men	to	be	1%	less	happy,	1%	less	satisfied	with	 life	and	reported	0.84%	

more	 depressive	 symptoms	 than	 employed	men	while	minimal	 effects	were	 seen	 for	

women.	 Employed	 individuals	 also	 suffered	 in	 areas	 of	 high	 unemployment.	 Single,	

divorced	and	widowed	individuals	in	China	were	much	worse	off	in	their	wellbeing	and	

depression	 than	married	 individuals	 (ranging	 from	2.96%	 to	 21%	differences),	 and	 a	

1%	 increase	 in	 contextual	 marriage	 rate	 was	 associated	 with	 a	 0.33%	 increase	 in	



	

242	

happiness	 and	 a	 0.24%	 increase	 in	 life	 satisfaction.	 The	 results	 show	 that	 policies	

designed	to	improve	employment	and	marriage	rates	will	be	beneficial	for	all.	However,	

research	 on	 interventions	 to	 encourage	 positive	 social	 comparison	 strategies	 are	

needed	because	these	could	offset	the	negative	effect	of	increasing	contextual	education	

levels	on	the	life	satisfaction	of	the	highly	educated.	

	

6.2 Chapter	Aims	

	

There	 is	 a	 paucity	 of	 wellbeing	 research	 in	 non-Western	 countries.	 From	 Western	

research,	 we	 know	 that	 contextual	 factors	 often	 have	 opposite	 effects	 on	 individual	

wellbeing	 compared	 to	 the	effect	of	 individual	 level	 factors.	No	previous	 studies	have	

looked	at	the	contextual	effects	of	regional	education,	employment	and	marriage	rates	

on	individual	wellbeing	in	China.	In	this	chapter	I	aim	to:	

1. To	explore	individual	level	and	contextual	level	effects	of	education,	employment	

and	relationship	status	on	individual	happiness,	life	satisfaction	and	depression	

in	China.	

	

2. To	see	if	the	contextual	effects	are	similar	for	individuals	at	both	the	higher	and	

lower	ends	of	education	level,	and	for	those	of	different	employment	and	

relationship	statuses.		
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6.3 Introduction	

	

Over	 the	 past	 few	 decades,	 China	 has	 experienced	 dramatic	 changes	 to	 its	 social	 and	

economic	 environment.	 However	 these	 changes	 have	 not	 been	 uniform	 across	 the	

country.	 Individuals,	 perhaps	 more	 here	 than	 in	 any	 other	 country,	 will	 have	 seen	

changes	 to	 their	 neighbours’	 situations,	 in	 domains	 such	 as	 income,	 education	 and	

employment,	 that	 may	 or	 may	 not	 have	 corresponded	 to	 changes	 in	 their	 own	

circumstances.	This	uneven	growth	has	resulted	in	China	shifting	from	being	one	of	the	

most	 egalitarian	 countries	 in	 terms	 of	 life	 satisfaction	 to	 one	 of	 the	 least	 (Easterlin,	

Morgan,	Switek,	&	Wang,	2012).		

	

The	majority	of	 research	 in	wellbeing	so	 far	has	 focussed	on	phenomena	occurring	at	

the	 individual	 level.	As	policy	makers	are	 increasingly	realising	 the	value	of	wellbeing	

for	 a	nation’s	 social	 and	economic	prospects,	we	need	 to	 expand	 this	 research,	which	

has	 mainly	 focussed	 on	 individual	 level	 correlates,	 to	 potential	 correlates	 at	 higher	

contextual	 levels.	People	do	not	evaluate	 their	 lives	 in	 isolation	(Nikolaev,	2016).	 In	a	

country	such	as	China	with	such	rising	social	inequality,	it	is	now	more	important	than	

ever	to	explore	how	the	situations	of	others	can	impact	one’s	own	individual	wellbeing.		

	

6.3.1 Contextual	Effects	of	Income		

	

Evidence	from	research	conducted	in	Western	societies	tells	us	that	contextual	factors	

are	 indeed	associated	with	 individual	wellbeing.	The	majority	of	 the	work	 in	this	area	

has	focussed	on	relative	and	absolute	income,	showing	that	while	individual	income	is	

positively	associated	with	both	 job	and	general	 life	satisfaction,	comparison	 income	 is	

negatively	associated	with	both	(Blanchflower	&	Oswald,	2004;	Cappelli	&	Sherer,	1988;	



	

244	

Clark	&	Oswald,	1996;	Ferrer-i-Carbonell,	2005;	Graham	&	Felton,	2006;	Luttmer,	2005;	

McBride,	2001).	Clark	&	Oswald	(1996)	found	income	and	comparison	income	to	both	

be	equally	associated	with	job	satisfaction	but	in	opposite	directions	while	Cappelli	and	

Sherer	 (1988)	 found	 that	 pay	 satisfaction	 and	 a	 contextual	 “market	 wage”	 are	

negatively	 correlated.	 Comparison	 income	 also	 shares	 a	 negative	 correlation	with	 life	

satisfaction,	with	this	result	persisting	across	different	kinds	of	reference	groups	used,	

as	defined	geographically,	by	age,	by	gender	or	household	membership	(Blanchflower	&	

Oswald,	 2004;	 Ferrer-i-Carbonell,	 2005;	 Graham	 &	 Felton,	 2006;	 Luttmer,	 2005;	

McBride,	2001).	Brown,	Gardner,	Oswald,	&	Qian	(2008)	also	found	that	an	individual’s	

normalised	 rank	 within	 a	 firm’s	 wage	 distribution	 was	 related	 to	 measures	 of	

satisfaction.	 Furthermore,	 it	 has	 been	 observed	 that	 people	 usually	 compare	 their	

income	 with	 those	 who	 are	 better	 off	 via	 upward	 social	 comparison	 (Clark	 &	 Senik,	

2010)	 and	 that	 the	 effect	 of	 relative	 income	 tends	 to	 be	 greater	 in	 poorer	 countries	

(Novak	 &	 Pahor,	 2017).	 This	 body	 of	 work	 has	 lead	 researchers	 to	 conclude	 that	

“increasing	 the	 income	 of	 all	 increases	 the	 happiness	 of	 no	 one”	 (Clark,	 Frijters,	 &	

Shields,	 2008).	 However,	 the	 relative	 negative	 effect	 is	 frequently	 found	 to	 dominate	

over	the	positive	absolute	effect	of	 individual	income	on	individual	wellbeing	(Clark	&	

Oswald,	1996;	Easterlin,	1974;	Luttmer,	2005)	so	perhaps	“increasing	the	income	of	all	

decreases	the	happiness	of	everyone”	would	be	more	apt.		

	

6.3.2 Contextual	Effects	of	Education		

	

Research	 has	 also	 been	 done	 on	 the	 contextual	 effects	 of	 education.	 Using	 a	

representative	 Australian	 panel,	 a	 negative	 association	was	 found	 between	 reference	

group	education	and	happiness,	 though	people	with	higher	education	 levels	were	 less	

likely	to	be	negatively	affected	(Nikolaev,	2016).	Similarly,	it	has	been	found	that	verbal	

intelligence	also	has	a	positional	effect	on	wellbeing	–	those	with	a	higher	 intelligence	

relative	 to	 peers	 in	 their	 reference	 group	 were	 more	 likely	 to	 have	 higher	 levels	 of	

happiness	(Nikolaev	&	McGee,	2016).		
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6.3.3 Social	Comparison	

	

Researchers	have	proposed	that	a	social	comparison	process	can	explain	the	effects	of	

relative	income	and	education,	whereby	an	individual	compares	his/her	situation	to	the	

situation	 of	 others	 (Easterlin,	 1974).	 With	 regards	 to	 income,	 social	 comparison	 is	

thought	 to	 be	 one	 of	 the	 most	 important	 reasons	 why	 higher	 income	 is	 not	 directly	

linked	 to	higher	happiness	 (Easterlin,	1974;	Frey	&	Stutzer,	2002).	 Social	 comparison	

theory	 (Festinger,	 1954)	 posits	 that	 individuals	 think	 about	 themselves	 in	 relation	 to	

others	in	order	to	assess	their	own	abilities	and	skills.	Social	comparison	can	be	used	as	

a	 coping	 strategy,	 allowing	 individuals	 to	 estimate	 their	 ability	 to	 handle	 a	 stressful	

novel	 situation	 (Buunk	 &	 Gibbons,	 2006;	 Raat,	 Kuks,	 Hell,	 Ally,	 &	 Cohen-Schotanus,	

2013).	 It	 can	 also	 help	 improve	 people’s	 self-image	 (Suls	 &	 Wheeler,	 2012)	 and	

motivate	 self-improvement	 (Blanton,	 Buunk,	 Gibbons,	 &	 Fruyper,	 1999).	 However,	 it	

can	 have	 negative	 effects	 when	 individuals	 compare	 themselves	 to	 people	 who	 are	

better	off,	activating	a	specific	feeling	of	“relative	deprivation”	(Botton,	2004;	Nikolaev,	

2016).	 This	 occurs	when	 individuals	 do	 not	 feel	 that	 they	meet	 the	 conditions	 of	 the	

social	 norm.	 It	 has	 been	 proposed	 that	 those	 who	 feel	 that	 their	 relative	 position	 in	

society	is	lower	than	average	(below	the	deprivation	line)	do	not	have	their	physical	or	

psychological	 needs	 satisfied,	 based	 on	Maslow’s	 hierarchy	 of	 needs	model	 (Maslow,	

1970).	 This	 in	 turn	 lowers	 wellbeing	 (Zhang,	 Wang,	 &	 Chen,	 2011).	 From	 an	

evolutionary	 standpoint,	 social	 comparison	 stems	 from	 the	 pursuit	 of	 social	 status,	

motivated	by	sexual	selection	(Nikolaev,	2016),	and	this	phenomenon	is	deeply	wired	in	

human	nature	(Frank,	1999).	Income,	the	luxury	conspicuous	materials	that	wealth	can	

buy,	as	well	as	education,	can	all	be	considered	as	“positional	goods”	which	can	be	used	

as	 a	 display	 of	 social	 status	 (Frank,	 1999;	 Nikolaev,	 2016)	 –	 these	 goods	 have	 their	

inherent	value	to	an	individual	by	not	being	available	to	others	(Hirsch,	1995).	

	



	

246	

6.3.4 Contextual	Effects	of	Employment		

	

Individual	 and	 local	 unemployment	 are	 often	 associated	 with	 lower	 individual	

wellbeing	(Clark,	2003;	Di	Tella,	MacCulloch,	&	Oswald,	2001;	Dolan,	Peasgood,	&	White,	

2008;	 Helliwell	 &	 Huang,	 2014;	 Powdthavee,	 2006),	 though	 differences	 in	 this	 effect	

have	 been	 found	 between	 European	 and	 American	 populations	 (Alesina,	 Di	 Tella,	 &	

MacCulloch,	 2004).	 There	 are	 a	 number	 of	 factors	 that	may	 link	 individual	wellbeing	

and	 local	 unemployment.	 Individuals	may	 feel	 sympathy	 for	 the	 unemployed	 around	

them,	they	may	worry	about	the	security	of	their	own	employment,	or	they	may	suffer	

from	 the	 repercussions	 of	 unemployment	 on	 the	 entire	 region	 (e.g.	 crime,	 lower	

economy)(Frey	&	Stutzer,	2002).	When	studies	have	looked	at	the	interaction	between	

individual	unemployment	and	local	unemployment,	they	find	that	the	wellbeing	of	the	

unemployed	tends	to	be	higher	in	areas	where	unemployment	rate	is	higher	(Ballas	&	

Tranmer,	 2012;	 Clark,	 2003;	 Kelvin	 &	 Jarrett,	 1985;	 Powdthavee,	 2006).	 The	 social	

norm	theory	of	unemployment	has	been	proposed	to	explain	this	(Clark,	2003)	whereby	

unemployed	people	 feel	 less	 stigma	 and	 are	more	 likely	 to	 externalise	 the	 reason	 for	

their	own	unemployment	in	regions	of	higher	unemployment.		

	

6.3.5 Implications	for	policy	

	

Such	results	have	implications	for	policy.	Wellbeing	itself	is	a	new	way	of	evaluating	the	

expenditure	of	government	resources.	Considering	individual	and	national	wellbeing,	in	

addition	 to	 the	 standard	practice	of	using	Gross	Domestic	Product	 (GDP)	as	 the	main	

form	 of	 utility,	 can	 help	 in	 the	 development	 of	 welfare,	 antipoverty	 and	 tax	 policies	

(Frey	&	Stutzer,	 2002).	Wellbeing	 can	 capture	outcomes	 that	 cannot	be	quantified	by	

economic	 gains	 (Adler	 &	 Seligman,	 2016).	 However,	 the	 evidence	 from	 research	 of	

contextual	factors	tells	us	that	it	 is	not	enough	to	only	think	about	policies	to	improve	
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wellbeing	 if	 these	 policies	 are	 not	 tackling	 inequalities	 in	 society.	 In	 areas	where	 the	

negative	contextual	effect	holds,	as	seen	for	relative	income	and	education,	policies	that	

only	 take	 evidence	 from	 individual	 level	 wellbeing	 research,	 without	 considering	

existing	 inequality,	 will	 over-estimate	 their	 effect	 on	 national	 wellbeing.	 Where	 the	

negative	 contextual	 effect	 is	 stronger	 than	 the	 effect	 of	 absolute	 circumstances	 on	

wellbeing,	such	policies	may	even	have	detrimental	results.		

	

6.3.6 Contextual	Effects	in	China	

	

While	 evidence	 concerning	 contextual	 effects	 is	building	 in	 the	Western	 context,	 such	

findings	cannot	be	directly	translated	to	the	situation	in	China.	Wellbeing	has	different	

conceptualisations	 in	 collectivist	 cultures,	 where	 the	 individual	 is	 considered	 as	 a	

relational	self,	versus	individualistic	cultures,	where	the	individual	is	more	autonomous	

(Diener	&	Suh,	2000).	Cultural	differences	may	play	an	important	role	in	differentiating	

the	 effect	 of	 contextual	 factors	 in	 Eastern	 and	Western	 cultures.	 Culture	 shapes	 how	

individuals	judge	people	around	them	(Park,	Blevins,	Knutson,	&	Tsai,	2017;	Park,	Tsai,	

Chim,	Blevins,	&	Knutson,	2016)	and	so	it	is	very	likely	that	culture	will	also	shape	how	

individuals	judge	themselves	as	they	compare	themselves	with	others.		

	

Previous	studies	investigating	contextual	effects	on	individual	wellbeing	in	China	have	

all	 focussed	 on	 income,	 with	 similar	 negative	 effects	 as	 seen	 in	 the	 Western	 world	

(Knight,	 Lina,	 &	 Gunatilaka,	 2009;	 Yu	 &	 Chen,	 2016).	 Individuals	 in	 China	who	 rated	

themselves	as	being	in	a	lower	economic	position	to	others	in	the	community	are	also	

more	 likely	 to	 report	 being	 less	 happy	 with	 life	 (Asadullah,	 Xiao,	 &	 Yeoh,	 2015).	 No	

research	has	been	done	looking	at	the	effect	of	other	contextual	factors	on	wellbeing	or	

mental	illness	symptomatology	in	China.		
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There	is	debate	in	the	literature	about	the	use	of	appropriate	reference	groups	for	these	

contextual	 studies.	 Evidence	 suggests	 that	 the	 group	 who	 individuals	 compare	

themselves	 to	 is	 highly	 contextual	 (Carlson	&	 Furr,	 2009).	 The	most	 commonly	 used	

method	 has	 been	 the	 cell	 average	 approach	 whereby	 individuals	 are	 assumed	 to	

compare	themselves	to	the	average	within	a	“cell”	of	comparison	individuals,	with	this	

cell	 defined	 by	 geographical	 location	 (Luttmer,	 2005),	 gender	 and/or	 age	 (McBride,	

2001;	Nikolaev,	2016).	One	study	(Knight	et	al.,	2009)	looked	at	over	9,000	households	

that	 took	 part	 in	 a	 national	 household	 survey	 in	 2002	 in	 China.	 By	 simply	 asking	

respondents,	 they	 found	 that	 households	 in	 rural	 China	 saw	 their	 village	 as	 their	

reference	 group	 supporting	 the	 notion	 that	 reference	 groups	 in	 China	 can	 be	 defined	

geographically.		

	

In	addition	to	income,	factors	such	as	education,	unemployment	and	relationship	status	

are	 equally	 important	 to	 study	 in	 China.	 Education	 has	 been	 shown	 to	 be	 positively	

associated	 with	 subjective	 wellbeing	 in	 both	 rural	 and	 urban	 regions	 (Chen,	 2012;	

Knight	 et	 al.,	 2009;	 Sun,	 Chen,	 Johannesson,	 Kind,	 &	 Burström,	 2016)	while	 negative	

(and	 sometimes	 null)	 associations	 have	 been	 found	 with	 depression	 and	 mood	

disorders	(Cheng	et	al.,	2016).	Unemployment	was	associated	with	 lower	wellbeing	 in	

urban	 areas	 (Appleton	&	 Song,	 2008)	 however	 the	 association	was	 found	 to	 be	 non-

significant	 in	 rural	 parts	 of	 China	 (Knight	 et	 al.,	 2009).	 Research	 has	 linked	

unemployment,	compared	to	being	employed,	to	an	increased	likelihood	of	depression	

and	 mood	 disorders,	 though	 some	 studies	 have	 found	 no	 association	 (Cheng	 et	 al.,	

2016).	Married	individuals	in	China	tend	to	be	happier	than	those	who	are	unmarried,	

with	 those	who	 are	widowed	 or	 divorced	 often	 suffering	 the	most,	 being	 less	 happy,	

more	depressed	or	having	more	symptoms	of	mood	disorders	(Appleton	&	Song,	2008;	

Cheng	et	al.,	2016;	Knight	et	al.,	2009;	Sun	et	al.,	2016).		

	

This	current	study	had	two	aims:	
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1. To	explore	individual	level	and	contextual	level	effects	of	education,	employment	

and	relationship	status	on	individual	happiness,	life	satisfaction	and	depression	

in	China.	

	

2. To	see	if	the	contextual	effects	are	similar	for	individuals	at	both	the	higher	and	

lower	ends	of	education	level,	and	for	those	of	different	employment	and	

relationship	statuses.		

	

I	used	data	from	over	29,000	individuals	spanning	18	to	110	years	of	age	taken	from	the	

China	Family	Panels	Study	(CFPS),	a	nearly	nationwide	social	survey.	Given	the	previous	

research	I	make	the	following	hypotheses:	

1. That	higher	individual	education	level,	employment	and	being	married	will	be	

associated	with	better	mental	health.		

	

2. That	regional	education	will	be	negatively	associated	with	wellbeing	and	

positively	associated	with	depressive	symptoms.	

	

3. That	higher	local	unemployment	rate	will	be	associated	with	worse	mental	

health	in	the	employed	but	better	mental	health	in	the	unemployed	in	that	

region.	

	

Given	 the	 lack	 of	 research	 looking	 at	 the	 contextual	 effects	 of	 relationship	 status	 on	

mental	health,	I	speculate	the	contextual	marriage	rate	could	also	have	a	negative	effect	

on	mental	health	especially	for	the	unmarried,	in	line	with	a	negative	social	comparison	

and	social	norm	effects.	
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6.4 Methods	

	

6.4.1 Sample	

	

This	 study	 used	 data	 from	 the	 2010	 wave	 of	 the	 large	 scale,	 nearly	 nationally	

representative	 China	 Family	 Panel	 Study	 (CFPS).	 The	 CFPS,	 launched	 in	 2010,	 is	

conducted	by	 the	 Institute	of	Social	Science	Survey	(ISSS),	Peking	University,	and	was	

designed	 to	 examine	 a	 range	 of	 topics	 including	 education,	 employment,	 family	

dynamics,	health	and	child	development	(Xie	&	Hu,	2014).	All	 individuals	from	14,798	

households	from	25	provinces	in	China	were	selected	through	a	multistage	probability	

sample	 procedure.	 	 Participants	 in	 CFPS	 represent	 around	 95%	 of	 the	 Chinese	

population	 in	mainland	China	and	are	representative	of	 the	Chinese	population	based	

on	 comparisons	 with	 census	 information	 (Xie	 &	 Hu,	 2014).	 Questionnaire	 data	 was	

collected	by	interviewers	through	home	visits.	

	

Corresponding	with	 the	 legal	 age	 of	marriage,	 females	 under	 18	 and	males	 under	 20	

were	 excluded	 from	 the	 analysis.	 Also	 excluded	 were	 migrants,	 which	 I	 classified	 as	

those	who	both	held	a	different	household	registration	(“hukou/��”)	to	their	current	

place	of	residence	and	also	had	not	been	living	in	the	current	area	at	the	age	of	3	or	12.	

Migration	is	a	significant	social	phenomenon	in	China	and	migrants	have	been	shown	to	

have	 distinctly	 different	 demographic	 profiles	 while	 being	 allowed	 limited	 access	 to	

public	services	in	their	destination	cities	(Peng,	2011)	–	they	were	thus	excluded	from	

the	current	analyses	to	prevent	additional	confounding	and	bias	in	the	model.	In	total,	

3,793	 individuals	 were	 excluded	 and	 29,807	were	 used	 in	 the	main	 analyses	 though	

different	individuals	had	different	missing	observations	for	the	predictor,	outcome	and	

control	measures.	The	mean	age	of	these	individuals	was	47.18	(SE	=	15.52,	range	=	18	

to	110)	and	51.91%	were	female.		
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6.4.2 Measures	

	

Details	of	the	measures	used	are	provided	in	Table	6.1,	 including	descriptions,	sample	

items	and	items	ranges	where	applicable.	
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Table	6.1	Description	of	outcome,	predictor	and	control	variables	used	

Measure	 Description	 Example	item	 Item	
range/categories	

Outcomes	 Happiness	 Single	item	 "How	happy	are	you?"	 1	to	5	
Life	satisfaction	 Single	item	 "How	satisfied	are	you	with	your	

life	as	a	whole	these	days?"	
1	to	5	

Depressive	
symptomatology	

Short	form	of	the	Centre	for	Epidemiologic	
Studies	Depression	Scale	(CES-D)	-	sum	composite	
of	6	items	

"How	often	in	the	past	month	did	
you	feel	so	depressed	that	
nothing	could	cheer	you	up?"	

6	to	30	

Individual	Level	
Predictors	

Education	level	 Total	number	of	years	spent	in	education	 	 1	to	22	
Employment	status	 Dichotomous	variable	of	employed	or	

unemployed	
	 0	(unemployed)	

and	1	(employed)	
Relationship	status	 A	set	of	dummy	variables,	with	being	married	as	

the	comparative	baseline	and	a	set	of	dummy	
variables	representing	(1)	single,	(2)	cohabiting,	
(3)	divorced,	and	(4)	widowed	

	 	

County	Level	
Predictors*	

County	average	
education	

Average	education	level	in	county	 	 	

County	unemployment	
rate	

Proportion	unemployed	in	county	 	 0	to	1	

County	marriage	rate	 Proportion	married	in	county	 	 0	to	1	
Control	
Variables	

Age	 	 	 18	to	110	
Gender	 	 	 0	(male)	and	1	

(female)	
Ethnicity	 Han-Chinese	or	not	Han-Chinese	 	 0	(Han)	and	1	

(non-Han)	
Urban	 Living	in	urban	or	rural	area,	cateogorised	by	

2010	census	
	 0	(rural)	and	1	

(urban)	
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Health	 Single	item		 “How	would	you	rate	your	health	
status?”	

1	to	5	

Log	income	per	capita	 Net	household	income	per	capita	(logarithm	
transformed)	

	 	

Log	county	GDP	per	
capita	

County	GDP	per	capita	(from	census	data)	 	 	

Log	asset	per	capita	 Net	family	asset	per	capita	(logarithm	
transformed)	

	 	

Log	county	asset	per	
capita	

County	average	family	asset	per	capita	(logarithm	
transformed)**	

	 	

*Obtained	from	2010	census.		There	are	2,861	counties	units	in	Mainland	China	ranging	from	sizes	of	2,215	to	2,758,026.	The	CFPS	gathered	information	on	
641	county	units.	We	used	county	level	data	as	the	reference	point	given	the	evidence	that	Chinese	reference	groups	can	be	defined	geographically(Knight	
et	al.,	2009)	and	given	the	availability	of	these	data.	
**	Calculated	using	a	cell-average	approach(Clark,	2003;	Nikolaev,	2016)	-	for	every	individual,	their	corresponding	county	average	family	asset	variable	is	
calculated	by	an	average	of	the	family	asset	of	every	other	individual	in	the	same	county.	
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6.4.3 Statistical	Analysis	

	

To	 account	 for	 the	 hierarchical	 structure	 of	 the	 data	 where	 individuals	 are	 nested	

within	families	and	nested	within	their	local	area,	I	analysed	the	data	using	a	multilevel	

modelling	approach.	I	included	a	random	intercept	at	the	level	of	family,	nested	within	

county.	For	each	outcome,	I	built	two	models	–	the	first	to	examine	the	main	effects	of	

education,	employment	and	relationship	status,	and	the	second	to	examine	if	individual	

level	 and	 contextual	 level	 factors	 interact.	 Altogether,	 for	 each	 of	 the	 3	 outcomes,	 I	

statistically	 tested	 6	 individual	 level	 predictors	 (education,	 employment	 status	 and	 4	

relationship	dummy	variables),	3	contextual	level	predictors	(county	average	education,	

employment	rate	and	marriage	rate)	and	9	interaction	effects	(between	individual	level	

and	 county	 level	 predictors	 of	 education,	 employment	 and	 relationship).	 I	 used	 the	

Benjamini-Hochberg	 False	 Discovery	 Rate	 (FDR)	 Procedure	 to	 control	 for	 multiple	

testing	of	these	effects	of	interest	to	give	us	an	indication	of	the	strongest,	most	robust	

effects.	I	also	split	the	analysis	by	sex	and	urban-rural	dwellers.	
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6.5 Results	

	

Table	6.2	and	6.3	shows	the	descriptive	statistics	for	predictor	and	outcome	variables.	

Table	6.2	Descriptive	statistics	of	outcomes	and	predictors	
	 Happiness	 Life	

Satisfaction	

Depression	 Years	in	

Education	

Age	 Health	 Household	Income	

(RMB)	

Household	Asset	

(RMB)	

N	 29,107	 29,736	 29,474	 29,807	 29,807	 29,796	 28,066	 28,689	

Mean	(SD)	 3.82	(1.02)	 3.47	(1.04)	 4.12	(3.95)	 6.77	(4.81)	 47.18	(15.52)	 1.86	(1.04)	 9152.17	(15094.24)	 83174.58	(211855.63)	

Skew	 -0.64	 -0.37	 1.90	 -0.08	 0.17	 1.25	 18.83	 12.06	

Kurtosis	 -0.04	 -0.25	 4.33	 -0.95	 -0.59	 0.82	 823.55	 295.99	

Min	 1	 1	 1	 0	 18	 1	 0	 -213320.5	

Max	 5	 5	 25	 22	 110	 5	 800000	 8683333	

	

Table	6.3	Characteristics	of	the	study	population	(dichotomous	variables)	

	 Male	=	0	

Female	=	1	

Rural	=	0	

Urban	=	1	

Han	=	0	

Non-Han	=	1	

Employed	=	0	

Unemployed	=	1	

0	 14,324	 16,627	 27,233	 14,920	

1	 15,483	 13,180	 2,505	 14,679	
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Figure	 6.1	 shows	 the	 distribution	 of	 age	 in	 the	 sample.	While	 the	 range	 is	 large,	 the	
majority	lie	within	the	35-65	age	range.	

Figure	6.1	Distribution	of	sample	age	

	

Appendix	6.1-6.4	show	characteristics	of	the	sample,	at	 individual	and	county	level,	as	
well	as	correlations	between	the	predictors	and	outcomes	of	interest.		

	

A	 multilevel	 model	 was	 used	 for	 the	 main	 analysis,	 with	 estimates	 of	 coefficients	
obtained	 through	 maximum	 likelihood.	 Table	 6.4	 shows	 the	 effect	 of	 individual	 and	
county	 level	 education,	 employment	 status	 and	 relationship	 status	 on	 happiness,	 life	
satisfaction	and	depressive	symptomatology	respectively.		
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Table	 6.4	 Happiness,	 life	 satisfaction	 and	 depressive	 symptoms	 predicted	 by	 individuals	 and	 contextual	 level	 education,	 employment	 status	 and	
relationship	status	

	 Happiness	 Life	Satisfaction	 Depression	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	

Intercept	 0.78	 0.46	 0.41	 0.46	 12.97	 1.67	

Years	in	Education	 8.40E-03***†	 1.64E-03	 1.21E-03	 1.69E-03	 -0.04***†	 6.04E-03	

Employment	status	 -6.75E-04	 0.01	 -1.26E-04	 0.01	 0.03	 0.05	

Relationship	status	dummy	set	 	 	 	 	 	 	

Single	 -0.25***†	 0.03	 -0.14***†	 0.03	 0.74***†	 0.10	

Cohabitation	 -0.25*	 0.12	 -0.10	 0.13	 1.03*	 0.46	

Divorced	 -0.59***†	 0.05	 -0.48***†	 0.05	 0.93***†	 0.18	

Widowed	 -0.29***†	 0.03	 -0.19***†	 0.03	 1.05***†	 0.10	

County	average	education	 0.02	 0.03	 3.78E-03	 0.03	 -0.09	 0.10	

County	unemployment	rate	 0.17	 0.25	 -0.31	 0.26	 0.25	 0.93	

County	marriage	rate	 0.02***†	 4.24E-03	 0.01**†	 4.32E-03	 -2.58E-02	 1.55E-02	

Age	 -0.04***	 2.48E-03	 -0.02***	 2.55E-03	 0.01	 9.15E-03	

Age	squared	 4.49E-04***	 2.47E-05	 3.45E-04***	 2.54E-05	 -2.60E-04**	 9.13E-05	

Female	 0.10***	 0.01	 0.10***	 0.01	 0.28***	 0.04	

Non	Han	 0.03	 0.03	 7.79E-03	 0.03	 -0.24*	 0.12	

Urban	 0.02	 0.02	 -0.10***	 0.02	 4.04E-03	 0.07	

Health	 -0.16***	 5.95E-03	 -0.15***	 6.14E-03	 1.27***	 0.02	

Log	income	per	capita	 0.11***	 7.92E-03	 0.14***	 8.07E-03	 -0.29***	 0.03	
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Log	asset	per	capita	 0.18***	 0.03	 0.23***	 0.03	 -0.34***	 0.10	

Log	county	GDP	per	capita	 0.05	 0.03	 -0.02	 0.03	 -0.22	 0.12	

Log	county	asset	per	capita	 -0.11**	 0.04	 -0.09*	 0.04	 0.03	 0.13	

Observations	 26682	 	 27196	 	 26981	 	

Nfamilies	 12501	 	 12521	 	 12470	 	

Ncounties	 158	 	 158	 	 158	 	

AIC	 72305.24	 	 75537.70	 	 143689.74	 	

*p<0.05,	**p<0.01,	***p<0.001,	†FDR		

Note.	Multilevel	model	predicting	happiness,	 life	satisfaction	and	depression	by	individual	and	contextual	education,	employment	status	and	relationship	

status.	 Employment	 status	was	 coded	 as	 0	 for	 being	 employed	 and	1	 for	 being	 unemployed.	 Relationship	 status	was	 added	 into	 the	model	 as	 a	 set	 of	

dummy	variables.	The	relationship	dummy	set’s	reference	state	was	being	married.	p-values	were	adjusted	using	the	Benhamini-Hochberg	False	Discovery	

Rate	Procedure	to	control	for	multiple	testing	of	the	effects	of	interest,	thus	I	only	indicate	FDR	significance	for	the	predictors	of	interest	–	individual	and	

contextual	level	of	education,	employment	and	marriage.	
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At	 the	 individual	 level,	 I	 find	 strong	 evidence	 for	 a	 positive	 association	 between	

education	 and	 happiness	 (b	=	 8.40E-03,	 SE	 =	 1.64E-03,	 p	 =	 3.04E-07)	 and	 a	 negative	

association	between	education	and	depressive	symptomatology	(b	=	-0.04,	SE	=	6.04E-

03,	 p	 =	 6.82E-03).	 This	means	 that	 spending	 one	more	 year	 in	 education	 results	 in	 a	

0.0084	point	increase	in	happiness	which	is	on	a	5-point	scale	(0.17%	increase),	and	a	

0.04	point	decrease	in	depressive	symptomatology	which	is	on	a	25	point	scale	(0.16%	

decrease).		

	

These	results	did	not	support	an	association	between	unemployment	and	wellbeing	or	

depressive	 symptomatology.	 Appendix	 6.7	 shows	 results	 from	 models	 where	

unemployment	was	a	set	of	dummy	variables	modelling	the	different	reasons	given	for	

unemployment.	The	strongest	effects	in	the	table	show	that	those	who	are	unemployed	

because	 they	 have	 enough	 economic	 capability	 and	 hence	 have	 no	 need	 to	work	 are	

happier	(b	=	0.21,	SE	=	0.06,	p<0.001)	and	more	satisfied	with	life	(b	=	0.28,	SE	=	0.07,	

p<0.001)	 than	 the	employed.	Those	who	are	unemployed	due	 to	 retirement	are	more	

satisfied	with	life	(b	=	0.12,	SE	=	0.03,	p<0.001)	and	less	depressed	(b	=	-0.90,	SE	=	0.10,	

p<0.001)	than	the	employed.	Those	who	are	too	old	and	feeble	to	work	are	less	happy	

than	 the	 employed	 (b	=	 0.07,	 SE	 =	 0.02,	 p<0.01).	 This	 unemployment	 variable	 in	 this	

model	 had	 a	 lot	 of	missing	 data,	with	many	unemployed	 individuals	 responding	with	

“other”	or	not	giving	a	reason	at	all.	

	

Single	 individuals	 are	 5%	 less	 happy	 (b	=	 -0.25,	 SE	 =	 0.03,	 p	 =	 1.28E-20),	 2.8%	 less	

satisfied	with	their	 life	(b	=-0.14,	SE	=	0.03,	p	=	2.45E-07)	and	2.96%	more	depressed	

(b	=	0.74,	 SE	=	0.10,	p	=	6.95E-15)	 than	married	 individuals.	Divorced	 individuals	are	

11.8%	less	happy	(b	=	-0.59,	SE	=	0.05,	p	=	1.19E-32),	9.6%	less	satisfied	with	their	life	

(b	=-0.48,	SE	=	0.05,	p	=	4.36E-21)	and	3.72%	more	depressed	(b	=	0.93,	SE	=	0.18,	p	=	

2.88E-7)	than	married	individuals.	Widowed	individuals	are	5.8%	less	happy	(b	=	-0.29,	

SE	 =	 0.03,	 p	 =	 1.06E-27),	 3.8%	 less	 satisfied	 with	 their	 life	 (b	=-0.19,	 SE	 =	 0.03,	 p	 =	

1.45E-11)	 and	21%	more	depressed	 (b	=	1.05,	 SE	=	0.10,	p	=	3.48E-26)	 than	married	
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individuals.	 I	 found	 weak	 evidence	 to	 suggest	 that	 cohabiting	 individuals	 were	 less	

happy	(b	=-0.25,	SE	=	0.12,	p	=	0.04)	and	more	depressed	(b	=1.03,	SE	=	0.46,	p	=	0.03)	

than	married	individuals.		

	

At	the	contextual	level,	I	did	not	find	strong	evidence	to	support	an	association	between	

county	average	education	level	or	county	unemployment	rate	and	individual	wellbeing	

or	depression.	I	did	find	evidence	that	county	level	marriage	rate	is	positively	associated	

with	individual	happiness	(b	=	0.02,	SE	=	4.24E-03,	p	=	11.92E-04)	and	life	satisfaction	

(b	=	0.01,	SE	=	4.32E-03,	p	=	6.72-03).	This	means	that	a	1%	increase	 in	 the	marriage	

rate	within	a	county	 is	associated	with	a	0.33%	increase	 in	 individual	happiness	 level	

and	a	0.24	%	increase	in	individual	life	satisfaction	level.	

	

Table	 6.5	 shows	 the	 results	 of	 the	models	 that	 tested	 for	 the	 existence	 of	 interaction	

effects	 between	 the	 individual	 and	 contextual	 levels	 factors	 on	 the	 outcomes.	 I	 found	

strong	 evidence	 for	 interaction	 effects	 between	 individual	 and	 county	 average	

education	on	all	three	outcomes.	The	interaction	effect	of	education	on	happiness	(b	=	-

3.14E-03,	SE	=	1.01E-03,	p	=	1.85E-03)	is	shown	in	Figure	6.2A,	which	splits	individuals	

into	those	whose	number	of	years	in	education	is	less	than	the	overall	national	average	

(8.95	years,	calculated	as	an	average	of	the	county	education	averages,	based	on	census	

data)	and	those	whose	number	of	years	in	education	is	more	than	the	overall	national	

average.	Figure	6.2A	plots	average	happiness	of	 these	 two	groups	 in	each	county	as	a	

function	 of	 county	 average	 number	 of	 years	 in	 education	 showing	 less	 educated	

individuals	 are	 happier	 in	 counties	 that	 have	 higher	 average	 education,	 compared	 to	

less	educated	individuals	in	less	educated	counties.		The	difference	in	happiness	for	the	

more	 educated	 in	 these	 different	 counties	 is	much	 smaller,	 though	 a	 similar	 trend	 is	

indicated.	
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Table	 6.5	 Model	 containing	 interaction	 effects	 between	 individual	 and	 country	 level	 education,	 employment	 and	 relationship	 status	 predicting	
happiness,	life	satisfaction	and	depressive	symptoms	

	 Happiness	 Life	Satisfaction	 Depression	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	

Intercept	 -10.55**	 3.87	 -7.20	 3.94	 36.83**	 14.26	

Years	in	Education	 0.04***	 9.14E-03	 0.03***	 9.27E-03	 -0.29***	 0.03	

Employment	status	 -0.01	 0.04	 -0.14**	 0.04	 0.40**	 0.15	

Single	 0.20	 0.36	 0.42	 0.34	 -0.24	 1.21	

Cohabitation	 -1.33	 2.26	 -5.04*	 2.33	 8.78	 8.36	

Divorced	 1.35	 0.88	 -0.21	 0.91	 0.54	 3.28	

Widowed	 0.12	 0.39	 -0.21	 0.41	 -0.54	 1.47	

County	average	education	 0.04	 0.03	 0.03	 0.03	 -0.28**	 0.10	

County	unemployment	rate	 0.21	 0.26	 -0.48	 0.27	 0.52	 0.96	

County	marriage	rate	 0.02***	 0.43	 1.12*	 0.44	 -1.92	 1.58	

Interaction:	Education	 -3.14E-03**†	 1.01E-03	 -3.77E-03***†	 1.02E-03	 0.03***†	 3.66E-03	

Interaction:	Unemployment	 0.03	 0.12	 0.41**†	 0.12	 -1.03*	 0.44	

Interaction:	Single	 -6.32E-03	 5.13E-03	 -7.81E-03	 0.48	 0.01	 0.02	

Interaction:	Cohabitation	 0.01	 0.03	 0.07*	 0.03	 -0.11	 0.11	

Interaction:	Divorced	 -0.03*	 0.01	 -3.76E-03	 0.01	 5.33E-03	 0.05	

Interaction:	Widowed	 -5.72E-03	 5.55E-03	 4.35E-04	 5.76E-03	 0.02	 0.02	

Age	 -0.04***	 2.48E-03	 -0.02***	 2.55E-03	 9.06E-03	 9.15E-03	

Age	squared	 4.46E-04***	 2.47E-05	 3.41E-04***	 2.55E-05	 -2.19E-04*	 9.14E-05	
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Female	 0.10***	 0.01	 0.11***	 0.01	 0.26***	 0.04	

Non	Han	 0.04	 0.03	 0.01	 0.03	 -0.28*	 0.12	

Urban	 0.01	 0.02	 -0.11***	 0.02	 0.02	 0.07	

Health	 0.16***	 5.96E-03	 0.15***	 6.15E-03	 -1.26***	 0.02	

Log	income	per	capita	 0.15	 0.08	 0.08	 0.08	 -0.27	 0.28	

Log	asset	per	capita	 1.04***	 0.31	 0.86**	 0.32	 -2.12	 1.15	

Log	county	GDP	per	capita	 0.07	 0.07	 -0.08	 0.07	 -0.15	 0.27	

Log	county	asset	per	capita	 0.81*	 0.33	 0.59	 0.34	 -1.90	 1.23	

Interaction:	Income	 -3.53E-03	 7.53E-03	 5.58E-03	 7.66E-03	 -1.26E-03	 0.03	

Interaction:	Asset	 -0.07**	 0.03	 -0.05*	 0.03	 0.15	 0.10	

Observations	 26682	 	 27196	 	 26981	 	

Nfamilies	 12501	 	 12521	 	 12470	 	

Ncounties	 158	 	 158	 	 158	 	

AIC	 72293.46	 	 75513.78	 	 143623.00	 	

Note.	Multilevel	model	containing	main	effects	and	interactions	effects	between	individual	education	level,	employment	status	and	relationship	status,	and	
county	level	average	education,	employment	rate	and	marriage	rate,	predicting	happiness,	life	satisfaction	and	depression.	Employment	status	was	coded	
as	0	for	being	employed	and	1	for	being	unemployed.	Relationship	status	was	added	into	the	model	as	a	set	of	dummy	variables.	The	relationship	dummy	
set’s	 reference	 state	was	 being	married.	 p-values	were	 adjusted	 using	 the	 Benhamini-Hochberg	 False	Discovery	 Rate	 Procedure	 to	 control	 for	multiple	
testing	of	the	effects	of	interest,	thus	I	only	indicate	FDR	significance	for	the	interaction	effects	of	education,	employment	and	marriage.		
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Figure	6.2	Graphs	showing	interacton	effects	of	individual	and	county	level	factors	on	wellbeing	and	depressive	symptomatology	
Figure	2A:	Interaction	effect	of	individual	and	county	education	on	happiness.	Individuals	were	placed	in	the	less	educated	group	if	their	total	number	of	
years	spent	in	education	was	less	than	the	national	average	(8.95	years)	and	placed	in	the	more	educated	group	if	they	spent	more	years	in	education	than	
the	national	average.	Graphs	show	that	both	high	and	low	educated	individuals	are	happier	in	more	educated	counties,	though	the	effect	is	greater	for	less	
educated	individuals.	
Figure	2B:	Interaction	effect	of	individual	and	county	education	on	life	satisfaction.	Individuals	were	placed	in	the	less	educated	group	if	their	total	number	of	
years	spent	in	education	was	less	than	the	national	average	(8.95	years)	and	placed	in	the	more	educated	group	if	they	spent	more	years	in	education	than	
the	national	average.	Graphs	shows	that	high	and	low	educated	individuals	react	differently	to	county	education	average.	The	more	educated	individuals	are	
more	satisfied	with	life	in	counties	where	average	education	is	lower,	while	the	opposite	is	true	for	less	educated	individuals.	
Figure	2C:	Interaction	effect	of	individual	and	county	education	on	depression.	Individuals	were	placed	in	the	less	educated	group	if	their	total	number	of	
years	spent	in	education	was	less	than	the	national	average	(8.95	years)	and	placed	in	the	more	educated	group	if	they	spent	more	years	in	education	than	
the	national	average.	Graphs	shows	that	both	high	and	low	educated	individuals	report	less	depressive	symptoms	in	more	educated	counties,	though	the	
effect	is	greater	for	less	educated	individuals.	
Figure	2D:	interaction	effect	of	individual	unemployment	status	and	county	unemployment	rate	on	life	satisfaction.	This	graph	shows	that	the	employed	are	
less	satisfied	with	life	in	counties	where	the	unemployment	rate	is	high,	while	there	are	minimal	differences	in	life	satisfaction	for	the	unemployed.	
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Figure	6.2B	shows	the	interaction	effect	of	education	on	life	satisfaction	(b	=	-3.77E-03,	

SE	=	1.02E-03,	p	=	2.27E-04).	We	can	see	opposite	effects	for	the	high	and	low	educated	

groups	–	 that	 those	with	more	education	have	higher	 life	satisfaction	 in	counties	with	

lower	 average	 education	 compared	 to	 their	 counterparts	 in	more	 educated	 counties,	

while	 individuals	 with	 less	 education	 have	 higher	 life	 satisfaction	 in	 counties	 with	

higher	 average	 education	 compared	 to	 their	 counterparts	 in	 counties	 with	 lower	

average	education.	Figure	6.2C	shows	the	interaction	effect	of	education	on	depression	

(b	=	 0.03,	 SE	 =	 3.66E-03,	 p	 =	 4.20E-15).	We	 see	 that	 those	 with	 low	 education	 have	

lower	 depressive	 symptoms	 in	 counties	 with	 higher	 average	 education	 compared	 to	

lower	educated	individuals	in	counties	with	lower	average	education.	A	similar	smaller	

effect	 is	 seen	 for	 individuals	 with	 high	 education.	 Table	 6.4	 also	 shows	 that	 an	

interaction	 effect	 also	 exists	 between	 individual	 unemployment	 and	 county	

unemployment	rates	for	life	satisfaction	(b	=	0.41,	SE	=	0.12,	p	=	1.02E-03).	Figure	6.2D	

shows	this	interaction	effect	whereby	employed	individuals	are	less	satisfied	with	their	

life	 in	 counties	 where	 unemployment	 rates	 are	 high	 compared	 to	 in	 counties	 where	

unemployment	rates	are	low,	while	effects	for	the	unemployed	are	very	small.	

	

While	slight	differences	were	seen	in	effect	sizes	from	models	that	separated	males	and	

females	 (Appendix	 6.8	 and	 6.9),	 results	were	 generally	 comparable	with	 those	 of	 the	

overall	combined	model.	The	only	notable	difference	that	emerged	was	the	main	effect	

of	unemployment.		Men	who	were	unemployed	were	less	happy	(b	=	-0.05,	SE	=	0.02,	p	

=	0.002),	less	satisfied	with	life	(b	=	-0.05,	SE	=	0.02,	p	=	0.01)	and	had	more	depressive	

symptoms	 (b	 =	 0.21,	 SE	 =	 0.07,	 p	 =	 2.17E-03)	 than	men	who	were	 employed,	 while	

associations	 between	 employment	 and	 mental	 health	 for	 women	 were	 weakly	

supported.		

	

Similarly,	results	were	generally	comparable	with	the	overall	combined	model	when	I	

built	models	separating	urban	and	rural	dwellers	(Appendix	6.10	and	6.11).	One	notable	
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difference	was	the	association	between	individual	education	level	and	life	satisfaction,	

which	was	virtually	zero	for	urban	dwellers	(b	=	-1.71E-03,	SE	=	2.55E-03,	p	=	0.50)	and	

positive	for	rural	dwellers	(b	=	4.70E-03,	SE	=	2.29E-03,	p	=	0.04).		Standard	deviation	

and	 range	 of	 education	 levels	 were	 similar	 in	 both	 urban	 and	 rural	 samples	 so	 the	

results	were	not	due	to	a	restriction	of	range	effect.		

	

	

	 	



	

267	

6.6 Discussion	

	

6.6.1 Education	

	

At	 the	 individual	 level,	 the	 analysis	 showed	 that,	 controlling	 for	 factors	 such	 as	 age,	

gender	 and	 income,	 individuals	 who	 have	 spent	 more	 years	 in	 education	 also	 have	

higher	 levels	 of	 happiness	 and	 lower	 levels	 of	 depression.	 This	 result	 is	 in	 line	 with	

previous	studies	in	China	(Knight	et	al.,	2009;	Sun	et	al.,	2016)	and	worldwide	(Dolan	et	

al.,	 2008).	 In	 general,	 education	 provides	 resources	 and	 capabilities,	 increasing	

productive	capacity	 (Psacharopoulos,	2006)	and	social	advantage	(Behrman	&	Nevzer	

(Eds),	 1997),	which	 brings	mental	 health	 benefits.	 Since	we	 are	 using	 cross-sectional	

data,	 the	causal	pathway	could	also	be	 in	 the	opposite	direction.	Wellbeing	and	 lower	

levels	of	depression	has	been	shown	to	promote	creative	thinking,	improving	problem	

solving	ability	through	flexible	thinking	and	increase	motivation	(Lyubomirsky,	King,	&	

Diener,	2005),	and	these	characteristics	may	lead	people	to	stay	in	education	for	longer.	

Previous	wellbeing	research	in	China	has	not	looked	at	life	satisfaction	and	interestingly	

we	did	not	find	a	strong	association	between	life	satisfaction	and	education.	

	

For	the	happiness	outcome,	I	found	that	individuals	who	were	less	educated	tended	to	

be	 happier	 in	 more	 educated	 counties,	 with	 a	 smaller	 effect	 for	 more	 educated	

individuals.	 I	 also	 saw	 that	 higher	 county	 education	 predicted	 lower	 depressive	

symptomatology.	A	more	educated	county	may	indicate	greater	availability	of	resources	

–	 in	 addition	 to	 better	 access	 to	 education	 the	 county	may	 also	have	better	 access	 to	

healthcare	(including	mental	health)	and	other	public	services.	County	level	policies	in	

such	areas	may	focus	more	on	civilian	welfare	and	wellbeing.	Those	with	less	education	

tend	 to	 come	 from	 lower	 socioeconomic	 backgrounds	 and	 these	 individuals	 may	 be	
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using	 such	 public	 services	 more	 than	 more-educated	 people	 explaining	 the	 greater	

association	seen	in	the	less	educated	individuals.	

	

My	results	for	life	satisfaction	in	relation	to	education	suggest	that	we	are	tapping	into	

additional	mechanisms	here.	I	found	that	more	educated	individuals	tend	to	have	lower	

life	satisfaction	in	more	educated	counties	compared	to	in	less	educated	counties.	This	

effect	may	suggest	that	social	status	benefits	(Nikolaev,	2016)	are	reduced	when	higher	

education	 is	more	 of	 a	 norm.	 In	 general,	more	 educated	 individuals	 enjoy	 feelings	 of	

achievement	 and	 competence	 from	 academic	 successes,	 leading	 to	 their	 higher	

wellbeing.	Achievement	particularly	 leads	 to	 life	 satisfaction,	and	 less	 to	happiness	or	

depression,	 because	 life	 satisfaction	 comes	 from	 an	 evaluation	 of	 one’s	 achievements	

and	aspirations,	while	happiness	is	linked	more	to	positive	experience	(Haller	&	Hadler,	

2006)	 while	 depressive	 symptomatology	 is	 linked	 more	 to	 affect.	 The	 definition	 of	

“achievement”	 however	 is	 highly	 contextual	 –	 gaining	 a	 university	 degree	 can	 be	

deemed	a	great	achievement	in	areas	where	few	people	even	go	to	university,	while	in	

an	 area	 where	 a	 university	 degree	 is	 the	 norm,	 gaining	 one	 will	 be	 less	 of	 an	

achievement.	Therefore,	 the	 life	satisfaction	gains	 from	academic	success	will	vary	 for	

highly	educated	individuals	in	more	and	less	educated	counties	who	will	evaluate	their	

own	achievement	differently	due	to	social	comparison	effects.	

	

The	 results	 showed	 an	opposite	 effect	 for	 less	 educated	people	 and	 life	 satisfaction	–	

they	are	actually	more	satisfied	with	life	when	they	are	in	a	county	with	higher	average	

education.	 This	 could	 be	 tapping	 into	 similar	 effects	 as	 seen	 for	 the	 happiness	 and	

depression	outcomes.	If	social	comparison	effects	are	still	at	play	for	these	individuals,	

this	 supports	 the	 view	 that	 not	 all	 forms	 of	 upward	 social	 comparison	 are	 negative	

(Buunk,	Collins,	Taylor,	VanYperen,	&	Dakof,	1990).	Chinese	people	have	a	core	belief	

that	education,	talent	and	hard	work	are	key	factors	to	economic	success,	and	this	gives	

them	hope	and	belief	in	social	mobility	(Wu,	2009).	Therefore,	in	counties	with	higher	
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average	education,	 those	with	 lower	education	may	admire	and	be	encouraged	by	the	

general	high	education	around	them.		

	

6.6.2 Employment	

	

At	 the	 individual	 level,	 unemployed	 individuals	 were	 no	 different	 from	 employed	

individuals	in	their	mental	health	scores	though	I	did	find	more	nuanced	results	when	I	

broke	 down	 the	 unemployed	 group	 according	 to	 their	 different	 reasons	 for	

unemployment.	 However,	 the	 imbalance	 of	 group	 numbers	 in	 the	 different	

unemployment	reason	groups,	along	with	ambiguous	“other”	and	“unspecified”	groups	

(which	 may	 be	 capturing	 all	 the	 individuals	 who	 simply	 cannot	 find	 a	 job)	 make	 us	

hesitant	 to	 put	 too	 much	 weight	 on	 these	 findings,	 though	 they	 provide	 a	 useful	

suggestion	for	future	research.	I	found	that	unemployed	men	had	much	lower	wellbeing	

and	 higher	 levels	 of	 depressive	 symptoms	 than	 employed	 men,	 while	 effects	 with	

minimal	 for	women.	 This	 sex	 difference	 is	 similar	 to	 previous	 findings	 from	Western	

cultures	(Clark,	2003;	Lucas,	Clark,	Georgellis,	&	Diener,	2004).	

	

I	found	that	employed	individuals	were	much	less	satisfied	with	life	in	counties	where	

the	 unemployment	 rate	 was	 high	 compared	 to	 low.	 The	 life	 satisfaction	 of	 the	

unemployed	 did	 not	 seem	 to	 vary	 with	 county	 unemployment	 rate.	 This	 interaction	

effects	 suggests	 that,	 similar	 to	 the	West,	 employed	 individuals	 may	 view	 high	 local	

unemployment	rates	as	a	source	of	worry	for	the	security	of	their	own	jobs	or	they	may	

feel	sympathy	towards	the	unemployed	(Frey	&	Stutzer,	2002).		
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6.6.3 Marriage	

	

At	 the	 individual	 level,	 I	 found	 strong	 evidence	 that	 individuals	 who	 were	 single,	

divorced	 or	 widowed	 had	 much	 lower	 levels	 of	 happiness	 and	 life	 satisfaction,	 and	

much	higher	 levels	of	depressive	symptoms	than	those	who	were	married,	replicating	

the	effect	sizes	of	previous	studies	in	China	(Appleton	&	Song,	2008;	Knight	et	al.,	2009;	

Sun	et	 al.,	 2016)	and	 in	 the	West	 (Clark,	 Flèche,	 Layard,	Powdthavee,	&	Ward,	2018).	

Marriage	brings	spousal	social	support	and	other	positive	benefits	that	are	beneficial	for	

wellbeing	 (Cutrona,	 1996;	 Gove,	 Hughes,	 &	 Style,	 1983).	 I	 also	 found	 weak	 evidence	

suggestive	of	a	negative	effect	of	cohabitation,	compared	to	marriage.	The	family	unit	is	

considered	 the	 building	 block	 of	 a	 harmonious	 and	 stable	 society	 in	 China	 (Gaetano,	

2014).	 Policies	 also	 favour	 the	married	 in	 terms	of	 tax	 benefits,	 giving	 them	a	higher	

quality	of	 life.	We	must	remember	that	reverse	causality	may	also	be	at	play	whereby	

people	who	have	lower	wellbeing	and	more	depressive	symptoms	may	be	more	likely	to	

be	single,	divorced	or	even	widowed.		

	

I	 found	 that	 individuals	were	 happier	 and	more	 satisfied	with	 their	 lives	 in	 counties	

where	 the	 marriage	 rates	 were	 higher	 –	 this	 effect	 applied	 to	 individuals	 of	 all	

relationship	 statuses.	 It	 could	 be	 that	 higher	 marriage	 rates	 indicate	 greater	 social	

cohesion	and	a	more	family	oriented	community.	In	the	West,	marriage	has	been	shown	

to	 stabilize	 interpersonal	 relationships	 and	 foster	 collective	 efficacy,	 which	 in	 turn	

lowers	community	crime	(Sampson,	1987).	It	has	also	been	associated	with	community	

wellbeing	(Porter,	2012).		

	

6.6.4 Happiness,	Life	Satisfaction	and	Depression	
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These	 results	 highlight	 the	 difference	 between	 happiness,	 life	 satisfaction	 and	

depression	 constructs.	 Research	 has	 shown	 them	 to	 be	 correlated	 but	 aetiologically	

independent,	 with	 differential	 environmental	 influences	 playing	 a	 large	 part	 in	

determining	 construct	 differences	 (Greenspoon	 &	 Saklofske,	 2001;	 Haworth,	 Carter,	

Eley,	&	Plomin,	 2017;	Keyes,	 2002).	 The	difference	 in	 results	 that	we	 find	 across	 our	

different	 constructs	 of	 wellbeing	 and	 depression	 could	 have	 emerged	 due	 to	 the	

different	measures	 tapping	 into	different	considerations	and	reflections:	The	measure	

of	 happiness	 taps	 into	 emotional	 considerations	 of	 feelings.	 The	 measure	 of	 life	

satisfaction	 is	 a	 cognitive	 and	 self-reflective	 appraisal	 process.	 The	 measure	 of	

depression	taps	into	the	mental	illness	spectrum.		

	

6.6.5 Limitations	and	Future	Directions	

	

Using	census	data	is	a	major	advantage	in	this	study	-	reverse	causality	of	the	effect	of	

the	 contextual	 factors	 is	 unlikely.	 However,	 there	 are	 several	 ways	 in	 which	 we	 are	

limited	by	the	data	available.	The	measures	of	happiness	and	life	satisfaction	were	only	

single	 item	measures,	 which	 could	 reduce	 accuracy.	 There	were	 very	 small	 numbers	

who	 were	 single,	 cohabiting,	 divorced	 or	 widowed	 compared	 to	 our	 much	 larger	

married	 group	 –	 more	 balanced	 group	 sizes	 may	 give	 better	 estimates	 (though	 this	

balance	would	not	be	representative	of	the	real	world).	I	also	could	not	be	certain	that	

people	were	comparing	themselves	to	individuals	in	their	county	–	a	more	accurate	way	

of	identifying	reference	groups	may	be	to	use	social	network	information.	By	finding	out	

who	 individuals	 interact	 with	 the	 most	 –	 perhaps	 family,	 people	 in	 the	 work	

environment	or	 friends	–	we	may	get	a	better	 insight	 into	who	they	actually	compare	

themselves	to.	

	

I	 saw	 insightful	 differences	 in	 the	 effect	 of	 individual	 and	 contextual	 factors	 on	 the	

different	measures	of	wellbeing	and	depression.	A	next	step	is	to	expand	this	research	
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to	 look	 at	 the	 individual	 and	 contextual	 factors	 that	 influence	 a	 range	 of	 positive	

psychological	 traits.	 This	 is	 especially	 important	 because	 these	 positive	 psychological	

traits	such	as	optimism,	gratitude,	meaning	in	life	and	basic	psychological	needs,	though	

related,	have	different	outcomes	and	correlates.	

	

Finally,	 not	 all	 people	 behave	 the	 same.	 Individual	 differences	will	 cause	 variation	 in	

how	 people	 view	 their	 external	 environment	 –	 some	 people	 may	 be	 more	 likely	 to	

socially	 compare	 themselves	 with	 others	 in	 a	 negative	 way,	 while	 others	 might	 be	

inspired	 and	 encouraged	 by	 people	 around	 them.	 Cultural	 differences	 such	 as	 those	

between	China	and	Western	societies	may	cause	such	differences,	but	 individual	 level	

factors	 such	 as	personality	 and	 appraisal	 styles	may	 also	be	 important.	 Further	work	

can	explore	the	intricate	ways	in	which	people	socially	compare	themselves	for	better	

or	for	worse.	

	

6.6.6 Policy	Implications	

	

Based	on	 the	 findings,	 I	make	 some	 recommendations	 for	 Chinese	policy.	 Firstly,	 this	

evidence	 can	 give	 policy	 makers	 the	 assurance	 that	 there	 are	 no	 negative	 social	

comparison	 effects	 acting	 on	 wellbeing	 that	 might	 oppose	 the	 positive	 effects	 of	

marriage	 and	 employment	 policies.	 Secondly,	 I	 recommend	 that	 policy	 makers	 take	

closer	consideration	of	the	effects	of	education	policies.	This	evidence	does	suggest	that	

an	 overall	 wellbeing	 benefit	 will	 be	 seen	 from	 increasing	 national	 education	 level,	

namely	 for	 happiness	 and	 depression	 levels,	 but	 such	 policies	 may	 overestimate	 the	

benefit	to	national	life	satisfaction	because	negative	social	comparison	effects	may	be	at	

play.	 Research	 now	 needs	 to	 look	 into	 interventions	 that	 could	 positively	 change	 the	

cognitive	 and	 emotional	 processes	 of	 social	 comparison.	 Social	 comparison	 can	 be	 a	

means	of	encouraging	self-improvement	(Huguet,	Dumas,	Monteil,	&	Genestoux,	2001;	

Wheeler	&	Suls,	2005)	and	there	is	evidence	to	suggest	that	optimism	can	moderate	the	
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link	between	 social	 comparison	 and	depression	 (Gibbons,	Blanton,	Gerrard,	Buunk,	&	

Eggleston,	 2000).	 Interventions	 could	 consider	 tapping	 into	 such	 moderators	 and	

comparison	strategies.	Such	 interventions,	when	 implemented	before	or	simultaneous	

to	educational	policies,	could	offset	the	negative	impact	of	increasing	national	education	

on	more	educated	individuals.		

	

6.6.7 Conclusion	

	

This	 work	 highlights	 the	 importance	 of	 including	 contextual	 factors	 in	 studies	 of	

wellbeing	 since	 they	 can	 have	 interaction	 effects	 that	 are	 not	 captured	 by	 studies	

looking	 only	 at	 individual	 level	 predictors.	 The	discrepancies	 between	 the	 findings	 of	

our	 current	 study	 compared	 to	previous	Western	 studies	 emphasise	 that	 the	 findings	

from	the	abundance	of	wellbeing	research	that	has	been	done	in	Western	populations	

cannot	 be	 directly	 translated	 to	 other	 cultures.	 We	 need	 more	 research	 in	 different	

cultures	 if	 we	 wish	 to	 tackle	 global	 inequality.	 These	 current	 findings	 suggest	 that	

national	Chinese	policies	designed	to	 improve	employment	and	marriage	rates	will	be	

beneficial	 for	 all	 but	 closer	 examination	 is	 required	 for	 educational	 policies.	 More	

research	 needs	 to	 look	 into	 interventions	 that	 encourage	 positive	 social	 comparison	

strategies	 (such	 as	 encouraging	 self-improvement	 or	 increasing	 optimism),	 so	 that	

negative	social	comparison	effects	do	not	offset	the	overall	positive	effect	of	increasing	

national	education	levels.	
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Chapter	7 	Discussion	

	

Wellbeing	is	increasingly	an	area	of	policy	interest	worldwide.	In	this	thesis,	I	explored	

the	 causes	 and	 correlates	 of	 wellbeing	 from	 a	 range	 of	 different	 perspectives,	 while	

keeping	 in	mind	 the	policy	 relevance	of	 each	piece	of	 research.	The	different	 insights	

into	wellbeing	that	can	be	obtained	through	using	a	range	of	different	methodological	

techniques	 are	 needed	 in	 order	 to	 give	 the	 most	 comprehensive	 understanding	 of	

wellbeing	 and	 ensure	 the	 most	 effective	 policies	 are	 created	 as	 a	 result.	 Table	 7.1	

summarises	the	main	findings	of	each	chapter,	as	well	as	the	policy	implications.	In	this	

final	 chapter,	 I	 will	 explore	 the	 novel	 contributions	 of	 each	 of	 my	 research	 projects	

along	with	 their	 policy	 implications,	 general	 limitations	 of	my	 research,	 the	 future	 of	

positive	psychology	research	and	the	use	of	wellbeing	research	in	policy.		
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Table	7.1	Main	findings	and	policy	implications	from	each	thesis	chapter	

Chapter	 Main	Findings	 Policy	Implications	

2	–	Life-course	

predictors	of	wellbeing	

in	emerging	adulthood	

Emotional	health	followed	by	self-perceived	general	health	

are	the	strongest	correlates	of	wellbeing	in	emerging	

adulthood	

Partnership	and	employment	are	also	important	for	some	

wellbeing	outcomes,	such	as	life	satisfaction	and	meaning	in	

life		

The	same	life-course	model	explains	much	more	of	the	

variance	for	happiness	(hedonic	wellbeing)	than	meaning	in	

life	(eudaimonic	wellbeing)	and	the	two	constructs	have	

different	correlates	

This	research	suggests	that	policies	focussing	on	health,	

especially	mental	health,	will	bring	more	wellbeing	benefits	

than	socio-economic	policies	(e.g.	education)	for	emerging	

adults	

Results	also	emphasise	the	importance	of	workplace	wellbeing	

policies	

Policy	makers	need	to	be	aware	that	using	hedonic	versus	

eudaimonic	wellbeing	in	policy	considerations	may	cause	

differences	in	recommendations	

3	–	Moderators	of	

wellbeing	

interventions:	why	do	

some	people	respond	

more	positively	than	

others?	

Of	the	15	potential	moderators	of	wellbeing	intervention	

response	tested,	none	significantly	explained	individual	

differences	in	intervention	response	in	the	intervention	and	

follow-up	phases	

This	means	that	wellbeing	and	mental	health	benefits	were	

universal,	regardless	of	common	predictors	of	wellbeing	

inequality	such	as	SES	and	gender.	

This	suggests	these	easy-to-implement	tasks	could	be	useful	for	

improving	the	wellbeing	and	resilience	of	adolescents	in	a	

population-wide	setting,	without	widening	existing	inequalities	

4	–	What	kind	of	

gratitude	letters	do	

adolescents	write	and	

Adolescents	tended	to	write	gratitude	letters	to	friends	and	

family	relating	to	emotional	and	practical	life	support	while	

many	others	are	written	to	teachers	about	examinations	and	

Results	again	bolster	claims	of	the	scalability	of	positive	

activities	–	participants	are	free	to	write	any	kinds	of	gratitude	

letters	and	do	any	acts	of	kindness	since	there	are	no	
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what	acts	of	kindness	

do	they	do	in	wellbeing	

interventions?	A	mixed	

method	exploration	

schoolwork.		

Acts	of	kindness	ranged	from	being	polite	towards	strangers	

to	doing	housework	for	family	to	helping	out	with	homework	

for	friends		

In	addition	to	wellbeing	and	mental	health,	the	wellbeing	

intervention	also	improved	gratitude	and	relatedness	levels,	

though	not	prosociality	

Gratitude	letter	content	and	acts	of	kindness	done	did	not	

predict	intervention	change	in	wellbeing,	mental	health,	

gratitude	and	prosociality	

Notable	associations	were	found	for	the	outcome	of	

relatedness	

differential	intervention	effects	

	

5	–	Social	support	and	

mental	health	in	late	

adolescence	are	

correlated	for	genetic,	

as	well	as	

environmental,	

reasons	

Support	quality	and	support	quantity	are	55%	and	49%	

heritable,	respectively	

Shared	genetic	influences	mediated	the	moderate	phenotypic	

correlation	between	support	and	mental	health.		

Genetic	correlations	were	higher	between	support	quality	and	

mental	health	than	between	support	quantity	and	mental	

health		

No	direct	policy	implications.	

Ultimately,	genetics	could	play	a	role	in	personalising	

treatments	and	identifying	those	at	genetic	risk		

Recommends	further	research	exploring	the	causal	pathway	

between	social	support	and	wellbeing	

	

6	–	Keeping	up	with	the	

Joneses	Wangs:	the	

impact	of	individual	

Individual	education	level,	being	employed	and	being	married	

positively	associated	with	wellbeing	and	negatively	associated	

with	depression	

Policies	designed	to	improve	employment	and	marriage	rates	

will	be	beneficial	for	all.	However,	research	on	interventions	to	

encourage	positive	social	comparison	strategies	are	needed	
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and	contextual	effects	

on	individual	mental	

health	in	China		

Contextual	factors	(county	level	education,	county	

unemployment	rate	and	county	marriage	rate)	associated	

with	wellbeing	and	depression	as	well,	with	interesting	

interaction	effects	

because	these	could	offset	the	negative	effect	of	increasing	

contextual	education	levels	on	the	more	educated	individuals	in	

China.	
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7.1 Building	 a	 life-course	 model	 of	 wellbeing	 in	 emerging	

adulthood	

	

In	Chapter	2,	I	built	life-course	models	of	different	constructs	of	wellbeing	in	

emerging	adulthood.	This	was	the	first	time	such	models	have	been	built	for	

this	specific	and	developmentally	important	age	range.	This	was	also	the	first	

time	life-course	models	have	been	built	for	positive	psychological	constructs	

beyond	 life	 satisfaction,	 including	 meaning	 in	 life,	 optimism	 and	 the	 basic	

psychological	needs.	Because	 this	 study	 is	observational	and	 I	did	not	have	

baseline	levels	of	wellbeing	to	input	as	control	variables,	I	cannot	make	any	

direct	 policy	 recommendations	 since	 we	 do	 not	 know	 the	 direction	 of	

causality.	However,	 I	can	add	to	the	evidence	base	that	can	be	presented	to	

policy	makers,	as	my	findings	are	still	policy	relevant.	The	life-course	models	

that	I	built	in	Chapter	2	give	us	information	about	relative	effects	suggesting	

areas	that	warrant	more	policy	focus	over	others.	The	strongest	correlate	of	

emerging	 adult	 wellbeing	 was	 health,	 in	 particular	 mental	 health.	 This	

highlights	the	potential	need	to	focus	more	policies	on	mental	health	support	

in	adolescence	and	young	adulthood	to	allow	these	young	people	to	remain	

productive	 and	 healthy	 members	 of	 society.	 In	 addition,	 because	 self-

reported	 general	 health	 also	 had	 strong	 associations	 with	 wellbeing,	 my	

findings	 add	 weight	 to	 policy	 campaigns	 that	 are	 trying	 to	 decrease	 risky	

behaviours	 that	might	 put	 health	 at	 risk,	 such	 as	 smoking	 and	 drinking,	 as	

well	 as	 campaigns	 that	 encourage	 generally	 healthier	 lifestyles	 through	

healthy	diets	and	exercise	–	these	may	have	added	benefits	on	an	individual’s	

general	 sense	 of	 mental	 wellbeing.	 The	 other	 notable	 correlates	 that	 were	

found	were	partnership	and	employment	suggesting	that	these	too	should	be	

areas	of	policy	focus.		
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In	chapter	2,	I	also	found	that	my	life-course	model	explained	much	more	of	

the	 variance	 of	 hedonic	 wellbeing	 (operationalised	 as	 happiness)	 than	

eudaimonic	 wellbeing	 (operationalized	 as	 meaning	 in	 life).	 Furthermore,	

different	 correlates	were	 associated	with	 the	 two	 constructs	with	 different	

effect	sizes.	Different	policy	recommendations	will	 therefore	depend	on	 the	

decision	to	value	either	hedonic	or	eudaimonic	wellbeing	as	the	goal.	Striving	

for	one	side	may	hinder	the	achievement	of	the	other	(Lomas	&	Ivtzan,	2016)	

and	policy	makers	need	to	bear	this	in	mind.	

	

7.2 The	moderators	of	wellbeing	intervention	response	

	

Wellbeing	 interventions	 are	 of	 interest	 to	 policy	 makers	 because	 they	 are	

cost-effective	 and	 can	 easily	 be	 implemented	 at	 a	 population	 level	 when	

delivered	 online.	 However	 a	 concern	 about	 wellbeing	 interventions	 is	 that	

they	 do	 not	 affect	 all	 individuals	 in	 the	 same	 positive	 way.	 If	 not	 fully	

understood,	 implementing	 wellbeing	 interventions	 could	 play	 a	 part	 in	

widening	 existing	wellbeing	 inequality.	 In	 general,	 reducing	 inequality	 is	 a	

United	 Nations	 Sustainable	 Development	 Goal	 (United	 Nations	 General	

Assembly,	 2015),	 therefore	 setting	 it	 as	 one	 of	 the	 top	 priorities	 for	

governments	worldwide.	I	set	about	in	Chapters	3	and	4	to	explore	potential	

causes	 of	 individual	 differences	 in	 response	 to	 a	 wellbeing	 intervention.	

Chapter	 3	 describes	 the	 first	 study	 to	 test	 such	 a	 comprehensive	 list	 of	 15	

potential	moderators	on	an	adolescent	sample.	Chapter	4	was	the	first	study	

to	 capture	 what	 adolescents	 actually	 write	 about	 in	 their	 gratitude	 letters	

and	 what	 they	 actually	 do	 when	 doing	 acts	 of	 kindness	 in	 wellbeing	

interventions,	 and	 I	 was	 able	 to	 test	 if	 these	 were	 the	 moderators	 of	

wellbeing	intervention	response.	Encouragingly,	I	found	that	the	factors	that	

are	often	associated	with	wellbeing	inequality	such	as	Socio	Economic	Status	

(SES)	 and	 gender	 were	 not	 associated	 with	 individual	 differences	 in	
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intervention	response.	In	addition,	my	findings	showed	that	the	way	in	which	

adolescents	 completed	 their	 wellbeing	 intervention	 tasks	 did	 not	 create	

differences	 in	 changes	 in	 the	 main	 outcomes	 of	 interest,	 wellbeing	 and	

mental	health.	My	findings	in	these	chapters	add	weight	to	the	scalability	of	

such	a	wellbeing	intervention	to	the	UK	adolescent	population	as	an	effective	

way	to	increase	wellbeing	without	widening	existing	wellbeing	inequalities.	

	

7.3 Social	support	and	wellbeing	

	

In	chapter	5,	I	explored	the	unique	relationship	between	wellbeing	and	social	

connection,	 focusing	 on	 social	 support.	 This	 was	 the	 first	 time	 that	 the	

genetic	aetiology	of	social	support	was	investigated	in	emerging	adulthood.	I	

found	that	both	support	quality	and	support	quantity,	typically	perceived	to	

be	 measures	 of	 the	 external	 environment,	 were	 heritable,	 and	 that	 the	

observational	association	between	social	support	and	wellbeing	was	partially	

mediated	 by	 shared	 genetics.	 While	 an	 interesting	 and	 important	 topic	 of	

research,	there	are	no	direct	policy	recommendations	that	we	can	make	from	

current	 genetic	 studies	 of	 psychological	 traits.	 Ultimately,	 it	 is	 hoped	 that	

genetics	 will	 play	 a	 role	 in	 personalising	 treatments	 and	 identifying	 those	

who	are	at	genetic	risk	for	disease	or	have	genetic	susceptibility	to	respond	

the	most	negatively	to	negative	circumstances.		

	

7.4 Expanding	wellbeing	research	to	other	cultures	
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In	chapter	6,	I	expanded	my	exploration	of	wellbeing	to	another	culture.	My	

findings	do	not	directly	impact	policy	in	the	UK,	but	they	can	provide	policy	

recommendations	 to	 the	 Chinese	 government.	 They	 also	 give	 us	 a	 general	

insight	into	the	types	of	policy	implications	that	can	come	from	research	on	

contextual	 influences.	 Firstly,	my	 finding	 that	 local	marriage	 rate	 and	 local	

employment	 rate	 positively	 predicted	 individual	 wellbeing	 can	 give	 policy	

makers	 the	 assurance	 that	 there	 are	 no	 negative	 social	 comparison	 effects	

acting	 on	wellbeing	 that	might	 oppose	 the	 positive	 effects	 of	marriage	 and	

employment	 policies.	 Secondly,	 based	 on	 my	 findings,	 I	 recommend	 that	

Chinese	 policy	makers	 take	 closer	 consideration	 of	 the	 effects	 of	 education	

policies.	My	findings	suggested	that	an	overall	wellbeing	benefit	will	be	seen	

from	 increasing	 national	 education	 level,	 namely	 for	 happiness	 and	

depression	levels,	but	such	policies	may	overestimate	the	benefit	to	national	

life	satisfaction	because	negative	social	comparison	effects	may	be	at	play.		

	

7.5 	 The	value	of	multi-cultural	research	

	

One	 of	 the	 underlying	 aims	 of	 psychological	 research	 is	 that	 it	 is	

generalizable.	 Ultimately,	 we	 are	 interested	 in	 understanding	 the	

fundamental	human	condition.	Positive	psychology	research,	like	other	areas	

of	 research,	 has	 predominately	 focused	 on	 cultures	 that	 are	 Western,	

Educated,	 Industrialised,	Rich	 and	Democratic	 ("WEIRD",	Henrich,	Heine,	&	

Norenzayan,	 2010a).	 However,	 when	 comparing	 across	 studies	 from	

different	 countries,	 investigating	 multiple	 domains	 ranging	 from	 visual	

perception	 to	 moral	 reasoning	 to	 self-concepts,	 it	 has	 been	 shown	 that	

participants	 from	WEIRD	cultures	often	tend	to	be	outliers	when	compared	

to	 other	 cultures	 (Henrich	 et	 al.,	 2010a).	 Therefore,	 results	 from	 these	

western	 studies	 may	 in	 fact	 be	 unrepresentative	 of	 the	 underlying	

psychological	effects	(Henrich,	Heine,	&	Norenzayan,	2010b).	Indeed,	I	found	
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that	the	social	comparison	effects	that	are	typically	seen	in	Western	cultures	

did	not	apply	in	my	Chinese	sample.	This	project	has	reminded	me	about	the	

limitations	 of	 research	 using	 only	 Western	 samples.	 The	 incorrect	

generalisation	 of	 research	 from	 WEIRD	 cultures	 can	 have	 damaging	

ramifications.	 Research	 drives	 theories	 and	 theories	 drive	 policy	

recommendations	 (Foote,	 Goette,	 &	 Meier,	 2009).	 Often	 these	 theories,	

derived	from	ungeneralisable	populations	are	then	taken	to	other	countries	

to	 inform	 their	 policies,	 even	 though	 such	 policies	 may	 have	 negligible	 or	

even	negative	effects.	

	

Western	cultures	value	“expressive	individualism”	and	place	an	emphasis	on	

feeling	 good	 (Becker	 &	Marecek,	 2008).	 In	 contrast,	 Eastern	 cultures	 have	

less	of	 an	emphasis	on	 such	hedonistic	 conceptualisations	of	wellbeing	and	

tend	 to	 value	wisdom	 and	more	 eudaimonic	 conceptualisations	 (Joshanloo,	

2014).	Western	cultures	tend	to	value	high	arousal	states	such	as	happiness	

and	excitement	while	Eastern	cultures	tend	to	value	low	arousal	states	such	

as	calmness	(Tsai,	2007).	Chapter	6	takes	one	step	in	going	beyond	Western	

cultures	to	explore	wellbeing.	However,	one	criticism	of	my	research	is	that	

both	the	data	collected	and	my	research	question	still	have	a	Western	focus	

on	hedonic	wellbeing.	Due	to	lack	of	data,	I	was	unable	to	explore	eudaimonic	

wellbeing	in	the	context	of	contextual	effects	in	China.	Eudaimonic	wellbeing	

may	 indeed	 be	 more	 important	 for	 Chinese	 individuals	 and	 exploring	 this	

may	have	more	policy	relevance	for	the	Chinese	government.	

	

7.6 General	Limitations	
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I	 have	 touched	 on	 specific	 limitations	 to	 each	 study	 at	 the	 end	 of	 each	

experimental	chapter.	In	this	section,	I	will	discuss	the	general	limitations	of	

my	 methodologies	 and	 the	 data	 available,	 which	 include	 the	 use	 of	

observational	data,	using	self-reported	measures	and	 the	generalizability	of	

findings.		

	

Much	of	my	work	 in	 this	 thesis	has	 relied	on	observational	data	and	cross-

sectional	analysis.	Therefore,	as	previously	discussed,	I	cannot	infer	causality,	

which	is	essential	in	order	to	provide	the	most	accurate	recommendations	to	

policy.	While	 I	 speculate	 on	 some	 policy	 recommendations,	my	 studies	 are	

more	 useful	 to	 add	 to	 the	 evidence	 base	 than	 to	 singly	 dictate	 any	 new	

policies	 to	be	 created.	Further	 research	using	methods	 such	as	 randomised	

controlled	 trials,	 natural	 experiments	 and	 Mendelian	 Randomisation	 are	

required	to	make	inferences	about	causality.	

	

I	 used	 a	 number	 of	 self-reported	 measures	 from	 large	 cohort	 studies	

(ALSPAC,	 TEDS	 and	 CFPS).	 All	 the	 measures	 used	 were	 well-validated,	

diverse	measures	 and	 go	 beyond	 the	 typical	 single	 items	 normally	 used	 in	

wellbeing	research,	especially	 in	for	policy.	However,	 I	am	limited	by	issues	

of	 social	 desirability	 bias	 (Furnham,	 1986)	 and	 attribution	 bias	 (Tetlock	 &	

Levi,	1982).	Furthermore,	subjective	evaluations	are	affected	by	expectation	

and	 adaptation	 processes.	 Subjective	 evaluations	 do	 not	 acknowledge	 the	

dynamic	 nature	 of	 expectations	 and	 reference	 points	 (Diener,	 Lucas,	 &	

Scollon,	2009;	Dolan	&	Metcalfe,	2012)	–	expectations	for	what	will	make	one	

happy	 and	 comparisons	 change	 according	 to	 changing	 situations.	 Further	

research	 should	 explore	 the	 existence	 of	 objective	 measures	 of	 wellbeing	

such	 as	 physiological	 markers,	 as	 has	 been	 done,	 for	 example,	 for	 stress	

(Ockenfels	 et	 al.,	 1995)	 and	 social	 support	 (Uchino,	 Cacioppo,	 &	 Kiecolt-

Glaser,	1996).	Other	more	objective	measures	 include	observer	 ratings	and	
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experiential	 sampling.	 However,	 it	 is	 important	 to	 note	 that	wellbeing	 is	 a	

subjective	 experience	 so	 subjective	 measures	 may	 be	 the	 only	 way	 to	 get	

authentic	information	from	participants.	

	

My	results	may	not	be	generalizable	due	to	the	samples	used.	ALSPAC,	TEDS	

and	 CFPS	 responders	 have	 answered	 many	 questionnaires	 over	 the	 years	

and	 the	 process	 of	 repeated	 assessments	 may	 cause	 panel	 conditioning	

biases	 (Warren	 &	 Halpern-Manners,	 2012).	 ALSPAC	 participants	 are	 also	

restricted	by	 geographical	 location,	 being	 all	 born	 around	 the	Avon	area	 in	

South-West	England,	and	attrition	biases	have	arisen	due	to	drop-outs	over	

the	 years	 (Boyd	 et	 al.,	 2013).	 Some	 have	 criticised	 the	 generalizability	 of	

research	 based	 on	 twins,	 as	 in	 TEDS.	 Having	 a	 co-twin	 all	 through	 an	

individual’s	 development	 may	 cause	 differences	 between	 twins	 and	

singletons.	 Twins	 on	 average	 have	 a	 shorter	 gestation	 and	 lower	 birth	

weights	 than	 singletons	 (Machin,	 2009).	 They	 are	 also	 delayed	 in	 language	

acquisition	and	lag	in	verbal	and	performance	IQ	in	early	childhood	(Rutter,	

Thorpe,	Greenwood,	Northstone,	&	Golding,	2003;	Wilson,	1975).	However,	

the	IQ	disadvantage	of	twins	is	gone	by	the	age	of	6	(Wilson,	1975).	Beyond	

early	childhood,	twins	have	been	shown	to	be	no	different	to	singletons	with	

respect	 to	 a	 majority	 of	 traits	 (Evans	 &	 Martin,	 2000;	 Johnson,	 Krueger,	

Bouchard,	&	McGue,	2002).	The	evidence	 is	mixed	 in	how	 twins	may	differ	

from	 singletons	 in	 their	 mental	 health.	 Some	 report	 no	 differences	 (e.g.	

Moilanen	et	al.,	1999)	while	others	have	reported	that	having	a	twin	may	be	

protective	against	emotional	problems	(e.g.	Tirkkonen	et	al.,	2016).		

	

7.7 Criticisms	of	the	positive	psychology	movement	
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While	the	field	of	positive	psychology	has	brought	the	importance	of	human	

flourishing	to	the	foreground,	there	are	still	reasonable	criticisms	to	the	field.	

One	of	the	main	criticisms	is	that	in	its	attempt	at	emphasising	the	benefits	of	

positive	psychology,	 the	field	appears	to	have	divided	positive	qualities	and	

emotions,	 such	 as	 happiness	 and	 optimism,	 against	 negative	 qualities	 and	

emotions,	such	as	anger	and	sadness.	Critics	believe	that	positive	psychology	

has	polarised	 the	 two	sides,	conceptualising	 the	 former	as	beneficial	and	to	

be	sought	while	conceptualising	the	latter	as	undesirable	and	to	be	avoided.	

This	does	not	acknowledge	the	contextual	complexity	of	emotions	(McNulty	

&	Fincham,	2012),	where	the	valence	of	psychological	traits	and	processes	is	

dependent	 on	 the	 circumstance.	 For	 example,	 feeling	 happiness	 while	

grieving	 the	 death	 of	 a	 loved	 one	 or	 feeling	 optimism	while	 in	 an	 abusive	

relationship	cannot	be	viewed	as	inherently	beneficial.	Indeed	emotions	are	

theorised	 to	 be	 adaptive	 for	 functional	 use	 (Averill	 et	 al.,	 1994;	 Keltner	 &	

Gross,	 1999).	We	 need	 to	 keep	 these	 criticisms	 in	mind	when	 considering	

positive	psychology	research	in	general.	

	

Critics	 say	 that	 the	 positive	 psychology	 movement	 is	 in	 danger	 of	 causing	

individuals	 to	 over-value	 happiness,	 prioritising	 the	 seeking	 of	 happiness	

over	 other	 more	 valuable	 pursuits.	 The	 cybernetic	 self-regulation	 theory	

(Carver	&	Scheier,	1990)	proposes	that	the	desire	for	happiness	widens	the	

discrepancy	between	expectations	 and	 reality,	 and	 increases	dissatisfaction	

in	 doing	 so.	 Empirically,	 it	 has	 been	 shown	 that	 valuing	 happiness	 causes	

people	 to	be	 less	happy	 (Mauss,	Tamir,	Anderson,	&	Savino,	2011).	 Indeed,	

some	 theorists	 believe	 that	 happiness	 is	 a	 by-product	 of	 activity	 and	 is	

actually	 decreased	 by	 self-awareness	 (Csikszentmihalyi	 &	 Figurski,	 1982).	

The	 most	 established	 theory	 in	 this	 line	 of	 thought	 is	 the	 theory	 of	 flow	

(Csikszentmihalyi,	1996),	which	proposes	that	wellbeing	is	achieved	when	an	

individual	engages	in	an	activity	that	matches	their	skill	set	so	that	they	are	

neither	 bored	 or	 stressed.	 The	 projects	 in	 this	 thesis	 have	 considered	

wellbeing	 as	 an	 end-goal.	 In	 particular,	 the	 goal	 of	 the	 TWIST	 wellbeing	
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intervention	was	to	improve	wellbeing.	Further	intervention	research	should	

consider	methods	of	assessing	wellbeing	as	an	activity	by-product	instead.	

	

Being	 happy	 or	 satisfied	 can	 also	 have	 pitfalls	 (Gruber,	 Mauss,	 &	 Tamir,	

2011).	Satisfaction	can	create	a	sense	of	“false	consciousness”,	a	state	of	mind	

that	 prevents	motivated	 action	 and	 striving	 to	make	 life	 even	 better	 (Jost,	

1995;	Lomas	&	Ivtzan,	2016).	While	moderate	levels	of	positive	emotion	can	

stimulate	 creativity,	 excessive	 amounts	 can	 hinder	 it	 (Davis,	 2009)	 and	 is	

associated	 with	 rigid	 behaviour	 (Fredrickson	 &	 Losada,	 2005).	 Those	

experiencing	extreme	positive	emotion	are	also	more	likely	to	engage	in	risky	

behaviour	such	as	drug	use	and	alcohol	consumption	(Cyders	&	Smith,	2008;	

Martin	et	al.,	2002).		

	

Some	 argue	 that	 “negative”	 emotions	 such	 as	 anger	 can	 actually	 be	 more	

motivating	 when	 channelled	 to	 protest	 again	 the	 injustices	 of	 the	 world	

(Ahmed,	2010;	Lomas	&	Ivtzan,	2016).	Furthermore,	the	field	should	also	be	

wary	of	pathologising	negative	emotions.	By	making	happiness	a	social	norm,	

unhappiness	is	in	danger	of	being	made	a	moral	failure	(Ahmed,	2007).	Those	

who	 feel	 an	 appropriate	 amount	of	 sadness	 can	 then	be	 sent	down	a	more	

serious	 spiral	 of	 depression	 by	 fears	 that	 they	 are	 not	 meeting	 the	 social	

norm.	

	

Encouragingly,	 some	 believe	 that	 the	 field	 has	 taken	 these	 criticisms	 into	

consideration,	 and	 that	 the	 field	 of	 positive	 psychology	 is	 entering	 a	 new	

phase,	 referred	 to	 as	 “second-wave	 positive	 psychology”	 (Ivtzan,	 Lomas,	

Hefferon,	&	Worth,	2015;	Lomas	&	Ivtzan,	2016)	or	“positive	psychology	2.0”	

(Wong,	 2011).	 Reflecting	 on	 my	 own	 projects	 in	 this	 thesis,	 some	 of	 my	
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research	 is	 limited	 by	 the	 aforementioned	 criticisms	 as	 I	 emphasise	 the	

benefits	of	positive	emotions	such	as	happiness	and	life	satisfaction	with	less	

mention	 of	 negative	 emotions	 such	 as	 sadness	 and	 anger.	 More	 research	

needs	to	be	contextually	sensitive	and	more	investigations	are	needed	on	the	

interaction	between	emotions	and	context.	

	

7.8 Research	and	Policy	

	

My	PhD	has	been	in	collaboration	with	the	Department	of	Health.	Because	of	

this,	 I	 had	 the	 opportunity	 to	 undertake	 several	 internships	 at	 government	

departments,	 such	 as	 Department	 of	 Health	 and	 Cabinet	 Office.	 Through	

these	 experiences,	 I	 have	 been	 able	 to	 get	 a	 unique	 insight	 into	 the	 inner	

workings	 of	 policy	 analysis	 and	 policy	making.	 Coinciding	 with	 the	 launch	

and	 development	 of	 the	 What	 Works	 Centre	 for	 Wellbeing,	 during	 my	

internships,	 I	 was	 able	 to	 observe	 interactions	 between	 government	 and	

academics	from	the	side	of	government.		

	

One	 of	 the	 main	 advances	 in	 evidence-based	 policy	 making	 in	 the	 UK	 has	

been	the	creation	of	the	What	Works	Centres.	One	line	of	thought	about	the	

translation	 of	 research	 to	 policy	 is	 referred	 to	 as	 the	 “knowledge	 creep”	

(Radaelli,	 1995).	 Proponents	 believe	 that	 research	 rarely	 individually	

produces	immediate	direct	 impacts	on	policy.	 Instead	it	 is	the	accumulation	

of	evidence	than	informs	policy.	The	job	of	the	What	Works	Centres	has	been	

to	 assimilate	 all	 individual	 strands	 of	 research	 evidence	 to	 draw	 policy	

recommendations.	
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Some	perceive	there	to	be	a	cultural	gap	between	academia	and	government.	

Researchers	 and	 policy	makers	 have	 different	 priorities	 and	 different	 time	

scales.	 Furthermore,	 research	 is	 often	 disseminated	 in	 a	 form	 that	 is	 not	

accessible	to	policy	makers.	Policy	makers	require	information	that	is	easily	

understood	 and	 has	 clearly	 stated	 policy	 implications.	 Recommendations	

have	 been	made	 to	 researchers	 seeking	 to	 have	 a	 policy	 influence	 to	make	

their	 research	 accessible,	 clear,	 concise	 and	 timely	 (Contandriopoulos,	

Lemire,	Denis,	&	Tremblay,	2010;	Mitton,	Adair,	McKenzie,	Patten,	&	Perry,	

2007;	Oliver,	 de	Vocht,	Money,	&	 Everett,	 2013).	 I	 have	 tried	 to	 take	 these	

recommendations	 into	consideration	 through	 the	creation	of	Table	7.1.	The	

What	Works	Centre	 is	an	 intermediary	organisation	designed	especially	 for	

this	 purpose.	 I	 intent	 to	 present	 my	 work	 to	 the	 What	 Works	 Centre	 for	

Wellbeing	 in	 hopes	 that	 they	 are	 able	 to	 directly	 access	 my	 research	 to	

combine	with	other	sources.	This	will	allow	they	to	make	the	best	decisions	

on	how	to	inform	policy.	

	

From	 my	 experiences,	 I	 believe	 that	 while	 we	 should	 endeavour	 to	 teach	

policy	 makers	 and	 researchers	 the	 skills	 to	 communicate	 effectively	 and	

develop	 policies	 together,	 we	 really	 do	 need	 What	 Works	 Centres	 to	

effectively	bridge	 the	gap	between	policy	and	academia.	The	most	 effective	

way	is	to	assign	individuals	whose	job	lie	solely	in	assimilating	research	and	

making	 policy	 recommendations,	 and	 who	 do	 not	 have	 other	 priorities	 of	

direct	policy	making	or	rigorous	scientific	progress.	

	

7.9 The	future	of	wellbeing	in	policy	
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At	 the	 beginning,	when	wellbeing	was	 just	 coming	 into	 the	 political	 arena,	

criticisms	came	from	several	directions.	Some	believed	that	the	Conservative	

party	 brought	 in	 the	 UK	 wellbeing	 agenda	 as	 a	 way	 to	 detract	 the	 wide-

spread	 cuts	 to	 public	 services	 that	 were	 concurrently	 taking	 place.	 Others	

worried	 that	 the	 policy	 interest	 in	 wellbeing	 would	 divert	 attention	 and	

resources	 away	 from	 the	 treatment	 of	 mental	 illnesses.	 One	 influential	

proponent	of	 this	 line	of	 thinking	was	 the	Chief	Medical	Officer,	Dame	Sally	

Davies.	 In	her	2013	Annual	Report	(Davies,	2014),	she	viewed	wellbeing	as	

an	undefined	concept	that	had	unclear	overlaps	with	mental	illness.	She	also	

believed	 that	 there	 was	 a	 lack	 of	 a	 solid	 evidence	 base	 for	 wellbeing.	 She	

suggested	that	wellbeing	policy	was	“running	ahead	of	the	evidence”	(Davies,	

2014)	 and	 that	 the	 resources	 being	 put	 into	 wellbeing	 needed	 to	 be	

redirected	to	the	more	pressing	need	of	mental	health	provisioning.		

	

Because	of	 such	criticisms,	 it	was	unclear	how	 the	wellbeing	agenda	would	

stand	the	test	of	time.	However,	the	OECD	and	ONS	continue	to	produce	their	

annual	 wellbeing	 measurements.	 Despite	 David	 Cameron,	 who	 started	 the	

wellbeing	agenda,	 stepping	down,	 the	government	under	 the	current	Prime	

Minister,	Theresa	May,	 is	 still	developing	wellbeing	 initiatives	 such	as	 “One	

You”	 (“OneYou”,	 2016),	 an	 online	 tool	 to	 help	 individuals	 make	 healthy	

changes	 in	 their	 lives	 to	 improve	their	mental	and	physical	wellbeing.	After	

the	first	work	programme	of	the	What	Works	Centre	for	Wellbeing	ended	in	

June	2018,	 there	 are	now	plans	 to	 continue	 the	 centre	with	 a	 second	work	

programme	currently	under	development.	To	date,	 the	Work	Works	Centre	

for	Wellbeing	is	still	frequently	producing	new	policy	briefings	and	reports.		

	

Research	 and	 policy	 are	 both	 evolving	 and	 increasingly,	 we	 are	 seeing	

governmental	 policies	 based	 on	 rigorous	 evidence	 being	 developed.	 Given	

the	value	of	wellbeing	that	research	has	shown	us,	it	seems	that	the	focus	on	
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wellbeing	 in	policy	 is	here	 to	stay	and	will	no	doubt	continue	 to	grow.	 It	 is	

certainly	an	exciting	time	to	see	the	advances	in	the	use	of	wellbeing	research	

in	policy	in	the	coming	future.	
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Appendices	

Appendix	1.1	OECD	member	countries	

“Australia,	Austria,	Belgium,	Canada,	Chile,	Czech	Republic,	Denmark,	Estonia,	
Finland,	 France,	 Germany,	 Greece,	 Hungary,	 Iceland,	 Ireland,	 Israel,	 Italy,	
Japan,	Korea,	 Luxembourg,	Mexico,	 the	Netherlands,	New	Zealand,	Norway,	
Poland,	 Portugal,	 Slovak	 Republic,	 Slovenia,	 Spain,	 Sweden,	 Switzerland,	
Turkey,	the	United	Kingdom,	and	the	United	States.	“	(OECD	Watch)	
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Appendix	2.1	Correlation	matrix	of	all	wellbeing	outcomes	and	predictor	variables		

	 A	 B	 C	 D	 E	 F	 G	 H	 I	 J	 K	 L	 M	 N	 O	 P	 Q	 R	 S	 T	 U	 V	 W	 X	 Y	 Z	 AA	 AB	 AC	 AD	
A	 1.00	 0.01	 0.04	 -0.02	 0.08	 -0.07	 0.01	 0.06	 0.06	 0.08	 0.07	 0.11	 0.02	 0.15	 -0.08	 0.00	 0.01	 0.00	 0.12	 -0.11	 -0.07	 0.12	 -0.13	 0.00	 -0.08	 0.04	 -0.02	 -0.02	 -0.02	 -0.07	
B	 0.01	 1.00	 0.84	 0.70	 -0.34	 0.70	 0.66	 0.75	 0.23	 0.63	 0.54	 0.49	 0.63	 0.54	 0.54	 0.15	 0.02	 0.17	 0.09	 -0.08	 0.32	 -0.49	 -0.11	 -0.14	 -0.01	 0.09	 0.08	 0.13	 -0.09	 0.04	
C	 0.04	 0.84	 1.00	 0.66	 -0.31	 0.67	 0.64	 0.70	 0.26	 0.65	 0.55	 0.51	 0.66	 0.55	 0.54	 0.11	 0.03	 0.16	 0.07	 -0.10	 0.31	 -0.48	 -0.12	 -0.11	 -0.03	 0.07	 0.07	 0.14	 -0.13	 0.03	
D	 -0.02	 0.70	 0.66	 1.00	 -0.41	 0.66	 0.57	 0.59	 0.17	 0.55	 0.50	 0.44	 0.53	 0.45	 0.47	 0.11	 0.03	 0.10	 0.06	 -0.04	 0.26	 -0.42	 -0.07	 -0.10	 -0.01	 0.05	 0.03	 0.08	 -0.09	 0.08	
E	 0.08	 -0.34	 -0.31	 -0.41	 1.00	 -0.41	 -0.39	 -0.31	 -0.01	 -0.38	 -0.37	 -0.28	 -0.36	 -0.21	 -0.33	 -0.09	 0.01	 -0.06	 -0.01	 0.03	 -0.17	 0.34	 0.02	 0.11	 0.03	 -0.06	 0.01	 -0.07	 0.07	 -0.02	
F	 -0.07	 0.70	 0.67	 0.66	 -0.41	 1.00	 0.69	 0.66	 0.27	 0.68	 0.59	 0.56	 0.64	 0.54	 0.61	 0.12	 0.08	 0.13	 0.00	 -0.07	 0.33	 -0.50	 -0.10	 -0.17	 0.08	 0.07	 0.08	 0.12	 -0.08	 0.05	
G	 0.01	 0.66	 0.64	 0.57	 -0.39	 0.69	 1.00	 0.66	 0.24	 0.67	 0.57	 0.59	 0.61	 0.57	 0.65	 0.13	 0.06	 0.12	 0.03	 -0.07	 0.32	 -0.52	 -0.12	 -0.20	 -0.02	 0.10	 0.06	 0.12	 -0.10	 0.01	
H	 0.06	 0.75	 0.70	 0.59	 -0.31	 0.66	 0.66	 1.00	 0.26	 0.65	 0.58	 0.52	 0.62	 0.61	 0.59	 0.13	 0.06	 0.17	 0.12	 -0.10	 0.34	 -0.48	 -0.16	 -0.16	 0.05	 0.08	 0.12	 0.16	 -0.15	 0.06	
I	 0.06	 0.23	 0.26	 0.17	 -0.01	 0.27	 0.24	 0.26	 1.00	 0.22	 0.16	 0.21	 0.21	 0.28	 0.20	 0.04	 0.01	 0.08	 -0.03	 -0.01	 0.13	 -0.10	 -0.01	 0.00	 -0.07	 0.03	 0.02	 0.03	 0.00	 0.01	
J	 0.08	 0.63	 0.65	 0.55	 -0.38	 0.68	 0.67	 0.65	 0.22	 1.00	 0.88	 0.88	 0.86	 0.67	 0.61	 0.12	 0.08	 0.14	 0.02	 -0.08	 0.32	 -0.50	 -0.14	 -0.17	 0.02	 0.08	 0.08	 0.14	 -0.10	 0.02	
K	 0.07	 0.54	 0.55	 0.50	 -0.37	 0.59	 0.57	 0.58	 0.16	 0.88	 1.00	 0.66	 0.67	 0.55	 0.52	 0.04	 0.02	 0.05	 0.05	 -0.06	 0.27	 -0.43	 -0.09	 -0.11	 0.00	 0.06	 0.04	 0.12	 -0.09	 -0.01	
L	 0.11	 0.49	 0.51	 0.44	 -0.28	 0.56	 0.59	 0.52	 0.21	 0.88	 0.66	 1.00	 0.62	 0.66	 0.50	 0.13	 0.11	 0.14	 -0.03	 -0.10	 0.27	 -0.39	 -0.16	 -0.19	 0.04	 0.07	 0.09	 0.13	 -0.07	 0.02	
M	 0.02	 0.63	 0.66	 0.53	 -0.36	 0.64	 0.61	 0.62	 0.21	 0.86	 0.67	 0.62	 1.00	 0.54	 0.58	 0.15	 0.07	 0.18	 0.04	 -0.06	 0.30	 -0.50	 -0.11	 -0.14	 0.02	 0.07	 0.07	 0.11	 -0.10	 0.03	
N	 0.15	 0.54	 0.55	 0.45	 -0.21	 0.54	 0.57	 0.61	 0.28	 0.67	 0.55	 0.66	 0.54	 1.00	 0.55	 0.10	 0.14	 0.12	 0.02	 -0.09	 0.27	 -0.37	 -0.17	 -0.16	 0.06	 0.08	 0.12	 0.14	 -0.08	 0.06	
O	 -0.08	 0.54	 0.54	 0.47	 -0.33	 0.61	 0.65	 0.59	 0.20	 0.61	 0.52	 0.50	 0.58	 0.55	 1.00	 0.10	 0.15	 0.12	 -0.01	 -0.05	 0.31	 -0.46	 -0.14	 -0.20	 0.14	 0.09	 0.14	 0.10	 -0.11	 0.03	
P	 -0.01	 0.14	 0.11	 0.11	 -0.09	 0.12	 0.13	 0.13	 0.04	 0.12	 0.04	 0.13	 0.15	 0.10	 0.10	 1.00	 0.10	 0.62	 0.01	 -0.03	 0.09	 -0.14	 -0.04	 -0.09	 0.01	 0.04	 0.03	 0.02	 -0.02	 0.00	
Q	 0.01	 0.03	 0.04	 0.03	 0.00	 0.09	 0.06	 0.07	 0.02	 0.09	 0.03	 0.12	 0.08	 0.15	 0.16	 0.13	 1.00	 0.10	 -0.10	 -0.04	 0.09	 -0.10	 -0.18	 -0.07	 0.29	 0.00	 0.18	 0.05	 -0.03	 0.07	
R	 0.00	 0.17	 0.16	 0.11	 -0.06	 0.13	 0.12	 0.17	 0.08	 0.14	 0.05	 0.14	 0.19	 0.12	 0.12	 0.63	 0.15	 1.00	 -0.01	 -0.06	 0.12	 -0.14	 -0.08	 -0.10	 0.05	 0.06	 -0.01	 0.05	 -0.05	 0.03	
S	 0.12	 0.09	 0.07	 0.06	 -0.01	 0.00	 0.03	 0.12	 -0.02	 0.02	 0.05	 -0.03	 0.04	 0.02	 -0.01	 0.01	 -0.11	 -0.01	 1.00	 0.01	 -0.04	 -0.02	 0.05	 0.03	 -0.09	 0.01	 -0.08	 -0.01	 -0.04	 -0.07	
T	 -0.11	 -0.08	 -0.10	 -0.05	 0.03	 -0.07	 -0.07	 -0.10	 -0.01	 -0.09	 -0.06	 -0.10	 -0.06	 -0.09	 -0.05	 -0.04	 -0.05	 -0.06	 0.01	 1.00	 -0.06	 0.10	 0.11	 0.03	 0.00	 -0.04	 -0.05	 0.02	 0.02	 -0.05	
U	 -0.07	 0.31	 0.30	 0.26	 -0.16	 0.33	 0.31	 0.34	 0.13	 0.31	 0.26	 0.27	 0.29	 0.27	 0.31	 0.09	 0.11	 0.12	 -0.03	 -0.07	 1.00	 -0.35	 -0.12	 -0.15	 0.04	 0.16	 0.10	 0.17	 -0.09	 0.09	
V	 0.11	 -0.48	 -0.47	 -0.42	 0.34	 -0.50	 -0.52	 -0.48	 -0.10	 -0.50	 -0.43	 -0.39	 -0.49	 -0.38	 -0.45	 -0.15	 -0.11	 -0.14	 -0.03	 0.12	 -0.34	 1.00	 0.12	 0.20	 -0.04	 -0.11	 -0.05	 -0.14	 0.11	 -0.03	
W	 -0.12	 -0.12	 -0.13	 -0.07	 0.02	 -0.12	 -0.14	 -0.17	 -0.01	 -0.16	 -0.11	 -0.18	 -0.12	 -0.19	 -0.16	 -0.06	 -0.21	 -0.12	 0.07	 0.15	 -0.15	 0.15	 1.00	 0.38	 -0.17	 -0.18	 -0.08	 -0.20	 0.25	 -0.12	
X	 0.01	 -0.15	 -0.14	 -0.11	 0.12	 -0.20	 -0.22	 -0.18	 -0.01	 -0.19	 -0.12	 -0.22	 -0.17	 -0.19	 -0.22	 -0.13	 -0.11	 -0.14	 0.04	 0.05	 -0.15	 0.22	 0.41	 1.00	 -0.16	 -0.26	 -0.09	 -0.23	 0.23	 -0.03	
Y	 -0.08	 -0.01	 -0.03	 -0.02	 0.03	 0.08	 -0.02	 0.05	 -0.07	 0.03	 0.00	 0.04	 0.02	 0.06	 0.15	 0.03	 0.31	 0.07	 -0.10	 0.00	 0.05	 -0.06	 -0.19	 -0.17	 1.00	 0.01	 0.19	 0.03	 -0.06	 0.07	
Z	 0.04	 0.09	 0.08	 0.05	 -0.07	 0.07	 0.10	 0.09	 0.02	 0.09	 0.07	 0.08	 0.08	 0.09	 0.09	 0.05	 0.02	 0.07	 0.01	 -0.05	 0.17	 -0.12	 -0.20	 -0.27	 0.01	 1.00	 0.01	 0.32	 -0.11	 0.05	
AA	 -0.03	 0.09	 0.10	 0.04	 0.01	 0.10	 0.07	 0.14	 0.04	 0.11	 0.06	 0.12	 0.09	 0.14	 0.17	 0.04	 0.20	 0.01	 -0.10	 -0.06	 0.10	 -0.08	 -0.12	 -0.12	 0.20	 0.03	 1.00	 0.09	 -0.10	 0.18	
AB	 -0.02	 0.16	 0.17	 0.09	 -0.08	 0.13	 0.14	 0.18	 0.04	 0.17	 0.14	 0.16	 0.14	 0.17	 0.13	 0.03	 0.07	 0.08	 -0.02	 -0.01	 0.17	 -0.15	 -0.24	 -0.27	 0.02	 0.34	 0.13	 1.00	 -0.39	 0.07	
AC	 -0.01	 -0.10	 -0.15	 -0.12	 0.08	 -0.10	 -0.11	 -0.14	 0.00	 -0.12	 -0.10	 -0.09	 -0.12	 -0.08	 -0.12	 -0.03	 -0.03	 -0.05	 -0.02	 0.04	 -0.07	 0.11	 0.28	 0.25	 -0.05	 -0.12	 -0.13	 -0.41	 1.00	 -0.16	
AD	 -0.07	 0.05	 0.05	 0.09	 -0.02	 0.07	 0.03	 0.07	 0.01	 0.04	 0.01	 0.05	 0.04	 0.08	 0.04	 0.02	 0.11	 0.03	 -0.09	 -0.09	 0.08	 -0.05	 -0.17	 -0.08	 0.09	 0.06	 0.23	 0.09	 -0.19	 1.00	
	

0.01	 Correlation	for	available	data	

0.01	 Correlation	for	imputed	variables	
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Key	for	Appendix	2.1	

Number	 Variable	
A	 Sex	
B	 ONS1	Life	Satisfaction	
C	 ONS2	Worthwhile	
D	 ONS3	Happiness	
E	 ONS	4	Anxiety	
F	 WEMWBS	
G	 Subjective	Happiness	
H	 Satisfaction	with	Life	
I	 Meaning	in	Life	
J	 Basic	Psychological	Needs	
K	 BPN:	Autonomy	
L	 BPN:	Relatedness	
M	 BPN:	Competence	
N	 Gratitude	
O	 Optimism	
P	 Income	
Q	 Education	level	
R	 Employed	
S	 Have	a	partner	
T	 Antisocial	behaviour	
U	 Self-perceived	general	health	
V	 Emotional	problems	
W	 Childhood	externalising	problems	
X	 Childhood	internalising	problems	
Y	 Childhood	IQ	
Z	 Childhood	general	health	
AA	 Family	socio-economic	composition	
AB	 Parental	self-perceived	general	health	
AC	 Parental	emotional	problems	
AD	 Family	behavioural	factors	
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Appendix	2.2	Mean	(SD)	of	family	level	predictor	variables	in	sample	

	 	 	 Wellbeing	
Questionnaire	
Responders	
(N=4222)	

Complete	Case	
(N=256)	

Imputed	Data	

	 	 	 Mean	(SD)	 N	 Mean	(SD)	 N	 Mean	(SE)	 N	

	 	 	 	 	 	 	 	

Family	
socio-
economic	

Mother's	social	class	 2.93(1.15)	 3280	 2.47(0.94)	 247	 		 		

Father's	social	class	 2.82(1.22)	 2988	 2.52(1.26)	 247	 		 		

Family	
income	per	
week,	Age	2	

less	than	
£100	

		 168	 		 1	 		 		

£100-£199	 		 448	 		 18	 		 		

£200-£299	 		 872	 		 62	 		 		

£300-£399	 		 747	 		 83	 		 		

£400	or	
more	

		 884	 		 83	 		 		

Age	8	 less	than	
£100	

		 46	 		 0	 		 		

£100-£199	 		 210	 		 5	 		 		

£200-£299	 		 433	 		 21	 		 		

£300-£399	 		 594	 		 47	 		 		

£400	or	
more	

		 1663	 		 174	 		 		

Age	11	 less	than	
£120	

		 53	 		 1	 		 		

£120-£189	 		 117	 		 2	 		 		

£190-£239	 		 133	 		 5	 		 		

£240-£289	 		 188	 		 12	 		 		
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£290-£359	 		 293	 		 16	 		 		

£360-£429	 		 300	 		 19	 		 		

£430-£479	 		 216	 		 21	 		 		

£480-£559	 		 466	 		 38	 		 		

£560-£799	 		 634	 		 81	 		 		

£800	or	
more	

		 463	 		 52	 		 		

Number	of	
siblings	

	 1.89	(1.23)	 3672	 1.54	(0.86)	 247	 		 		

Father	in	
work,	Age	8	
months	

yes	 		 3148	 		 240	 		 		

no	 		 336	 		 7	 		 		

Age	9	 yes	 		 2913	 		 241	 		 		

no	 		 168	 		 6	 		 		

Age	12	 yes	 		 2745	 		 243	 		 		

no	 		 132	 		 4	 		 		

Mother's	highest	
qualification	

3.37(1.2)	 3706	 3.89(0.95)	 247	 		 		

Father's	highest	
qualification	

3.51(1.33)	 3067	 3.95(1.16)	 247	 		 		

Family	socioeconomic	
composite	

0.14(0.35)	 1224	 0.20(0.27)	 247	 0.11(0.01)	 4091	

	 	 	 	 	 	 	 	 	
Parental	
emotional	
problems	

Mother's	
EPDS,	18	
weeks	
gestation	

Age	18	
weeks	
gestation	

6.29(4.53)	 3484	 5.26(3.89)	 247	 		 		

Age	8	 5.9(5.01)	 3196	 4.89(4.7)	 247	 		 		
Age	11	 5.61(5.16)	 3227	 4.52(4.99)	 247	 		 		

Father's	
EPDS	

Age	18	
weeks	
gestation	

3.97(3.73)	 3087	 3.29(3.11)	 247	 		 		

Age	8	 4.16(4.34)	 1887	 3.5(3.9)	 247	 		 		
Age	11	 3.77(4.24)	 1813	 3.03(3.95)	 247	 		 		

Parental	emotional	health	 -0.13(0.74)	 1185	 -0.22(0.74)	 247	 -0.09(0.02)	 4092	
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composite	
	 	 	 	 	 	 	 	 	
Parental	
self-
perceived	
health	

Mother	 Age	8	week	 1.65(0.53)	 3566	 1.6(0.5)	 247	 		 		
Age	9	 1.47(0.6)	 3307	 1.38(0.54)	 247	 		 		
Age	12	 1.48(0.59)	 3174	 1.45(0.57)	 247	 		 		

Father	 Age	8	week	 1.48(0.54)	 2814	 1.43(0.51)	 247	 		 		
Age	9	 1.36(0.54)	 1795	 1.3(0.51)	 247	 		 		
Age	12	 1.4(0.55)	 1699	 1.32(0.51)	 247	 		 		

Parental	self	percieved	
health	composite	

1.56(0.32)	 1183	 1.59(0.31)	 247	 1.54(0.01)	 4092	

	 	 	 	 	 	 	 	 	
Family	
behaviour	

Conceived	in	
marriage	

Yes	 		 3120	 		 231	 		 		
No	 		 609	 		 16	 		 		

Parents	
together	at	
age	10	

Yes		 		 2752	 		 241	 		 		
No	 		 562	 		 6	 		 		

Parents	ever	
been	in	
trouble	with	
law	(Age	12)	

Yes	both	 		 39	 		 3	 		 		
Yes	only	one	 		 501	 		 75	 		 		
No	 		 1064	 		 169	 		 		

Family	behavioural	
composite	

0.73(1.45)	 1445	 0.96(1.23)	 247	 0.64(0.05)	 4099	
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Appendix	2.3	Lifecourse	models	for	additional	wellbeing	outcome	variables	(using	imputed	standardised	data)	

	

Table	2.3.1	Multiple	regression	results	of	imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	
predictors	together	to	predict	life	satisfaction	and	worthwhileness	in	emerging	adulthood	(using	ONS1:	Life	Satisfaction	and	ONS2:	Worthwhile)	

	 ONS	1	Life	Satisfaction	Standardised	Imputed	Model	 ONS	2	Worthwhile	Standardised	Imputed	Model	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.02	 0.02	 	 	 0.01	 0.02	 -0.03	 0.02	 	 	 -0.03	 0.02	
Education	level	 -0.05**	 0.02	 	 	 -0.05**	 0.02	 -0.04*	 0.02	 	 	 -0.03	 0.02	
Employed	 0.09***	 0.02	 	 	 0.09***	 0.02	 0.11***	 0.02	 	 	 0.11***	 0.02	
Antisocial	behaviour	 -0.01	 0.02	 	 	 0.00	 0.02	 -0.03	 0.02	 	 	 -0.02	 0.02	
Have	a	partner	 0.06***	 0.01	 	 	 0.07***	 0.02	 0.05***	 0.01	 	 	 0.05***	 0.02	
Self-perceived	general	health	 0.17***	 0.02	 	 	 0.16***	 0.02	 0.16***	 0.02	 	 	 0.15***	 0.02	
Emotional	problems	 -0.42***	 0.02	 	 	 -0.41***	 0.02	 -0.42***	 0.02	 	 	 -0.41***	 0.02	
Childhood	IQ	 	 	 -0.05*	 0.02	 -0.03	 0.02	 	 	 -0.07***	 0.02	 -0.07***	 0.02	
Childhood	externalising	problems	 	 	 -0.05	 0.02	 -0.01	 0.02	 	 	 -0.06*	 0.03	 -0.02	 0.02	
Childhood	internalising	problems	 	 	 -0.11***	 0.02	 -0.02	 0.02	 	 	 -0.08**	 0.02	 0.00	 0.02	
Childhood	general	health	 	 	 0.01	 0.02	 -0.03	 0.02	 	 	 0.00	 0.03	 -0.04	 0.02	
Family	socio-economic	
composition	

	 	 0.06	 0.03	 0.05	 0.03	 	 	 0.08*	 0.04	 0.06*	 0.03	

Parental	self-perceived	general	
health	

	 	 0.10**	 0.04	 0.06	 0.03	 	 	 0.10**	 0.04	 0.06	 0.03	

Parental	emotional	problems	 	 	 -0.01	 0.04	 0.00	 0.03	 	 	 -0.06	 0.03	 -0.05	 0.03	
Family	behavioural	factors	 	 	 0.01	 0.03	 0.01	 0.03	 	 	 0.00	 0.03	 0.00	 0.03	
Female	 0.12***	 0.03	 0.01	 0.03	 0.12***	 0.03	 0.18***	 0.03	 0.06	 0.03	 0.17***	 0.03	
Model	R2	 27.95%	 	 4.99%	 	 29.06%	 	 26.97%	 	 5.86%	 	 28.83%	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	 	
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Table	2.3.2	Multiple	regression	results	of	imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	
predictors	together	to	predict	happiness	and	anxiety	in	emerging	adulthood	(using	ONS3:	Happiness	and	ONS4:	Anxiety)	

	 ONS	3	Happiness	Standardised	Imputed	Model	 ONS	4	Anxiety	Standardised	Imputed	Model	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.02	 0.02	 	 	 0.02	 0.02	 -0.05*	 0.02	 	 	 -0.04	 0.02	
Education	level	 -0.03	 0.02	 	 	 -0.02	 0.02	 0.05**	 0.02	 	 	 0.03	 0.02	
Employed	 0.03	 0.02	 	 	 0.03	 0.02	 0.01	 0.02	 	 	 0.01	 0.02	
Antisocial	behaviour	 0.01	 0.02	 	 	 0.02	 0.02	 0.00	 0.02	 	 	 0.00	 0.02	
Have	a	partner	 0.04**	 0.02	 	 	 0.04**	 0.02	 0.00	 0.02	 	 	 0.01	 0.02	
Self-perceived	general	
health	

0.14***	 0.02	 	 	 0.14***	 0.02	 -0.05**	 0.02	 	 	 -0.05**	 0.02	

Emotional	problems	 -0.37***	 0.02	 	 	 -0.37***	 0.02	 0.31***	 0.02	 	 	 0.30***	 0.02	
Childhood	IQ	 	 	 -0.04*	 0.02	 -0.04*	 0.02	 	 	 0.04*	 0.02	 0.04	 0.02	
Childhood	externalising	
problems	

	 	 -0.01	 0.02	 0.02	 0.02	 	 	 -0.03	 0.03	 -0.06*	 0.03	

Childhood	internalising	
problems	

	 	 -0.08**	 0.02	 -0.01	 0.02	 	 	 0.11***	 0.02	 0.06*	 0.02	

Childhood	general	health	 	 	 0.00	 0.02	 -0.03	 0.02	 	 	 -0.03	 0.02	 -0.02	 0.02	
Family	socio-economic	
composition	

	 	 0.01	 0.03	 -0.01	 0.03	 	 	 0.02	 0.03	 0.04	 0.03	

Parental	self-perceived	
general	health	

	 	 0.03	 0.04	 -0.01	 0.03	 	 	 -0.03	 0.04	 -0.01	 0.04	

Parental	emotional	
problems	

	 	 -0.08	 0.04	 -0.07	 0.04	 	 	 0.05	 0.04	 0.04	 0.04	

Family	behavioural	factors	 	 	 0.06*	 0.03	 0.06*	 0.03	 	 	 -0.01	 0.03	 -0.01	 0.03	
Female	 0.06	 0.03	 -0.04	 0.03	 0.07*	 0.03	 0.09**	 0.03	 0.17***	 0.03	 0.09*	 0.03	
Model	R2	 20.00%	 	 3.16%	 	 21.36%	 	 12.14%	 	 3.24%	 	 13.17%	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.3.3	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	autonomy	in	emerging	adulthood	(using	Basic	Psychological	Needs:	Autonomy	Subscale	and	Relatedness	Subscale)	

	 Autonomy	Standardised	Imputed	Model	 Relatedness	Standardised	Imputed	Model	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.03	 0.02	 	 	 -0.03	 0.02	 0.04*	 0.02	 	 	 0.04	 0.02	
Education	level	 -0.03	 0.02	 	 	 -0.03	 0.02	 0.04*	 0.02	 	 	 0.02	 0.02	
Employed	 0.00	 0.02	 	 	 -0.01	 0.02	 0.04	 0.02	 	 	 0.03	 0.02	
Antisocial	behaviour	 0.00	 0.02	 	 	 0.00	 0.02	 -0.02	 0.02	 	 	 -0.02	 0.02	
Have	a	partner	 0.02	 0.02	 	 	 0.02	 0.02	 -0.05***	 0.02	 	 	 -0.04**	 0.02	
Self-perceived	general	health	 0.14***	 0.02	 	 	 0.13***	 0.02	 0.15***	 0.02	 	 	 0.14***	 0.02	
Emotional	problems	 -0.41***	 0.02	 	 	 -0.40***	 0.02	 -0.34***	 0.02	 	 	 -0.31***	 0.02	
Childhood	IQ	 	 	 -0.03	 0.02	 -0.02	 0.02	 	 	 0.00	 0.02	 -0.01	 0.02	
Childhood	externalising	problems	 	 	 -0.04*	 0.03	 -0.01	 0.03	 	 	 -0.07**	 0.03	 -0.02	 0.02	
Childhood	internalising	problems	 	 	 -0.08**	 0.03	 -0.01	 0.02	 	 	 -0.17***	 0.03	 -0.10***	 0.02	
Childhood	general	health	 	 	 0.00	 0.02	 -0.03	 0.02	 	 	 -0.02	 0.02	 -0.05*	 0.02	
Family	 socio-economic	
composition	

	 	
0.04	 0.03	 0.02	 0.03	

	 	
0.09**	 0.03	 0.06	 0.03	

Parental	 self-perceived	 general	
health	

	 	
0.09*	 0.04	 0.06	 0.03	

	 	
0.11**	 0.04	 0.07*	 0.03	

Parental	emotional	problems	 	 	 -0.03	 0.03	 -0.02	 0.03	 	 	 0.03	 0.03	 0.03	 0.03	
Family	behavioural	factors	 	 	 -0.02	 0.03	 -0.02	 0.03	 	 	 0.01	 0.03	 0.00	 0.03	
Female	 0.25***	 0.03	 0.13***	 0.03	 0.25***	 0.03	 0.34***	 0.03	 0.24***	 0.03	 0.34***	 0.03	
Model	R2	 21.83%	 	 4.01%	 	 22.85%	 	 21.00%	 	 8.82%	 	 23.44%	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.3.4	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	competence	in	emerging	adulthood	(using	Basic	Psychological	Needs:	Competence	Subscale)	

	 Competence	Standardised	Imputed	Model	
	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.00	 0.02	 	 	 0.00	 0.02	
Education	level	 0.00	 0.02	 	 	 0.00	 0.02	
Employed	 0.11***	 0.02	 	 	 0.11***	 0.02	
Antisocial	behaviour	 0.02	 0.02	 	 	 0.02	 0.02	
Have	a	partner	 0.02	 0.01	 	 	 0.02	 0.02	
Self-perceived	general	health	 0.13***	 0.02	 	 	 0.13***	 0.02	
Emotional	problems	 -0.44***	 0.02	 	 	 -0.43***	 0.02	
Childhood	IQ	 	 	 -0.02	 0.02	 -0.02	 0.02	
Childhood	externalising	problems	 	 	 -0.03	 0.02	 0.01	 0.02	
Childhood	internalising	problems	 	 	 -0.12***	 0.02	 -0.03	 0.02	
Childhood	general	health	 	 	 0.01	 0.02	 -0.03	 0.02	
Family	 socio-economic	
composition	

	 	
0.06*	 0.03	 0.04	 0.03	

Parental	 self-perceived	 general	
health	

	 	
0.07*	 0.04	 0.03	 0.03	

Parental	emotional	problems	 	 	 -0.04	 0.04	 -0.04	 0.03	
Family	behavioural	factors	 	 	 0.00	 0.03	 0.00	 0.02	
Female	 0.16***	 0.03	 0.04	 0.03	 0.16***	 0.03	
Model	R2	 27.79%	 	 4.81%	 	 28.73%	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.3.5	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	gratitude	and	optimism	in	emerging	adulthood	

	 Gratitude	Standardised	Imputed	Model	 Optimism	Standardised	Imputed	Model	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.00	 0.02	 	 	 0.00	 0.02	 -0.01	 0.02	 	 	 -0.01	 0.02	
Education	level	 0.09***	 0.02	 	 	 0.06**	 0.02	 0.10***	 0.02	 	 	 0.05**	 0.02	
Employed	 0.04*	 0.02	 	 	 0.04	 0.02	 0.03	 0.02	 	 	 0.03	 0.02	
Antisocial	behaviour	 -0.02	 0.02	 	 	 -0.01	 0.02	 0.01	 0.02	 	 	 0.01	 0.02	
Have	a	partner	 0.00	 0.02	 	 	 0.02	 0.02	 -0.01	 0.02	 	 	 0.00	 0.02	
Self-perceived	general	health	 0.16***	 0.02	 	 	 0.14***	 0.02	 0.16***	 0.02	 	 	 0.15***	 0.02	
Emotional	problems	 -0.33***	 0.02	 	 	 -0.31***	 0.02	 -0.38***	 0.02	 	 	 -0.36***	 0.02	
Childhood	IQ	 	 	 0.02	 0.02	 0.00	 0.02	 	 	 0.08***	 0.02	 0.07**	 0.02	
Childhood	externalising	problems	 	 	 -0.09***	 0.03	 -0.05	 0.03	 	 	 -0.06**	 0.02	 -0.01	 0.02	
Childhood	internalising	problems	 	 	 -0.11***	 0.03	 -0.06*	 0.02	 	 	 -0.14***	 0.02	 -0.07**	 0.02	
Childhood	general	health	 	 	 -0.01	 0.03	 -0.03	 0.02	 	 	 0.03	 0.02	 0.00	 0.02	
Family	 socio-economic	
composition	

	 	
0.10**	 0.03	 0.07*	 0.03	

	 	
0.12***	 0.03	 0.09**	 0.03	

Parental	 self-perceived	 general	
health	

	 	
0.13***	 0.04	 0.09**	 0.03	

	 	
0.03	 0.03	 -0.01	 0.03	

Parental	emotional	problems	 	 	 0.05	 0.03	 0.05	 0.03	 	 	 -0.04	 0.03	 -0.04	 0.03	
Family	behavioural	factors	 	 	 0.04	 0.03	 0.03	 0.03	 	 	 -0.03	 0.03	 -0.04	 0.03	
Female	 0.39***	 0.03	 0.31***	 0.03	 0.39***	 0.03	 -0.06	 0.03	 -0.17***	 0.03	 -0.06	 0.03	
Model	R2	 21.33%	 	 10.00%	 	 23.99%	 	 24.39%	 	 9.11%	 	 27.08%	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Appendix	2.4	Lifecourse	models	for	wellbeing	outcomes	(using	unimputed	standardised	data)	

Table	2.4.1	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	life	satisfaction	and	worthwhileness	in	emerging	adulthood	(Using	ONS	1:	Life	Satisfaction	and	ONS	2:	Worthwhileness)	

	 ONS1:	Life	Satisfaction	Unimputed	Standardised	Model	 ONS2:	Worthwhile	Unimputed	Standardised	Model	
	 Proximal	

Predictors	Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	
Predictors	Model	

Distal	 Predictors	
Model	

Overall	Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.01	 0.02	 	 	 -0.03	 0.06	 -0.04	 0.02	 	 	 -0.08	 0.06	
Education	level	 -0.05***	 0.02	 	 	 -0.12	 0.07	 -0.03	 0.02	 	 	 -0.12	 0.06	
Employed	 0.08**	 0.02	 	 	 0.07	 0.08	 0.10***	 0.02	 	 	 0.12	 0.07	
Antisocial	behaviour	 0.01	 0.02	 	 	 0.10	 0.07	 -0.01	 0.02	 	 	 0.04	 0.07	
Have	a	partner	 0.04*	 0.02	 	 	 -0.01	 0.06	 0.03	 0.02	 	 	 0.02	 0.05	
Self-perceived	general	health	 0.15***	 0.02	 	 	 0.12*	 0.06	 0.15***	 0.02	 	 	 0.12*	 0.06	
Emotional	problems	 -0.42***	 0.02	 	 	 -0.37***	 0.06	 -0.43***	 0.02	 	 	 -0.32***	 0.06	
Childhood	IQ	 	 	 -0.05	 0.05	 0.01	 0.05	 	 	 -0.10*	 0.05	 -0.05	 0.05	
Childhood	externalising	problems	 	 	 -0.09	 0.06	 0.01	 0.06	 	 	 -0.09	 0.06	 -0.03	 0.06	
Childhood	internalising	problems	 	 	 -0.14**	 0.05	 -0.07	 0.06	 	 	 -0.09	 0.05	 -0.04	 0.06	
Childhood	general	health	 	 	 -0.02	 0.05	 0.02	 0.05	 	 	 -0.03	 0.05	 0.02	 0.05	
Family	 socio-economic	
composition	

	 	
0.06	 0.06	 0.03	 0.06	

	 	
0.06	 0.05	 0.04	 0.06	

Parental	 self-perceived	 general	
health	

	 	
-0.02	 0.05	 -0.05	 0.05	

	 	
-0.02	 0.05	 -0.03	 0.05	

Parental	emotional	problems	 	 	 -0.03	 0.05	 -0.05	 0.05	 	 	 -0.11*	 0.05	 -0.09	 0.05	
Family	behavioural	factors	 	 	 0.00	 0.06	 0.04	 0.06	 	 	 -0.04	 0.05	 -0.02	 0.06	
Female	 0.09*	 0.04	 -0.11	 0.10	 -0.03	 0.10	 0.14***	 0.04	 0.08	 0.09	 0308	 0.10	
Model	R2	 26.57%	 	 4.14%	 	 25.32%	 	 26.73%	 	 5.13%	 	 25.68%	 	
Observations	 2035	 	 376	 	 251	 	 2035	 	 377	 	 251	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.4.2	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	happiness	and	anxiety	in	emerging	adulthood	(Using	ONS	3:	Happiness	and	ONS	4:	Anxiety)	

	 ONS3:	Happiness	Unimputed	Standardised	Model	 ONS4:	Anxiety	Unimputed	Standardised	Model	
	 Proximal	

Predictors	Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	
Predictors	Model	

Distal	 Predictors	
Model	

Overall	Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.01	 0.02	 	 	 -0.04	 0.06	 -0.05	 0.03	 	 	 -0.02	 0.07	
Education	level	 -0.03	 0.02	 	 	 -0.11	 0.07	 0.07***	 0.02	 	 	 0.15	 0.08	
Employed	 0.04	 0.03	 	 	 0.09	 0.08	 0.01	 0.03	 	 	 0.03	 0.09	
Antisocial	behaviour	 0.02	 0.02	 	 	 0.06	 0.08	 0.02	 0.02	 	 	 -0.10	 0.08	
Have	a	partner	 0.02	 0.02	 	 	 0.05	 0.06	 -0.01	 0.02	 	 	 0.11	 0.06	
Self-perceived	general	health	 0.11***	 0.02	 	 	 0.16*	 0.06	 -0.07**	 0.02	 	 	 -0.10	 0.07	
Emotional	problems	 -0.38***	 0.02	 	 	 -0.39***	 0.06	 0.33***	 0.02	 	 	 0.37***	 0.07	
Childhood	IQ	 	 	 -0.03	 0.05	 0.03	 0.06	 	 	 0.09	 0.05	 0.08	 0.06	
Childhood	externalising	problems	 	 	 -0.03	 0.06	 0.05	 0.07	 	 	 -0.09	 0.06	 -0.11*	 0.07	
Childhood	internalising	problems	 	 	 -0.08	 0.05	 0.02	 0.06	 	 	 0.17**	 0.05	 0.16	 0.07	
Childhood	general	health	 	 	 0.02	 0.05	 0.03	 0.05	 	 	 0.00	 0.05	 0.01	 0.06	
Family	 socio-economic	
composition	

	 	
-0.01	 0.06	 -0.06	 0.07	

	 	
0.00	 0.06	 0.04	 0.07	

Parental	 self-perceived	 general	
health	

	 	
-0.05	 0.06	 -0.08	 0.06	

	 	
-0.05	 0.05	 0.01	 0.06	

Parental	emotional	problems	 	 	 -0.11*	 0.05	 -0.12*	 0.06	 	 	 0.09	 0.05	 0.08	 0.06	
Family	behavioural	factors	 	 	 0.05	 0.06	 0.10	 0.06	 	 	 0.00	 0.06	 0.00	 0.07	
Female	 0.02	 0.04	 -0.01	 0.10	 0.03	 0.11	 0.07	 0.04	 0.24*	 0.10	 0.03	 0.12	
Model	R2	 18.74%	 	 2.84%	 	 26.84%	 	 13.61%	 	 7.53%	 	 24.05%	 	
Observations	 2035	 	 377	 	 251	 	 2035	 	 377	 	 251	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.4.3	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	overall	wellbeing	and	life	satisfaction	in	emerging	adulthood	(Using	WEMWBS	and	Satisfaction	with	Life	Scale)	

	 WEMWBS	Unimputed	Standardised	Model	 Life	Satisfaction	Unimputed	Standardised	Model	
	 Proximal	

Predictors	Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	
Predictors	Model	

Distal	 Predictors	
Model	

Overall	Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.01	 0.02	 	 	 -0.04	 0.06	 -0.04	 0.02	 	 	 -0.08	 0.05	
Education	level	 0.04	 0.02	 	 	 -0.06	 0.07	 -0.01	 0.02	 	 	 -0.11	 0.06	
Employed	 0.02	 0.02	 	 	 0.04	 0.08	 0.10***	 0.02	 	 	 0.08	 0.07	
Antisocial	behaviour	 0.02	 0.02	 	 	 0.11	 0.07	 -0.01	 0.02	 	 	 0.19**	 0.07	
Have	a	partner	 -0.02	 0.02	 	 	 -0.04	 0.06	 0.09***	 0.02	 	 	 0.08	 0.05	
Self-perceived	general	health	 0.16***	 0.02	 	 	 0.14*	 0.06	 0.20***	 0.02	 	 	 0.11*	 0.06	
Emotional	problems	 -0.45***	 0.02	 	 	 -0.47***	 0.06	 -0.42***	 0.02	 	 	 -0.42***	 0.06	
Childhood	IQ	 	 	 2.92E-05	 0.05	 0.06	 0.05	 	 	 -0.04	 0.05	 0.01	 0.05	
Childhood	externalising	problems	 	 	 -0.02	 0.06	 0.06	 0.07	 	 	 -0.10	 0.06	 0.04	 0.06	
Childhood	internalising	problems	 	 	 -0.12*	 0.06	 -0.07	 0.06	 	 	 -0.12*	 0.05	 -0.08	 0.06	
Childhood	general	health	 	 	 0.02	 0.05	 0.03	 0.05	 	 	 -0.07	 0.05	 -0.03	 0.05	
Family	 socio-economic	
composition	

	 	
0.04	 0.06	 -0.07	 0.06	

	 	
0.13*	 0.05	 0.10	 0.06	

Parental	 self-perceived	 general	
health	

	 	
-0.04	 0.06	 -0.04	 0.06	

	 	
0.04	 0.05	 0.03	 0.05	

Parental	emotional	problems	 	 	 -0.11	 0.06	 -0.13*	 0.05	 	 	 -0.09	 0.05	 -0.10*	 0.05	
Family	behavioural	factors	 	 	 0.01	 0.06	 0.07	 0.06	 	 	 -0.01	 0.05	 0.04	 0.05	
Female	 -0.03	 0.04	 -0.09	 0.10	 0.07	 0.11	 0.19***	 0.04	 0.06	 0.09	 0.07	 0.10	
Model	R2	 27.87%	 	 4.01%	 	 33.28%	 	 28.64%	 	 7.62%	 	 35.15%	 	
Observations	 2033	 	 376	 	 250	 	 2029	 	 376	 	 250	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.4.4	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	happiness	and	meaning	in	life	in	emerging	adulthood	

	 Happiness	Unimputed	Standardised	Model	 Meaning	in	Life	Unimputed	Standardised	Model	
	 Proximal	

Predictors	Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	
Predictors	Model	

Distal	 Predictors	
Model	

Overall	Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.05*	 0.02	 	 	 -0.08	 0.06	 -0.04	 0.03	 	 	 0.03	 0.08	
Education	level	 -0.01	 0.02	 	 	 -0.01	 0.07	 -0.03	 0.02	 	 	 -0.08	 0.09	
Employed	 0.00	 0.02	 	 	 -0.01	 0.08	 0.07*	 0.03	 	 	 -0.03	 0.10	
Antisocial	behaviour	 0.01	 0.02	 	 	 0.04	 0.07	 0.00	 0.02	 	 	 -0.01	 0.10	
Have	a	partner	 0.01	 0.02	 	 	 -0.05	 0.06	 -0.03	 0.02	 	 	 -0.13	 0.08	
Self-perceived	general	health	 0.14***	 0.02	 	 	 0.12*	 0.06	 0.09***	 0.02	 	 	 0.09	 0.08	
Emotional	problems	 -0.49***	 0.02	 	 	 -0.49***	 0.06	 -0.11***	 0.02	 	 	 -0.12	 0.08	
Childhood	IQ	 	 	 -0.12*	 0.05	 -0.09	 0.05	 	 	 -0.07	 0.06	 0.00	 0.07	
Childhood	externalising	problems	 	 	 -0.07	 0.06	 -0.03	 0.07	 	 	 -0.09	 0.07	 0.05	 0.09	
Childhood	internalising	problems	 	 	 -0.17**	 0.05	 -0.07	 0.06	 	 	 0.04	 0.06	 -0.04	 0.08	
Childhood	general	health	 	 	 0.01	 0.05	 0.01	 0.05	 	 	 0.04	 0.06	 0.08	 0.07	
Family	 socio-economic	
composition	

	 	
0.01	 0.06	 -0.06	 0.06	

	 	
0.02	 0.06	 0.03	 0.09	

Parental	 self-perceived	 general	
health	

	 	
0.03	 0.06	 0.05	 0.06	

	 	
-0.03	 0.06	 0.09	 0.08	

Parental	emotional	problems	 	 	 -0.03	 0.05	 -0.02	 0.05	 	 	 -0.02	 0.06	 0.02	 0.07	
Family	behavioural	factors	 	 	 -0.08	 0.06	 -0.08	 0.06	 	 	 0.05	 0.06	 0.04	 0.08	
Female	 0.15***	 0.04	 -0.01	 0.10	 0.05	 0.11	 0.13**	 0.05	 0.04	 0.11	 0.12	 0.14	
Model	R2	 29.51%	 	 6.24%	 	 33.29%	 	 2.79%	 	 1.32%	 	 6.52%	 	
Observations	 2033	 	 376	 	 250	 	 2025	 	 375	 	 250	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	

	



	

336	

Table	2.4.5	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	autonomy	and	relatedness	in	emerging	adulthood	(Using	Basic	Psychological	Needs:	Autonomy	and	Relatedness	Subscale)	-		

	 Autonomy	Unimputed	Standardised	Model	 Relatedness	Unimputed	Standardised	Model	
	 Proximal	

Predictors	Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	
Predictors	Model	

Distal	 Predictors	
Model	

Overall	Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.04	 0.02	 	 	 -0.04	 0.06	 0.01	 0.02	 	 	 0.06	 0.06	
Education	level	 -0.04	 0.02	 	 	 -0.07	 0.07	 0.03	 0.02	 	 	 -0.03	 0.07	
Employed	 0.00	 0.03	 	 	 -0.05	 0.08	 0.03	 0.03	 	 	 -0.07	 0.08	
Antisocial	behaviour	 0.03	 0.02	 	 	 0.08	 0.07	 0.00	 0.02	 	 	 0.16*	 0.08	
Have	a	partner	 0.02	 0.02	 	 	 0.04	 0.06	 -0.03	 0.02	 	 	 0.03	 0.06	
Self-perceived	general	health	 0.13***	 0.02	 	 	 0.06	 0.06	 0.14***	 0.02	 	 	 0.13*	 0.06	
Emotional	problems	 -0.42***	 0.02	 	 	 -0.44***	 0.06	 -0.35***	 0.02	 	 	 -0.27***	 0.06	
Childhood	IQ	 	 	 -0.01	 0.05	 0.03	 0.05	 	 	 -0.05	 0.05	 -0.02	 0.06	
Childhood	externalising	problems	 	 	 -0.03	 0.06	 -0.02	 0.07	 	 	 0.00	 0.06	 0.02	 0.07	
Childhood	internalising	problems	 	 	 -0.08	 0.05	 0.00	 0.06	 	 	 -0.14**	 0.05	 -0.02	 0.06	
Childhood	general	health	 	 	 -0.06	 0.05	 -0.05	 0.05	 	 	 0.02	 0.05	 0.05	 0.05	
Family	 socio-economic	
composition	

	 	
-0.01	 0.06	 -0.08	 0.06	

	 	
0.02	 0.05	 -0.04	 0.07	

Parental	 self-perceived	 general	
health	

	 	
0.05	 0.05	 0.07	 0.06	

	 	
0.06	 0.05	 0.06	 0.06	

Parental	emotional	problems	 	 	 -0.11*	 0.05	 -0.08	 0.05	 	 	 -0.05	 0.05	 -0.07	 0.06	
Family	behavioural	factors	 	 	 -0.09	 0.06	 -0.07	 0.06	 	 	 -0.09	 0.05	 -0.08	 0.06	
Female	 0.22***	 0.04	 0.11	 0.10	 0.18	 0.11	 0.36***	 0.04	 0.17	 0.09	 0.19	 0.11	
Model	R2	 22.03%	 	 4.56%	 	 27.29%	 	 19.96%	 	 6.16%	 	 20.39%	 	
Observations	 2025	 	 375	 	 250	 	 2029	 	 376	 	 250	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.4.6	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	competence	in	emerging	adulthood	(Using	Basic	Psychological	Needs:	Competence	Subscale)	-		

	 Competence	Unimputed	Standardised	Model	
	 Proximal	

Predictors	Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.02	 0.02	 	 	 -0.02	 0.06	
Education	level	 -0.02	 0.02	 	 	 -0.12	 0.07	
Employed	 0.11***	 0.03	 	 	 0.09	 0.08	
Antisocial	behaviour	 0.02	 0.02	 	 	 0.24**	 0.08	
Have	a	partner	 0.03	 0.02	 	 	 -0.10	 0.06	
Self-perceived	general	health	 0.12***	 0.02	 	 	 -0.02	 0.06	
Emotional	problems	 -0.46***	 0.02	 	 	 -0.47***	 0.07	
Childhood	IQ	 	 	 -0.06	 0.05	 -0.06	 0.06	
Childhood	externalising	problems	 	 	 -0.09	 0.06	 -0.07	 0.07	
Childhood	internalising	problems	 	 	 -0.10	 0.06	 -0.05	 0.07	
Childhood	general	health	 	 	 -0.03	 0.05	 -0.01	 0.06	
Family	 socio-economic	
composition	

	 	
0.10	 0.06	 -0.01	 0.07	

Parental	 self-perceived	 general	
health	

	 	
0.04	 0.06	 0.00	 0.06	

Parental	emotional	problems	 	 	 -0.04	 0.06	 0.00	 0.06	
Family	behavioural	factors	 	 	 -0.04	 0.06	 -0.02	 0.06	
Female	 0.14***	 0.04	 -0.11	 0.10	 -0.02	 0.11	
Model	R2	 27.01%	 	 3.69%	 	 26.56%	 	
Observations	 2025	 	 375	 	 250	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.4.7	Multiple	regression	results	of	 imputed	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	

together	to	predict	gratitude	and	optimism	in	emerging	adulthood		

	 Autonomy	Unimputed	Standardised	Model	 Relatedness	Unimputed	Standardised	Model	
	 Proximal	

Predictors	Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	
Predictors	Model	

Distal	 Predictors	
Model	

Overall	Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.01	 0.02	 	 	 -0.01	 0.06	 0.00	 0.02	 	 	 -0.04	 0.07	
Education	level	 0.07***	 0.02	 	 	 0.09	 0.07	 0.08***	 0.02	 	 	 0.05	 0.07	
Employed	 0.01	 0.03	 	 	 0.02	 0.08	 0.01	 0.03	 	 	 0.05	 0.09	
Antisocial	behaviour	 -0.01	 0.02	 	 	 0.01	 0.07	 0.02	 0.02	 	 	 0.02	 0.08	
Have	a	partner	 0.01	 0.02	 	 	 0.12*	 0.06	 0.00	 0.02	 	 	 -0.06	 0.06	
Self-perceived	general	health	 0.14***	 0.02	 	 	 0.13*	 0.06	 0.15***	 0.02	 	 	 0.06	 0.07	
Emotional	problems	 -0.32***	 0.02	 	 	 -0.37***	 0.06	 -0.41***	 0.02	 	 	 -0.49***	 0.07	
Childhood	IQ	 	 	 -0.07	 0.05	 -0.03	 0.05	 	 	 0.02	 0.05	 0.03	 0.06	
Childhood	externalising	problems	 	 	 -0.14*	 0.06	 -0.08	 0.07	 	 	 -0.09	 0.06	 -0.01	 0.07	
Childhood	internalising	problems	 	 	 -0.12*	 0.06	 -0.01	 0.06	 	 	 -0.11	 0.06	 -0.04	 0.07	
Childhood	general	health	 	 	 -0.07	 0.05	 -0.05	 0.05	 	 	 -0.02	 0.05	 -0.01	 0.06	
Family	 socio-economic	
composition	

	 	
0.05	 0.06	 -0.06	 0.06	

	 	
0.06	 0.06	 0.04	 0.07	

Parental	 self-perceived	 general	
health	

	 	
0.12*	 0.06	 0.14*	 0.06	

	 	
0.03	 0.06	 0.03	 0.06	

Parental	emotional	problems	 	 	 -0.01	 0.06	 -0.03	 0.05	 	 	 -0.04	 0.06	 -0.02	 0.06	
Family	behavioural	factors	 	 	 0.01	 0.06	 -0.01	 0.06	 	 	 -0.09	 0.06	 -0.08	 0.06	
Female	 0.35***	 0.04	 0.28**	 0.10	 0.26*	 0.11	 -0.10*	 0.04	 -0.34***	 0.10	 -0.29*	 0.12	
Model	R2	 18.96%	 	 374	 	 29.08%	 	 24.31%	 	 6.60%	 	 27.06%	 	
Observations	 2020	 	 8.74%	 	 249	 	 2026	 	 376	 	 250	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Appendix	2.5	Unimputed	and	imputed	standardised	models	rerun	excluding	family	level	predictors	

Table	2.5.1	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	
predict	overall	wellbeing	in	emerging	adulthood	(using	WEMWBS)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.01	 0.02	 	 	 -0.01	 0.03	 0.01	 0.02	 	 	 0.01	 0.02	
Education	level	 0.04	 0.02	 	 	 0.05	 0.03	 0.02	 0.02	 	 	 0.00	 0.02	
Employed	 0.02	 0.02	 	 	 0.02	 0.04	 0.04*	 0.02	 	 	 0.03	 0.02	
Antisocial	behaviour	 0.02	 0.02	 	 	 -0.02	 0.03	 -0.01	 0.02	 	 	 -0.01	 0.02	
Have	a	partner	 -0.02	 0.02	 	 	 -0.02	 0.03	 -0.01	 0.01	 	 	 0.00	 0.02	
Self-perceived	general	health	 0.16***	 0.02	 	 	 0.19***	 0.03	 0.17***	 0.02	 	 	 0.17***	 0.02	
Emotional	problems	 -0.45***	 0.02	 	 	 -0.41***	 0.03	 -0.43***	 0.02	 	 	 -0.42***	 0.02	
Childhood	IQ	 	 	 0.01	 0.02	 0.02	 0.03	 	 	 0.04	 0.02	 0.03	 0.02	
Childhood	externalising	problems	 	 	 -0.05*	 0.03	 0.00	 0.03	 	 	 -0.06**	 0.02	 0.00	 0.02	
Childhood	internalising	problems	 	 	 -0.15***	 0.03	 -0.10***	 0.03	 	 	 -0.17***	 0.02	 -0.08***	 0.02	
Childhood	general	health	 	 	 0.01	 0.02	 -0.04	 0.03	 	 	 0.01	 0.02	 -0.03	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 -0.03	 0.04	 -0.14**	 0.05	 -0.06	 0.05	 -0.03	 0.03	 -0.16***	 0.03	 -0.02	 0.03	
Model	R2	 27.58%	 	 3.60%	 	 26.63%	 	 28.19%	 	 5.00%	 	 29.09%	 	

*p<0.05,	**p<0.01,	***p<0.001	 	
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Table	2.5.2	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	life	satisfaction	in	emerging	adulthood	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.04	 0.02	 	 	 -0.03	 0.03	 -0.01	 0.02	 	 	 0.00	 0.02	
Education	level	 -0.01	 0.02	 	 	 -0.06	 0.03	 -0.01	 0.02	 	 	 -0.03	 0.02	
Employed	 0.10***	 0.02	 	 	 0.10**	 0.04	 0.09***	 0.02	 	 	 0.08***	 0.02	
Antisocial	behaviour	 -0.01	 0.02	 	 	 0.00	 0.03	 -0.02	 0.02	 	 	 -0.01	 0.02	
Have	a	partner	 0.09***	 0.02	 	 	 0.09***	 0.03	 0.10***	 0.02	 	 	 0.10***	 0.02	
Self-perceived	general	health	 0.20***	 0.02	 	 	 0.22***	 0.03	 0.20***	 0.02	 	 	 0.20***	 0.02	
Emotional	problems	 -0.42***	 0.02	 	 	 -0.39***	 0.03	 -0.41***	 0.02	 	 	 -0.40***	 0.02	
Childhood	IQ	 	 	 0.00	 0.02	 0.04	 0.03	 	 	 0.01	 0.02	 0.02	 0.02	
Childhood	externalising	problems	 	 	 -0.08**	 0.03	 -0.02	 0.03	 	 	 -0.10***	 0.02	 -0.05*	 0.02	
Childhood	internalising	problems	 	 	 -0.12***	 0.03	 -0.08**	 0.03	 	 	 -0.13***	 0.02	 -0.04*	 0.02	
Childhood	general	health	 	 	 0.02	 0.02	 -0.02*	 0.03	 	 	 0.03	 0.02	 -0.02	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.19***	 0.04	 0.11*	 0.05	 0.13	 0.05	 0.23***	 0.03	 0.11**	 0.03	 0.22***	 0.03	
Model	R2	 28.26%%	 	 3.39%	 	 27.53%	 	 27.34%	 	 4.64%	 	 30.65%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.3	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	happiness	in	emerging	adulthood	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.05*	 0.02	 	 	 0.03	 0.03	 0.04*	 0.02	 	 	 0.04	 0.02	
Education	level	 -0.01	 0.02	 	 	 0.04	 0.03	 -0.02	 0.02	 	 	 -0.01	 0.02	
Employed	 0.00	 0.02	 	 	 -0.02	 0.04	 0.01	 0.02	 	 	 0.01	 0.02	
Antisocial	behaviour	 0.01	 0.02	 	 	 -0.02	 0.03	 0.00	 0.02	 	 	 0.01	 0.02	
Have	a	partner	 0.01	 0.02	 	 	 0.00	 0.03	 0.01	 0.02	 	 	 0.01	 0.02	
Self-perceived	general	health	 0.14***	 0.02	 	 	 0.17***	 0.03	 0.15***	 0.02	 	 	 0.15***	 0.02	
Emotional	problems	 -0.49***	 0.02	 	 	 -0.47***	 0.03	 -0.47***	 0.02	 	 	 -0.45***	 0.02	
Childhood	IQ	 	 	 -0.10***	 0.02	 -0.11***	 0.03	 	 	 -0.07***	 0.02	 -0.07***	 0.02	
Childhood	externalising	problems	 	 	 -0.08**	 0.03	 -0.04	 0.03	 	 	 -0.06**	 0.02	 -0.01	 0.02	
Childhood	internalising	problems	 	 	 -0.16***	 0.03	 -0.09**	 0.03	 	 	 -0.20***	 0.02	 -0.11***	 0.02	
Childhood	general	health	 	 	 0.03	 0.02	 -0.03	 0.03	 	 	 0.04	 0.02	 -0.01	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.15***	 0.04	 0.03	 0.05	 0.10	 0.05	 0.15***	 0.03	 0.00	 0.03	 0.14***	 0.03	
Model	R2	 29.23%%	 	 4.79%	 	 30.30%	 	 29.80%	 	 5.79%	 	 31.22%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.4	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	meaning	in	life	in	emerging	adulthood	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.04	 0.03	 	 	 -0.05	 0.04	 -0.03	 0.02	 	 	 -0.04	 0.02	
Education	level	 -0.03	 0.02	 	 	 -0.01	 0.04	 -0.02	 0.02	 	 	 0.01	 0.02	
Employed	 0.07*	 0.03	 	 	 0.05	 0.04	 0.08***	 0.02	 	 	 0.08***	 0.02	
Antisocial	behaviour	 0.00	 0.02	 	 	 0.00	 0.03	 0.02	 0.02	 	 	 0.01	 0.02	
Have	a	partner	 -0.03	 0.02	 	 	 -0.05	 0.03	 -0.03*	 0.02	 	 	 -0.04*	 0.02	
Self-perceived	general	health	 0.09***	 0.02	 	 	 0.07	 0.04	 0.10***	 0.02	 	 	 0.11***	 0.02	
Emotional	problems	 -0.11***	 0.02	 	 	 -0.11**	 0.04	 -0.07***	 0.02	 	 	 -0.08***	 0.02	
Childhood	IQ	 	 	 -0.08**	 0.03	 -0.06	 0.03	 	 	 -0.07***	 0.02	 -0.08***	 0.02	
Childhood	externalising	problems	 	 	 -0.02	 0.03	 0.02	 0.04	 	 	 -0.01	 0.02	 0.01	 0.02	
Childhood	internalising	problems	 	 	 0.00	 0.03	 -0.05	 0.04	 	 	 -0.01	 0.03	 0.02	 0.03	
Childhood	general	health	 	 	 0.01	 0.03	 0.01	 0.03	 	 	 0.02	 0.02	 0.00	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.13**	 0.05	 0.11*	 0.05	 0.13*	 0.06	 0.16***	 0.03	 0.10**	 0.03	 0.15***	 0.03	
Model	R2	 2.41%	 	 0.69%	 	 1.64%	 	 3.09%	 	 0.85%	 	 3.87%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.5	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	life	satisfaction	in	emerging	adulthood	(using	ONS	1	Life	Satisfaction)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.01	 0.02	 	 	 0.00	 0.03	 0.02	 0.02	 	 	 0.02	 0.02	
Education	level	 -0.05**	 0.02	 	 	 -0.05	 0.03	 -0.05**	 0.02	 	 	 -0.05*	 0.02	
Employed	 0.08**	 0.02	 	 	 0.07*	 0.04	 0.09***	 0.02	 	 	 0.09***	 0.02	
Antisocial	behaviour	 0.01	 0.02	 	 	 0.02	 0.03	 -0.01	 0.02	 	 	 -0.01	 0.02	
Have	a	partner	 0.04	 0.02	 	 	 0.03	 0.03	 0.06***	 0.02	 	 	 0.06***	 0.02	
Self-perceived	general	health	 0.15***	 0.02	 	 	 0.18***	 0.03	 0.17***	 0.02	 	 	 0.17***	 0.02	
Emotional	problems	 -0.42***	 0.02	 	 	 -0.38***	 0.03	 -0.42***	 0.02	 	 	 -0.41***	 0.02	
Childhood	IQ	 	 	 -0.06*	 0.02	 -0.03	 0.03	 	 	 -0.05*	 0.02	 -0.03*	 0.02	
Childhood	externalising	problems	 	 	 -0.07**	 0.03	 -0.03	 0.03	 	 	 -0.07**	 0.02	 -0.03	 0.02	
Childhood	internalising	problems	 	 	 -0.12***	 0.03	 -0.06	 0.03	 	 	 -0.12***	 0.02	 -0.03	 0.02	
Childhood	general	health	 	 	 0.04	 0.02	 -0.03	 0.03	 	 	 0.04*	 0.02	 -0.01	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.09*	 0.04	 0.00	 0.05	 0.08	 0.05	 0.13***	 0.03	 0.00	 0.03	 0.12***	 0.03	
Model	R2	 26.28%	 	 2.95%	 	 23.75%	 	 28.16%	 	 3.20%	 	 28.59%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.6	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	life	worthwhileness	in	emerging	adulthood	(using	ONS	2	Worthwhile)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.04	 0.02	 	 	 -0.05	 0.03	 -0.03	 0.02	 	 	 -0.03	 0.02	
Education	level	 -0.03	 0.02	 	 	 -0.02	 0.03	 -0.04*	 0.02	 	 	 -0.02	 0.02	
Employed	 0.10***	 0.02	 	 	 0.10**	 0.04	 0.11***	 0.02	 	 	 0.10***	 0.02	
Antisocial	behaviour	 -0.01	 0.02	 	 	 -0.02	 0.03	 -0.03	 0.02	 	 	 -0.02	 0.02	
Have	a	partner	 0.03	 0.02	 	 	 0.02	 0.03	 0.05***	 0.02	 	 	 0.05**	 0.02	
Self-perceived	general	health	 0.15***	 0.02	 	 	 0.17***	 0.03	 0.16***	 0.02	 	 	 0.16***	 0.02	
Emotional	problems	 -0.43***	 0.02	 	 	 -0.36***	 0.03	 -0.42***	 0.02	 	 	 -0.42***	 0.02	
Childhood	IQ	 	 	 -0.09***	 0.02	 -0.07**	 0.03	 	 	 -0.07***	 0.02	 -0.07***	 0.02	
Childhood	externalising	problems	 	 	 -0.09***	 0.03	 -0.02	 0.03	 	 	 -0.10***	 0.02	 -0.04	 0.02	
Childhood	internalising	problems	 	 	 -0.09***	 0.03	 -0.06*	 0.03	 	 	 -0.10***	 0.02	 -0.02	 0.02	
Childhood	general	health	 	 	 0.03	 0.02	 -0.02	 0.03	 	 	 0.03	 0.02	 -0.02	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.14***	 0.04	 0.06	 0.05	 0.09	 0.05	 0.18***	 0.03	 0.05	 0.03	 0.16***	 0.03	
Model	R2	 26.44%	 	 3.00%	 	 22.74%	 	 27.05%	 	 3.27%	 	 27.73%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.7	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	happiness	in	emerging	adulthood	(using	ONS	3	Happiness)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.04	 0.02	 	 	 -0.01	 0.03	 0.02	 0.02	 	 	 0.02	 0.02	
Education	level	 -0.03	 0.02	 	 	 0.01	 0.03	 -0.03	 0.02	 	 	 -0.01	 0.02	
Employed	 0.10***	 0.02	 	 	 0.04	 0.04	 0.03	 0.02	 	 	 0.03	 0.02	
Antisocial	behaviour	 -0.01	 0.02	 	 	 0.01	 0.03	 0.01	 0.02	 	 	 0.01	 0.02	
Have	a	partner	 0.03	 0.02	 	 	 0.02	 0.03	 0.04**	 0.02	 	 	 0.04**	 0.02	
Self-perceived	general	health	 0.15***	 0.02	 	 	 0.13***	 0.03	 0.13***	 0.02	 	 	 0.14***	 0.02	
Emotional	problems	 -0.43***	 0.02	 	 	 -0.34***	 0.03	 -0.38***	 0.02	 	 	 -0.37***	 0.02	
Childhood	IQ	 	 	 -0.09***	 0.02	 -0.03	 0.03	 	 	 -0.04*	 0.02	 -0.04*	 0.02	
Childhood	externalising	problems	 	 	 -0.09***	 0.03	 0.02	 0.03	 	 	 -0.04	 0.02	 0.00	 0.02	
Childhood	internalising	problems	 	 	 -0.09***	 0.03	 -0.03	 0.03	 	 	 -0.09***	 0.02	 -0.02	 0.02	
Childhood	general	health	 	 	 0.03	 0.02	 -0.03	 0.03	 	 	 0.02	 0.02	 -0.02	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	 	 	
	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.14***	 0.04	 0.06	 0.05	 0.00	 0.06	 0.06*	 0.03	 -0.06	 0.03	 0.06	 0.03	
Model	R2	 26.44%	 	 3.00%	 	 15.33%	 	 20.05%	 	 1.60%	 	 20.40%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.8	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	anxiety	in	emerging	adulthood	(using	ONS	4	Anxiety)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.05	 0.03	 	 	 -0.07*	 0.04	 -0.05*	 0.02	 	 	 -0.04*	 0.02	
Education	level	 0.07***	 0.02	 	 	 0.04	 0.03	 0.05**	 0.02	 	 	 0.03	 0.02	
Employed	 0.01	 0.03	 	 	 0.02	 0.04	 0.01	 0.02	 	 	 0.01	 0.02	
Antisocial	behaviour	 0.02	 0.02	 	 	 0.04	 0.03	 0.00	 0.02	 	 	 0.00	 0.02	
Have	a	partner	 -0.01	 0.02	 	 	 -0.01	 0.03	 0.00	 0.02	 	 	 0.00	 0.02	
Self-perceived	general	health	 -0.07**	 0.02	 	 	 -0.06	 0.03	 -0.05**	 0.02	 	 	 -0.05**	 0.02	
Emotional	problems	 0.33***	 0.02	 	 	 0.35***	 0.03	 0.32***	 0.02	 	 	 0.31***	 0.02	
Childhood	IQ	 	 	 0.07**	 0.02	 0.09**	 0.03	 	 	 0.05**	 0.02	 0.04*	 0.02	
Childhood	externalising	problems	 	 	 -0.02	 0.03	 -0.08*	 0.03	 	 	 -0.02	 0.02	 -0.04	 0.02	
Childhood	internalising	problems	 	 	 0.11***	 0.03	 0.10**	 0.03	 	 	 0.12***	 0.03	 0.07*	 0.03	
Childhood	general	health	 	 	 -0.03	 0.02	 0.00	 0.03	 	 	 -0.04	 0.02	 -0.02	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.07	 0.04	 0.19***	 0.05	 0.07	 0.06	 0.09**	 0.03	 0.18***	 0.03	 0.09**	 0.03	
Model	R2	 13.27%	 	 3.00%	 	 15.39%	 	 12.21%	 	 2.55%	 	 12.84%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.9	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	to	

predict	autonomy	in	emerging	adulthood	(using	Basic	Psychological	Needs:	Autonomy	subscale)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.04	 0.02	 	 	 -0.06	 0.03	 -0.03	 0.02	 	 	 -0.03	 0.02	
Education	level	 -0.04	 0.02	 	 	 -0.04	 0.03	 -0.03	 0.02	 	 	 -0.03	 0.02	
Employed	 0.00	 0.03	 	 	 0.02	 0.04	 0.00	 0.02	 	 	 -0.01	 0.02	
Antisocial	behaviour	 0.03	 0.02	 	 	 -0.02	 0.03	 0.00	 0.02	 	 	 0.01	 0.02	
Have	a	partner	 0.02	 0.02	 	 	 0.03	 0.03	 0.02	 0.02	 	 	 0.02	 0.02	
Self-perceived	general	health	 0.13***	 0.02	 	 	 0.11***	 0.03	 0.14***	 0.02	 	 	 0.13***	 0.02	
Emotional	problems	 -0.42***	 0.02	 	 	 -0.40***	 0.03	 -0.40***	 0.02	 	 	 -0.40***	 0.02	
Childhood	IQ	 	 	 -0.06*	 0.02	 -0.04	 0.03	 	 	 -0.03	 0.02	 -0.02	 0.02	
Childhood	externalising	problems	 	 	 -0.05	 0.03	 0.01	 0.03	 	 	 -0.06**	 0.02	 -0.02	 0.02	
Childhood	internalising	problems	 	 	 -0.10***	 0.03	 -0.06	 0.03	 	 	 -0.10***	 0.03	 -0.03	 0.02	
Childhood	general	health	 	 	 0.01	 0.02	 -0.02	 0.03	 	 	 0.02	 0.02	 -0.02	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.22***	 0.04	 0.12*	 0.05	 0.18**	 0.06	 0.25***	 0.03	 0.13***	 0.03	 0.25***	 0.03	
Model	R2	 21.72%	 	 2.00%	 	 19.21%	 	 21.76%	 	 2.62%	 	 22.14%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.10	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	

to	predict	relatedness	in	emerging	adulthood	(using	Basic	Psychological	Needs:	Relatedness	subscale)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.01	 0.02	 	 	 0.00	 0.03	 0.04*	 0.02	 	 	 0.04	 0.02	
Education	level	 0.03	 0.02	 	 	 0.03	 0.03	 0.04*	 0.02	 	 	 0.03	 0.02	
Employed	 0.03	 0.03	 	 	 0.02	 0.04	 0.04	 0.02	 	 	 0.03	 0.02	
Antisocial	behaviour	 0.00	 0.02	 	 	 -0.01	 0.03	 -0.02	 0.02	 	 	 -0.02	 0.02	
Have	a	partner	 -0.03	 0.02	 	 	 -0.02	 0.03	 -0.06	 0.02	 	 	 -0.05**	 0.02	
Self-perceived	general	health	 0.14***	 0.02	 	 	 0.14***	 0.03	 0.15***	 0.02	 	 	 0.15***	 0.02	
Emotional	problems	 -0.35***	 0.02	 	 	 -0.34***	 0.03	 -0.34***	 0.02	 	 	 -0.32***	 0.02	
Childhood	IQ	 	 	 -0.03	 0.02	 -0.05	 0.03	 	 	 0.01	 0.02	 -0.01	 0.02	
Childhood	externalising	problems	 	 	 -0.08**	 0.03	 -0.03	 0.03	 	 	 -0.08***	 0.02	 -0.03	 0.02	
Childhood	internalising	problems	 	 	 -0.15***	 0.03	 -0.10**	 0.03	 	 	 -0.18***	 0.02	 -0.11***	 0.02	
Childhood	general	health	 	 	 0.01	 0.02	 -0.03	 0.03	 	 	 0.01	 0.02	 -0.03	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.36***	 0.04	 0.27***	 0.05	 0.35***	 0.06	 0.34***	 0.03	 0.22***	 0.03	 0.34***	 0.03	
Model	R2	 19.65%	 	 5.70%	 	 19.64%	 	 21.15%	 	 6.66%	 	 22.62%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.11	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	

to	predict	competence	in	emerging	adulthood	(using	Basic	Psychological	Needs:	Competence	subscale)	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.02	 0.02	 	 	 -0.03	 0.03	 0.00	 0.02	 	 	 0.00	 0.02	
Education	level	 -0.02	 0.02	 	 	 0.01	 0.03	 0.00	 0.02	 	 	 0.00	 0.02	
Employed	 0.11***	 0.03	 	 	 0.10**	 0.04	 0.11***	 0.02	 	 	 0.10***	 0.02	
Antisocial	behaviour	 0.02	 0.02	 	 	 0.00	 0.03	 0.02	 0.02	 	 	 0.02	 0.02	
Have	a	partner	 0.03	 0.02	 	 	 0.02	 0.03	 0.02	 0.02	 	 	 0.02	 0.02	
Self-perceived	general	health	 0.12***	 0.02	 	 	 0.11***	 0.03	 0.13***	 0.02	 	 	 0.13***	 0.02	
Emotional	problems	 -0.46***	 0.02	 	 	 -0.41***	 0.03	 -0.44***	 0.02	 	 	 -0.43***	 0.02	
Childhood	IQ	 	 	 -0.04	 0.02	 -0.04	 0.03	 	 	 -0.01	 0.02	 -0.02	 0.02	
Childhood	externalising	problems	 	 	 -0.05	 0.03	 0.01	 0.03	 	 	 -0.06**	 0.02	 -0.01	 0.02	
Childhood	internalising	problems	 	 	 -0.13***	 0.03	 -0.09**	 0.03	 	 	 -0.14***	 0.02	 -0.05*	 0.02	
Childhood	general	health	 	 	 0.02	 0.02	 -0.01	 0.03	 	 	 0.02	 0.02	 -0.02	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.14***	 0.04	 0.00	 0.05	 0.06	 0.06	 0.16***	 0.03	 0.03	 0.03	 0.16***	 0.03	
Model	R2	 26.72%	 	 2.12%	 	 21.17%	 	 27.94%	 	 3.28%	 	 28.30%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.12	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	

to	predict	gratitude	in	emerging	adulthood	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 -0.01	 0.02	 	 	 0.00	 0.03	 0.00	 0.02	 	 	 0.00	 0.02	
Education	level	 0.07***	 0.02	 	 	 0.07*	 0.03	 0.09***	 0.02	 	 	 0.07***	 0.02	
Employed	 0.01	 0.03	 	 	 0.00	 0.04	 0.04*	 0.02	 	 	 0.03	 0.02	
Antisocial	behaviour	 -0.01	 0.02	 	 	 -0.01	 0.03	 -0.02	 0.02	 	 	 -0.01	 0.02	
Have	a	partner	 0.01	 0.02	 	 	 0.05	 0.03	 0.00	 0.02	 	 	 0.01	 0.02	
Self-perceived	general	health	 0.14***	 0.02	 	 	 0.13***	 0.03	 0.16***	 0.02	 	 	 0.15***	 0.02	
Emotional	problems	 -0.32***	 0.02	 	 	 -0.32***	 0.03	 -0.33***	 0.02	 	 	 -0.31***	 0.02	
Childhood	IQ	 	 	 0.00	 0.02	 -0.01	 0.03	 	 	 0.03	 0.02	 0.01	 0.02	
Childhood	externalising	problems	 	 	 -0.11***	 0.03	 -0.10**	 0.03	 	 	 -0.11***	 0.02	 -0.06*	 0.02	
Childhood	internalising	problems	 	 	 -0.10***	 0.03	 -0.04	 0.03	 	 	 -0.13***	 0.02	 -0.06**	 0.02	
Childhood	general	health	 	 	 0.03	 0.02	 -0.01	 0.03	 	 	 0.02	 0.02	 -0.01	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 0.35***	 0.04	 0.28***	 0.05	 0.28***	 0.06	 0.40***	 0.03	 0.28***	 0.03	 0.38***	 0.03	
Model	R2	 18.64%	 	 5.54%	 	 18.38%	 	 21.50%	 	 6.97%	 	 22.57%	 	

*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.5.13	Multiple	regression	results	of	standardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	

to	predict	optimism	in	emerging	adulthood	excluding	family	level	predictors	

	 Complete	Cases	Unimputed	Sample	 Imputed	Sample	
	 Proximal	Model	 Distal	Model	 Combined	Model	 Proximal	Model	 Distal	Model	 Combined	Model	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.00	 0.02	 	 	 -0.02	 0.03	 -0.01	 0.02	 	 	 -0.01	 0.02	
Education	level	 0.08***	 0.02	 	 	 0.03	 0.03	 0.09***	 0.02	 	 	 0.06**	 0.02	
Employed	 0.01	 0.03	 	 	 0.03	 0.04	 0.04*	 0.02	 	 	 0.03	 0.02	
Antisocial	behaviour	 0.02	 0.02	 	 	 0.00	 0.03	 0.01	 0.02	 	 	 0.01	 0.02	
Have	a	partner	 0.00	 0.02	 	 	 0.02	 0.03	 -0.01	 0.02	 	 	 0.00	 0.02	
Self-perceived	general	health	 0.15***	 0.02	 	 	 0.14***	 0.03	 0.16***	 0.02	 	 	 0.15***	 0.02	
Emotional	problems	 -0.41***	 0.02	 	 	 -0.40***	 0.03	 -0.38***	 0.02	 	 	 -0.37***	 0.02	
Childhood	IQ	 	 	 0.08***	 0.02	 0.07*	 0.03	 	 	 0.10***	 0.02	 0.08***	 0.02	
Childhood	externalising	problems	 	 	 -0.07**	 0.03	 -0.04	 0.03	 	 	 -0.08***	 0.02	 -0.02	 0.02	
Childhood	internalising	problems	 	 	 -0.13***	 0.03	 -0.09**	 0.03	 	 	 -0.16***	 0.02	 -0.08***	 0.02	
Childhood	general	health	 	 	 0.05*	 0.02	 0.00	 0.03	 	 	 0.04	 0.02	 0.00	 0.02	
Family	 socio-economic	
composition	

	 	
	 	 	 	

	 	
	 	 	 	

Parental	 self-perceived	 general	
health	

	 	
	 	 	 	

	 	 	 	 	 	

Parental	emotional	problems	 	 	 	 	 	 	 	 	 	 	 	 	
Family	behavioural	factors	 	 	 	 	 	 	 	 	 	 	 	 	
Female	 -0.10*	 0.04	 -0.21***	 0.05	 -0.16**	 0.06	 -0.06	 0.03	 -0.17***	 0.03	 -0.05	 0.03	
Model	R2	 24.01%	 	 5.74%	

	
	 24.17%	

	
	 24.51%	 	 7.06%	 	 26.10%	 	

*p<0.05,	**p<0.01,	***p<0.001	 	
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Appendix	2.6	Lifecourse	models	for	outcome	variables	of	main	interest	using	imputed	unstandardized	data	

Table	2.6.1	Multiple	regression	results	of	unstandardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	

to	predict	overall	wellbeing	and	life	satisfaction	in	emerging	adulthood	(using	WEMWBS	and	Satisfaction	with	Life)		

	 Unstandardised	imputed	model	for	overall	wellbeing	 Unstandardised	imputed	model	for	life	satisfaction	
	 Proximal	Predictors	

Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	 Predictors	
Model	

Distal	 Predictors	
Model	

Overall	 Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.05	 0.07	 	 	 0.03	 0.07	 -0.02	 0.05	 	 	 -0.02	 0.05	
Education	level	 0.21	 0.21	 	 	 0.00	 0.22	 -0.05	 0.14	 	 	 -0.31*	 0.15	
Employed	 1.15	 0.60	 	 	 1.00	 0.61	 2.17***	 0.45	 	 	 2.09***	 0.45	
Antisocial	behaviour	 -0.06	 0.15	 	 	 -0.04	 0.16	 -0.13	 0.11	 	 	 -0.07	 0.12	
Have	a	partner	 -0.10	 0.30	 	 	 0.02	 0.31	 1.48***	 0.22	 	 	 1.67***	 0.23	
Self-perceived	general	health	 1.79***	 0.17	 	 	 1.75***	 0.18	 1.55***	 0.13	 	 	 1.44***	 0.15	
Emotional	problems	 -0.70***	 0.03	 	 	 -0.68***	 0.03	 -0.49***	 0.02	 	 	 -0.47***	 0.02	
Childhood	IQ	 	 	 0.02	 0.01	 0.02	 0.01	 	 	 0.00	 0.01	 0.01	 0.01	
Childhood	externalising	problems	 	 	 -0.38	 0.28	 0.13	 0.28	 	 	 -0.61**	 0.20	 -0.30	 0.18	
Childhood	internalising	problems	 	 	 -1.84***	 0.28	 -0.90***	 0.26	 	 	 -0.89***	 0.21	 -0.19	 0.19	
Childhood	general	health	 	 	 -0.22	 0.56	 -1.02*	 0.49	 	 	 -0.03	 0.39	 -0.73*	 0.34	
Family	 socio-economic	
composition	

	 	
1.31	 0.76	 0.65	 0.64	

	 	
1.75**	 0.58	 1.51**	 0.50	

Parental	 self-perceived	 general	
health	

	 	
2.01*	 0.95	 0.75	 0.81	

	 	
2.35***	 0.68	 1.45*	 0.61	

Parental	emotional	problems	 	 	 -0.15	 0.42	 -0.11	 0.39	 	 	 -0.32	 0.33	 -0.22	 0.30	
Family	behavioural	factors	 	 	 0.14	 0.17	 0.11	 0.14	 	 	 0.08	 0.14	 0.09	 0.11	
Female	 -0.31	 0.27	 -1.31***	 0.31	 -0.16	 0.28	 1.50***	 0.20	 0.87***	 0.23	 1.53***	 0.21	
Model	R2	 28.07%	 	 6.25%	 	 29.28%	 	 29.82%	 	 7.70%	 	 32.13%	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Table	2.6.2	Multiple	regression	results	of	unstandardised	models	using	proximal	predictors	only,	distal	predictors	only	and	both	proximal	and	distal	predictors	together	

to	predict	happiness	and	meaning	in	life	in	emerging	adulthood		

	 Unstandardised	imputed	model	for	happiness	 Unstandardised	imputed	model	for	meaning	in	life	
	 Proximal	Predictors	

Model	
Distal	 Predictors	
Model	

Overall	 Combined	
Model	

Proximal	 Predictors	
Model	

Distal	 Predictors	
Model	

Overall	 Combined	
Model	

	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Income	 0.02*	 0.01	 	 	 0.02	 0.01	 -0.11	 0.07	 	 	 -0.13	 0.07	
Education	level	 -0.03	 0.03	 	 	 -0.01	 0.03	 -0.13	 0.19	 	 	 0.10	 0.22	
Employed	 0.06	 0.09	 	 	 0.05	 0.09	 2.15***	 0.60	 	 	 2.37***	 0.61	
Antisocial	behaviour	 0.00	 0.02	 	 	 0.00	 0.02	 0.14	 0.15	 	 	 0.14	 0.16	
Have	a	partner	 0.02	 0.04	 	 	 0.02	 0.04	 -0.57	 0.30	 	 	 -0.58	 0.31	
Self-perceived	general	health	 0.23***	 0.02	 	 	 0.21***	 0.03	 0.96***	 0.17	 	 	 0.95***	 0.18	
Emotional	problems	 -0.11***	 0.00	 	 	 -0.10***	 0.00	 -0.11***	 0.03	 	 	 -0.12***	 0.03	
Childhood	IQ	 	 	 -0.01***	 0.00	 -0.01***	 0.00	 	 	 -0.04***	 0.01	 -0.04***	 0.01	
Childhood	externalising	problems	 	 	 -0.08	 0.04	 -0.01	 0.04	 	 	 -0.07	 0.26	 0.15	 0.26	
Childhood	internalising	problems	 	 	 -0.32***	 0.04	 -0.17***	 0.04	 	 	 -0.03	 0.26	 0.21	 0.26	
Childhood	general	health	 	 	 0.06	 0.08	 -0.05	 0.07	 	 	 0.11	 0.50	 -0.16	 0.50	
Family	 socio-economic	
composition	

	 	
0.17	 0.11	 0.08	 0.09	

	 	
1.08	 0.63	 0.88	 0.64	

Parental	 self-perceived	 general	
health	

	 	
0.25	 0.14	 0.08	 0.11	

	 	
1.10	 0.87	 0.60	 0.87	

Parental	emotional	problems	 	 	 -0.04	 0.06	 -0.03	 0.05	 	 	 0.29	 0.37	 0.24	 0.37	
Family	behavioural	factors	 	 	 -0.01	 0.02	 -0.01	 0.02	 	 	 0.06	 0.15	 0.03	 0.15	
Female	 0.19***	 0.04	 0.01	 0.04	 0.18***	 0.04	 1.28***	 0.27	 0.86**	 0.28	 1.25***	 0.28	
Model	R2	 29.58%	 	 6.84%	 	 31.24%	 	 3.07%	 	 1.47%	 	 4.24%	 	

Note.	*p<0.05,	**p<0.01,	***p<0.001	
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Appendix	3.1.	Difference	between	drop	outs	and	non	dropouts	

	 Non	dropout,	N=807	
Mean	(SD)	

Dropout,	N=77	
Mean	(SD)	

t-value	(p-value)	

Socioeconomic	status	 0.31	(0.96)	 0.10	(0.94)	 1.81	(0.07)	
Baseline	wellbeing	 0.00	(0.92)	 0.01	(0.93)	 -0.12	(0.91)	
Baseline	mental	health	 0.00	(0.89)	 -0.07	(0.81)	 0.70	(0.49)	
Note.	Socioeconomic	status	(SES)	was	assessed	at	TEDS	first	contact,	when	participants	were	18	months	old.	 It	 is	composite	of	5	derived	variables	relating	to	parent	

qualifications	and	employment,	and	mother’s	age	at	birth	of	first	child.	

Wellbeing	 is	 a	 standardised	 composite	 of	 responses	 for	 the	 Subjective	Happiness	 Scale	 (Lyubomirsky	&	 Lepper,	 1999)	 and	 the	 Brief	Multidimensional	 Student	 Life	

Satisfaction	Scale	(Seligson,	Huebner	&	Valois,	2003).	Baseline	wellbeing	was	measured	in	week	0,	at	the	start	of	the	study.	

Mental	 health	 was	 a	 standardised	 composite	 of	 the	 responses	 for	 the	 short	 Moods	 and	 Feelings	 Questionnaire	 (Angold	 et	 al.,	 1995)	 and	 the	 State-Trait	 Anxiety	

Inventory	(Spielberger	&	Gorsuch,	1983).	It	was	reversed	scaled	so	that	a	higher	value	represents	better	mental	health.	Baseline	mental	health	was	also	measured	at	

week	0,	at	the	start	of	the	study.	

T-tests	were	conducted	to	compare	SES,	baseline	wellbeing	and	baseline	mental	health	between	those	who	provided	data	at	baseline	and	continued	until	followed	up	

and	those	who	provided	data	at	baseline	but	had	dropped	out	by	follow-up,	showing	no	mean	differences.		
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Appendix	3.2	Variance	inflation	factors	of	potential	predictors		

	 VIF	
Sex	 1.33	
SES	 1.20	
Study	wave	 1.13	
Extraversion	 1.48	
Agreeableness	 1.40	
Conscientiousness	 1.36	
Neuroticism	 1.55	
Openness	 1.44	
Sensation	seeking	 1.29	
Positive	affect	week	0	 1.73	
Positive	affect	week	3	 1.69	
Gratitude	week	3	 1.99	
Prosociality	week	3	 1.60	
Hedonic	adaptation	(control	tasks)	 1.42	
Hedonic	adaptation	(intervention	tasks)	 1.58	
Fit	to	control	tasks	 1.54	
Fit	to	intervention	tasks	 2.05	
Motivation	to	becoming	happier	 1.96	
Shared	gratitude	letters	 1.15	
Self-reported	effort	(control	tasks)	 2.01	
Self-reported	effort	(intervention	tasks)	 2.24	
Task	effort	(control	tasks)	 1.66	
Task	effort	(intervention	tasks)	 1.74	
Continuation	of	gratitude	letters	 1.21	
Continuation	of	acts	of	kindness	 1.38	
Number	of	activities	completed	in	control	phase	 1.36	
Number	of	activities	completed	in	intervention	phase	 1.55	

Note.	All	variance	inflation	factors	are	less	than	3	showing	that	the	potential	predictors	included	in	the	

model	show	no	problematic	collinearity.	
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Appendix	3.3	Complete	results	for	interaction	model	for	wellbeing	response	

Fixed	parameter	 Coefficient	 SE	 p-value	
Intercept	(β0)	 	 	 	
γ00	 -4.32	 0.24	 3.50e-66	
Period	1,	Control	Phase	(β1)	 	 	 	
γ10	 -0.26	 0.16	 0.11	
Period	2,	Intervention	Phase	(β2)	 	 	 	
γ20	 0.22	 0.14	 0.13	
Period	3,	Follow-up	Phase	(β2)	 	 	 	
γ30	 4.36e-02	 4.10e-02	 0.29	
Main	effect	of	sex	 -5.91e-02	 5.30e-02	 0.27	
Main	effect	of	SES	 -4.11e-02	 2.56e-02	 0.11	
Main	effect	of	study	season	 1.12e-02	 4.82e-02	 0.82	
Main	effect	of	extraversion	 9.21e-02	 1.89e-02	 1.75e-06	
Main	effect	of	agreeableness	 5.48e-02	 2.19e-02	 1.28e-02	
Main	effect	of	neuroticism	 0.22	 1.87e-02	 1.17e-25	
Main	effect	of	sensation	seeking	 -7.39e-02	 3.27e-02	 2.46e-02	
Main	effect	of	positive	affect	before	intervention	phase	 9.41e-02	 7.84e-03	 4.64e-27	
Main	effect	of	gratitude	before	intervention	phase	 0.29	 3.06e-02	 4.34e-19	
Main	effect	of	prosociality	before	intervention	phase	 1.15e-02	 1.35e-02	 0.39	
Main	effect	of	hedonic	adaptation	to	control	tasks	 -5.12e-02	 1.72e-02	 3.11e-03	
Main	effect	of	hedonic	adaption	to	wellbeing	tasks	 3.34e-02	 1.68e-02	 4.83e-02	
Main	effect	of	fit	to	wellbeing	tasks	 5.64e-02	 2.30e-02	 1.49e-02	
Main	 effect	 of	 self-reported	 effort	 during	 the	 control	
phase	

-4.27e-02	 2.64e-02	 0.11	

Main	effect	of	task	effort	during	the	control	phase	 1.55e-02	 3.08e-02	 0.62	
Main	effect	of	task	effort	during	the	intervention	phase	 -3.71e-02	 2.98e-02	 0.22	
Control	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	control	phase	 8.07e-02	 4.30e-02	 0.06	
Interaction	effect	of	year	1	SES	in	control	phase	 -8.28e-03	 2.00e-02	 0.68	
Interaction	effect	of	extraversion	in	control	phase	 1.60e-02	 1.52e-02	 0.29	
Interaction	effect	of	neuroticism	in	control	phase	 -1.35e-02	 1.49e-02	 0.37	
Interaction	effect	of	sensation	seeking	in	control	phase	 -3.09e-02	 2.65e-02	 0.24	
Interaction	 effect	 of	 hedonic	 adaptation	 to	 control	
tasks	

-7.72e-04	 1.35e-02	 0.95	

Interaction	effect	of	self-reported	effort	during	control	
phase	

6.76e-02	 2.10e-02	 1.31e-03	

Interaction	effect	of	task	effort	in	control	phase	 -3.29e-02	 2.27e-02	 0.15	
Intervention	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	intervention	phase	 -3.98e-02	 4.21e-02	 0.35	
Interaction	effect	of	study	wave	in	intervention	phase	 3.03e-02	 4.15e-02	 0.46	
Interaction	 effect	 of	 agreeableness	 in	 intervention	
phase	

1.36e-02	 1.75e-02	 0.44	

Interaction	effect	of	positive	affect	before	intervention	 -9.92e-03	 6.16e-03	 0.11	
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phase	
Interaction	 effect	 of	 gratitude	 before	 intervention	
phase	

-3.47e-02	 2.37e-02	 0.14	

Interaction	 effect	 of	 prosociality	 before	 intervention	
phase	

2.41e-02	 1.07e-02	 2.47e-02	

Interaction	 effect	 of	 hedonic	 adaptation	 to	 wellbeing	
tasks	

-1.69e-02	 1.28e-02	 0.19	

Interaction	effect	of	fit	to	wellbeing	tasks	 -3.27e-03	 1.82e-02	 0.86	
Interaction	effect	of	task	effort	in	intervention	phase	 2.80e-02	 2.08e-02	 0.18	
Follow-up	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	follow-up	phase	 0.12	 4.28e-02	 5.10e-03	
Interaction	effect	of	year	1	SES	in	follow-up	phase	 1.57e-02	 1.88e-02	 0.40	

Interaction	effect	of	study	season	in	follow-up	phase	 -9.20e-02	 4.60e-02	 4.58e-02	
Random	effects	 SD	
Level	1:	 	
Level	1	error	 0.11	
Level	2:	 	
Intercept	 0.22	
Control	phase	 8.61e-02	
Intervention	phase	 0.11	
Follow-up	phase	 0.15	
Level	3:	 	
Intercept	 0.50	
Control	phase	 0.46	
Intervention	phase	 0.46	
Follow-up	phase	 0.46	
AIC	 3611.36	
BIC	 3969.25	
logLike	 -1744.68	
N=	654	twins	in	360	families,	2610	observations	
Note.	This	is	a	piecewise	hierarchical	linear	mixed	effects	model	for	predicting	changes	in	wellbeing	and	
potential	 level	2	predictors	of	 individual	differences	 in	response.	Results	show	coefficients	for	all	main	
and	interaction	effects.	The	3	levels	of	the	model	incorporate	repeated	measures	nested	in	twins	nested	
in	families.		
There	are	fewer	observations	used	in	this	model	compared	to	the	basic	model.	This	is	because	multilevel	
modelling	 cannot	 account	 for	missing	 values	 in	predictor	 variables	 so	 the	analysis	has	excluded	 cases	
that	have	missing	values	in	any	of	the	relevant	predictors.	
The	basic	model	was	rerun	with	the	same	participants	as	used	in	for	the	interaction	model	(S6	Table).	
Results	from	basic	model	with	fewer	observations	were	comparable	with	the	original	basic	model.	

	

	



	

358	

Appendix	3.4	Complete	results	for	interaction	model	for	mental	health	response	

Fixed	parameter	 Coefficient	 SE	 p-value	
Intercept	(β0)	 	 	 	
γ00	 -3.60	 0.27	 1.46e-39	
Period	1,	Control	Phase	(β1)	 	 	 	
γ10	 0.46	 0.25	 6.41e-02	
Period	2,	Intervention	Phase	(β2)	 	 	 	
γ20	 0.10	 0.24	 0.67	
Period	3,	Follow-up	Phase	(β2)	 	 	 	
γ30	 0.15	 0.17	 0.39	
Main	effect	of	sex	 2.55e-02	 5.92e-02	 0.67	
Main	effect	of	SES	 -1.52e-02	 2.86e-02	 0.59	
Main	effect	of	study	season	 -4.35e-02	 5.91e-02	 0.46	
Main	effect	of	extraversion	 -2.12e-02	 2.18e-02	 0.33	
Main	effect	of	agreeableness	 -4.51e-02	 2.44e-02	 6.58e-02	
Main	effect	of	conscientiousness	 5.13e-02	 1.91e-02	 7.51e-03	
Main	effect	of	neuroticism	 0.27	 2.20e-02	 3.81e-27	
Main	 effect	 of	 positive	 affect	 before	 control	
phase	

7.87e-02	 1.19e-02	 2.22e-10	

Main	effect	of	positive	affect	before	intervention	
phase	

5.33e-02	 9.39e-03	 3.52e-08	

Main	 effect	 of	 gratitude	 before	 intervention	
phase	

0.24	 3.44e-02	 3.21e-11	

Main	 effect	 of	 hedonic	 adaptation	 to	 control	
tasks	

-4.01e-02	 1.96e-02	 4.22e-02	

Main	 effect	 of	 hedonic	 adaption	 to	 wellbeing	
tasks	

5.83e-04	 1.94e-02	 0.98	

Main	effect	of	fit	to	wellbeing	tasks	 -4.49e-02	 2.50e-02	 7.38e-02	
Main	effect	of	motivation	to	becoming	happier	 -6.49e-03	 2.21e-02	 0.77	
Main	effect	of	sharing	letter	 -6.56e-02	 5.28e-02	 0.21	
Main	 effect	 of	 self-reported	 effort	 during	 the	
control	phase	

2.03e-02	 3.35e-02	 0.55	

Main	 effect	 of	 self-reported	 effort	 during	 the	
intervention	phase	

-3.63e-02	 2.80e-02	 0.20	

Main	effect	of	task	effort	during	the	intervention	
phase	

-0.10	 2.93e-02	 1.11e-03	

Control	phase	intervention	effects:	 	 	 	
Interaction	effect	of	sex	in	control	phase	 9.73e-02	 6.71e-02	 0.15	
Interaction	effect	of	year	1	SES	in	control	phase	 -7.02e-02	 3.00e-02	 1.95e-02	
Interaction	effect	of	study	wave	in	control	phase	 8.54e-02	 6.87e-02	 0.21	
Interaction	 effect	 of	 extraversion	 in	 control	
phase	

6.49e-03	 2.25e-02	 0.77	

Interaction	effect	of	neuroticism	in	control	phase	 -3.61e-02	 2.48e-02	 0.15	
Interaction	effect	of	 initial	positive	affect	before	
control	phase	

-3.57e-02	 1.14e-02	 1.80e-03	
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Interaction	 effect	 of	 hedonic	 adaptation	 to	
control	tasks	

-5.01e-03	 1.97e-02	 0.80	

Interaction	 effect	 of	 self-reported	 effort	 in	
control	tasks	

9.77e-03	 3.14e-02	 0.76	

Intervention	phase	intervention	effects:	 	 	 	
Interaction	effect	of	sex	in	intervention	phase	 -0.12	 6.18e-02	 6.21-02	
Interaction	 effect	 of	 study	 wave	 in	 intervention	
phase	

9.95e-02	 6.20e-02	 0.11	

Interaction	 effect	 of	 agreeableness	 in	
intervention	phase	

5.41e-02	 2.37e-02	 2.25e-02	

Interaction	 effect	 of	 conscientiousness	 in	
intervention	phase	

1.28e-02	 2.15e-02	 0.55	

Interaction	 effect	 of	 neuroticism	 in	 intervention	
phase	

-2.87e-02	 2.02e-02	 0.15	

Interaction	effect	of	 initial	positive	affect	before	
intervention	phase	

-1.11e-02	 8.74e-03	 0.20	

Interaction	 effect	 of	 initial	 gratitude	 before	
intervention	phase	

-2.27e-02	 3.30e-02	 0.49	

Interaction	 effect	 of	 hedonic	 adaptation	 to	
wellbeing	tasks	

-2.57e-02	 1.82e-02	 0.16	

Interaction	effect	of	fit	to	wellbeing	tasks	 1.82e-02	 2.36e-02	 0.44	
Interaction	 effect	 of	 sharing	 gratitude	 letters	 in	
intervention	phase	

-0.11	 6.02e-02	 8.11e-02	

Interaction	 effect	 of	 self-reported	 effort	 in	
intervention	phase	

8.04e-03	 2.45e-02	 0.74	

Interaction	effect	of	task	effort	in	in	intervention	
phase	

3.19e-02	 2.84e-02	 0.26	

Follow-up	phase	intervention	effects:	 	 	 	
Interaction	effect	of	sex	in	follow-up	phase	 0.19	 6.75e-02	 4.74e-03	
Interaction	 effect	 of	 year	 1	 SES	 in	 follow-up	
phase	

2.53e-02	 3.04e-02	 0.41	

Interaction	 effect	 of	 study	 wave	 in	 follow-up	
phase	

-0.13	 7.25e-02	 7.99e-02	

Interaction	effect	of	conscientiousness	in	follow-
up	phase	

-2.63e-02	 2.56e-02	 0.30	

Interaction	 effect	 of	 motivation	 to	 becoming	
happier	in	follow-up	phase	

9.88e-03	 2.35e-02	 0.67	

Interaction	 effect	 of	 sharing	 gratitude	 letters	 in	
follow-up	phase	

-5.23e-02	 7.34e-02	 0.48	

Random	Effects	 SD		
Level	1:	 	
Residual	(ei)	 0.23	
Level	2:	 	
Intercept	 0.22	
Control	phase	 0.24	
Intervention	phase	 0.16	
Follow-up	phase	 0.30	
Level	3:	 	
(Intercept,	U0)	 0.55	
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Control	phase	(U1)	 0.63	
Intervention	phase	(U2)	 0.59	
Follow-up	phase	(U3)	 0.65	
AIC	 5158.04	
BIC	 5562.40	
logLik	 -2510.02	
N=	648	twins	in	358	families,	2592	observations	
Note.	This	is	a	piecewise	hierarchical	linear	mixed	effects	model	for	predicting	changes	in	mental	health	
and	potential	 level	 2	predictors	of	 individual	 differences	 in	 response.	Results	 show	coefficients	 for	 all	
main	and	interaction	effects.	The	3	levels	of	the	model	incorporate	repeated	measures	nested	in	twins	
nested	in	families.		
There	are	fewer	observations	used	in	this	model	compared	to	the	basic	model.	This	is	because	multilevel	
modeling	 cannot	 account	 for	missing	 values	 in	 predictor	 variables	 so	 the	 analysis	 has	 excluded	 cases	
that	have	missing	values	in	any	of	the	relevant	predictors.	
The	basic	model	was	rerun	with	the	same	participants	as	used	in	for	the	interaction	model.	Results	from	
basic	model	with	fewer	observations	were	comparable	with	the	original	basic	model.	
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Appendix	3.5	Basic	model	for	wellbeing	response	using	cases	with	complete	predictor	information	

Fixed	effect	 Coefficient	(SE)	 p-value	
(Intercept,	β0)	 	 	
γ00	 -6.21e-02	(4.10e-02)	 0.13	
Control	phase	(β1)	 	 	
γ10	 1.87e-03	(2.01e-02)	 0.93	

Intervention	phase	(β2)	 	 	
γ20	 0.10	(2.00e-02)	 4.14e-07†	

Follow-up	phase	(β3)	 	 	

γ30	 3.36e-02	(2.12e-02)	 0.11	
Random	parameter	 SD	
Level	1:	 	 	
Residual	error	(ei)	 0.15	 	
Level	2:	 	 	
Intercept	 0.56	 	
Control	phase	 0.11	 	

Intervention	phase	 0.11	 	
Follow-up	phase	 0.16	 	
Level	3:	 	 	
Intercept	(U0)	 0.69	 	
Control	phase	(U1)	 0.44	 	
Intervention	phase	(U2)	 0.44	 	
Follow-up	phase	(U3)	 0.44	 	
AIC	 4315.29	 	
BIC	 4461.97	 	
logLik	 -2132.645	 	
*p<.05,	**p<.01,	***p<.001,	†p<0.0125	(Bonferroni)	

N=	654	twins	in	360	families,	2610	observations	
Note.	 Basic	 piecewise	 hierarchical	 linear	 mixed	 model	 predicting	 changes	 in	 wellbeing.	 3	 levels	
incorporating	repeated	measures	nested	in	twins	nested	in	families.	Individuals	who	had	missing	values	
for	any	of	 the	predictor	variables	added	 into	the	 interaction	model	as	displayed	 in	Appendix	3.4	were	
excluded	to	check	the	effect	of	discrepancies	in	observations	used.	Comparing	this	current	results	table	
with	 the	 basic	 model	 results	 as	 displayed	 in	 Table	 3.2,	 results	 were	 very	 similar,	 with	 a	 significant	
improvement	in	wellbeing	during	the	intervention	phase.			
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Appendix	3.6	Fit	statistics	for	wellbeing	outcome	models	

Model	 df	 AIC	 BIC	 logLik	 Test	 L.Ratio	 p-value	
Intercept	 2	 7261.60	 7273.33	 -3628.80	 	 NA	 NA	

Random	Intercept	 3	 4482.58	 4500.18	 -2238.29	 1	vs	2	 2781.02	 0	

Random	Intercept,	3	levels	–	
repeated	 measures	 nested	
in	twins	nested	in	families		

4	 4435.75	 4459.22	 -2213.88	 2	vs	3	 48.83	 2.79e-12	

Random	 intercept	 and	 fixed	
slope	 predicted	 by	 time,	 3	
levels	

5	 4379.65	 4408.99	 -2184.83	 3	vs	4	 58.10	 2.50e-14	

Random	 intercept	 and	 3	
slopes	 (piecewise)	predicted	
by	3	time	phases,	3	levels	

7	 4376.28	 4417.35	 -2181.14	 4	vs	5	 7.37	 2.51e-02	

Random	 intercept	 and	 3	
random	 slopes	 predicted	 by	
3	time	phases,	3	levels	

25	 4315.29	 4461.97	 -2132.65	 5	vs	6	 96.99	 7.84e-13	

Interaction	model:	individual	
slopes	 predicted	 by	
potential	 moderators,	 3	
levels	

61	 3611.36	 3969.25	 -1744.68	 6	vs	7	 775.93	 0	

N=	654	twins	in	360	families,	2610	observations	for	all	models.		

Note.	Table	comparing	the	fit	statistics	of	the	fitted	models	for	wellbeing	as	an	outcome	of	intervention	

response.	Models	are	built	up	 from	a	 simple	 intercept	model	 to	a	 full	3	 level	 interaction	model.	Only	

cases	 that	 have	 complete	 data	 for	 all	 predictors	 used	 in	 the	 final	 interaction	 model	 are	 used	 in	 all	

models.	Results	show	that	each	model	is	a	significantly	better	fit	for	the	data	than	the	previous.		
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Appendix	 3.7	 Complete	 results	 for	 interaction	 model	 for	 wellbeing	 response,	 not	 including	 effort	

measures	as	predictors	

Fixed	parameter	 Coefficient	 SE	 p-value	
Intercept	(β0)	 	 	 	
γ00	 -4.53	 0.20	 1.14E-99	
Period	1,	Control	Phase	(β1)	 	 	 	
γ10	 5.33E-02	 0.11	 0.63	
Period	2,	Intervention	Phase	(β2)	 	 	 	
γ20	 0.13	 0.13	 0.31	
Period	3,	Follow-up	Phase	(β2)	 	 	 	
γ30	 4.27E-02	 3.76E-02	 0.26	
Main	effect	of	sex	 -1.87E-02	 4.92E-02	 0.70	
Main	effect	of	SES	 -4.59E-02	 2.39E-02	 5.55E-02	
Main	effect	of	study	season	 4.05E-02	 4.49E-02	 0.37	
Main	effect	of	extraversion	 9.49E-02	 1.77E-02	 1.45E-07	
Main	effect	of	agreeableness	 6.89E-02	 2.04E-02	 8.03E-04	
Main	effect	of	neuroticism	 0.21	 1.76E-02	 1.61E-28	
Main	effect	of	sensation	seeking	 -7.67E-02	 3.02E-02	 1.16E-02	
Main	effect	of	positive	affect	before	intervention	phase	 9.40E-02	 7.43E-03	 2.85E-30	
Main	effect	of	gratitude	before	intervention	phase	 0.27	 2.77E-02	 3.92E-20	
Main	effect	of	prosociality	before	intervention	phase	 6.34E-03	 1.24E-02	 0.61	
Main	effect	of	hedonic	adaptation	to	control	tasks	 -4.25E-02	 1.56E-02	 6.86E-03	
Main	effect	of	hedonic	adaption	to	wellbeing	tasks	 3.13E-02	 1.58E-02	 4.85E-02	
Main	effect	of	fit	to	wellbeing	tasks	 6.81E-02	 2.16E-02	 1.73E-03	
Control	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	control	phase	 8.60E-02	 4.01E-02	 3.21E-02	
Interaction	effect	of	year	1	SES	in	control	phase	 -2.51E-02	 1.84E-02	 0.17	
Interaction	effect	of	extraversion	in	control	phase	 2.34E-02	 1.44E-02	 0.10	
Interaction	effect	of	neuroticism	in	control	phase	 -1.14E-02	 1.40E-02	 0.42	
Interaction	effect	of	sensation	seeking	in	control	phase	 -3.30E-02	 2.47E-02	 0.18	
Interaction	effect	of	hedonic	adaptation	to	control	tasks	 -5.68E-03	 1.22E-02	 0.64	
Intervention	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	intervention	phase	 -4.90E-02	 3.89E-02	 0.21	
Interaction	effect	of	study	wave	in	intervention	phase	 4.50E-02	 3.82E-02	 0.24	
Interaction	effect	of	agreeableness	in	intervention	phase	 1.54E-02	 1.61E-02	 0.34	
Interaction	 effect	 of	 positive	 affect	 before	 intervention	
phase	

-9.82E-03	 5.74E-03	 8.74E-02	

Interaction	effect	of	gratitude	before	intervention	phase	 -2.51E-02	 2.16E-02	 0.25	
Interaction	effect	of	prosociality	before	intervention	phase	 1.98E-02	 9.83E-03	 4.38E-02	
Interaction	effect	of	hedonic	adaptation	to	wellbeing	tasks	 -2.27E-02	 1.19E-02	 5.68E-02	
Interaction	effect	of	fit	to	wellbeing	tasks	 9.31E-03	 1.71E-02	 0.59	
Follow-up	phase	interaction	effects:	 	 	 	
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Interaction	effect	of	sex	in	follow-up	phase	 0.11	 3.96E-02	 6.21E-03	
Interaction	effect	of	year	1	SES	in	follow-up	phase	 1.85E-02	 1.74E-02	 0.29	

Interaction	effect	of	study	season	in	follow-up	phase	 -8.70E-02	 4.22E-02	 3.92E-02	
Random	effects	 SD	
Level	1:	 	
Level	1	error	 0.11	
Level	2:	 	
Intercept	 0.25	
Control	phase	 9.78e-02	
Intervention	phase	 8.03e-02	
Follow-up	phase	 0.12	
Level	3:	 	
Intercept	 0.49	
Control	phase	 0.47	
Intervention	phase	 0.47	
Follow-up	phase	 0.47	
AIC	 4042.36	
BIC	 4371.50	
logLike	 -1966.18	
N=	737	twins	in	391	families,	2935	observations	
Note.	This	is	a	piecewise	hierarchical	linear	mixed	effects	model	for	predicting	changes	in	wellbeing	and	
potential	level	2	predictors	of	individual	differences	in	response.	The	3	levels	of	the	model	incorporate	
repeated	measures	nested	in	twins	nested	in	families.		
Looking	at	 the	 relevant	predictors	of	 the	 interaction	model	 (according	 to	Appendix	3.3),	 self-reported	
effort	and	 task	effort	were	 the	 two	predictors	 that	produced	the	most	missing	values.	We	decided	 to	
run	our	interaction	analysis	excluding	self-reported	and	task	effort	as	relevant	predictors.	Results	from	
this	 interaction	model	 produced	 no	 Bonferroni	 significant	moderators	 (the	 original	 interaction	model	
produced	self-reported	effort	during	the	control	phase	as	a	Bonferroni	significant	moderator)	
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Appendix	3.8	Basic	model	for	mental	health	response	using	cases	with	complete	predictor	
information	

Fixed	effect	 Coefficient	(SE)	 p-value	
(Intercept,	β0)	 	 	
γ00	 7.73e-02	(4.03e-02)	 5.52e-02	
Control	phase	(β1)	 	 	
γ10	 1.55e-02	(3.12e-02)	 0.62	

Intervention	phase	(β2)	 	 	
γ20	 7.88e-02	(2.90e-02)	 6.66e-03†	

Follow-up	phase	(β3)	 	 	

γ30	 5.84e-02	(3.33e-02)	 7.95e-02	
Random	parameter	 SD	
Level	1:	 	 	
Residual	error	(ei)	 0.28	 	
Level	2:	 	 	
Intercept	 0.48	 	
Control	phase	 0.24	 	

Intervention	phase	 0.20	 	
Follow-up	phase	 0.32	 	
Level	3:	 	 	
Intercept	(U0)	 0.73	 	
Control	phase	(U1)	 0.61	 	
Intervention	phase	(U2)	 0.56	 	
Follow-up	phase	(U3)	 0.61	 	
AIC	 5693.50	 	
BIC	 5840.01	 	
logLik	 -2821.75	 	
*p<.05,	**p<.01,	***p<.001,	†p<0.0125	(Bonferroni)	

N=	648	twins	in	358	families,	2592	observations	
Note.	 Basic	 piecewise	 hierarchical	 linear	 mixed	 model	 predicting	 changes	 in	 mental	 health.	 3	 levels	
incorporating	repeated	measures	nested	in	twins	nested	in	families.	Individuals	who	had	missing	values	
for	any	of	 the	predictor	variables	added	 into	the	 interaction	model	as	displayed	 in	Appendix	3.4	were	
excluded	to	check	the	effect	of	discrepancies	in	observations	used.	Comparing	this	current	results	table	
with	 the	 basic	 model	 results	 as	 displayed	 in	 Table	 3.3,	 results	 were	 very	 similar,	 with	 a	 significant	
improvement	in	mental	health	during	the	intervention	phase.			

	

	 	



	

366	

Appendix	3.9	Fit	statistics	for	mental	health	outcome	models	

Model	 df	 AIC	 BIC	 logLik	 Test	 L.Ratio	 p-value	

1. Intercept	 2	 7164.61	 7176.33	 -3580.31	 	 NA	 NA	

2. Random	Intercept	 3	 5764.74	 5782.32	 -2879.37	 1	vs	2	 1401.87	 0	

3. Random	Intercept,	3	levels	–	

repeated	measures	nested	in	

twins	nested	in	families		

4	 5738.09	 5761.54	 -2865.05	 2	vs	3	 28.65	 8.69E-08	

4. Random	intercept	and	fixed	

slope	predicted	by	time,	3	

levels	

5	 5710.82	 5740.12	 -2850.41	 3	vs	4	 29.27	 6.29E-08	

5. Random	intercept	and	3	

slopes	(piecewise)	predicted	

by	3	time	phases,	3	levels	

7	 5713.07	 5754.09	 -2849.53	 4	vs	5	 1.76	 0.42	

6. Random	intercept	and	3	

random	slopes	predicted	by	3	

time	phases,	3	levels	

25	 5693.50	 5840.01	 -2821.75	 5	vs	6	 55.57	 1.04E-05	

7. Interaction	model:	individual	

slopes	predicted	by	potential	

moderators,	3	levels	

69	 5158.04	 5562.40	 -2510.02	 6	vs	7	 623.46	 0	

Note.	 Table	 comparing	 the	 fit	 statistics	 of	 the	 fitted	 models	 for	 mental	 health	 as	 an	 outcome	 of	
intervention	 response.	Models	are	built	up	 from	a	 simple	 intercept	model	 to	a	 full	3	 level	 interaction	
model.	Only	cases	which	have	complete	data	 for	all	predictors	used	 in	 the	 final	 interaction	model	are	
used	 in	 all	 models.	 Results	 show	 that	 each	 model	 is	 a	 significantly	 better	 fit	 for	 the	 data	 than	 the	
previous,	other	than	model	5	compared	to	model	4.	However,	since	we	experimentally	manipulated	the	
study	to	have	3	separate	phases,	we	decided	to	accept	the	piecewise	model	5.	Looking	at	the	AIC	values,	
subsequent	models	6	and	7	are	still	better	than	model	4.	
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Appendix	3.10	Complete	results	for	interaction	model	for	mental	health	response,	not	
including	effort	measures	as	predictors	

Fixed	parameter	 Coefficient	 SE	 p-value	
Intercept	(β0)	 	 	 	
γ00	 -3.74	 0.22	 1.69E-61	
Period	1,	Control	Phase	(β1)	 	 	 	
γ10	 0.45	 0.17	 7.03E-03	
Period	2,	Intervention	Phase	(β2)	 	 	 	
γ20	 0.11	 0.20	 0.57	
Period	3,	Follow-up	Phase	(β2)	 	 	 	
γ30	 0.14	 0.16	 0.39	
Main	effect	of	sex	 7.75E-02	 5.50E-02	 0.16	
Main	effect	of	SES	 -2.17E-02	 2.69E-02	 0.42	
Main	effect	of	study	season	 -3.76E-02	 5.52E-02	 0.50	
Main	effect	of	extraversion	 -2.59E-02	 2.08E-02	 0.21	
Main	effect	of	agreeableness	 -2.07E-02	 2.35E-02	 0.38	
Main	effect	of	conscientiousness	 4.54E-02	 1.86E-02	 1.50E-02	
Main	effect	of	neuroticism	 0.27	 2.12E-02	 3.08E-31	
Main	effect	of	positive	affect	before	control	phase	 7.70E-02	 1.14E-02	 5.44E-11	
Main	effect	of	positive	affect	before	intervention	phase	 5.47E-02	 9.12E-03	 5.39E-09	
Main	effect	of	gratitude	before	intervention	phase	 0.20	 3.24E-02	 1.58E-09	
Main	effect	of	hedonic	adaptation	to	control	tasks	 -3.05E-02	 1.83E-02	 0.10	
Main	effect	of	hedonic	adaption	to	wellbeing	tasks	 2.06E-02	 1.81E-02	 0.25	
Main	effect	of	fit	to	wellbeing	tasks	 -3.90E-02	 2.43E-02	 0.11	
Main	effect	of	motivation	to	becoming	happier	 -6.52E-03	 2.16E-02	 0.76	
Main	effect	of	sharing	letter	 -6.12E-02	 5.03E-02	 0.22	
Control	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	control	phase	 9.31E-02	 6.16E-02	 0.13	
Interaction	effect	of	year	1	SES	in	control	phase	 -6.26E-02	 2.78E-02	 2.43E-02	
Interaction	effect	of	study	wave	in	control	phase	 7.96E-02	 6.28E-02	 0.20	
Interaction	effect	of	extraversion	in	control	phase	 4.71E-03	 2.09E-02	 0.82	
Interaction	effect	of	neuroticism	in	control	phase	 -2.95E-02	 2.32E-02	 0.20	
Interaction	effect	of	initial	positive	affect	before	control	
phase	

-2.94E-02	 1.06E-02	 5.62e-03	

Interaction	 effect	 of	 hedonic	 adaptation	 to	 control	
tasks	

-1.57E-02	 1.76E-02	 0.37	

Intervention	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	intervention	phase	 -0.12	 5.71E-02	 0.03	
Interaction	effect	of	study	wave	in	intervention	phase	 8.91E-02	 5.78E-02	 0.12	
Interaction	 effect	 of	 agreeableness	 in	 intervention	
phase	

4.99E-02	 2.19E-02	 2.25E-02	

Interaction	 effect	 of	 conscientiousness	 in	 intervention	
phase	

1.93E-02	 2.03E-02	 0.34	

Interaction	effect	of	neuroticism	in	intervention	phase	 -3.61E-02	 1.89E-02	 5.60E-02	
Interaction	 effect	 of	 initial	 positive	 affect	 before	 -1.19E-02	 8.16E-03	 0.14	
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intervention	phase	
Interaction	 effect	 of	 initial	 gratitude	 before	
intervention	phase	

-1.44E-02	 3.00E-02	 0.63	

Interaction	 effect	 of	 hedonic	 adaptation	 to	 wellbeing	
tasks	

-2.31E-02	 1.62E-02	 0.16	

Interaction	effect	of	fit	to	wellbeing	tasks	 2.19E-02	 2.20E-02	 0.32	
Interaction	 effect	 of	 sharing	 gratitude	 letters	 in	
intervention	phase	

-8.94E-02	 5.59E-02	 0.11	

Follow-up	phase	interaction	effects:	 	 	 	
Interaction	effect	of	sex	in	follow-up	phase	 0.16	 6.42E-02	 0.01	
Interaction	effect	of	year	1	SES	in	follow-up	phase	 2.27E-02	 2.87E-02	 0.43	

Interaction	effect	of	study	wave	in	follow-up	phase	 -9.32E-02	 6.81E-02	 0.17	
Interaction	 effect	 of	 conscientiousness	 in	 follow-up	
phase	

-2.34E-02	 2.43E-02	 0.33	

Interaction	effect	of	motivation	to	becoming	happier	in	
follow-up	phase	

5.12E-03	 2.21E-02	 0.82	

Interaction	effect	of	sharing	gratitude	letters	in	follow-
up	phase	

-6.84E-02	 6.88E-02	 0.32	

Random	effects	 SD	
Level	1:	 	
Level	1	error	 0.26	
Level	2:	 	
Intercept	 0.21	
Control	phase	 0.23	
Intervention	phase	 0.19	
Follow-up	phase	 0.31	
Level	3:	 	
Intercept	 0.55	
Control	phase	 0.60	
Intervention	phase	 0.62	
Follow-up	phase	 0.26	
AIC	 5745.55	
BIC	 6121.73	
logLike	 -2809.78	
N=	724	twins	in	385	families,	2896	observations	
Note.	This	is	a	piecewise	hierarchical	linear	mixed	effects	model	for	predicting	changes	in	mental	health	
and	 potential	 level	 2	 predictors	 of	 individual	 differences	 in	 response.	 The	 3	 levels	 of	 the	 model	
incorporate	repeated	measures	nested	in	twins	nested	in	families.		
Looking	at	the	relevant	predictors	of	the	interaction	model	(according	to	S10	Table),	self-reported	effort	
and	task	effort	were	the	two	predictors	that	produced	the	most	missing	values.	We	decided	to	run	our	
interaction	 analysis	 excluding	 self-reported	 and	 task	 effort	 as	 relevant	 predictors.	 Results	 from	 this	
interaction	model	produced	positive	affect	before	 the	control	phase	as	 the	predictor	 that	approaches	
Bonferroni	significance,	which	is	comparable	with	the	original	interaction	model.	
Appendix	 3.11	 Power	 curve	 of	 interaction	 effect	 of	 agreeableness	 during	 the	 intervention	 phase	 for	
wellbeing	outcome	(with	95%	confidence	interval)		
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Appendix	4.1	Cooccurence	of	gratitude	letter	codes					

Table	4.1.1	Cooccurence	of	gratitude	letter	codes	part	1	(column	codes	1	to	13)	

	 Admiration	 Advice	 Bad	
qualities	

Better	
person	

Connections	 Emotional	
support	

Experiences	 Future	 Generally	
being	
there	

Goal	 Material	 Mutual	 Not	
expressed	

Admiration	 100%	 35%	 37%	 46%	 36%	 34%	 22%	 43%	 32%	 28%	 22%	 28%	 35%	
Advice	 14%	 100%	 18%	 18%	 8%	 18%	 6%	 13%	 14%	 10%	 5%	 13%	 12%	
Bad	qualities	 13%	 16%	 100%	 14%	 8%	 17%	 5%	 15%	 16%	 8%	 5%	 20%	 17%	
Better	
person	

23%	 22%	 19%	 100%	 25%	 16%	 11%	 17%	 16%	 14%	 11%	 17%	 17%	

Connections	 5%	 3%	 3%	 7%	 100%	 4%	 7%	 5%	 3%	 5%	 5%	 2%	 4%	
Emotional	
support	

27%	 37%	 38%	 26%	 24%	 100%	 12%	 28%	 34%	 14%	 15%	 51%	 28%	

Experiences	 14%	 10%	 9%	 15%	 32%	 10%	 100%	 16%	 11%	 17%	 31%	 9%	 14%	
Future	 15%	 12%	 15%	 12%	 13%	 13%	 9%	 100%	 14%	 10%	 5%	 17%	 13%	
Generally	
being	there	

33%	 36%	 44%	 33%	 22%	 43%	 18%	 39%	 100%	 18%	 23%	 50%	 37%	

Goal	 24%	 22%	 19%	 23%	 32%	 15%	 22%	 23%	 15%	 100%	 19%	 8%	 21%	
Material	 14%	 8%	 9%	 14%	 23%	 11%	 30%	 8%	 14%	 14%	 100%	 6%	 20%	
Mutual	 6%	 7%	 12%	 7%	 3%	 14%	 3%	 11%	 11%	 2%	 2%	 100%	 5%	
Not	
expressed	

19%	 16%	 26%	 19%	 16%	 19%	 11%	 19%	 20%	 13%	 17%	 13%	 100%	

Physical	 4%	 4%	 3%	 4%	 2%	 7%	 1%	 4%	 4%	 2%	 4%	 3%	 5%	
Pledge	 6%	 5%	 13%	 8%	 3%	 8%	 4%	 11%	 8%	 5%	 9%	 18%	 9%	
Practical	life	
support	

19%	 20%	 22%	 24%	 13%	 15%	 18%	 14%	 24%	 14%	 31%	 8%	 33%	

Sacrifice	 12%	 7%	 15%	 14%	 13%	 11%	 14%	 12%	 10%	 13%	 17%	 7%	 17%	
School	 16%	 17%	 12%	 10%	 3%	 9%	 7%	 14%	 8%	 40%	 3%	 10%	 10%	
Self	esteem	 13%	 14%	 11%	 19%	 36%	 16%	 9%	 12%	 9%	 21%	 6%	 15%	 11%	
Specific	
memory	

18%	 12%	 17%	 12%	 31%	 20%	 24%	 20%	 13%	 17%	 20%	 17%	 17%	

Spiritual	 3%	 3%	 2%	 3%	 0%	 2%	 1%	 3%	 2%	 1%	 0%	 4%	 1%	
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Sticking	up	 5%	 8%	 12%	 7%	 3%	 11%	 3%	 7%	 8%	 4%	 3%	 13%	 4%	
Subtraction	 19%	 19%	 22%	 22%	 19%	 20%	 15%	 17%	 18%	 23%	 12%	 17%	 19%	
Third	person	 7%	 5%	 3%	 6%	 9%	 5%	 9%	 4%	 6%	 5%	 9%	 2%	 7%	
Tough	time	 15%	 19%	 23%	 17%	 10%	 35%	 7%	 14%	 18%	 9%	 8%	 28%	 15%	
Trust	 6%	 12%	 9%	 7%	 3%	 13%	 3%	 8%	 11%	 2%	 2%	 25%	 6%	
For	family	 46%	 44%	 58%	 54%	 42%	 40%	 48%	 31%	 52%	 35%	 72%	 28%	 64%	
For	friend	 18%	 18%	 23%	 13%	 26%	 32%	 13%	 36%	 29%	 7%	 8%	 53%	 14%	
For	other	 7%	 4%	 1%	 7%	 14%	 2%	 12%	 9%	 2%	 6%	 4%	 2%	 3%	
For	partner	 2%	 1%	 2%	 3%	 1%	 4%	 1%	 2%	 2%	 0%	 2%	 1%	 1%	
For	teacher	 17%	 18%	 11%	 9%	 7%	 7%	 12%	 10%	 3%	 39%	 1%	 2%	 7%	
For	
unspecified	

12%	 16%	 7%	 15%	 11%	 17%	 15%	 12%	 12%	 13%	 14%	 15%	 12%	

Total	number	
of	letters	

652	 264	 234	 323	 88	 527	 427	 237	 663	 551	 413	 144	 355	

Note.	Each	column	shows	the	proportion	of	letters	that	have	the	code	given	by	the	column	name	that	also	have	code	as	given	be	row	name.	For	example,	in	the	admiration	
column,	we	see	 that	14%	of	 letters	 that	contain	 the	admiration	code	also	contains	 the	advice	code.	Last	 row	shows	total	number	of	 letters	containing	code	as	given	 in	
column	heading	e.g.	all	together	there	are	652	lettters	that	contain	the	admiration	code	
	

Table	4.1.2	Cooccurence	of	gratitude	letter	codes	part	2	(column	codes	14	to	26)	

	 Physical	 Pledge	 Practical	
life	
support	

Sacrifice	 School	 Self	
esteem	

Specific	
memory	

Spiritual	 Sticking	
up	

Subtraction	 Third	
person	

Tough	
time	

Trust	

Admiration	 28%	 25%	 27%	 29%	 24%	 30%	 26%	 57%	 26%	 29%	 37%	 28%	 27%	
Advice	 10%	 7%	 11%	 7%	 11%	 13%	 7%	 30%	 17%	 12%	 11%	 14%	 22%	
Bad	qualities	 8%	 19%	 11%	 13%	 6%	 9%	 9%	 13%	 21%	 12%	 5%	 15%	 15%	
Better	
person	

13%	 15%	 16%	 16%	 8%	 22%	 9%	 33%	 16%	 17%	 16%	 16%	 15%	

Connections	 2%	 2%	 2%	 4%	 1%	 11%	 6%	 0%	 2%	 4%	 6%	 3%	 2%	
Emotional	
support	

34%	 27%	 17%	 21%	 11%	 30%	 24%	 37%	 44%	 24%	 21%	 53%	 46%	

Experiences	 3%	 11%	 16%	 22%	 7%	 14%	 23%	 17%	 9%	 15%	 29%	 9%	 10%	
Future	 10%	 15%	 7%	 11%	 8%	 10%	 10%	 23%	 12%	 10%	 8%	 10%	 13%	
Generally	 23%	 33%	 33%	 24%	 12%	 21%	 19%	 33%	 38%	 28%	 31%	 33%	 51%	
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being	there	
Goal	 11%	 15%	 16%	 27%	 50%	 41%	 21%	 10%	 15%	 30%	 24%	 14%	 7%	
Material	 16%	 24%	 28%	 26%	 3%	 8%	 19%	 0%	 10%	 12%	 28%	 10%	 5%	
Mutual	 5%	 16%	 2%	 4%	 3%	 7%	 5%	 20%	 14%	 6%	 2%	 12%	 25%	
Not	
expressed	

16%	 20%	 25%	 22%	 8%	 14%	 13%	 13%	 11%	 16%	 20%	 16%	 15%	

Physical	 100%	 3%	 5%	 7%	 2%	 3%	 10%	 7%	 5%	 4%	 8%	 8%	 1%	
Pledge	 5%	 100%	 8%	 8%	 4%	 6%	 6%	 17%	 2%	 7%	 7%	 8%	 8%	
Practical	life	
support	

23%	 22%	 100%	 34%	 7%	 10%	 14%	 10%	 11%	 19%	 30%	 15%	 8%	

Sacrifice	 17%	 13%	 20%	 100%	 8%	 9%	 13%	 7%	 13%	 12%	 19%	 10%	 5%	
School	 9%	 10%	 7%	 13%	 100%	 26%	 12%	 3%	 12%	 21%	 10%	 10%	 7%	
Self	esteem	 9%	 10%	 6%	 9%	 17%	 100%	 16%	 20%	 17%	 13%	 8%	 15%	 12%	
Specific	
memory	

43%	 17%	 14%	 22%	 12%	 25%	 100%	 23%	 21%	 15%	 25%	 27%	 13%	

Spiritual	 2%	 3%	 1%	 1%	 0%	 2%	 2%	 100%	 4%	 1%	 2%	 2%	 4%	
Sticking	up	 7%	 2%	 3%	 6%	 4%	 8%	 6%	 17%	 100%	 7%	 5%	 12%	 14%	
Subtraction	 18%	 17%	 17%	 19%	 20%	 19%	 14%	 17%	 23%	 100%	 15%	 21%	 25%	
Third	person	 10%	 6%	 8%	 9%	 3%	 4%	 7%	 10%	 5%	 4%	 100%	 5%	 3%	
Tough	time	 28%	 17%	 12%	 13%	 8%	 19%	 21%	 23%	 33%	 18%	 13%	 100%	 27%	
Trust	 2%	 7%	 3%	 3%	 2%	 6%	 4%	 20%	 15%	 8%	 4%	 11%	 100%	
For	family	 49%	 47%	 84%	 65%	 19%	 29%	 35%	 37%	 39%	 44%	 57%	 37%	 26%	
For	friend	 9%	 21%	 3%	 6%	 9%	 19%	 21%	 20%	 29%	 18%	 5%	 31%	 51%	
For	other	 19%	 6%	 4%	 2%	 2%	 7%	 10%	 17%	 4%	 5%	 14%	 5%	 1%	
For	partner	 2%	 2%	 1%	 0%	 0%	 2%	 1%	 0%	 1%	 2%	 1%	 3%	 1%	
For	teacher	 8%	 7%	 1%	 12%	 58%	 29%	 13%	 3%	 11%	 17%	 12%	 10%	 3%	
For	
unspecified	

15%	 19%	 7%	 15%	 12%	 14%	 20%	 23%	 17%	 15%	 12%	 16%	 17%	

Total	number	
of	letters	

105	 162	 469	 275	 438	 283	 453	 30	 133	 425	 127	 354	 144	

Note.	See	Table	4.1.1	
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Table	4.1.3	Cooccurence	of	gratitude	letter	codes	part	3	(addressee	codes)		

	 For	family	 For	friend	 For	other	 For	partner	 For	teacher	 For	unspecified	
Admiration	 29%	 26%	 28%	 44%	 28%	 21%	
Advice	 11%	 11%	 6%	 6%	 12%	 11%	
Bad	qualities	 13%	 12%	 1%	 12%	 6%	 4%	
Better	person	 17%	 10%	 15%	 29%	 7%	 13%	
Connections	 4%	 5%	 8%	 3%	 2%	 3%	
Emotional	support	 20%	 38%	 6%	 56%	 9%	 24%	
Experiences	 20%	 12%	 33%	 9%	 13%	 17%	
Future	 7%	 19%	 13%	 12%	 6%	 8%	
Generally	being	there	 33%	 44%	 9%	 35%	 6%	 22%	
Goal	 18%	 9%	 20%	 3%	 55%	 20%	
Material	 29%	 8%	 10%	 24%	 1%	 15%	
Mutual	 4%	 17%	 2%	 6%	 1%	 6%	
Not	expressed	 22%	 11%	 7%	 12%	 6%	 11%	
Physical	 5%	 2%	 13%	 6%	 2%	 4%	
Pledge	 7%	 8%	 6%	 12%	 3%	 8%	
Practical	life	support	 38%	 4%	 12%	 12%	 2%	 9%	
Sacrifice	 17%	 4%	 4%	 3%	 9%	 11%	
School	 8%	 9%	 4%	 6%	 64%	 15%	
Self	esteem	 8%	 12%	 13%	 18%	 21%	 11%	
Specific	memory	 15%	 21%	 30%	 15%	 15%	 25%	
Spiritual	 1%	 1%	 3%	 0%	 0%	 2%	
Sticking	up	 5%	 9%	 3%	 3%	 4%	 6%	
Subtraction	 18%	 17%	 13%	 21%	 18%	 17%	
Third	person	 7%	 1%	 12%	 3%	 4%	 4%	
Tough	time	 13%	 25%	 10%	 26%	 9%	 15%	
Trust	 4%	 16%	 1%	 6%	 1%	 7%	
For	family	 100%	 1%	 0%	 0%	 0%	 0%	
For	friend	 0%	 100%	 1%	 3%	 0%	 0%	
For	other	 0%	 0%	 100%	 0%	 0%	 0%	
For	partner	 0%	 0%	 0%	 100%	 0%	 0%	
For	teacher	 0%	 0%	 0%	 0%	 100%	 0%	
For	unspecified	 0%	 0%	 1%	 0%	 0%	 100%	
Total	number	of	letters	 1038	 443	 156	 34	 396	 368	
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Appendix	4.2	Cooccurence	of	acts	of	kindness	codes	

Table	4.2.1	Cooccurence	of	acts	of	kindness	(content	codes)	

	 Act	 involves	
prolonged	
interaction	

Being	
polite	

Emotional	
support	

Helping	
helpless	

Housework	 Making	
drink	

Material	
support	

Practical	
support	

Sacrifice	 Schoolwork	 Responsibility	 Volunteering	

Act	 involves	
prolonged	
interaction	

100%	 2%	 69%	 20%	 15%	 3%	 3%	 46%	 5%	 92%	 70%	 68%	

Being	polite	 1%	 100%	 1%	 7%	 0%	 0%	 0%	 1%	 18%	 0%	 1%	 0%	
Emotional	support	 11%	 0%	 100%	 0%	 0%	 1%	 0%	 0%	 1%	 0%	 11%	 1%	
Helping	helpless	 0%	 0%	 0%	 100%	 0%	 0%	 3%	 1%	 2%	 0%	 2%	 0%	
Housework	 8%	 0%	 0%	 0%	 100%	 4%	 0%	 5%	 0%	 0%	 0%	 0%	
Making	drink	 0%	 0%	 1%	 0%	 1%	 100%	 0%	 0%	 0%	 0%	 0%	 0%	
Material	support	 1%	 0%	 1%	 59%	 0%	 0%	 100%	 1%	 74%	 0%	 1%	 0%	
Practical	support	 31%	 2%	 0%	 17%	 7%	 3%	 1%	 100%	 2%	 0%	 12%	 1%	
Sacrifice	 1%	 9%	 2%	 22%	 0%	 0%	 37%	 1%	 100%	 1%	 1%	 1%	
Schoolwork	 33%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 1%	 100%	 0%	 1%	
Responsibility	 7%	 0%	 7%	 9%	 0%	 0%	 0%	 2%	 1%	 0%	 100%	 2%	
Volunteering	 3%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 1%	 100%	
For	charity	 1%	 0%	 0%	 0%	 0%	 0%	 8%	 0%	 7%	 0%	 0%	 23%	
For	elderly	 5%	 9%	 1%	 4%	 2%	 3%	 1%	 9%	 8%	 0%	 2%	 2%	
For	family	 33%	 4%	 14%	 2%	 96%	 69%	 23%	 34%	 16%	 18%	 35%	 1%	
For	friend	 31%	 6%	 54%	 17%	 1%	 3%	 38%	 13%	 34%	 48%	 22%	 1%	
For	other	 21%	 19%	 10%	 4%	 1%	 7%	 9%	 19%	 10%	 29%	 24%	 74%	
For	 significant	
other	

1%	 0%	 1%	 0%	 1%	 1%	 3%	 1%	 2%	 0%	 1%	 0%	

For	stranger	 3%	 22%	 1%	 65%	 0%	 0%	 4%	 10%	 15%	 0%	 2%	 3%	
For	teacher	 2%	 10%	 1%	 0%	 0%	 0%	 0%	 9%	 1%	 1%	 1%	 2%	
For	unspecified	 9%	 39%	 19%	 13%	 1%	 18%	 15%	 13%	 16%	 4%	 14%	 1%	
Total	 number	 of	
acts	of	kindness	

2257	 1098	 357	 54	 1248	 206	 1119	 1535	 565	 809	 227	 113	
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Note.	Each	column	shows	the	proportion	of	kind	acts	that	have	the	code	given	by	the	column	name	that	also	have	code	as	given	be	row	name.	For	example,	in	the	“act	
involves	prolonged	interaction”	column,	we	see	that	1%	of	kind	acts	that	contain	the	“act	involves	prolonged	interaction”	code	also	contains	the	“being	polite”	code.	Last	
row	shows	total	number	of	kind	acts	containing	code	as	given	in	column	heading	e.g.	all	together	there	are	2257	kind	acts	that	involved	prolonged	interaction	with	other	
people	
	

Table	4.2.2	Cooccurence	of	acts	of	kindness	(recipient	codes)	

	 For	charity	 For	elderly	 For	family	 For	friend	 For	other	 For	significant	other	 For	stranger	 For	teacher	 For	unspecified	
Act	 involves	
prolonged	interaction	

11%	 37%	 30%	 50%	 43%	 33%	 15%	 19%	 17%	

Being	polite	 1%	 30%	 2%	 5%	 19%	 4%	 52%	 40%	 38%	
Emotional	support	 1%	 1%	 2%	 14%	 3%	 7%	 1%	 1%	 6%	
Helping	helpless	 0%	 1%	 0%	 1%	 0%	 0%	 8%	 0%	 1%	
Housework	 0%	 8%	 49%	 1%	 1%	 13%	 0%	 0%	 1%	
Making	drink	 0%	 2%	 6%	 0%	 1%	 4%	 0%	 0%	 3%	
Material	support	 73%	 2%	 10%	 31%	 9%	 39%	 11%	 1%	 15%	
Practical	support	 2%	 42%	 21%	 14%	 26%	 20%	 34%	 55%	 18%	
Sacrifice	 30%	 14%	 4%	 14%	 5%	 18%	 18%	 1%	 8%	
Schoolwork	 0%	 0%	 6%	 28%	 21%	 3%	 0%	 2%	 3%	
Responsibility	 0%	 1%	 3%	 4%	 5%	 3%	 1%	 1%	 3%	
Volunteering	 21%	 1%	 0%	 0%	 8%	 0%	 1%	 1%	 0%	
For	charity	 100%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	
For	elderly	 0%	 100%	 5%	 0%	 1%	 0%	 33%	 0%	 0%	
For	family	 0%	 38%	 100%	 1%	 0%	 1%	 0%	 0%	 0%	
For	friend	 3%	 0%	 0%	 100%	 0%	 0%	 0%	 0%	 0%	
For	other	 3%	 4%	 0%	 0%	 100%	 1%	 2%	 5%	 0%	
For	significant	other	 0%	 0%	 0%	 0%	 0%	 100%	 0%	 0%	 0%	
For	stranger	 1%	 46%	 0%	 0%	 1%	 0%	 100%	 0%	 0%	
For	teacher	 0%	 0%	 0%	 0%	 1%	 0%	 0%	 100%	 0%	
For	unspecified	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 100%	
Total	 number	 of	 acts	
of	kindness	

125	 334	 2470	 1400	 1101	 76	 458	 264	 1124	

Note.	See	above	Table	4.2.1	
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Appendix	4.3	Multilevel	lasso	regression	model	of	occurrence	codes	predicting	change	in	mental	health	
during	intervention	(week	3	to	6)	

	 Coefficient	(SE)	

Fixed	Effects,	γ	 	
Intercept	 -0.08	(0.04)	
Gratitude	letter:	school	 -0.11	(0.08)	
Gratitude	letter:	advice	 0.13	(0.09)	
Gratitude	letter:	connections	 0.24	(0.14)	
Gratitude	letter:	specific	memory	 0.09	(0.08)	
Act	of	kindness:	emotional	support	 0.13	(0.09)	
Act	of	kindness:	material	support	 0.12	(0.08)	

Random	Effects	 	

σ2ε	 0.02	

Note.	 Table	 showing	 estimates	 from	 multilevel	 lasso	 regression	 predicting	 change	 in	 mental	 health	 during	
intervention	phase	(week	3	to	6).	Predictors	of	codes	for	gratitude	letters	and	acts	of	kindness	indicate	whether	code	
had	occurred	at	least	once	at	any	point	during	the	3-week	intervention.	Participants	are	nested	in	families	and	the	
intercept	was	free	to	vary.	Coefficients	that	were	not	reduced	to	0	were	in	lasso	are	presented.	No	estimates	were	
statistically	significant	(all	p	values	>0.05)	
	

Appendix	4.4	Multilevel	lasso	regression	model	of	count	codes	predicting	change	in	mental	health	during	
intervention	(week	3	to	6)	

Count	Code	 Coefficient	(SE)	

Fixed	Effects,	γ	 	
Intercept	 -0.06	(0.04)	
Gratitude	letter:	school	 -0.08	(0.06)	
Gratitude	letter:	admiration	 0.04	(0.05)	
Gratitude	letter:	advice	 0.10	(0.07)	
Gratitude	letter:	connections	 0.16	(0.13)	
Gratitude	letter:	sacrifice	 0.07	(0.07)	
Gratitude	letter:	specific	memory	 0.07	(0.05)	
Gratitude	letter:	third	person	 0.08	(0.10)	
Act	of	kindness:	emotional	support	 0.05	(0.05)	
Act	of	kindness:	housework	 -0.02	(0.03)	
Act	of	kindness:	material	support	 0.02	(0.04)	
Act	of	kindness:	sacrifice	 0.02	(0.05)	

Random	Effects	 	

σ2ε	 0.02	

Note.	 Table	 showing	 estimates	 from	 multilevel	 lasso	 regression	 predicting	 change	 in	 mental	 health	 during	
intervention	phase	(week	3	to	6).	Predictors	of	codes	for	gratitude	letters	and	acts	of	kindness	 indicate	number	of	
times	code	occurred	during	the	3-week	intervention.	Participants	are	nested	in	families	and	the	intercept	was	free	to	
vary.	Coefficients	that	were	not	reduced	to	0	were	in	lasso	are	presented.	No	estimates	were	statistically	significant	
(all	p	values	>0.05)	
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Appendix	4.5	Multilevel	lasso	regression	model	of	occurrence	codes	predicting	change	in	prosociality	from	week	3	to	
9	
	 Coefficient	

Fixed	Effects,	γ	 	
Intercept	 -0.13	(0.04)	
Gratitude	letter:	Experience	 -0.16	(0.09)	
Gratitude	letter:	For	teacher	 0.12	(0.09)	
Gratitude	letter:	For	unspecified	 -0.06	(0.10)	
Gratitude	letter:	Sacrifice	 0.16	(0.10)	
Act	of	kindness:	For	elderly	 0.10	(0.11)	
Act	of	kindness:	For	stranger	 0.19	(0.10)	

Random	Effects	 	
σ2ε	 0.38	

Note.	 Table	 showing	 estimates	 from	multilevel	 lasso	 regression	 predicting	 change	 in	 prosociality	 from	week	 3	 to	
week	9.	Predictors	of	codes	for	gratitude	letters	and	acts	of	kindness	indicate	whether	code	occurred	at	least	once	at	
any	 point	 during	 the	 3-week	 intervention.	 Participants	 are	 nested	 in	 families	 and	 the	 intercept	was	 free	 to	 vary.	
Coefficients	that	were	not	reduced	to	0	were	in	lasso	are	presented.	No	estimates	were	statistically	significant	(all	p	
values	>0.05)	
	
Appendix	4.6	Multilevel	lasso	regression	model	of	count	codes	predicting	change	in	prosociality	from	week	3	to	9	
	 Coefficient	

Fixed	Effects,	γ	 	
Intercept	 -0.13**	(0.04)	
Gratitude	letter:	better	person	 0.09	(0.06)	
Gratitude	letter:	experience	 -0.16**	(0.06)	
Gratitude	letter:	financial	 -0.05	(0.06)	
Gratitude	letter:	generally	being	there	 0.06	(0.06)	
Gratitude	letter:	practical	life	support	(maintenance)	 0.06	(0.06)	
Gratitude	letter:	not	expressed	enough	 -0.08	(0.06)	
Gratitude	letter:	pledge	 -0.18	(0.09)	
Gratitude	letter:	to	friend	 -0.01	(0.17)	
Gratitude	letter:	to	teacher	 0.23	(0.18)	
Gratitude	letter:	to	unspecified	 0.10	(0.17)	
Gratitude	letter:	sacrifice	 0.09	(0.07)	
Gratitude	letter:	specific	memory	 -0.04	(0.06)	
Gratitude	letter:	third	person	 0.19	(0.10)	
Gratitude	letter:	to	family	 0.18	(0.17)	
Gratitude	letter:	to	other	 -0.03	(0.19)	
Act	of	kindness:	schoolwork	 -0.02	(0.05)	
Act	of	kindness:	volunteering	 -0.15	(0.09)	
Act	of	kindness:	for	stranger	 0.11*	(0.05)	
Act	of	kindness:	for	teacher	 0.13	(0.07)	
Act	of	kindness:	for	unspecified	 -0.05	(0.03)	
Act	of	kindness:	with	someone	 -0.03	(0.03)	

Random	Effects	 	
σ2ε	 0.14	

Note.	 Table	 showing	 estimates	 from	multilevel	 lasso	 regression	 predicting	 change	 in	 prosociality	 from	week	 3	 to	
week	9.	Predictors	of	codes	for	gratitude	letters	and	acts	of	kindness	indicate	number	of	times	code	occurred	during	
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the	3-week	intervention.	Participants	are	nested	in	families	and	the	intercept	was	free	to	vary.	Coefficients	that	were	
not	reduced	to	0	were	in	lasso	are	presented.	p-values	were	adjusted	using	the	Benhamini-Hochberg	False	Discovery	
Rate	Procedure	 to	control	 for	multiple	 testing	of	 the	gratitude	 letter	and	act	of	kindness	codes	 that	had	non-zero	
coefficient	 estimates	 from	 the	 lasso	 regression.	 No	 estimates	 were	 statistically	 significant,	 using	 the	 Benhamini-
Hochberg	False	Discovery	Rate	adjustment	

	

Appendix	 4.7	 Model	 Parameters	 (Standard	 Errors)	 and	 Goodness-of-Fit	 for	 Changes	 in	 Standardised	 Relatedness	
Through	Follow-Up		
	 Effect	 Parameter	 Model	1:		

Unconditional	Growth	Model	
Model	2:		
Piecewise	Model	

Fixed	Effects		 	 	 	 	

Status	at	Baseline,	πoi		 Intercept		 γ00	 -0.03	(0.04)	 0.005	(0.04)	
Rate	of	Change,	π1i		 Time		 γ10	 0.04***	(0.01)	 -0.06	(0.03)	
	 Time	2	 γ20	 	 0.13	***	(0.04)	

Random	Effects		 	 	 	 	
Level	1	 Residual		 σ2

ε	 0.36	 0.32	
Level	2	 Intercept		 σ2

0	 0.36	 0.40	
	 Time		 σ2

1	 0.004	 0.11	
	 Time	2	 σ2

2	 	 0.11	
Level	3	 Intercept		 σ2

0	 0.32	 0.52	
	 Time	 σ2

1	 0.009	 0.18	
	 Time	2	 σ2

2	 	 0.21	

Goodness-of-fit		 	 	 	 	
	 Deviance	 	 7832.7	 7793.7	
	 AIC		 	 7850.7	 7825.7	
	 BIC		 	 7905.7	 7923.4	

*p	<	.05.	**p	<	.01.	***p	<	.001.	
Note.	 In	both	models,	 the	 intercept	parameter	estimate	(γ00)	 represents	the	average	relatedness	score	at	baseline	
across	the	sample.	In	both	models,	γ10	is	the	estimate	of	linear	slope	across	the	entire	study.	In	Model	2,	γ20	reflects	
the	 additional	 changes	 in	 slope	 beginning	 with	 the	 intervention	 period.	 In	 both	models,	 the	 intercept,	 and	 both	
estimates	 of	 slope	 (Time	 and	 Time	 2)	 were	 free	 to	 vary.	 In	 all	 models,	 repeated	 measures	 were	 nested	 within	
individuals,	 and	 individuals	 were	 nested	 within	 twin	 pairs.	 	 Relatedness	 is	 standardized	 on	 baseline	 mean	 and	
standard	 deviation	 to	 be	 able	 to	 compare	with	 wellbeing	 and	mental	 health	 results.	 The	 effect	 sizes	 are	 slightly	
larger	than	those	found	previously	for	wellbeing	and	mental	health	(Haworth	et	al.,	2016).	
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Appendix	5.1.	Skew	of	measures	

Measure	 Skew	

Positive	Affect	
Negative	Affect	

-0.44	
1.20	

Subjective	Happiness	Scale		 -0.71	
Life	Satisfaction	Scale		 -1.25	
Gratitude	 -1.04	
Meaning	in	life	 -0.87	
Basic	Psychological	Needs:	Autonomy	
Basic	Psychological	Needs:	Competence	
Basic	Psychological	Needs:	Relatedness	

-0.43	
-0.38	
-0.83	

Depression	 2.20	
Support	Quantity	 -0.53	
Support	Quality	(total)	 -1.00	
Support	Quality	(significant	other)	 -1.13	
Support	Quality	(family)	 -1.06	
Support	Quality	(friends)	 -1.08	

Note.	Table	showing	skew	of	measures.	We	transformed	any	measure	which	had	a	skew	greater	than	1	or	less	than	-
1.	
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Appendix	5.2	Figures	showing	results	for	analysis	on	transformed	scales	

Figure	5.2.1	Comparing	univariate	results	(with	95%	confidence	intervals)	of	transformed	versus	untransformed	scales	
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Note.	For	measures	with	an	absolute	 skew	value	over	1,	we	 repeated	our	analyses	on	a	 reflected	 then	 log-transformed	version	of	 those	scales	with	negative	skew	and	
directly	log-transformed	version	of	those	scales	with	positive	skew.	This	graph	shows	the	a2	and	e2	components	obtained	from	our	univariate	analysis	for	the	untransformed	
and	transformed	versions	of	the	scales.	Estimates	were	very	similar,	all	with	overlapping	confidence	intervals.	
	

Figure	5.2.2	Genetic	correlations	between	transformed	and	untransformed	measures	of	mental	health	and	support	quality	(total)	with	95%	confidence	
intervals	
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Note.	Scales	were	transformed	only	when	they	had	an	absolute	skew	value	greater	than	1.	The	support	quality	total	score	had	a	negative	skew	less	than	-1	meaning	that	we	
reflected	 and	 then	 log-transformed	 this	 scale.	 We	 then	 obtained	 the	 genetic	 correlation	 between	 the	 untransformed	 and	 transformed	 versions	 of	 this	 scale	 with	
untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	comparative	purposes,	genetic	correlations	
with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	
Pa(i)	=	Positive	Affect	(untransformed)	and	Support	Quality	total	(untransformed),	PA(ii)	=	Positive	Affect	(untransformed)	and	Support	Quality	total	(transformed),	NA(i)	=	
Negative	 Affect	 (untransformed)	 and	 Support	 Quality	 total	 (untransformed),	 Na(ii)	 =	 Negative	 Affect	 (transformed)	 and	 Support	 Quality	 total	 (transformed),	 SHS(i)	 =	
Subjective	Happiness	(untransformed)	and	Support	Quality	total	(untransformed),	SHS(ii)	=	Subjective	Happiness	(untransformed)	and	Support	Quality	total	(transformed),	
LS(i)	=	Life	Satisfaction	(untransformed)	and	Support	Quality	total	(untransformed),	LS(ii)	=	Life	Satisfaction	(transformed)	and	Support	Quality	total	(transformed),	Grat(i)	=	
Gratitude	(untransformed)	and	Support	Quality	total	(untransformed),	Grat(ii)	=	Gratitude	(transformed)	and	Support	Quality	total	(transformed),	MiL(i)	=	Meaning	in	Life	
(untransformed)	 and	 Support	 Quality	 total	 (untransformed),	 MiL(ii)	 =	 Meaning	 in	 Life	 (untransformed)	 and	 Support	 Quality	 total	 (transformed),	 Auto(i)	 =	 Autonomy	
(untransformed)	 and	 Support	 Quality	 total	 (untransformed),	 Auto(ii)	 =	 Autonomy	 (untransformed)	 and	 Support	 Quality	 total	 (transformed),	 Comp(i)	 =	 Competence	
(untransformed)	 and	 Support	 Quality	 total	 (untransformed),	 Comp(ii)	 =	 Competence	 (untransformed)	 and	 Support	 Quality	 total	 (transformed),	 Rel(i)	 =	 Relatedness	
(untransformed)	 and	 Support	 Quality	 total	 (untransformed),	 Rel(ii)	 =	 Relatedness	 (untransformed)	 and	 Support	 Quality	 total	 (transformed),	 Dep(i)	 =	 Depression	
(untransformed)	and	Support	Quality	total	(untransformed),	Dep(ii)	=	Depression	(transformed)	and	Support	Quality	total	(transformed)	
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Figure	5.2.3	Genetic	correlations	between	transformed	and	untransformed	measures	of	mental	health	and	support	quality	(significant	other	subscale)	
with	95%	confidence	intervals	

	

Note.	Scales	were	transformed	only	when	they	had	an	absolute	skew	value	greater	than	1.	The	support	quality	significant	other	subscale	had	a	negative	skew	less	than	-
1	meaning	that	we	reflected	and	then	log-transformed	this	scale.	We	then	obtained	the	genetic	correlation	between	the	untransformed	and	transformed	versions	of	this	
subscale	with	untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	comparative	purposes,	genetic	
correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	Labels	as	in	Figure	5.2.2	 	
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Figure	5.2.4	Genetic	correlations	between	transformed	and	untransformed	measures	of	mental	health	and	support	quality	(family	subscale)	with	95%	
confidence	intervals		

	

Note.	Scales	were	transformed	only	when	they	had	an	absolute	skew	value	greater	than	1.	The	support	quality	family	subscale	had	a	negative	skew	less	than	-1	meaning	
that	we	reflected	and	then	log-transformed	this	scale.	We	then	obtained	the	genetic	correlation	between	the	untransformed	and	transformed	versions	of	this	subscale	with	
untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	comparative	purposes,	genetic	correlations	
with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	Labels	as	in	Figure	5.2.2	
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Figure	5.2.5	Genetic	correlations	between	transformed	and	untransformed	measures	of	mental	health	and	support	quality	(friends	subscale)	with	95%	
confidence	intervals		

	

Note.	 Scales	 were	 transformed	 only	 when	 they	 had	 an	 absolute	 skew	 value	 greater	 than	 1.	 The	 support	quality	 friends	 subscale	had	a	negative	 skew	 less	 than	 -1	
meaning	that	we	reflected	and	then	 log-transformed	this	scale.	We	then	obtained	the	genetic	correlation	between	the	untransformed	and	transformed	versions	of	 this	
subscale	with	untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	comparative	purposes,	genetic	
correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	Labels	as	in	Figure	5.2.2	
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Figure	 5.2.6	 Genetic	 correlations	 between	 transformed	 and	 untransformed	 measures	 of	 mental	 health	 and	 support	 quantity	 with	 95%	 confidence	
intervals		

		

Note.	 Support	 quantity	 had	 a	 skew	 of	 between	 0	 and	 -1	 so	 was	 not	 transformed.	 We	 obtained	 the	 genetic	 correlation	 between	 this	 untransformed	 scale	 with	
untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	comparative	purposes,	genetic	correlations	
with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	Labels	as	in	Figure	5.2.2	
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Figure	 5.2.7	 Environmental	 correlations	 between	 transformed	 and	 untransformed	measures	 of	mental	 health	 and	 support	 quality	 (total)	with	 95%	
confidence	intervals	

	

Note.	Scales	were	transformed	only	when	they	had	an	absolute	skew	value	greater	than	1.	The	support	quality	total	score	had	a	negative	skew	less	than	-1	meaning	that	
we	reflected	and	then	log-transformed	this	scale.	We	then	obtained	the	non-shared	environmental	correlation	between	the	untransformed	and	transformed	versions	of	
this	scale	with	untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	comparative	purposes,	non-
shared	environmental	correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	Labels	 as	 in	
Figure	5.2.2	
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Figure	5.2.8	Environmental	correlations	between	transformed	and	untransformed	measures	of	mental	health	and	support	quantity	(significant	other)	
with	95%	confidence	intervals	

	

Note.	Scales	were	transformed	only	when	they	had	an	absolute	skew	value	greater	than	1.	The	support	quality	significant	other	subscale	had	a	negative	skew	less	than	-
1	 meaning	 that	 we	 reflected	 and	 then	 log-transformed	 this	 subscale.	 We	 then	 obtained	 the	 non-shared	 environmental	 correlation	 between	 the	 untransformed	 and	
transformed	versions	of	this	subscale	with	untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	
comparative	purposes,	non-shared	environmental	correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	
with	support.	Confidence	interval	for	negative	affect	shows	that	they	cross	0.	Labels	as	in	Figure	5.2.2	 	
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Figure	5.2.9	Environmental	correlations	between	transformed	and	untransformed	measures	of	mental	health	and	support	quantity	(family)	with	95%	
confidence	intervals	

	

Note.	Scales	were	transformed	only	when	they	had	an	absolute	skew	value	greater	than	1.	The	support	quality	family	subscale	had	a	negative	skew	less	than	-1	meaning	
that	 we	 reflected	 and	 then	 log-transformed	 this	 subscale.	We	 then	 obtained	 the	 non-shared	 environmental	 correlation	 between	 the	 untransformed	 and	 transformed	
versions	of	this	subscale	with	untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	comparative	
purposes,	non-shared	environmental	correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	
Labels	as	in	Figure	5.2.2	 	
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Figure	5.2.10	Environmental	correlations	between	transformed	and	untransformed	measures	of	mental	health	and	support	quantity	(friends)	with	95%	
confidence	intervals	

	

Note.	 Scales	 were	 transformed	 only	 when	 they	 had	 an	 absolute	 skew	 value	 greater	 than	 1.	 The	 support	quality	 friends	 subscale	had	a	negative	 skew	 less	 than	 -1	
meaning	 that	 we	 reflected	 and	 then	 log-transformed	 this	 subscale.	 We	 then	 obtained	 the	 non-shared	 environmental	 correlation	 between	 the	 untransformed	 and	
transformed	versions	of	this	subscale	with	untransformed	and	(where	absolute	skew	was	greater	than	1)	transformed	versions	of	individual	mental	health	measures.	For	
comparative	purposes,	non-shared	environmental	correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	
with	support.	Labels	as	in	Figure	5.2.2	
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Figure	 5.2.11	 Environmental	 correlations	 between	 transformed	 and	 untransformed	 measures	 of	 mental	 health	 and	 support	 quantity	 with	 95%	
confidence	intervals	

	

Note.	Support	quantity	had	a	skew	of	between	0	and	-1	so	was	not	transformed.	We	obtained	the	non-shared	environmental	correlation	between	this	untransformed	scale	
with	untransformed	and	 (where	 absolute	 skew	was	 greater	 than	1)	 transformed	 versions	of	 individual	mental	 health	measures.	 For	 comparative	purposes,	 non-shared	
environmental	correlations	with	negative	affect	and	depression	shown	here	are	absolute,	as	both	measures	are	negatively	correlated	with	support.	 Labels	 as	 in	 Figure	
5.2.2	
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Appendix	5.3.	Fully	saturated	and	constrained	models	to	test	twin	assumptions	

Measure	 Model	 Model	Fit	
-2LL	 df	 AIC	 Δχ2		 Δ	df	 p	

Positive	Affect	
Sat	 6275.02	 2253	 1769.02	 NA	 NA	 NA	
Sub1	 6276.97	 2255	 1766.97	 1.95	 2	 0.38	
Sub2	 6277.33	 2256	 1765.33	 2.31	 3	 0.51	

Negative	Affect	
Sat	 6261.22	 2253	 1755.22	 NA	 NA	 NA	
Sub1	 6270.19	 2255	 1760.19	 8.97	 2	 0.01	
Sub2	 6272.14	 2256	 1760.14	 10.92	 3	 0.01	

Subjective	
Happiness	

Sat	 6280.45	 2251	 1778.45	 NA	 NA	 NA	
Sub1	 6289.95	 2253	 1783.95	 9.50	 2	 8.64E-03	
Sub2	 6290.33	 2254	 1782.33	 9.88	 3	 0.02	

Life	Satisfaction	
Sat	 6158.89	 2252	 1654.89	 NA	 NA	 NA	
Sub1	 6159.32	 2254	 1651.32	 0.44	 2	 0.80	
Sub2	 6160.46	 2255	 1650.46	 1.58	 3	 0.66	

Gratitude	
Sat	 6210.02	 2254	 1702.02	 NA	 NA	 NA	
Sub1	 6210.03	 2256	 1698.03	 0.01	 2	 0.99	
Sub2	 6210.03	 2257	 1696.03	 0.01	 3	 1.00	

Meaning	in	Life	
Sat	 6251.66	 2252	 1747.66	 NA	 NA	 NA	
Sub1	 6252.01	 2254	 1744.01	 0.34	 2	 0.84	
Sub2	 6252.78	 2255	 1742.78	 1.11	 3	 0.77	

Autonomy	
Sat	 6236.42	 2252	 1732.42	 NA	 NA	 NA	
Sub1	 6237.16	 2254	 1729.16	 0.74	 2	 0.69	
Sub2	 6237.18	 2255	 1727.18	 0.76	 3	 0.86	

Competence	
Sat	 6260.62	 2254	 1752.62	 NA	 NA	 NA	
Sub1	 6260.64	 2256	 1748.64	 0.02	 2	 0.99	
Sub2	 6260.70	 2257	 1746.70	 0.08	 3	 0.99	

Relatedness	
Sat	 6220.11	 2251	 1718.11	 NA	 NA	 NA	
Sub1	 6221.20	 2253	 1715.20	 1.09	 2	 0.58	
Sub2	 6221.24	 2254	 1713.24	 1.13	 3	 0.77	

Depression	
Sat	 6283.27	 2252	 1779.27	 NA	 NA	 NA	
Sub1	 6283.46	 2254	 1775.46	 0.19	 2	 0.91	
Sub2	 6283.85	 2255	 1773.85	 0.58	 3	 0.90	

Support	
quantity	

Sat	 6250.42	 2251	 1748.42	 NA	 NA	 NA	
Sub1	 6251.12	 2253	 1745.12	 0.71	 2	 0.70	
Sub2	 6253.34	 2254	 1745.34	 2.92	 3	 0.40	

Support	 quality	
(total)	

Sat	 6191.85	 2254	 1683.85	 NA	 NA	 NA	
Sub1	 6196.58	 2256	 1684.58	 4.73	 2	 0.09	
Sub2	 6196.67	 2257	 1682.67	 4.82	 3	 0.19	

Support	 quality	
(significant	
other)	

Sat	 6234.68	 2254	 1726.68	 NA	 NA	 NA	
Sub1	 6242.89	 2256	 1730.89	 8.21	 2	 0.02	
Sub2	 6242.90	 2257	 1728.90	 8.22	 3	 0.04	

Support	 quality	
(family)	

Sat	 6172.86	 2254	 1664.86	 NA	 NA	 NA	
Sub1	 6173.30	 2256	 1661.30	 0.44	 2	 0.80	
Sub2	 6174.15	 2257	 1660.15	 1.29	 3	 0.73	



	

392	

Support	 quality	
(friend)	

Sat	 6317.42	 2255	 1807.42	 NA	 NA	 NA	
Sub1	 6320.73	 2257	 1806.73	 3.31	 2	 0.19	
Sub2	 6321.04	 2258	 1805.04	 3.62	 3	 0.31	

Note.	 Table	presenting	 the	 fit	 indices	of	 each	univariate	 saturated	model	 and	 constrained	 submodel,	 obtained	by	
structural	equation	model	fitting,	along	with	fit	statistics	comparing	the	fit	of	the	constrained	submodels	(Sub1	and	
Sub2)	to	the	fully	saturated	model	(Sat).	Our	saturated	model	was	constructed	from	MZs	and	DZs	combined	across	
sex.	 In	our	 saturated	model,	we	account	 for	 the	effects	of	covariates	 (age	and	sex)	 from	our	 traits	using	a	Means	
Model.	 This	model	 specifies	 one	Means	Model	 across	 twins	 and	 zygosity	 group.	 The	 saturated	model	 includes	 a	
covariance	within	twin	pairs	 for	each	zygosity	 (between	MZ	twin	1	and	MZ	twin	2	and	between	DZ	twin	1	and	DZ	
twin	 2),	 and	 variances	 for	 each	 person-category	 (MZ	 twin	 1,	MZ	 twin	 2,	 DZ	 twin	 1,	 DZ	 twin	 2).	 The	 constrained	
submodels	 allows	us	 to	 check	 the	 assumptions	of	 the	 twin	method.	We	 can	 test	 equality	 of	 variance	 across	 twin	
order	within	zygosity	(sub1)	and	equality	of	variance	across	twin	order	and	across	zygosity	(sub2)	
−2LL	=	negative	2	log	likelihood;	df	=	degrees	of	freedom;	AIC	=	Akaike's	Information	Criterion;	∆χ2	=	difference	in	chi	
square;	∆df	=	difference	in	degrees	of	freedom;	p	=	p-value.	Bonferroni	corrected	alpha	level,	correcting	for	multiple	
testing	(30	tests)	=	0.001667.	-2LL	provides	a	relative	measure	of	model	fit	as	differences	in	-2LL	between	models	are	
distributed	 as	 χ2.	 Therefore	 the	 significance	 of	 ∆χ2	 provides	 an	 indication	 of	 the	 constrained	 sub	model	 being	 a	
significantly	worse	fit	to	the	data	than	the	fully	saturated	model.	Lower	AIC	values	reflect	better	model	fit.		
Equating	 variances	 across	 twin	 pair	 and	 zygosity	 did	 not	 significantly	worsen	 fit	 for	 any	 of	 our	measures,	 using	 a	
Bonferroni	corrected	p	threshold	(lowered	for	multiple	testing).		
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Appendix	5.4	Univariate	Twin	Analysis	Results:	Variance	Components	due	to	Additive	Genetic	(a2),	Non-
Additive	Genetic	(d2),	Shared	Environmental	(c2)	and	Non-Shared	Environmental	(e2)	effects.		

	 a2	 c2	 d2	 e2	

Positive	Affect	 0.25	(0.00,	0.51)	 	 0.25	(0.00,	0.54)	 0.50	(0.43,	0.58)	

Negative	Affect	 0.23	(0.00,	0.41)	 	 0.13	(0.00,	0.43)	 0.64	(0.56,	0.72)	

Subjective	Happiness	 0.17	(0.00,	0.45)	 	 0.31	(0.00,	0.54)	 0.52	(0.45,	0.60)	

Life	Satisfaction	 0.51	(0.34,	0.64)	 0.08	(0.00,	0.21)	 	 0.41	(0.35,	0.48)	

Gratitude	 0.31	(0.03,	0.57)	 	 0.27	(0.00,	0.57)	 0.42	(0.36,	0.49)	

Meaning	in	Life	 0.36	(0.08,	0.57)	 	 0.18	(0.00,	0.47)	 0.46	(0.40,	0.53)	

Autonomy	 0.39	(0.11,	0.57)	 	 0.14	(0.00,	0.44)	 0.47	(0.41,	0.55)	

Competence	 0.41	(0.14,	0.56)	 	 0.10	(0.00,	0.39)	 0.49	(0.42,	0.57)	

Relatedness	 0.27	(0.00,	0.54)	 	 0.29	(0.00,	0.59)	 0.43	(0.37,	0.50)	

Depression	 0.39	(0.10,	0.47)	 	 0.02	(0.00,	0.34)	 0.60	(0.52,	0.67)	

Support	Quantity	 0.38	(0.19,	0.54)	 0.09	(0.00,	0.23)	 	 0.53	(0.46,	0.60)	

Support	Quality	(total)	 0.53	(0.26,	0.60)	 	 0.02	(0.00,	0.31)	 0.45	(0.39,	0.52)	

Support	 Quality	

(significant	other)	

0.42	(0.14,	0.50)	 	 0.02	(0.00,	0.33)	 0.56	(0.49,	0.64)	

Support	Quality	(family)	 0.52	(0.35,	0.63)	 0.05	(0.00,	0.19)	 	 0.42	(0.37,	0.49)	

Support	 Quality	

(friends)	

0.22	(0.00,	0.43)	 	 0.18	(0.00,	0.46)	 0.60	(0.53,	0.69)	

Note.	 Table	 presenting	 variance	 components	 due	 to	 additive	 genetic	 (a2),	 non-additive	 genetic	 (d2),	 shared	
environmental	 (c2)	 and	 non-shared	 environmental	 (e2)	 effects.	 Results	 were	 obtained	 from	 full	 univariate	

ACE/ADE	models.	ADE	models	are	used	when	the	DZ	correlation	is	less	than	half	of	the	MZ	correlation.	When	

DZ	 correlations	 are	more	 than	 half	 of	 the	MZ	 correlation,	 ACE	models	 are	 used.	 Heritability	 estimates	 from	

these	full	models	were	similar	to	those	from	the	reduced	AE	model	(Table	2).	
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Appendix	5.5	Univariate	Twin	Analysis	Model	Fit	Statistics	

Measure	 Model	 Model	Fit 
-2LL	 df	 AIC	 Δχ2		 Δ	df	 p	

Positive	
Affect	

Sat	 6275.02	 2253	 1769.02	 -	 - - 
ADE*	 6277.33	 2256	 1765.33	 2.31	 3	 0.51	

DE	 6280.50	 2257	 1766.50	 3.17	 1	 7.49E-02	
AE	 6280.02	 2257	 1766.02	 2.69	 1	 0.10	

Negative	
Affect	

Sat	 6261.22	 2253	 1755.22	 -	 - - 
ADE*	 6272.14	 2256	 1760.14	 10.92	 3	 1.22E-02	
DE	 6274.56	 2257	 1760.56	 2.42	 1	 0.12	
AE	 6272.75	 2257	 1758.75	 0.61	 1	 0.43	

Subjective	
Happiness	

Sat	 6280.45	 2251	 1778.45	 -	 - - 
ADE*	 6290.33	 2254	 1782.33	 9.88	 3	 1.96E-02	
DE	 6291.77	 2255	 1781.77	 1.44	 1	 0.23	
AE	 6294.22	 2255	 1784.22	 3.89	 1	 4.85E-02	

Life	
Satisfaction	

Sat	 6158.89	 2252	 1654.89	 -	 - - 
ACE*	 6160.46	 2255	 1650.46	 1.58	 3	 0.66	
CE	 6189.81	 2256	 1677.81	 29.35	 1	 6.03E-08	
AE	 6161.78	 2256	 1649.78	 1.32	 1	 0.25	

Gratitude	 Sat	 6210.02	 2254	 1702.02	 -	 - - 
ADE*	 6210.03	 2257	 1696.03	 0.01	 3	 1.00	
DE	 6214.81	 2258	 1698.81	 4.78	 1	 2.88E-02	
AE	 6213.58	 2258	 1697.58	 3.55	 1	 5.96E-02	

Meaning	 in	
Life	

Sat	 6251.66	 2252	 1747.66	 -	 - - 
ADE*	 6252.78	 2255	 1742.78	 1.11	 3	 0.77	
DE	 6259.52	 2256	 1747.52	 6.74	 1	 9.41E-03	
AE	 6254.28	 2256	 1742.28	 1.50	 1	 0.22	

Autonomy	 Sat	 6236.42	 2252	 1732.42	 -	 - - 
ADE*	 6237.18	 2255	 1727.18	 0.76	 3	 0.86	
DE	 6244.60	 2256	 1732.60	 7.42	 1	 6.46E-03	
AE	 6238.08	 2256	 1726.08	 0.90	 1	 0.34	

Competence	 Sat	 6260.62	 2254	 1752.62	 -	 - - 
ADE*	 6260.70	 2257	 1746.70	 0.08	 3	 0.99	
DE	 6269.21	 2258	 1753.21	 8.51	 1	 3.54E-03	
AE	 6261.12	 2258	 1745.12	 0.43	 1	 0.51	

Relatedness	 Sat	 6220.11	 2251	 1718.11	 -	 - - 
ADE*	 6221.24	 2254	 1713.24	 1.13	 3	 0.77	
DE	 6224.96	 2255	 1714.96	 3.72	 1	 5.39E-02	
AE	 6225.22	 2255	 1715.22	 3.98	 1	 4.61E-02	

Depression	 Sat	 6283.27	 2252	 1779.27	 -	 - - 
ADE*	 6283.85	 2255	 1773.85	 0.58	 3	 0.90	
DE	 6290.70	 2256	 1778.70	 6.85	 1	 8.88E-03	
AE	 6283.87	 2256	 1771.87	 0.01	 1	 0.91	

Support	
Quantity	

Sat	 6250.42	 2251	 1748.42	 -	 - - 
ACE*	 6253.34	 2254	 1745.34	 2.92	 3	 0.40	
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CE	 6267.61	 2255	 1757.61	 14.27	 1	 1.58E-04	
AE	 6254.69	 2255	 1744.69	 1.36	 1	 0.24	

Support	
Quality	
(total)	

Sat	 6191.85	 2254	 1683.85	 -	 - - 
ADE*	 6196.67	 2257	 1682.67	 4.82	 3	 0.19	
DE	 6210.89	 2258	 1694.89	 14.21	 1	 1.63E-04	
AE	 6196.69	 2258	 1680.69	 0.01	 1	 0.91	

Support	
Quality	
(significant	
other)	

Sat	 6234.68	 2254	 1726.68	 -	 - - 
ADE*	 6242.90	 2257	 1728.90	 8.22	 3	 4.18E-02	
DE	 6251.27	 2258	 1735.27	 8.37	 1	 3.81E-03	
AE	 6242.91	 2258	 1726.91	 0.02	 1	 0.90	

Support	
Quality	
(family)	

Sat	 6172.86	 2254	 1664.86	 -	 - - 
ACE*	 6174.15	 2257	 1660.15	 1.29	 3	 0.73	
CE	 6205.23	 2258	 1689.23	 31.08	 1	 2.47E-08	
AE	 6174.75	 2258	 1658.75	 0.60	 1	 0.44	

Support	
Quality	
(friend)	

Sat	 6317.42	 2255	 1807.42	 -	 - - 
ADE*	 6321.04	 2258	 1805.04	 3.62	 3	 0.31	
DE	 6323.16	 2259	 1805.16	 2.12	 1	 0.15	
AE	 6322.27	 2259	 1804.27	 1.24	 1	 0.27	

Note.	 Table	 presenting	 the	 fit	 statistics	 assessing	 the	 fit	 of	 each	 univariate	 model	 and	 submodel,	 obtained	 by	
structural	equation	model	 fitting.	The	best-fitting	univariate	model	 for	each	 individual	 trait	was	selected	based	on	
AIC	values,	the	fit	of	the	model	relative	to	the	full/saturated	model	(as	indicated	by	the	likelihood	ratio	comparison)	
and	parsimony.	
−2LL	=	negative	2	log	likelihood;	df	=	degrees	of	freedom;	AIC	=	Akaike's	Information	Criterion;	∆χ2	=	difference	in	chi	
square;	∆df	=	difference	in	degrees	of	freedom;	p	=	p-value.	Bonferroni	corrected	alpha	level,	correcting	for	multiple	
testing	(15	tests)	=	0.0033.	-2LL	provides	a	relative	measure	of	model	fit	as	differences	in	-2LL	between	models	are	
distributed	 as	 χ2.	 Therefore	 the	 significance	 of	 ∆χ2	 provides	 an	 indication	 of	 the	 sub	model	 being	 a	 significantly	
worse	fit	to	the	data	than	the	full	model.	Lower	AIC	values	reflect	better	model	fit.	
Sat	=	saturated	model	with	means	and	variances	constrained	across	sex	and	age.	The	saturated	model	describes	the	
data	with	the	maximum	number	of	free	parameters.	The	saturated	model	includes	a	covariance	within	twin	pairs	for	
each	zygosity	(between	MZ	twin	1	and	MZ	twin	2	and	between	DZ	twin	1	and	DZ	twin	2),	and	variances	and	means	
for	each	person-category	(MZ	twin	1,	MZ	twin	2,	DZ	twin	1,	DZ	twin	2).	Goodness	of	fit	of	the	ACE/ADE	models	are	
compared	relative	to	the	perfectly	fitting	saturated	model.	*Fit	of	nested	models	DE/CE	and	AE	given	relative	to	full	
ADE/ACE	model	
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Appendix	5.6	Genetic	and	environmental	correlations	(95%	confidence	intervals)	

	 	 Genetic	Correlation	 Unique	 Environmental	

Correlation	

Positive	

Affect	

Support	Quantity	 0.56	(0.47,	0.65)	 0.20	(0.12,	0.28)	

Support	Quality	(total)	 0.64	(0.55,	0.73)	 0.24	(0.15,	0.32)	

Support	Quality	(significant	other)	 0.62	(0.51,	0.73)	 0.15	(0.06,	0.23)	

Support	Quality	(family)	 0.51	(0.42,	0.60)	 0.22	(0.13,	0.30)	

Support	Quality	(friends)	 0.59	(0.48,	0.71)	 0.19	(0.10,	0.27)	

Negative	

Affect	

Support	Quantity	 -0.29	(-0.41,	-0.16)	 -0.13	(-0.21,	-0.04)	

Support	Quality	(total)	 -0.54	(-0.66,	-0.43)	 -0.15	(-0.24,	-0.07)	

Support	Quality	(significant	other)	 -0.39	(-0.53,	-0.24)	 -0.07	(-0.16,	0.01)	

Support	Quality	(family)	 -0.53	(-0.64,	-0.42)	 -0.18	(-0.26,	-0.09)	

Support	Quality	(friends)	 -0.54	(-0.69,	-0.40)	 -0.12	(-0.20,	-0.04)	

Subjective	

Happiness	

Support	Quantity	 0.61	(0.51,	0.70)	 0.15	(0.07,	0.23)	

Support	Quality	(total)	 0.81	(0.73,	0.89)	 0.31	(0.23,	0.38)	

Support	Quality	(significant	other)	 0.67	(0.57,	0.78)	 0.22	(0.13,	0.30)	

Support	Quality	(family)	 0.72	(0.64,	0.80)	 0.27	(0.19,	0.35)	

Support	Quality	(friends)	 0.79	(0.68,	0.91)	 0.22	(0.14,	0.30)	

Life	

satisfaction	

Support	Quantity	 0.61	(0.53,	0.69)	 0.22	(0.14,	0.30)	

Support	Quality	(total)	 0.82	(0.77,	0.87)	 0.50	(0.43,	0.57)	

Support	Quality	(significant	other)	 0.66	(0.58,	0.75)	 0.29	(0.21,	0.37)	

Support	Quality	(family)	 0.74	(0.68,	0.79)	 0.47	(0.40,	0.54)	

Support	Quality	(friends)	 0.80	(0.73,	0.88)	 0.42	(0.35,	0.49)	

Gratitude	

Support	Quantity	 0.53	(0.44,	0.62)	 0.18	(0.09,	0.26)	

Support	Quality	(total)	 0.80	(0.73,	0.86)	 0.32	(0.24,	0.40)	

Support	Quality	(significant	other)	 0.69	(0.60,	0.77)	 0.22	(0.14,	0.30)	

Support	Quality	(family)	 0.77	(0.71,	0.84)	 0.29	(0.21,	0.37)	

Support	Quality	(friends)	 0.67	(0.57,	0.76)	 0.23	(0.14,	0.31)	

Meaning	 in	

Life	

Support	Quantity	 0.56	(0.46,	0.65)	 0.10	(0.02,	0.19)	

Support	Quality	(total)	 0.77	(0.70,	0.84)	 0.28	(0.20,	0.36)	

Support	Quality	(significant	other)	 0.73	(0.64,	0.81)	 0.17	(0.09,	0.25)	

Support	Quality	(family)	 0.66	(0.58,	0.73)	 0.27	(0.18,	0.35)	
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Support	Quality	(friends)	 0.68	(0.57,	0.78)	 0.21	(0.13,	0.29)	

Autonomy	

Support	Quantity	 0.49	(0.40,	0.58)	 0.25	(0.17,	0.33)	

Support	Quality	(total)	 0.72	(0.64,	0.79)	 0.35	(0.27,	0.42)	

Support	Quality	(significant	other)	 0.62	(0.52,	0.72)	 0.17	(0.09,	0.25)	

Support	Quality	(family)	 0.70	(0.62,	0.77)	 0.28	(0.20,	0.36)	

Support	Quality	(friends)	 0.59	(0.49,	0.69)	 0.35	(0.27,	0.43)	

Competence	

Support	Quantity	 0.51	(0.42,	0.60)	 0.22	(0.13,	0.30)	

Support	Quality	(total)	 0.77	(0.70,	0.84)	 0.26	(0.18,	0.34)	

Support	Quality	(significant	other)	 0.69	(0.59,	0.79)	 0.15	(0.06,	0.23)	

Support	Quality	(family)	 0.70	(0.63,	0.78)	 0.22	(0.14,	0.30)	

Support	Quality	(friends)	 0.67	(0.56,	0.77)	 0.23	(0.15,	0.31)	

Relatedness	

Support	Quantity	 0.72	(0.66,	0.79)	 0.49	(0.42,	0.55)	

Support	Quality	(total)	 0.85	(0.79,	0.90)	 0.44	(0.37,	0.51)	

Support	Quality	(significant	other)	 0.74	(0.65,	0.83)	 0.24	(0.16,	0.32)	

Support	Quality	(family)	 0.71	(0.64,	0.79)	 0.22	(0.14,	0.30)	

Support	Quality	(friends)	 0.83	(0.76,	0.90)	 0.53	(0.46,	0.59)	

Depression	

Support	Quantity	 -0.54	(-0.65,	-0.44)	 -0.14	(-0.22,	-0.06)	

Support	Quality	(total)	 -0.74	(-0.82,	-0.65)	 -0.31	(-0.38,	-0.23)	

Support	Quality	(significant	other)	 -0.60	(-0.71,	-0.49)	 -0.19	(-0.27,	-0.11)	

Support	Quality	(family)	 -0.68	(-0.76,	-0.60)	 -0.30	(-0.37,	-0.22)	

Support	Quality	(friends)	 -0.69	(-0.81,	-0.58)	 -0.23	(-0.31,	-0.15)	

Support	

Quantity	

Support	Quality	(total)	 0.64	(0.56,	0.71)	 0.38	(0.30,	0.45)	

Support	Quality	(significant	other)	 0.52	(0.42,	0.62)	 0.19	(0.11,	0.27)	

Support	Quality	(family)	 0.40	(0.31,	0.50)	 0.10	(0.02,	0.19)	

Support	Quality	(friends)	 0.81	(0.74,	0.88)	 0.54	(0.48,	0.59)	

Note.	Table	 showing	estimates	of	 genetic	 and	environmental	 correlation	between	support	 and	mental	health	
measures.	 Estimates	were	 obtained	 through	 bivariate	 AE	model	 fitting.	Most	of	 the	genetic	correlations	were	
moderate	to	high	while	the	non-shared	environmental	correlations	tended	to	be	much	lower.	
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Appendix	5.7	Proportion	of	the	phenotypic	correlation	explained	by	genetic	and	non-shared	
environmental	overlaps	(95%	confidence	intervals)	

	 	

Proportion	 of	

phenotypic	

correlation	

explained	 by	

genetic	

overlaps	

Proportion	 of	

the	 phenotypic	

correlation	

explained	 by	

non-shared	

environmental	

overlaps	

Phenotypic	

correlation	

Positive	

Affect	

Support	Quantity	 0.73	(0.60,	0.84)	 0.27	(0.16,	0.40)	 0.38	(0.34,	0.41)	

Support	Quality	(total)	 0.74	(0.63,	0.84)	 0.26	(0.16,	0.37)	 0.44	(0.41,	0.47)	

Support	 Quality	 (significant	

other)	
0.78	(0.64,	0.91)	 0.22	(0.09,	0.36)	

0.36	(0.32,	0.40)	

Support	Quality	(family)	 0.72	(0.60,	0.83)	 0.28	(0.17,	0.40)	 0.37	(0.33,	0.41)	

Support	Quality	(friends)	 0.70	(0.55,	0.84)	 0.30	(0.16,	0.45)	 0.36	(0.32,	0.39)	

Negative	

Affect	

Support	Quantity	 0.62	(0.36,	0.87)	 0.38	(0.13,	0.64)	 -0.19	(-0.23,	-0.15)	

Support	Quality	(total)	 0.74	(0.59,	0.88)	 0.26	(0.12,	0.41)	 -0.32	(-0.36,	-0.28	

Support	 Quality	 (significant	

other)	
0.77	(0.51,	1.03)	 0.23	(-0.03,	0.49)	

-0.19	(-0.24,	-0.15)	

Support	Quality	(family)	 0.72	(0.58,	0.85)	 0.28	(0.15,	0.42)	 -0.33	(-0.37,	-0.29)	

Support	Quality	(friends)	 0.72	(0.53,	0.91)	 0.28	(0.09,	0.47)	 -0.27	(-0.31,	-0.23)	

Subjective	

Happiness	

Support	Quantity	 0.79	(0.65,	0.91)	 0.21	(0.09,	0.35)	 0.37	(0.33,	0.40)	

Support	Quality	(total)	 0.71	(0.62,	0.80)	 0.29	(0.20,	0.38)	 0.55	(0.52,	0.58)	

Support	 Quality	 (significant	

other)	
0.71	(0.58,	0.82)	 0.29	(0.18,	0.42)	

0.41	(0.38,	0.45)	

Support	Quality	(family)	 0.73	(0.63,	0.82)	 0.27	(0.18,	0.37)	 0.49	(0.46,	0.52)	

Support	Quality	(friends)	 0.71	(0.59,	0.82)	 0.29	(0.18,	0.41)	 0.45	(0.41,	0.48)	

Life	

satisfaction	

Support	Quantity	 0.77	(0.67,	0.86)	 0.23	(0.14,	0.33)	 0.43	(0.40,	0.47)	

Support	Quality	(total)	 0.68	(0.61,	0.74)	 0.32	(0.26,	0.39)	 0.68	(0.66,	0.71)	

Support	 Quality	 (significant	

other)	
0.71	(0.61,	0.80)	 0.29	(0.20,	0.39)	

0.48	(0.44,	0.51)	

Support	Quality	(family)	 0.69	(0.62,	0.76)	 0.31	(0.24,	0.38)	 0.63	(0.61,	0.66)	

Support	Quality	(friends)	 0.64	(0.55,	0.72)	 0.36	(0.28,	0.45)	 0.59	(0.56,	0.61)	

Gratitude	 Support	Quantity	 0.77	(0.64,	0.88)	 0.23	(0.12,	0.36)	 0.37	(0.33,	0.41)	
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Support	Quality	(total)	 0.76	(0.67,	0.83)	 0.24	(0.17,	0.33)	 0.58	(0.55,	0.61)	

Support	 Quality	 (significant	

other)	
0.75	(0.65,	0.85)	 0.25	(0.15,	0.35)	

0.45	(0.41,	0.48)	

Support	Quality	(family)	 0.78	(0.70,	0.85)	 0.22	(0.15,	0.30)	 0.57	(0.53,	0.59)	

Support	Quality	(friends)	 0.72	(0.60,	0.83)	 0.28	(0.17,	0.40)	 0.43	(0.39,	0.46)	

Meaning	 in	

Life	

Support	Quantity	 0.85	(0.72,	0.98)	 0.15	(0.02,	0.28)	 0.34	(0.30,	0.38)	

Support	Quality	(total)	 0.76	(0.68,	0.84)	 0.24	(0.16,	0.32)	 0.54	(0.51,	0.57)	

Support	 Quality	 (significant	

other)	
0.80	(0.69,	0.90)	 0.20	(0.10,	0.31)	

0.44	(0.40,	0.47)	

Support	Quality	(family)	 0.75	(0.66,	0.83)	 0.25	(0.17,	0.34)	 0.48	(0.45,	0.52)	

Support	Quality	(friends)	 0.72	(0.60,	0.83)	 0.28	(0.17,	0.40)	 0.42	(0.38,	0.45)	

Autonomy	

Support	Quantity	 0.67	(0.54,	0.79)	 0.33	(0.21,	0.46)	 0.37	(0.34,	0.41)	

Support	Quality	(total)	 0.70	(0.61,	0.78)	 0.30	(0.22,	0.39)	 0.54	(0.51,	0.57)	

Support	 Quality	 (significant	

other)	
0.76	(0.64,	0.88)	 0.24	(0.12,	0.36)	

0.38	(0.34,	0.42)	

Support	Quality	(family)	 0.75	(0.66,	0.83)	 0.25	(0.17,	0.34)	 0.50	(0.47,	0.54)	

Support	Quality	(friends)	 0.57	(0.45,	0.68)	 0.43	(0.32,	0.55)	 0.45	(0.42,	0.49)	

Competence	

Support	Quantity	 0.70	(0.57,	0.82)	 0.30	(0.18,	0.43)	 0.37	(0.33,	0.40)	

Support	Quality	(total)	 0.77	(0.68,	0.85)	 0.23	(0.15,	0.32)	 0.53	(0.50,	0.56)	

Support	 Quality	 (significant	

other)	
0.81	(0.69,	0.92)	 0.19	(0.08,	0.31)	

0.40	(0.37,	0.44)	

Support	Quality	(family)	 0.79	(0.69,	0.87)	 0.21	(0.13,	0.31)	 0.48	(0.45,	0.51)	

Support	Quality	(friends)	 0.69	(0.57,	0.80)	 0.31	(0.20,	0.43)	 0.42	(0.38,	0.45)	

Relatedness	

Support	Quantity	 0.61	(0.52,	0.69)	 0.39	(0.31,	0.48)	 0.61	(0.58,	0.64)	

Support	Quality	(total)	 0.69	(0.62,	0.76)	 0.31	(0.24,	0.38)	 0.66	(0.63,	0.68)	

Support	 Quality	 (significant	

other)	
0.74	(0.64,	0.84)	 0.26	(0.16,	0.36)	

0.48	(0.44,	0.51)	

Support	Quality	(family)	 0.80	(0.71,	0.88)	 0.20	(0.12,	0.29)	 0.49	(0.46,	0.53)	

Support	Quality	(friends)	 0.57	(0.48,	0.65)	 0.43	(0.35,	0.52)	 0.66	(0.63,	0.68)	

Depression	

Support	Quantity	 0.76	(0.61,	0.90)	 0.24	(0.10,	0.39)	 -0.33	(-0.36,	-0.29)	

Support	Quality	(total)	 0.69	(0.59,	0.78)	 0.31	(0.22,	0.41)	 -0.51	(-0.54,	-0.48)	

Support	 Quality	 (significant	

other)	
0.70	(0.56,	0.83)	 0.30	(0.17,	0.44)	

-0.36	(-0.40,	-0.33)	
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Support	Quality	(family)	 0.69	(0.59,	0.78)	 0.31	(0.22,	0.41)	 -0.48	(-0.52,	-0.45)	

Support	Quality	(friends)	 0.66	(0.53,	0.78)	 0.34	(0.22,	0.47)	 -0.41	(-0.45,	-0.38)	

Support	

Quantity	

Support	Quality	(total)	 0.65	(0.55,	0.73)	 0.35	(0.27,	0.45)	 0.51	(0.48,	0.54)	

Support	 Quality	 (significant	

other)	
0.70	(0.56,	0.83)	 0.30	(0.17,	0.44)	

0.34	(0.31,	0.38)	

Support	Quality	(family)	 0.82	(0.66,	0.97)	 0.18	(0.03,	0.34)	 0.27	(0.23,	0.31)	

Support	Quality	(friends)	 0.53	(0.44,	0.61)	 0.47	(0.39,	0.56)	 0.65	(0.63,	0.68)	

Note.	Table	 showing	 the	proportion	of	the	phenotypic	correlation	between	our	measures	that	is	accounted	for	by	
common	 genetic	 or	 environmental	 influences.	 Estimates	 were	 obtained	 through	 bivariate	 AE	 model	 fitting.	
Genetic	 influences	 explained	 a	 larger	 proportion	 of	 the	 phenotypic	 correlations	 between	 all	 of	 the	 measures	 of	
mental	health	and	support	
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Appendix	6.1	Breakdown	of	employment	categories	

	 N	
Employed	 14920	
Reason	for	unemployment:	 	
Participating	in	training	 29	
Do	not	want	to	work	 377	
Have	enough	economic	capability	and	hence	no	need	to	work	 241	
Retired	 2299	
Housework	 2891	
Too	old	and	feeble	(mainly	referring	to	elderly	farmers)	 3726	
No	working	capacity	due	to	disability/illness	 892	
Other	 1737	
Unspecified	 2487	

	

Appendix	6.2	Breakdown	of	relationship	status	categories	

	 N	
Married	 24747	
Single	 2656	
Cohabitation	 33	
Divorced	 411	
Widowed	 1925	

	

Appendix	6.3	Characteristics	of	the	county	level	data	(averages	across	the	counties)	

	 Average	years	in	
education	

Unemployment	
rate	

Marriage	rate	 GDP	per	capita	 Average	 asset	
per	capita	

N	 158	 158	 162	 158	
	

161	
Mean		
(SD)	

9.15		
(1.43)	

0.66		
(0.10)	

0.71		
(0.05)	

43811.21		
(53289.28)	
	

99702.64	
(138144.80)	

Skew	 0.29	 -0.32	 -1.07	 2.43	
	

2.53	
Kurtosis	 0.08	 -0.62	 2.13	 6.57	

	

5.90	
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Appendix	6.4	Correlations	between	individual	mental	health	measures	and	individual-level	predictors.	

	 Happiness	 Life	satisfaction	 Depression	
Happiness	 1	 	 	
Life	satisfaction	 0.51***	 1	 	
Depression	 -0.31***	 -0.27***	 1	
Education	years		 0.12***	 2.62E-03	 -0.16***	
Unemployment	dummy	set	(baseline:	employed)	
Unemployment	dummy	1:	Participating	in	training	 -2.29E-03	 -4.43E-03	 9.70E-05	
Unemployment	dummy	2:	Do	not	want	to	work	 -1.58E-03	 -0.01*	 -6.88E-03	
Unemployment	 dummy	 3:	 Have	 enough	 economic	
capability	and	hence	no	need	to	work	

0.04***	 0.04***	 -0.02***	

Unemployment	dummy	4:	Retired	 0.07***	 0.06***	 -0.10***	
Unemployment	dummy	5:	Housework	 -6.74E-03	 0.01*	 5.12E-03	
Unemployment	 dummy	 6:	 Too	 old	 and	 feeble	 (mainly	
referring	to	elderly	farmers)	

-0.01	 0.03***	 0.08***	

Unemployment	 dummy	 7:	 No	 working	 capacity	 due	 to	
disability/illness	

-0.09	 -0.07***	 0.17***	

Unemployment	dummy	8:	Other	 -0.01*	 -0.03***	 5.90E-04	
Relationship	dummy	set	(baseline:	married)	 	 	 	
Relationship	dummy	1:	Single	 -0.02***	 -0.04***	 4.81E-03	
Relationship	dummy	2:	Cohabitation	 -2.99E-03	 -9.00E-03	 6.19E-03	
Relationship	dummy	3:	Divorced	 -0.07***	 -6.45E-02***	 0.02***	
Relationship	dummy	4:	Widowed	 -0.05***	 8.77E-03	 0.09***	
Unemployed	 -4.56E-03	 9.98E-03	 0.06***	
Married	 0.07***	 4.45E-02***	 -0.07***	
*p<0.05,	**p<0.01,	***p<0.001	
Note.	Unemployed	is	a	dichotomous	variable	that	places	those	who	are	unemployed	in	one	group	and	those	who	are	
unemployed,	whatever	the	reason,	in	another	group.	Married	is	a	dichotomous	variable	that	places	those	who	are	
married	in	one	group	and	those	who	are	single/divorced/widowed	in	another	group.	
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Appendix	6.5	Happiness,	Life	Satisfaction	and	Depression	predicted	by	individual	and	contextual	level	
education,	employment	status	(dummy	variables)	and	relationship	status	(dummy	variables)	

	 Happiness	 Life	Satisfaction	 Depression	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Intercept	 0.81	 0.45	 0.48	 0.46	 12.70	 1.67	

Years	in	Education	 8.33E-03	 1.64E-03	 1.03E-03	 1.69E-03	 -3.18E-02	 6.04E-03	
Unemployed:	 Participating	 in	
training	

-0.12	 0.18	 0.01	 0.18	 -0.23	 0.65	

Unemployed:	 Do	 not	 want	 to	
work	

-0.03	 0.05	 -0.03	 0.05	 -0.17	 0.19	

Unemployed:	 Economically	
capable	

0.22***	 0.06	 0.28***	 0.07	 -0.32	 0.24	

Unemployed:	Retired	 0.07*	 0.03	 0.12***	 0.03	 -0.90***	 0.10	
Unemployed:	Housework	 3.04E-03	 0.02	 0.05*	 0.02	 -0.20*	 0.08	
Unemployed:	 Too	 old	 and	
feeble	

0.07***	 0.02	 0.02	 0.02	 -0.15	 0.09	

Unemployed:	 No	 working	
capability	

-0.09*	 0.04	 -0.05	 0.04	 1.48***	 0.13	

Unemployed:	Other	 -0.03	 0.03	 -0.04	 0.03	 -0.04	 0.09	
Unmarried:	Single	 -0.25	 0.03	 -0.13	 0.03	 0.67	 0.10	
Unmarried:	Cohabitation	 -0.25	 0.12	 -0.10	 0.13	 0.99	 0.46	
Unmarried:	Divorced	 -0.58	 0.05	 -0.47	 0.05	 0.84	 0.18	
Unmarried:	Widowed	 -0.29	 0.03	 -0.18	 0.03	 0.97	 0.10	
Age	 -0.04	 2.50E-03	 -0.02	 2.56E-03	 -3.71E-04	 9.16E-03	
Age	squared	 4.21E-04	 2.54E-05	 3.28E-04	 2.60E-05	 -5.87E-05	 9.31E-05	
Female	 0.09	 0.01	 0.10	 0.01	 0.34	 0.04	
Non	Han	 0.03	 0.03	 0.01	 0.03	 -0.22	 0.12	
Urban	 0.01	 0.02	 -0.11	 0.02	 0.02	 0.07	
Health	 -0.16	 6.13E-03	 -0.15	 6.32E-03	 1.20	 0.02	
Log	income	per	capita	 0.11	 8.00E-03	 0.13	 8.14E-03	 -0.25	 0.03	
Log	asset	per	capita	 0.18	 0.03	 0.22	 0.03	 -0.32	 0.10	
County	average	education	 0.02	 0.03	 3.16E-03	 0.03	 -0.09	 0.10	
County	unemployment	rate	 0.16	 0.25	 -0.34	 0.26	 0.54	 0.93	
County	marriage	rate	 1.69	 0.42	 1.24	 0.43	 -3.07	 1.55	
Log	income	per	capita	 0.05	 0.03	 -0.02	 0.03	 -0.24	 0.12	
Log	asset	per	capita	 -0.11	 0.04	 -0.09	 0.04	 0.07	 0.13	
Observations	 26676	 	 27190	 	 26975	 	
Nfamilies	 12500	 	 12520	 	 12469	 	
Ncounties	 158	 	 158	 	 158	 	
AIC	 72268.14	 	 75485.10	 	 143429.64	 	
*p<0.05,	**p<0.01,	***p<0.001		
Note.	Multilevel	model	predicting	happiness,	life	satisfaction	and	depression	by	individual	and	contextual	education,	
employment	status	and	relationship	status.	The	employment	dummy	set’s	reference	state	was	being	employed,	with	
dummy	variables	for	different	reasons	for	unemployment.	Relationship	status	was	added	into	the	model	as	a	set	of	
dummy	variables.	The	relationship	dummy	set’s	reference	state	was	being	married.	We	only	indicate	p-values	for	the	
coefficients	related	to	the	employment	dummy	variables,	our	tests	of	interest.	
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Appendix	6.6	Sex	differences	in	main	effect	of	individual	and	contextual	level	education,	employment	and	relationship	

	 Happiness	 Life	Satisfaction	 Depression	
	 Males	 Females	 Males	 Females	 Males	 Females	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	

Intercept	 1.27	 0.52	 0.74	 0.52	 0.38	 0.53	 0.46	 0.53	 11.37	 1.77	 14.44	 2.04	
Years	in	Education	 0.01***†	 2.38E-03	 8.17E-

03***†	
2.33E-03	 5.75E-03*	 2.43E-03	 -3.59E-03	 2.40E-03	 -0.04***†	 8.29E-03	 -0.04***†	 9.04E-03	

Employment	status	 -0.05*	 0.02	 0.04	 0.02	 -0.05*†	 0.02	 0.03	 0.02	 0.21***†	 0.07	 -0.10	 0.07	
Single	 -0.43***†	 0.04	 -0.11	 0.04	 -0.24***†	 0.04	 -0.05	 0.04	 0.63***†	 0.12	 0.80***†	 0.15	
Cohabitation	 -0.36*	 0.16	 -0.25	 0.19	 -0.21	 0.16	 -0.04	 0.20	 1.45*†	 0.57	 0.84	 0.75	
Divorced	 -0.67***†	 0.06	 -0.61***†	 0.08	 -0.52***†	 0.07	 -0.49***†	 0.08	 0.93***†	 0.23	 1.13***†	 0.31	
Widowed	 -0.21***†	 0.05	 -0.35***†	 0.03	 -0.09	 0.05	 -0.22***†	 0.03	 0.96***†	 0.16	 1.08***†	 0.13	
County	average	education	 9.72E-03	 0.03	 0.03	 0.03	 -2.90E-03	 0.03	 0.02	 0.03	 -0.13	 0.09	 -0.05	 0.11	
County	unemployment	rate	 0.18	 0.26	 0.19	 0.27	 -0.48	 0.27	 -0.17	 0.27	 0.98	 0.87	 -0.38	 1.06	
County	marriage	rate	 1.55***†	 0.44	 1.68***†	 0.46	 1.07*	 0.45	 1.30***†	 0.45	 -3.11*	 1.47	 -2.08	 1.79	
Age	 -0.05	 3.80E-03	 -0.04	 3.47E-03	 -0.02	 3.86E-03	 -0.02	 3.49E-03	 0.02	 0.01	 1.39E-03	 0.01	
Age	squared	 5.04E-04	 3.74E-05	 4.11E-04	 3.46E-05	 3.56E-04	 3.81E-05	 3.13E-04	 3.50E-05	 -3.68E-04	 1.30E-04	 -1.29E-04	 1.32E-04	
Non	Han	 0.04	 0.04	 5.02E-03	 0.04	 0.03	 0.04	 -0.01	 0.04	 -0.11	 0.15	 -0.33	 0.15	
Urban	 -4.10E-03	 0.02	 0.02	 0.02	 -0.13	 0.02	 -0.08	 0.02	 0.01	 0.08	 -9.26E-03	 0.09	
Health	 -0.19	 9.06E-03	 -0.18	 8.13E-03	 -0.18	 9.28E-03	 -0.15	 8.38E-03	 1.31	 0.03	 1.33	 0.03	
Log	income	per	capita	 0.10	 0.01	 0.11	 9.51E-03	 0.13	 0.01	 0.13	 0.01	 -0.25	 0.04	 -0.28	 0.04	
Log	asset	per	capita	 0.16	 0.04	 0.21	 0.03	 0.25	 0.04	 0.22	 0.04	 -0.25	 0.12	 -0.44	 0.13	
Log	county	GDP	per	capita	 0.06	 0.03	 0.05	 0.03	 -0.01	 0.03	 -0.03	 0.03	 -0.22	 0.11	 -0.22	 0.13	
Log	county	asset	per	capita	 -0.09	 0.04	 -0.13	 0.04	 -0.10	 0.04	 -0.08	 0.04	 0.09	 0.13	 -1.90E-03	 0.15	
Observations	 12982	 	 13700	 	 13151	 	 14045	 	 13066	 	 13915	 	
Nfamilies	 10516	 	 10841	 	 10550	 	 10882	 	 10497	 	 10805	 	
Ncounties	 158	 	 158	 	 158	 	 158	 	 158	 	 158	 	
AIC	 35940.27	 	 37439.84	 	 37112.72	 	 39345.25	 	 68818.22	 	 75785.04	 	

*p<0.05,	**p<0.01,	***p<0.001,	†FDR	Note.	We	only	indicate	p-values	for	the	coefficients	related	to	the	main	effects,	our	tests	of	interest.	 	
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Appendix	6.7	Sex	differences	in	interaction	effect	between	individual	and	contextual	level	education,	employment	and	relationship	

	 Happiness	 Life	Satisfaction	 Depression	
	 Male	 Female	 Male	 Female	 Male	 Female	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Intercept	 -9.30	 4.65	 -13.12	 4.86	 -4.55	 4.76	 -12.62	 5.12	 4.33	 16.10	 -4.20	 19.38	

Years	in	Education	 0.05	 0.01	 0.04	 0.01	 0.04	 0.01	 0.04	 0.01	 0.34	 0.05	 0.32	 0.05	
Employment	status	 -0.08	 0.06	 0.01	 0.06	 -0.14	 0.06	 -0.15	 0.06	 -0.29	 0.21	 -0.43	 0.23	
Single	 0.01	 0.50	 0.61	 0.58	 0.79	 0.48	 0.31	 0.51	 1.06	 1.64	 -0.88	 1.92	
Cohabitation	 -0.21	 2.98	 -3.84	 3.44	 -2.23	 3.06	 -7.47	 3.53	 -15.29	 10.41	 -11.06	 13.25	
Divorced	 0.30	 1.18	 2.77	 1.38	 -1.53	 1.22	 1.56	 1.42	 -0.93	 4.15	 0.70	 5.32	
Widowed	 1.28	 0.74	 -0.26	 0.49	 0.59	 0.76	 -0.47	 0.50	 0.42	 2.61	 0.86	 1.88	
County	average	education	 0.04	 0.03	 0.05	 0.03	 0.02	 0.03	 0.04	 0.03	 0.40	 0.10	 0.23	 0.11	
County	unemployment	rate	 0.19	 0.27	 0.19	 0.30	 -0.55	 0.28	 -0.45	 0.29	 -0.77	 0.92	 -0.24	 1.15	
County	marriage	rate	 1.50	 0.45	 1.61	 0.47	 1.10	 0.46	 1.16	 0.46	 2.48	 1.52	 1.29	 1.84	
Interaction:	Education	 -4.39E-

03**†	
1.50E-03	 -3.46E-03*†	 1.41E-03	 -3.68E-03*	 1.52E-03	 -4.90E-

03***†	
1.41E-03	 -0.03***†	 5.15E-03	 -0.03***†	 5.32E-03	

Interaction:	Unemployment	 0.10	 0.18	 0.10	 0.17	 0.25	 0.18	 0.55**†	 0.18	 0.13	 0.61	 1.51*	 0.66	
Interaction:	Single	 -0.60	 0.71	 -1.00	 0.83	 -1.45*	 0.68	 -0.50	 0.72	 -2.34	 2.32	 0.18	 2.72	
Interaction:	Cohabitation	 -0.21	 4.10	 4.95	 4.73	 2.78	 4.22	 10.24*	 4.86	 19.10	 14.35	 14.10	 18.23	
Interaction:	Divorced	 -1.37	 1.66	 -4.75*†	 1.93	 1.42	 1.71	 -2.87	 1.99	 3.25E-03	 5.84	 -2.50	 7.47	
Interaction:	Widowed	 -2.07*	 1.04	 -0.12	 0.68	 -0.96	 1.07	 0.37	 0.70	 -1.85	 3.65	 -2.71	 2.65	
Age	 -0.05	 3.80E-03	 -0.04	 3.49E-03	 -0.02	 3.87E-03	 -0.02	 3.51E-03	 -0.01	 0.01	 5.26E-03	 0.01	
Age	squared	 4.99E-04	 3.75E-05	 4.04E-04	 3.48E-05	 3.52E-04	 3.82E-05	 3.03E-04	 3.52E-05	 3.41E-04	 1.30E-04	 5.45E-05	 1.33E-04	
Non	Han	 0.05	 0.04	 0.01	 0.04	 0.04	 0.04	 -6.48E-03	 0.04	 0.18	 0.15	 0.39	 0.15	
Urban	 -8.67E-03	 0.02	 0.02	 0.02	 -0.13	 0.02	 -0.08	 0.02	 -0.02	 0.08	 -0.01	 0.09	
Health	 -0.18	 9.07E-03	 -0.18	 8.13E-03	 -0.18	 9.29E-03	 -0.15	 8.38E-03	 -1.29	 0.03	 -1.32	 0.03	
Log	income	per	capita	 0.14	 0.10	 0.13	 0.09	 0.14	 0.10	 0.02	 0.10	 0.24	 0.33	 0.20	 0.36	
Log	asset	per	capita	 0.95	 0.37	 1.28	 0.39	 0.61	 0.38	 1.32	 0.41	 1.29	 1.30	 2.03	 1.56	
Log	county	GDP	per	capita	 0.08	 0.09	 0.06	 0.09	 -0.01	 0.09	 -0.13	 0.09	 0.17	 0.31	 0.11	 0.34	
Log	county	asset	per	capita	 0.75	 0.40	 1.01	 0.42	 0.29	 0.41	 1.10	 0.44	 1.01	 1.38	 1.74	 1.66	
Interaction:	Income	 -3.81E-03	 9.54E-03	 -2.57E-03	 9.01E-03	 -1.16E-03	 9.74E-03	 0.01	 9.55E-03	 9.19E-04	 0.03	 6.37E-03	 0.04	
Interaction:	Asset	 -0.06	 0.03	 -0.09	 0.03	 -0.03	 0.03	 -0.09	 0.03	 -0.08	 0.11	 -0.13	 0.13	
Observations	 12982	 NA	 13700	 NA	 13151	 NA	 14045	 NA	 13066	 NA	 13915	 NA	
Nfamilies	 10516	 NA	 10841	 NA	 10550	 NA	 10882	 NA	 10497	 NA	 10805	 NA	
Ncounties	 158	 NA	 158	 NA	 158	 NA	 158	 NA	 158	 NA	 158	 NA	
AIC	 35934.88	 NA	 37431.35	 NA	 37112.28	 NA	 39321.24	 NA	 68782.95	 NA	 75751.65	 NA	

*p<0.05,	**p<0.01,	***p<0.001,	†FDR	Note.	We	only	indicate	p-values	for	the	coefficients	related	to	the	interaction	effects,	our	tests	of	interest.	 	
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Appendix	6.8	Urban-rural	differences	in	main	effect	of	individual	and	contextual	level	education,	employment	and	relationship	

	 Happiness	 	 Life	Satisfaction	 Depression	
	 Urban	 Rural	 Urban	 Rural	 Urban	 Rural	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Intercept	 1.00	 0.57	 0.29	 0.84	 0.09	 0.59	 0.43	 0.82	 10.52	 1.96	 18.28	 3.20	
Years	in	Education	 2.51E-03	 2.40E-03	 0.01***†	 2.28E-03	 -1.71E-03	 2.55E-03	 4.70E-03*†	 2.29E-03	 -0.03**†	 8.51E-03	 -0.04***†	 8.60E-03	
Employment	status	 -0.02	 0.02	 0.01	 0.02	 -9.28E-03	 0.02	 9.52E-03	 0.02	 0.03	 0.07	 0.22**†	 0.07	
Single	 -0.37***†	 0.04	 -0.17***†	 0.04	 -0.13**†	 0.04	 -0.15***†	 0.04	 0.66***†	 0.14	 0.68***†	 0.13	
Cohabitation	 -0.39*†	 0.16	 -0.10	 0.18	 -0.20	 0.17	 4.90E-03	 0.19	 1.55**†	 0.57	 0.30	 0.73	
Divorced	 -0.60***†	 0.06	 -0.57***†	 0.09	 -0.49***†	 0.06	 -0.43***†	 0.09	 0.95***†	 0.20	 0.81*†	 0.34	
Widowed	 -0.32***†	 0.04	 -0.27***†	 0.04	 -0.17***†	 0.04	 -0.20***†	 0.04	 1.06***†	 0.14	 0.97***†	 0.14	
County	average	education	 0.03	 0.04	 -7.19E-03	 0.03	 0.00	 0.04	 6.63E-03	 0.03	 -0.02	 0.12	 -0.10	 0.14	
County	unemployment	rate	 0.29	 0.34	 0.26	 0.35	 -0.34	 0.35	 1.73E-03	 0.34	 -0.11	 1.17	 -0.83	 1.36	
County	marriage	rate	 1.93***†	 0.55	 1.91**†	 0.68	 1.55**†	 0.56	 1.20	 0.66	 -0.42	 1.86	 -6.69*†	 2.67	
Age	 -0.05	 3.70E-03	 -0.03	 3.36E-03	 -0.03	 3.89E-03	 -0.02	 3.40E-03	 9.49E-03	 0.01	 0.01	 0.01	
Age	squared	 5.50E-04	 3.62E-05	 3.76E-04	 3.39E-05	 4.19E-04	 3.82E-05	 2.75E-04	 3.42E-05	 -3.51E-04	 1.28E-04	 -1.74E-04	 1.29E-04	
Female	 0.10	 0.02	 0.10	 0.02	 0.14	 0.02	 0.08	 0.02	 0.20	 0.06	 0.30	 0.06	
Non	Han	 0.03	 0.05	 0.03	 0.04	 0.05	 0.05	 -0.02	 0.04	 -0.15	 0.18	 -0.23	 0.16	
Health	 -0.18	 9.43E-03	 -0.15	 7.71E-03	 -0.17	 0.01	 -0.14	 7.79E-03	 1.18	 0.03	 1.30	 0.03	
Log	income	per	capita	 0.10	 0.01	 0.12	 0.01	 0.15	 0.01	 0.13	 0.01	 -0.23	 0.04	 -0.31	 0.04	
Log	asset	per	capita	 0.18	 0.03	 0.20	 0.06	 0.23	 0.03	 0.20	 0.06	 -0.26	 0.11	 -0.69	 0.23	
Log	county	GDP	per	capita	 0.06	 0.04	 0.05	 0.05	 -0.02	 0.04	 -0.04	 0.05	 -0.08	 0.14	 -0.11	 0.18	
Log	county	asset	per	capita	 -0.12	 0.05	 -0.11	 0.05	 -0.09	 0.05	 -0.07	 0.05	 -0.16	 0.16	 0.14	 0.21	
Observations	 11801	 NA	 14881	 NA	 12054	 NA	 15142	 NA	 12016	 NA	 14965	 NA	
Nfamilies	 5725	 NA	 6776	 NA	 5737	 NA	 6784	 NA	 5727	 NA	 6743	 NA	
Ncounties	 140	 NA	 121	 NA	 140	 NA	 121	 NA	 140	 NA	 121	 NA	
AIC	 31227.67	 NA	 40943.08	 NA	 33392.16	 NA	 42080.69	 NA	 62260.63	 NA	 81011.72	 NA	

*p<0.05,	**p<0.01,	***p<0.001,	†FDR	Note.	We	only	indicate	p-values	for	the	coefficients	related	to	the	main	effects,	our	tests	of	interest.	 	
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Appendix	6.9	Urban-rural	differences	in	interaction	effect	between	individual	and	contextual	level	education,	employment	and	relationship	

	 Happiness	 Life	Satisfaction	 Depression	
	 Urban	 Rural	 Urban	 Rural	 Urban	 Rural	
	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	 Estimate	 SE	
Intercept	 -13.63	 4.77	 -1.77	 8.48	 -9.47	 5.05	 -14.35	 8.36	 -5.93	 16.92	 28.06	 32.08	
Years	in	Education	 0.04	 0.01	 -4.13E-03	 0.02	 0.02	 0.01	 0.02	 0.02	 0.28	 0.05	 0.17	 0.06	
Employment	status	 0.02	 0.06	 -0.09	 0.07	 -0.06	 0.07	 -0.29	 0.07	 -0.18	 0.22	 -0.41	 0.25	
Single	 -0.30	 0.46	 1.00	 0.58	 0.28	 0.44	 0.37	 0.53	 -2.45	 1.48	 4.73	 1.98	
Cohabitation	 -7.24	 2.85	 6.83	 3.61	 -8.50	 3.04	 -0.06	 3.66	 -10.31	 10.13	 -2.50	 13.74	
Divorced	 0.94	 1.02	 2.50	 1.63	 -0.39	 1.09	 0.58	 1.66	 -0.71	 3.64	 -0.90	 6.27	
Widowed	 -0.75	 0.56	 0.64	 0.55	 -0.69	 0.60	 7.69E-03	 0.56	 -0.45	 2.00	 1.90	 2.11	
County	average	education	 0.06	 0.04	 -0.02	 0.04	 0.02	 0.04	 0.02	 0.03	 0.24	 0.13	 0.18	 0.14	
County	unemployment	rate	 0.39	 0.35	 0.08	 0.37	 -0.38	 0.36	 -0.54	 0.36	 0.05	 1.20	 0.54	 1.44	
County	marriage	rate	 1.79	 0.55	 2.14	 0.69	 1.45	 0.57	 1.16	 0.67	 -0.23	 1.86	 7.55	 2.71	
Interaction:	Education	 -4.36E-

03**†	
1.41E-03	 1.94E-03	 1.89E-03	 -2.81E-03	 1.47E-03	 -1.90E-03	 1.88E-03	 -0.03***†	 4.91E-03	 -0.01*	 7.03E-03	

Interaction:	Unemployment	 -0.11	 0.16	 0.32	 0.22	 0.13	 0.17	 1.01***†	 0.22	 0.33	 0.56	 0.60	 0.81	
Interaction:	Single	 -0.09	 0.66	 -1.64*	 0.81	 -0.58	 0.63	 -0.73	 0.75	 2.64	 2.10	 -7.61**†	 2.78	
Interaction:	Cohabitation	 9.49*†	 3.94	 -9.50	 4.94	 11.50**†	 4.20	 0.08	 5.00	 12.16	 14.02	 3.01	 18.78	
Interaction:	Divorced	 -2.19	 1.44	 -4.30	 2.29	 -0.15	 1.53	 -1.41	 2.32	 -0.35	 5.12	 0.15	 8.78	
Interaction:	Widowed	 0.59	 0.79	 -1.28	 0.77	 0.73	 0.84	 -0.28	 0.79	 -0.84	 2.81	 -4.03	 2.97	
Age	 -0.05	 3.71E-03	 -0.03	 3.36E-03	 -0.03	 3.91E-03	 -0.02	 3.40E-03	 -3.38E-03	 0.01	 -0.01	 0.01	
Age	squared	 5.43E-04	 3.63E-05	 3.78E-04	 3.39E-05	 4.16E-04	 3.83E-05	 2.76E-04	 3.42E-05	 2.84E-04	 1.28E-04	 1.81E-04	 1.29E-04	
Female	 0.11	 0.02	 0.09	 0.02	 0.14	 0.02	 0.08	 0.02	 -0.20	 0.06	 -0.30	 0.06	
Non	Han	 0.04	 0.05	 0.03	 0.04	 0.05	 0.05	 -0.02	 0.04	 0.19	 0.18	 0.25	 0.16	
Health	 -0.18	 9.44E-03	 -0.15	 7.71E-03	 -0.17	 0.01	 -0.14	 7.79E-03	 -1.17	 0.03	 -1.30	 0.03	
Log	income	per	capita	 0.19	 0.12	 0.08	 0.12	 0.24	 0.13	 -4.71E-03	 0.12	 0.22	 0.43	 0.04	 0.45	
Log	asset	per	capita	 1.25	 0.38	 0.39	 0.68	 0.91	 0.41	 1.48	 0.67	 2.21	 1.36	 -0.43	 2.58	
Log	county	GDP	per	capita	 0.14	 0.11	 0.01	 0.11	 0.06	 0.12	 -0.16	 0.11	 0.04	 0.38	 -0.13	 0.44	
Log	county	asset	per	capita	 1.00	 0.40	 0.11	 0.77	 0.62	 0.43	 1.38	 0.76	 2.22	 1.43	 -1.41	 2.93	
Interaction:	Income	 -9.29E-03	 0.01	 4.25E-03	 0.01	 -9.32E-03	 0.01	 0.01	 0.01	 4.19E-04	 0.04	 0.03	 0.05	
Interaction:	Asset	 -0.09	 0.03	 -0.02	 0.06	 -0.06	 0.03	 -0.11	 0.06	 -0.16	 0.11	 0.10	 0.23	
Observations	 11801	 NA	 14881	 NA	 12054	 NA	 15142	 NA	 12016	 NA	 14965	 NA	
Nfamilies	 5725	 NA	 6776	 NA	 5737	 NA	 6784	 NA	 5727	 NA	 6743	 NA	
Ncounties	 140	 NA	 121	 NA	 140	 NA	 121	 NA	 140	 NA	 121	 NA	
AIC	 31214.55	 NA	 40942.47	 NA	 33389.92	 NA	 42067.25	 NA	 62236.96	 NA	 81013.06	 NA	

*p<0.05,	**p<0.01,	***p<0.001		Note.	We	only	indicate	p-values	for	the	coefficients	related	to	the	interaction	effects,	our	tests	of	interest.	

	


