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Abstract	

The	link	between	formative	assessment	and	student	performance	is	not	entirely	clear	
in	 the	 existing	 literature	 with	 some	 previous	 studies	 showing	 contradicting	 results.	
Although	 the	 debate	 is	 very	 old	 (since	 mid-1800s),	 previous	 research	 is	 almost	
exclusively	based	on	elementary	and	secondary	school	students.	This	paper	attempts	
to	add	to	the	existing	 literature	by	focusing	on	data	from	a	large	scale	experiment	(a	
class	of	578	UK	first	year	undergraduate	students	enrolled	on	Introduction	to	Statistics)	
to	determine	whether	online,	formative	(non-compulsory)	homework	helps	or	hinders	
students.	The	results	suggest	that	completing	formative	assessment	tasks	contributes	
to	 higher	 grades	 but	 only	 for	 good	 students.	 The	 result	 is	 robust	 to	 a	 variety	 of	
specifications	 and	 after	 controlling	 for	 a	 large	 number	 of	 student	 characteristics	
(including	nationality,	gender,	ethnicity,	whether	a	student	has	completed	a	Maths	or	
Economics	 A-Level	 in	 Secondary	 School,	 amongst	 others)	 and	 the	 level	 of	 student	
ability/effort.	This	study	shows,	therefore,	that	formative	homework	might	contribute	
to	 amplifying	 inequalities	 amongst	 students	 and	 that	 other	 strategies	 are	 needed	 to	
close	the	gap	between	the	top	and	bottom	performing	students.			
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1.	Introduction	

The	 debate	 over	 the	 merits	 of	 formative	 assessment	 (and	 homework	 in	

particular)	and	its	effects	on	student	attainment	is	an	old	one	and	the	issues	raised	are	

far	 from	 being	 resolved.	 Gill	 and	 Schlossman	 (2004)	 provide	 a	 brief	 history	 of	

homework	in	America	and	report	that	the	controversy	of	whether	homework	improves	

performance	 started	 in	 the	 late	 1800’s	with	 ‘a	 crusade	 against	 homework’,	 and	 the	

debate	has	continued	ever	since	with	attitudes	to	homework	being	cyclical	over	time.		

                                                
* The	 University	 of	 Exeter,	 UK	 and	 The	 Economic	 Policies	 Research	 Unit	 (NIPE),	 The	 University	 of	 Minho,	 Portugal;	
c.cortinhas@exeter.ac.uk.	The	usual	disclaimer	applies.	
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The	 debate	 is	 almost	 exclusively	 based	 on	 elementary	 and	 secondary	 school	

students	and	comes	mostly	from	the	United	States.	Recently,	the	debate	has	opened	

up	 to	 include	 higher	 education	 and	 to	 attempting	 to	 determine	 the	 effectiveness	 of	

different	kinds	of	homework	in	a	variety	of	different	contexts.	

Although	 difficult	 to	 summarize	 given	 the	 extent	 of	 the	 literature	 on	 the	

subject,	the	key	findings	of	the	literature	seem	to	be	as	follows1.		

To	date,	the	 link	between	homework	and	student	achievement	 is	not	entirely	

clear.	Some	studies	show	positive	effects	(e.g.	Keith,	Diamond-Hallam	and	Fine	(2004),	

Trautwein	et	al.	(2009))	while	others	showed	no	or	negligible	effects	(see	for	example	

Cooper	 (2009)	 for	 a	 survey)2.	 	 Interestingly,	 there	 is	 a	 strong	 generalized	 agreement	

that	‘too	much’	homework	and	homework	that	is	set	‘too	often’	is	harmful	but	there	is	

no	agreement	on	what	‘too	much’	and	‘too	often’	is.	There	are	significant	differences	

between	the	effect	of	homework	across	countries,	and,	further	differences	are	evident	

as	 regards	 such	 variables	 as	 age,	 gender,	 ethnicity	 amongst	 others.	 Girls	 seem	 to	

benefit	more	than	boys3	(Falch	and	Ronning	(2012)),	for	example;	homework	seems	to	

be	more	beneficial	for	older	students	(see	for	example	Cooper	1989),	and	homework	

might	be	beneficial	 in	 some	 subjects	 (Maths)	but	not	 in	others	 (Science,	 English	and	

History)	(Eren	and	Henderson	(2011)).	Additionally,	some	ethnic	groups	might	benefit	

more	 than	 others	 (Keith	 and	 Benson	 (1992),	 and	 students	 with	 learning	 disabilities	

benefit	from	homework	but	only	under	certain	conditions	(Cooper	and	Nye	(1994)).	

A	number	of	recent	papers	have	particular	relevance	to	the	data,	methodology	

and	 results	of	 this	 paper.	Ronning	 (2011)	 found	 that	 for	 elementary	 school	 students	

homework	amplifies	existing	 inequalities	as	students	 from	low-income	homes	do	not	

benefit	as	much	from	homework	as	students	from	high-income	homes4.		

Torst	and	Salehi-Isfahani	(2012)	found	that	the	completion	of	individual	online	

homework	 assignments	 early	 in	 a	 Principles	 of	 Economics	 course	 appeared	 to	

                                                
1 For a survey of the literature on homework as well as a description of the suggested pros and cons of homework see for example 
Cooper (1989) or Cooper, Robinson and Patall (2006).  
2 It is important to note, however, that the subset of the literature that studies the relationship between time spent on homework and 
achievement is mostly positive. This does not, however, “fully reflect the complex relationship between homework and 
achievement” Ulrich et all (2009), p.77. 
3 Falch	 and	 Ronning	 (2012)	 find that the effect of the number of homework tasks on student achievement is positive in most 
countries but wide variations exist. Interestingly, in the case of one country (Sweden) a significant (at the 5% level) negative 
relationship between homework and attainment was found.  
4 It is important to note, however, that we would expect this effect to be larger for elementary school students than university 
students as this effect is likely to also capture lower engagement levels from parents in the case of low-income students and this is 
less relevant for higher education. 
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modestly	 improve	 student	 performance	 on	 related	 questions	 in	 the	mid-term	 exam	

but	also,	perhaps	paradoxically,	found	that	missing	one	homework	assignment	did	not	

negatively	affect	final	exam	performance.	

Self	 (2013)	 found	 that	 performance	 on	 compulsory	 online	 homework	

assignments	in	a	Principles	of	Macroeconomics	class	did	not	impact	on	test	grades	but	

also	that	(voluntary)	access	to	the	website	to	practice	additional	problems	did	impact	

positively	on	student	results.	This	result	was	found	to	be	true	even	for	weaker	students	

(students	with	 lower	GPAs)	although	the	study	could	not	determine	whether	the	key	

to	 this	 success	 was	 the	 use	 of	 the	 online	 resource	 or	 whether	 the	 result	 is	 simply	

explained	by	the	greater	effort	employed	in	doing	this	extra	work.	Grodner	and	Rupp	

(2013)	 on	 the	 other	 hand,	 using	 a	 field	 experiment	 where	 students	 were	 randomly	

assigned	into	homework-required	and	not-required	groups	in	a	Principles	of	Economics	

class,	found	that	homework	submission	had	a	large	positive	effect	on	test	performance	

and	on	retention	rates.	

Rhodes	 and	 Sarbaum	 (2015)	 found	 that	 allowing	 students	 to	 have	 multiple	

attempts	 when	 completing	 their	 online	 homework	 online	 tasks	 leads	 to	 guessing	

behaviour	 and	 grade	 inflation,	 hence	 improving	 score	 without	 improving	 learning	

outcomes.	

Lee,	Courtney	and	Ballasi	 (2010)	 found	no	statistically	significant	difference	 in	

student	 performance	 between	 the	 use	 of	 an	 online	 homework	 tool	 (Aplia)	 and	

traditional	 homework	 methods.	 Interestingly,	 however,	 when	 they	 focused	 on	 the	

subset	of	students	with	the	highest	grades	(students	that	received	either	an	A	or	B	in	

the	Principles	of	Microeconomics	course),	the	group	doing	using	the	online	homework	

tool	improved	their	scores	by	nearly	two	points	over	the	group	of	students	who	used	

traditional	homework	methods.	

Eren	 and	 Henderson	 (2008)	 using	 both	 parametric	 and	 non-parametric	

techniques	 found	 hours	 of	 homework	 assigned	 to	 be	 an	 important	 determinant	 of	

student	 achievement	 but	 not	 for	 all	 students.	 Their	 study,	 which	 focused	 on	 eighth	

grade	 students,	 found	 homework	 to	 be	 effective	 in	 improving	 performance	 for	 high	

and	low	achievers	but	not	for	the	average	achievement	group.	

Finally,	Dahlgran	 (2008)	 found	online	homework	 to	 increase	 learning	 through	

increased	 student	 study-time	 allocations,	 i.e.,	 online	 homework	 might	 increase	 the	
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overall	 time	 students	 allocate	 to	 studying	 a	 topic	 and	 as	 a	 result	 lead	 to	 an	

improvement	in	their	performance.	

This	paper	attempts	to	add	to	the	existing	literature	by	focusing	on	data	from	a	

large	 scale	 experiment	 to	 determine	 whether	 online,	 formative	 homework	 helps	 or	

hinders	students	in	the	context	of	higher	education.		

	

2.	Data	and	Empirical	Methodology	

The	 data	 for	 this	 study	 is	 composed	 of	 all	 students	 registered	 to	 take	 the	

Introduction	 to	 Statistics	 (undergraduate	 first	 year)	 module	 in	 the	 academic	 year	

2014/15	at	the	University	of	Exeter.	This	module	is	compulsory	for	all	Business	School	

students	and	is	open	(as	an	elective)	to	all	university	students	and	is	comprised	of	579	

students	 of	 50	 different	 nationalities	 registered	 in	 16	 different	 undergraduate	

programmes.		

The	homework	was	part	of	the	formative	assessment	(non-compulsory)	and	as	

such	did	not	count	towards	the	student’s	final	grade.	Students	were	asked	to	complete	

a	 total	 of	 10	 homework	 tasks	 over	 a	 period	 of	 10	 weeks	 on	 the	 module’s	 virtual	

learning	environment	page.	 The	 tasks	 consisted	mostly	of	multiple	 choice	questions,	

some	of	which	involved	basic	calculations	before	answering.	Students	were	allowed	to	

have	as	many	attempts	as	they	needed	to	answer,	but	to	avoid	the	guessing	behaviour	

described	by	Rhodes	and	Sarbaum	(2015),	each	new	attempt	led	to	a	different	set	of	

random	questions	being	generated	as	giving	students	individually	unique	exercises	as	

opposed	to	exercises	that	are	identical	to	all	students	has	proven	effective	in	previous	

studies	 (see	 for	 example	 Joerding	 (2010)).	 Finally,	 in	order	 to	encourage	 students	 to	

adopt	 patterns	 of	 regular	 study,	 students	were	 given	 a	window	of	 about	 10	days	 to	

complete	 each	 of	 the	 homework	 tasks,	 after	 which	 the	 homework	 task	 became	

unavailable.	

The	 data	 for	 this	 study	 includes	 data	 on	 student	 performance	 for	 summative	

assessment	(final	exam	grade),	 formative	assessment	(average	homework	grade)	and	

data	on	a	 large	number	of	student	observable	traits,	 including	age,	gender,	ethnicity,	

country	 of	 domicile,	 undergraduate	 degree,	 whether	 the	 student	 has	 a	 disability,	

whether	the	student	came	from	a	state-funded	or	private-funded	independent	school	
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and	whether	the	student	took	an	A-level	 in	Maths	and/or	Economics	at	high	school5.	

Finally,	 the	weighted	 average	 grade	 the	 student	 achieved	 across	 all	 year	 1	modules	

(not	 including	 their	grade	 in	 Introduction	 to	Statistics)	 is	also	 included	as	a	proxy	 for	

(unobservable)	ability	and	effort.		

Table	1	presents	the	summary	statistics	of	the	data	used	in	this	study.	

	

Table	1:	Sample	Statistics	of	Key	Variables	
   
Variables Mean Standard 

Deviation 
   
Exam Grade 56.628 19.314 
Homework grade 30.947 24.707 
Ability/Effort 63.105 11.796 
Maths A-level  0.808 0.395 
Economics. A-Level 0.887 0.317 
Gender (male=1) 0.614 0.487 
Disabled student 0.052 0.222 
Independent School 0.316 0.465 
State School 
Age 
Ethnicity 

0.641 
20.25 

0.480 
1.578 

   White 0.689 0.473 
   Black 0.029 0.169 
   Chinese 0.143 0.350 
   Indian 0.036 0.187 
   Pakistani 0.007 0.083 
   Other Asian 0.064 0.245 
   Other 0.031 0.173 
UG Programme of study   
   Accounting and Finance 0.187 0.390 
   Business and Accounting 0.029 0.168 
   Business and Economics 0.135 0.341 
   Economics 0.349 0.477 
   Economics and Finance 0.162 0.396 
   Economics and Econometrics 0.016 0.124 
   Accounting 0.067 0.251 
   Flexible Combined Honours 0.022 0.148 
   Other 
Country of domicile 
   England 
   China 
   Hong Kong 
   Singapore 
   Wales 
 

0.033 
 

0.603 
0.067 
0.040 
0.031 
0.043 

0.178 
 

0.489 
0.250 
0.195 
0.173 
0.203 

	

Table	 1	 provides	 some	 interesting	 facts	 about	 this	 class.	 First,	 students	

performed	 worse	 on	 average	 in	 Statistics	 (57%)	 than	 in	 their	 other	 subjects,	 as	

measured	by	 the	ability	proxy	 (63%)	which	 seems	 to	 confirm	 the	view	 that	 students	

find	the	subject	challenging.	Most	students	were	male	(61%),	had	attained	a	Maths-A	

Level	(81%)	and	Economics	A-Level	(89%).	5%	of	the	students	were	disabled	and	most	

                                                
5 In the U.K., independent schools are also paradoxically known as public schools. The A-level is a high school qualification offered 
to students completing secondary or pre-university education. Students are required to study at least 3 A-levels (or equivalent) in 
order to be accepted to study for an undergraduate degree. The number of nationalities in the sample is over 50. 
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came	 from	State	 Secondary	 Schools	 (64%).	About	 60%	of	 students	were	 English	 and	

most	 were	 taking	 an	 undergraduate	 degree	 in	 Economics	 (35%).	 The	 average	 exam	

grade	was	 56%	 and	 the	 standard	 deviation	was	 quite	 large	 (almost	 20%)	whilst	 the	

average	Homework	grade	was	only	31%,	suggesting	that	the	uptake	in	the	homework	

tasks	 was	 on	 average	 quite	 low6.	 In	 fact,	 and	 as	 shown	 in	 Figure	 1,	 the	 number	 of	

homework	tasks	completed	by	week	dropped	steadily	throughout	the	term,	and	went	

from	around	450	 students	 completing	 their	 tasks	 in	week	1	 to	 just	over	70	 students	

doing	so	in	week	107.	

Figure	1:	Average	number	of	homework	tasks	completed	by	week	

	
	

We	assume	that	the	impact	of	homework	on	the	exam	score	(EG)	of	pupil	i	can	

be	explained	by	the	following	simple	education	production	function:	

𝐸𝐺! = 𝛽𝐻𝑊! + 𝛾𝐴𝐵! + 𝛿𝑥!! + 𝜀! 	 	 	 	 	 (1)	

Where	 EGi	 is	 the	 final	 exam	 grade	 for	 student	 I,	 HWi	 is	 the	 average	 grade	 of	 10	

homework	tasks	completed	by	student	i,	ABi	is	a	proxy	for	(the	unobserved)	student’s	i	

level	of	 ability/effort,	𝑥!!	 is	 a	 vector	of	observed	 student	 traits	 (including	Nationality,	

Age,	Gender,	Degree,	whether	the	student	has	an	A-level	in	Maths	and/or	Economics,	

Ethnicity,	etc.)	and	εi	is	a	zero	mean,	normally	distributed	error	term.	

                                                
6 The homework grade was computed as 𝐻𝑜𝑚𝑒𝑤𝑜𝑟𝑘 𝐺𝑟𝑎𝑑𝑒 ! =

(!"#$%"&' !"#$%!)
!"
!!!

!"
 so that if a student missed a task, the average 

was heavily penalised. 
7 Week 6 of term 1 is a reading week for first year students (where students have no classes) and this explains the slight increase in 
completions when compared with the week before.  
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	 The	variable	ABi	was	added	to	control	 for	 the	 (unobserved)	different	 levels	of	

ability	 and	 effort	 as	 otherwise	 it	 would	 be	 impossible	 to	 account	 for	 the	 separate	

effect	of	 the	completion	of	homework	on	 final	exam	performance.	This	variable	was	

computed	 by	 calculating	 the	 weighted	 average	 of	 each	 student’s	 year	 grades	 in	 all	

modules	 taken	 during	 that	 year	 of	 study	 (excluding	 the	 grade	 for	 Introduction	 to	

Statistics).	

	

3.	Results	

Table	 2	 presents	 the	 results	 of	 the	 baseline	 model,	 in	 five	 alternative	

regressions	with	alternative	combinations	of	the	vector 𝑥!!	variables8.		

	

Table	2:	Regression	Results	full	sample	

 (1) (2) (3) (4) (5) 
      
VARIABLES Exam Grade Exam Grade Exam Grade Exam Grade Exam Grade 
      
Homework grade 0.0649** 0.0741** 0.0973** 0.1102** 0.1116** 
 (0.0152) (0.0183) (0.0149) (0.0171) (0.0204) 
Ability 0.9883** 1.0476** 0.9954** 0.9909** 1.0227** 
 (0.0630) (0.0728) (0.0481) (0.0645) (0.0604) 
Maths A-level   -7.1529** -2.9755*  -7.5490** 
  (1.1739) (1.2910)  (0.6520) 
Economics. A-Level  3.7017  -2.4051 4.9496** 
  (2.6541)  (1.1804) (1.2408) 
Constant -8.8274* -11.9819 4.1036 -19.6383 -9.7809 
 (3.9116) (22.6751) (12.2662) (15.6561) (15.3912) 
      
Observations 577 222 302 283 222 
R-squared 0.389 0.417 0.480 0.483 0.528 
RMSE 15.13 14.64 14.84 14.19 13.81 
LogLikelihood -2384 -907.3 -1233 -1142 -884.0 
 
Other controls: 
Gender 
Age 
Programme of study 
Ethnicity  
Disability 
Country of domicile 
State School 
 

 
 

Y 
N 
N 
N 
N 
N 
N 

 
 

Y 
Y 
N 
N 
N 
N 
N 
 

 
 

Y 
N 
Y 
Y 
Y 
N 
Y 
 

 
 

Y 
N 
Y 
N 
Y 
Y 
Y 

 
 

Y 
Y 
Y 
Y 
Y 
Y 
Y 

Heteroscedasticity-robust standard errors in parentheses, clustered by country of domicile 
** p<0.01, * p<0.05 

	

                                                
8 The STATA option cluster was used so that the observations were clustered into countries of domicile to account for	 the	
possibility	that	the	observations	are	correlated	within	countries	(but	are	expected	to	be	independent	across	countries).	Cameron	
and	Miller	(2015)	for	example,	state	that	“failure		to		control		for		within	-cluster		error		correlation		can		lead		to		very		misleadingly		
small	 	standard		errors,	 	and		consequent	 	misleadingly	 	narrow		confidence		 intervals,	 	 large	 	t-statistics	and	low	p-values”.	The	
cluster	option	affects	the	standard	errors	and	variance-covariance	matrix	of	the	estimators	but	not	the	estimated	coefficients. 
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All	regressions	in	this	section	were	estimated	to	account	for	the	possibility	that	

the	 error	 term	 contains	 clustered	 errors,	 i.e.	 that	 observations	 within	 countries	 of	

domicile	are	correlated	in	some	unknown	way,	inducing	correlation	in	εi	within	those	

groups	of	students	from	the	same	country	of	domicile	but	that	different	countries	of	

domicile	do	not	have	correlated	errors.	The	possibility	of	observations	being	correlated	

within	a	country	of	domicile	but	uncorrelated	across	countries	seems	reasonable	as	all	

students	will	experience	different	education	systems	and	cultural	values	according	to	

the	country	of	origin.	

Several	results	 immediately	stand	out.	First,	the	coefficient	for	ability	 is	highly	

significant	and	yields	a	result	around	1	in	all	specifications,	suggesting	that	ability	and	

effort	 is	a	strong	determinant	of	academic	performance.	Secondly,	the	coefficient	for	

homework	grade	is	also	significant	at	the	0.01	level	and	has	the	expected	positive	sign.	

This	 suggests	 that	 completing	 and	 performing	 well	 on	 formative	 homework	 tasks	

positively	contributes	to	a	better	final	exam	grade.		This	is	particularly	significant	as	the	

homework	 tasks	were	 constructed	 to	 allow	 students	 to	 have	multiple	 attempts	 and	

thus	learn	with	the	activity.	Finally,	the	Maths	A-level	coefficient	is	significant	in	some	

specifications	but	has	an	unexpected	negative	sign.	One	reason	for	that	result	might	be	

that	students	with	a	Maths	A-level,	having	covered	some	of	the	initial	Introduction	to	

Statistics	 content	 in	 the	previous	 year,	 do	not	 fully	 engage	with	 the	module	 as	 they	

believe	they	already	know	the	content	and	end	up	performing	worse	that	colleagues	

that	have	no	background	in	statistics	and	therefore	need	to	work	harder.	

Because	the	sample	is	fairly	large	we	can	also	run	a	separate	regression	for	the	

students	who	 passed	 (i.e.,	 achieved	 a	 pass	mark	 of	 at	 least	 40%	 in	 the	 final	 exam).	

Table	3	presents	the	same	5	specifications	as	Table	2	but	uses	as	the	sample	only	the	

students	that	passed	the	final	exam.	

The	 results	 are	 clearly	 generally	 in	 line	with	 those	 in	 Table	 2,	with	 the	major	

difference	 being	 the	 size	 of	 the	 coefficient	 for	 the	 variable	 Ability	 that	 drops	 from	

around	1	to	a	range	between	0.69	and	0.83.	Importantly,	the	coefficient	for	Homework	

Grade	remains	highly	significant	and	positive	in	all	five	specifications.	
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Table	3:	Regression	Results	with	sample	of	students	that	passed	the	module	

 (1) (2) (3) (4) (5) 
      
VARIABLES Exam Grade Exam Grade Exam Grade Exam Grade Exam Grade 
      
Homework grade 0.0506* 0.0951** 0.1064** 0.1088** 0.1281** 
 (0.0196) (0.0163) (0.0287) (0.0167) (0.0170) 
Ability 0.7219** 0.7648** 0.6931** 0.8314** 0.7854** 
 (0.0757) (0.0806) (0.0625) (0.0747) (0.0891) 
Maths A-level   -4.1943* -1.4382  -3.8657* 
  (1.4350) (1.0711)  (1.3504) 
Economics. A-Level  2.9437  -0.1834 2.8821* 
  (1.9011)  (0.4654) (1.2091) 
Constant 13.2708** -8.3462 15.5625 -13.0421* -19.8980** 
 (4.7012) (11.9121) (13.2711) (3.9264) (2.8327) 
      
Observations 457 189 252 230 189 
R-squared 0.281 0.304 0.412 0.447 0.490 
RMSE 11.85 11.34 11.03 10.51 10.27 
LogLikelihood -1776 -723.6 -952.0 -857.0 -694.4 
      

Heteroscedasticity-robust standard errors in parentheses, clustered by country of domicile 
** p<0.01, * p<0.05 

	

	 Similarly,	 Table	 4	 presents	 the	 results	 for	 the	 remaining	 students,	 i.e.	 only	

students	 that	 failed	 the	module	 (i.e.,	 students	 who	 did	 not	 achieve	 a	 pass	mark	 of	

40%).	

	

Table	4:	Regression	Results	with	sample	of	students	that	failed	the	module	

 (1) (2) (3) (4) (5) 
      
VARIABLES Exam Grade Exam Grade Exam Grade Exam Grade Exam Grade 
      
Homework grade 0.0380 -0.0901 -0.0154 0.0148 -0.0311 
 (0.0213) (0.0563) (0.0421) (0.0349) (0.0447) 
Ability 0.2268** 0.4563 0.4234** 0.1548 0.4241** 
 (0.0726) (0.2183) (0.1299) (0.1891) (0.0114) 
Maths A-level   -10.6888** 7.2192  6.4004 
  (1.5495) (3.6237)  (4.6000) 
Economics. A-Level  9.3698  1.7988 0.7456 
  (4.1009)  (1.3806) (4.7350) 
Constant 17.4030** 124.5005 -21.8831 43.8167 47.1250* 
 (3.0507) (86.6522) (33.6799) (51.6954) (14.9152) 
      
Observations 120 33 50 53 33 
R-squared 0.119 0.250 0.472 0.305 0.764 
RMSE 10.09 13.42 12.16 11.47 10.26 
LogLikelihood -445.6 -128.6 -185.5 -195.7 -109.5 
      

Heteroscedasticity-robust standard errors in parentheses, clustered by country of domicile 
** p<0.01, * p<0.05 

	

	 The	 results	 show	 that	 for	 the	 sample	of	 students	 that	 failed	 the	module,	 the	

coefficient	 for	 homework	 grade	 becomes	 statistically	 insignificant	 all	 specifications.	
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The	coefficient	for	Ability	 is	only	significant	 in	three	of	the	five	specifications	albeit	 it	

now	yields	a	much	lower	coefficient	(from	0.23	to	0.42).	

	

4.	Sensitivity	Analysis	

In	 this	 section,	 a	 series	 of	 tests	 is	 conducted	 to	 assess	 the	 robustness	 of	 the	

results	presented	in	the	previous	section,	focusing	on	whether	the	results	are	sensitive	

to	the	use	of	clusters	and	to	alternative	countries	of	domicile	cluster	definitions.		

The	decision	of	what	to	use	as	clusters,	whether	the	number	of	clusters	is	large	

enough	and	whether	clusters	are	of	balanced	size	are	 important	 for	 the	 reliability	of	

the	results.	In	particular,	it	is	now	well	established	that	clustering	with	a	small	number	

of	clusters	or	with	extremely	unbalanced	cluster	sizes,	may	lead	to	incorrect	inferences	

(see	 for	 example,	 Cameron	 and	Miller	 (2015)	 for	 a	 technical	 discussion).	 That	 is,	 in	

some	cases	 the	cure	 (controlling	 for	within	cluster	error	correlation)	might	be	worse	

than	the	disease	(i.e.	default	standard	errors	can	overstate	estimator	precision).	

Therefore,	the	purpose	of	this	section	is	to	test	whether	the	use	of	alternative	

strategies	for	the	clustering	of	the	errors	significantly	affects	the	results	presented	in	

Section	3.		

First,	 equation	 (1)	 is	 estimated	 for	 the	 full	 sample	with	 alternative	 clustering	

groupings.	In	this	case,	in	an	attempt	to	make	clusters	more	balanced	in	size,	clusters	

were	mostly	defined	in	terms	of	larger	geographic	regions9.	The	results	are	presented	

in	Table	510.	

When	comparing	 to	Table	2,	 it	 is	 clear	 that	although	 the	 size	of	 the	 standard	

errors	varies	slightly,	the	coefficients	that	were	found	statistically	significant	continue	

to	be	so	at	 the	same	 level	of	significance.	This	suggests	that	the	results	presented	 in	

Section	 3	 are	 not	 very	 sensitive	 to	 an	 alternative	 cluster	 definition	 for	 countries	 of	

domicile.	

	

	

	

                                                
9 The clusters were reduced to 13: Africa, Australasia, Central Asia, England, European Union, Middle East, North America, 
Northeast Asia, Other Europe, Other UK, Russian Federation, South Asia and South East Asia.  
10 The same patterns were found when estimating the model with the two smaller samples (students that passed and students that 
failed) presented in Tables 3 and 4. Those results are not presented here for the sake of brevity but can be provided upon request. 
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Table	 5:	 Regression	 Results	 full	 sample	 with	 alternative	 country	 of	 domicile	 cluster	
groups	

 (1) (2) (3) (4) (5) 
      
VARIABLES Exam Grade Exam Grade Exam Grade Exam Grade Exam Grade 
      
Homework grade 0.0649** 0.0741** 0.0973** 0.1102** 0.1116** 
 (0.0201) (0.0179) (0.0140) (0.0079) (0.0128) 
Ability 0.9883** 1.0476** 0.9954** 0.9909** 1.0227** 
 (0.0648) (0.0775) (0.0560) (0.0677) (0.0667) 
Maths A-level   -7.1529** -2.9755*  -7.5490** 
  (1.1882) (1.2173)  (0.6088) 
Economics. A-Level  3.7017  -2.4051 4.9496** 
  (2.8111)  (1.3472) (1.3991) 
Constant -8.8274* -11.9819 4.1036 -19.6383 -9.7809 
 (3.9743) (26.3709) (12.2662) (16.6008) (15.9934) 
      
Observations 577 222 302 283 222 
R-squared 0.389 0.417 0.480 0.483 0.528 
RMSE 15.13 14.64 14.84 14.19 13.81 
LogLikelihood -2384 -907.3 -1233 -1142 -884.0 
      

Heteroscedasticity-robust standard errors in parentheses, clustered by regions 
** p<0.01, * p<0.05 

	

Next,	 we	 provide	 in	 Table	 6	 an	 estimation	 of	 the	 baseline	 line	 model	 (full	

sample)	without	any	clustering	of	the	errors.		

	

Table	6:	Regression	Results	full	sample	without	clustering	of	errors	

 (1) (2) (3) (4) (5) 
      
VARIABLES Exam Grade Exam Grade Exam Grade Exam Grade Exam Grade 
      
Homework grade 0.0623** 0.0741 0.0973* 0.1102** 0.1116* 
 (0.0268) (0.0429) (0.0386) (0.0412) (0.0449) 
Ability 0.9900** 1.0476** 0.9954** 0.9909** 1.0227** 
 (0.0626) (0.1194) (0.0920) (0.1040) (0.1303) 
Maths A-level   -7.1529** -2.9755*  -7.5490** 
  (2.5959) (2.3481)  (2.7160) 
Economics. A-Level  3.7017  -2.4051 4.9496 
  (4.0189)  (3.0628) (4.2722) 
Constant -8.7206* -11.9819 4.1036 -19.6383 -9.7809 
 (3.9746) (30.9612) (27.2558) (31.1698) (35.4370) 
      
Observations 578 222 302 283 222 
R-squared 0.388 0.417 0.480 0.483 0.528 
RMSE 15.15 14.64 14.84 14.19 13.81 
LogLikelihood -2389 -907.3 -1233 -1142 -884.0 
      

Heteroscedasticity-robust standard errors in parentheses 
** p<0.01, * p<0.05 

	

The	coefficients	are	 the	same	but	 the	standard	errors	are	now	 larger	 in	most	

cases,	thus	reducing	the	 level	of	significance	 in	some	specifications	(more	specifically	
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specifications	 (2),	 (3)	 and	 (5))11.	 The	 results	 continue	 to	 be,	 however,	mostly	 in	 line	

with	 the	 results	presented	 in	Table	2	and	suggest	 that	 the	option	 to	 include	cluster-

robust	 standard	 errors	 was	 justified	 as	 the	 size	 of	 standard	 errors	 was	 found	 to	 be	

lower	on	those	cases12.	

Finally,	 the	 use	 of	 degree	 programmes	 as	 clusters	 was	 also	 attempted.	 The	

rationale	 is	 that	 students	 taking	 the	 same	 degree	 are	more	 similar	 that	 students	 in	

different	degrees,	independently	of	country	of	domicile.	Table	7	presents	the	results.	

	

Table	7:	Regression	Results	full	sample	with	programme	of	study	as	clusters		

 (1) (2) (3) (4) (5) 
      
VARIABLES Exam Grade Exam Grade Exam Grade Exam Grade Exam Grade 
      
Homework grade 0.0623 0.0741 0.0973** 0.1102* 0.1116 
 (0.0536) (0.0481) (0.0207) (0.0502) (0.0566) 
Ability 0.9900** 1.0476** 0.9954** 0.9909** 1.0227** 
 (0.0587) (0.0582) (0.0870) (0.0550) (0.0714) 
Maths A-level   -7.1529* -2.9755  -7.5490** 
  (2.4257) (2.5328)  (2.7160) 
Economics. A-Level  3.7017  -2.4051 4.9496 
  (4.0189)  (2.7597) (3.5425) 
Constant -8.7206* -11.9819 4.1036 -19.6383 -9.7809 
 (3.6471) (16.9041) (15.8804) (19.3517) (17.4084) 
      
Observations 578 222 302 283 222 
R-squared 0.388 0.417 0.480 0.483 0.528 
RMSE 15.15 14.64 14.84 14.19 13.81 
LogLikelihood -2389 -907.3 -1233 -1142 -884.0 
      

Heteroscedasticity-robust standard errors in parentheses 
** p<0.01, * p<0.05 

	

The	 results	are	again	 in	 line	with	 the	 results	presented	 in	Section	3	but	again	

the	standard	errors	were	higher	which	reduced	the	number	of	statistically	significant	

coefficients.	

	

5.	Final	Remarks	

This	 paper	 attempts	 to	 add	 to	 the	 existing	 literature	 on	 the	 impact	 of	

homework	on	student	attainment	by	focusing	on	data	from	a	large	scale	experiment	in	

a	 university	 context	 to	 determine	 whether	 online,	 formative	 (non-compulsory)	

homework	helps	or	hinders	students.		
                                                
11 The coefficients are in fact very slightly different for the first specification. This is due to the fact that the information about 
country of domicile was missing for one student and therefore the sample size has increased by one observation. 
12 The fact that the cluster-robust standard errors are lower than the estimations without clusters can be explained by several factors, 
including noise (see for example Cameron and Miller (2015)) and seems to suggest that the model used in this paper does not have 
serious within-cluster correlation of standard errors. 
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	 The	 main	 result	 is	 that	 formative	 homework	 does	 help	 students	 in	

attaining	 better	 results	 but	 only	 for	 good	 students	 (i.e.	 students	 that	 managed	 to	

achieve	 at	 least	 a	 pass	 rate	 of	 40%).	 For	 weaker	 students,	 formative	 homework	

appears	to	make	no	difference	to	their	overall	student	attainment.	This	result	is	in	line	

with	 the	 theoretical	 framework	of	Neilson	 (2005)	 that	 shows	 that	 in	 the	presence	of	

time-constraints,	homework	does	not	benefit	all	students	and	that	in	fact	can	increase	

the	spread	between	the	performance	of	the	best	and	worst	students.	The	results	are,	

however,	 in	 contradiction	 to	 the	 results	 of	 Self	 (2013)	 that	 found	 that	 even	weaker	

students	benefit	from	formative	online	resources.	

The	results	are	 robust	 to	a	variety	of	specifications	and	after	controlling	 for	a	

large	 number	 of	 student	 characteristics	 and	 the	 level	 of	 student	 ability/effort.	 This	

study	 suggests,	 therefore,	 that	 formative	 homework	 might	 contribute	 to	 amplify	

inequalities	 between	 students	 and	 that	 other	 educational	 strategies	 are	 needed	 to	

close	the	gap	between	the	top	and	bottom	performing	students.	
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