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Abstract
Online	reading	for	academic	purposes	is	a	complex	and	challenging	activity	that	involves	
analysing	task	requirements,	assessing	information	needs,	accessing	relevant	contents,	and	
evaluating	the	relevance	and	reliability	of	information	given	the	task	at	hand.	The	present	
study	implemented	and	tested	an	analytical	approach	to	strategy	training	that	combined	a	
detailed,	step-by-step	presentation	of	each	strategy	with	 the	 integration	of	various	strate-
gies	across	modules	and	practice	tasks.	One	hundred	sixty-seven	university	students	were	
assigned	 to	 either	 a	 treatment	 or	 a	 control	 condition.	 The	 training	 program	was	 imple-
mented	 as	 part	 of	 a	 digital	 literacy	 course.	 Instructors	 received	 background	 information	
and	instructional	materials	prior	to	the	beginning	of	the	term.	The	intervention	improved	
students’	performance	on	a	set	of	search	and	evaluation	tasks	representative	of	the	target	
skills,	 although	 to	 varying	 extent.	The	 impact	was	higher	 for	 evaluation	 than	 for	 search	
skills,	 in	 terms	of	accuracy	and	quality	of	 students’	 justifications.	The	data	provides	 ini-
tial	evidence	that	an	analytical	approach	may	foster	university	students’	use	of	advanced	
reading	strategies	in	the	context	of	online	reading.	Implications	for	instruction	and	future	
research are discussed.
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Introduction

From	their	first	semester	on,	university	students	receive	assignments	that	require	them	to	
read	multiple	documents	for	a	broad	range	of	purposes,	from	understanding	basic	concepts	
and	 techniques	 to	getting	 to	know	reference	studies	 to	 revisiting	classical	works.	Online	
reading	 for	 academic	 purposes	 involves	 sophisticated	 strategies,	 way	 beyond	 decoding	
printed	words	and	comprehending	the	meaning	of	a	text.	For	instance,	students	need	to	iden-
tify	relevant	texts	in	relation	with	their	study	purpose,	access	relevant	information	within	
those	 texts	 and	 assess	 the	 necessity,	 sufficiency,	 and	 quality	 of	 the	 information	 (Brand-
Gruwel	 et	 al.,	 2005;	Britt	 et	 al.,	 2018;	Hartman	 et	 al.,	 2018).	Those	 strategies	 are	 often	
assumed	 to	 be	 familiar	 to	 students	 and	 they	 are	 seldom	 taught	 as	 part	 of	 undergraduate	
programs	(Drake	&	Reid,	2018;	Ziv	&	Bene,	2022).	Although	reading	strategies	instruction	
has	a	long	history	of	research,	most	of	the	strategy	instruction	research	was	carried	out	with	
populations	younger	than	university	students	and	involved	strategies	that	are	not	directly	
applicable	to	online	reading	(cf.	Davis,	2013;	National	Institute	of	Child	Health	and	Human	
Development	[NICHD],	2000).	Research	on	the	pedagogy	of	online	reading	strategies	has	
started	in	the	mid-2000’s	(Brand-Gruwel	&	Van	Strien,	2018;	Kammerer	&	Brand-Gruwel,	
2020).	Several	studies	indicate	that	implementing	instruction	on	online	reading	strategies	
at	the	university	level	remains	a	difficult	task	for	a	number	of	reasons.	First,	university	cur-
ricula	typically	do	not	include	teaching	units	for	those	strategies	(Argelagós	et	al.,	2022; 
Ziv	&	Bene,	2022).	The	study	by	Ziv	and	Bene	(2022)	found	that	strategy	instruction	was	
limited	 to	 check-lists	 and	general	 guidelines	on	 the	websites	of	 several	 leading	 colleges	
and	 universities	 in	 the	United	 States.	 Second,	 instructors	 in	 the	 different	 disciplines	 are	
not	prepared	to	deliver	strategy	instruction,	because	they	themselves	were	not	trained	into	
these	 strategies	 (Esteve-Mon,	 2020;	Voogt	 et	 al.,	 2013).	 Both	 Esteve-Mon	 et	 al.	 (2020)	
and	Voogt	et	al.	(2013)	point	out	that	the	possibilities	for	teacher	training	are	more	com-
mon	at	pre-university	levels.	Wineburg	and	McGrew	(2019)	showed	that	university	teachers	
do	not	necessarily	possess	the	professional	skills	of	fact-checkers.	Moreover,	most	of	the	
strategy	training	interventions	conducted	in	the	context	of	research	studies	have	been	led	
by	researchers,	which	limits	the	generalization	of	results	to	regular	class	settings	(Brante	&	
Strømsø,	2018;	Capin	et	al.,	2022;	Kammerer	&	Brand-Gruwel,	2020).	Third,	online	read-
ing	strategies	instruction	often	focuses	on	a	single	type	of	strategies	(e.g.,	sourcing;	Kam-
merer	&	Brand-Gruwel,	2020).	As	McCrudden	et	al.	(2022)	point	out,	“current	instructional	
programs	do	not	fully	consider	the	interrelated	nature	of	Internet	reading	competencies”	(p.	
26).	The	present	study	addresses	these	challenges	by	implementing	and	testing	a	teacher-led	
intervention	that	combines	several	reading	strategies	in	the	context	of	an	interdisciplinary	
course	of	the	university	curriculum.

Students’ challenges with online reading strategies

Online	reading	for	academic	purposes	is	a	complex,	document-based	activity	that	involves	
several	 steps	 and	 strategies.	According	 to	 the	Multiple-Document	Task-based	Relevance	
Assessment	 and	 Content	 Extraction	 (MD-TRACE)	 theoretical	 model,	 document-based	
activities	include	five	core	steps	(Rouet	&	Britt,	2011).	In	step	1	(Creating	and	updating	a	
task	model),	readers	construct	a	mental	model	of	the	task	requirements.	In	step	2	(Assessing	
information	needs)	readers	assess	and	reassess	their	information	needs	by	comparing	their	
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prior	knowledge,	or	initial	information,	with	the	task	model.	Step	3	is	sub-divided	into	three	
steps:	step	3a	(Assessing	item	relevance)	consists	in	assessing	the	relevance	and	reliability	
of	items	(documents	or	information	within	them);	step	3b	(Process	text	contents)	involves	
the	extraction	and	integration	of	information	from	a	single	document;	step	3c	(Create/update	
a	documents	model)	consists	of	combining	information	acquired	from	one	document	with	
information	 from	other	documents.	 In	 step	4	 (Creating/updating	a	 task	product),	 readers	
use	documents’	information	to	construct	an	answer	to	the	task.	Finally,	in	step	5	(Assessing	
whether	the	product	meets	the	task	goals)	readers	assess	the	extent	to	which	their	product	
satisfies	the	task	goals.	All	of	these	steps	unfold	in	a	highly	interactive	manner	during	task	
completion,	with	readers	going	back-and-forth	between	steps	to	update	the	task	or	product	
model	as	needed.	At	each	step,	readers	need	to	make	decisions	on	which	strategies	are	most	
appropriate	to	achieve	task	goals.	Strategies	include	actions	(e.g.,	type	a	query	in	a	search	
engine),	 cognitive	processes	 (e.g.,	 scan	a	document	 to	 locate	 information)	and	metacog-
nitive	 processes	 (e.g.,	monitor	 contradictions	 between	documents).	They	 can	be	broadly	
defined	as	“means	for	achieving	the	goal(s)	of	a	task”	(Britt	et	al.,	2022,	p.	368).	The	online	
context	requires	strategies	common	to	the	reading	of	printed	documents,	but	also	specific	
strategies	linked	to	the	medium	(e.g.,	searching	by	browsing;	Zhang	&	Salvendi,	2001)	and	
the	production-distribution	of	 information	on	the	Internet	(e.g.,	making	predictive	 judge-
ments	before	visiting	unknown	websites;	Rieh,	2002),	which	pose	significant	challenges	for	
undergraduate	students	(Britt	et	al.,	2018).	Moreover,	online	reading	for	academic	purposes	
differs	 from	 leisure	 time	 reading	 in	 that	 it	 requires	 the	 selection	 of	 specialized	 sources;	
understanding	text	on	unfamiliar	 topics;	and	maintaining	a	high	level	of	attention	during	
reading	so	as	not	to	miss	important	information	(List	et	al.,	2016a).

One	recurrent	observation	is	that	students	do	not	analyze	task	demands	deeply	enough	
before	 searching	 for	 academic	 information	online	 (Brand-Gruwel	 et	 al.,	 2005;	Salmerón	
et	al.,	2018).	For	instance,	they	spend	little	time	reading	and	trying	to	understand	research	
questions	 (Llorens	 &	 Cerdán,	 2012;	 Schoor	 et	 al.,	 2021).	Analyzing	 question	 demands	
before	searching	is	helpful	to	monitor	inconsistencies	within	questions	(Vidal-Abarca	et	al.,	
2010),	discard	distracting	information	(Cerdán	et	al.,	2011)	and	set	standards	of	coherence	
for	reading	(Van	Den	Broek	et	al.,	1995).	One	strategy	that	students	can	use	to	analyze	ques-
tion	demands	is	to	identify	the	interrogative	and	thematic	words	in	the	question	(Barsky	&	
Bar-Ilan,	2012).	Interrogative	words	(e.g.,	who,	when,	why…)	inform	readers	about	the	type	
of	information	requested	(e.g.,	a	name,	a	date,	a	cause…),	whereas	thematic	words	(nouns)	
allow	for	the	identification	of	the	topic	and	provide	keywords	for	searching	(Potocki	et	al.,	
2023).	Another	useful	strategy	is	to	paraphrase	questions	in	order	to	highlight	the	cogni-
tive	 processes	 required	 to	 correctly	 answer	 the	 question	 (e.g.,	 through	 the	 use	 of	 action	
verbs)	and	key	information	to	search	for	(e.g.,	keywords).	Cerdán	et	al.	(2019)	observed	that	
providing	paraphrases	helps	less-skilled	readers	(eigth	graders)	find	answers	to	questions	
in	texts.	These	strategies	seemingly	help	readers	build	a	“task	model”	before	reading	and	
searching	for	information,	thus	supporting	step	1	of	the	MD-TRACE	model	(Rouet	&	Britt,	
2011).	Inadequate	 task	models	have	consequences	for	 the	subsequent	processes	 involved	
in	 online	 document	 use.	 Students	who	 do	 not	 understand	 the	 task	may	 have	 difficulties	
defining	appropriate	keywords,	formulating	search	queries,	and	selecting	relevant	items	in	a	
search	results	page	(Barsky	&	Bar-Ilan,	2012;	Walraven	et	al.,	2008).

Yet	another	challenge	for	students	is	to	apply	efficient	strategies	to	locate	information	
within	digital	documents.	 In	a	review	of	 the	 literature,	Walraven	et	al.	 (2008)	found	that	
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teenagers	and	young	adults	scan	online	documents	superficially,	 judging	information	rel-
evance	on	the	basis	of	expected,	not	actual	information.	Latini	et	al.	(2021)	observed	that	
undergraduate	students	with	low	prior	knowledge	on	the	topic	failed	to	combine	surface	and	
deep	strategies	to	find	relevant	information	in	a	digital	text.	Naumann	et	al.	(2007)	found	
that	undergraduate	students	with	low	reading	skills	could	only	find	relevant	information	in	
a	hypertext	with	a	high	amount	of	signaling	cues.	One	strategy	that	students	can	apply	to	
find	relevant	information,	quickly	and	efficiently,	in	digital	documents	is	to	use	metatextual	
cues	to	search.	Metatextual	cues	are	textual	and	graphical	devices	that	inform	readers	about	
the	text	structure	and	content	of	a	document	(Rouet,	2006).	There	is	ample	evidence	that	
metatextual	cues	help	readers	find	relevant	information	in	online	documents	(Lemarié	et	al.,	
2012;	Salmerón	et	al.,	2017, 2018).	For	instance,	León	et	al.	(2019)	found	that	instructing	
students	to	pay	attention	to	metatextual	cues	(i.e.,	a	“why”	question	that	preceded	relevant	
information	in	a	text)	increases	the	number	of	fixations	and	regressions	to	relevant	portions	
of	the	text,	as	well	as	the	amount	of	relevant	information	included	in	an	oral	summary	after	
reading.	Using	metatextual	cues	to	search	helps	readers	with	the	assessment	and	processing	
of	information,	thus	supporting	steps	2	and	3a	of	the	MD-TRACE	model.

Finally,	 the	evaluation	of	online	 information	 is	a	major	challenge	for	students	 in	aca-
demic	tasks.	Research	findings	suggest	that	undergraduate	students	do	not	spontaneously	
evaluate	information	quality	and	source	reliability	when	searching	for	information	for	aca-
demic	purposes	(Brand-Gruwel	et	al.,	2017;	McGrew	et	al.,	2018;	Saux	et	al.,	2021).	When	
they	evaluate	information	in	web	sites,	many	students	fail	to	apply	relevant	criteria	(Brand-
Gruwel	et	al.,	2017;	List	et	al.,	2016a).	Information	quality	can	be	defined	as	the	useful-
ness,	goodness,	accuracy	and	importance	of	an	information	(Rieh,	2002).	One	of	the	most	
traditional	indicators	of	information	quality	is	the	presence	of	an	editorial	process	of	infor-
mation	validation	prior	to	publication	(Rieh	&	Danielson,	2007).	Many	websites	and	ser-
vices	completely	skip	such	process;	others,	such	as	Wikipedia,	have	developed	alternative	
mechanisms	to	ensure,	or	at	least	encourage,	validation	post-publication	(Yaari	et	al.,	2011).	
Post-publication	validation	 is	better	 than	“no	validation”,	but	 it	does	not	prevent	 readers	
from	encountering	unreliable	information	that	has	not	yet	been	reviewed	by	editors	or	other	
users.	Moreover,	information	validation	can	be	done	internally	(by	the	editorial	team)	and/
or	externally	(by	external	reviewers)	to	the	medium.	Combining	internal	and	external	vali-
dation	offers	a	higher	level	of	information	quality	control.	Therefore,	one	strategy	students	
can	use	to	evaluate	information	quality	is	to	assess	the	presence	and	type	of	editorial	filters	
in	the	websites	they	encounter	when	searching	for	information	for	an	academic	assignment.	
Another	 useful	 strategy	 is	 to	 corroborate	 online	 information	with	 reliable	 documents	 in	
order	 to	evaluate	 the	evidence	presented	for	claims	 in	online	documents.	Such	strategies	
support	steps	3a	(assessing	item	relevance)	and	3c	(creating/updating	a	documents	model)	
in	the	MD-TRACE	model.

Source	reliability	refers	to	a	number	of	parameters	on	the	origin	of	information	(Rieh,	
2002).	Two	major	cues	for	source	reliability	are	authors’	competence	and	authors’	benevo-
lence.	Author	competence	can	be	defined	as	the	extent	to	which	an	author	has	professional	
expertise	and	 training	on	 the	 topic	at	hand	 (Pérez	et	 al.,	2018).	Author	benevolence	can	
be	 defined	 as	 an	 author’s	 intention	 to	 provide	 the	 best	 possible	 information	 (Stadtler	&	
Bromme,	2014).	If	an	author	has	a	bias,	supporting	or	opposing	ideas	in	an	unfair	way,	or	
a	conflict	of	interest,	being	caught	between	moral	or	professional	obligations	and	personal	
interests,	contrary	to	these	obligations,	her/his	benevolence	must	be	questioned.	Research	
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shows	that	students	do	not	pay	enough	attention	to	the	characteristics	of	sources	and	source	
reliability	when	 reading	 online	 (Gasser	 et	 al.,	 2012;	Kammerer	&	Brand-Gruwel,	 2020; 
McGrew	 et	 al.,	 2018).	With	misinformation	 rapidly	 spreading	 online,	 the	 evaluation	 of	
source	reliability	has	become	a	central	issue	for	online	reading	education	(McCrudden	et	
al.,	2022).	One	strategy	that	students	can	use	to	evaluate	source	reliability	is	to	read	“later-
ally”	by	opening	tabs	in	their	browser	to	search	for	information	about	authors	outside	the	
original	websites	(Wineburg	&	McGrew,	2019).	Another	useful	strategy	is	to	apply	relevant	
evaluation	criteria	to	assess	authors’	competence	and	benevolence,	drawing	on	authors’	pro-
fessional	experience	and	ties	to	specific	interests	(Londra	&	Saux,	2023;	Pérez	et	al.,	2018).	
These	strategies	support	steps	3a	and	3c	in	the	MD-TRACE	model,	but	sourcing	can	also	be	
applied	in	other	phases	of	the	reading	process	(Hämäläinen	et	al.,	2023;	Kiili	et	al.,	2021).

All	of	these	observed	difficulties	justify	the	need	to	provide	explicit	instruction	on	online	
reading strategies to undergraduate students.

Previous instructional interventions

Several	 instructional	 interventions	 aiming	 at	 improving	 undergraduate	 students’	 online	
reading	skills	were	conceived	and	tested	by	researchers	since	the	mid-2000’s.	The	first	inter-
vention	studies	implemented	stand-alone	trainings,	delivered	by	researchers,	usually	in	the	
context	of	short-term	experiments	(Graesser	et	al.,	2007;	Hsieh	&	Dwyer,	2009;	Stadtler	&	
Bromme,	2008;	Wiley	et	al.,	2009)	or	courses	for	small	groups	of	students	(Brand-Gruwel	
&	Wopereis,	2006;	Wopereis	et	al.,	2008).	All	of	these	studies	showed	positive	effects	of	
instruction,	although	not	on	all	 strategies	and	not	 to	 the	same	extent,	on	students’	 skills.	
They	 provided	 initial	 evidence	 that	 explicit	 teaching	 of	 online	 reading	 strategies	 is	 effi-
cient	to	improve	students’	search	and	evaluation	skills.	However,	the	results	of	stand-alone,	
researcher-led	interventions	cannot	be	generalized	to	more	ecological	settings	(i.e.,	the	uni-
versity	classroom	or	digital	learning	environment),	because	they	depend	on	the	fidelity	of	
implementation	(Capin	et	al.,	2022;	Tincani	&	Travers,	2019).

More	recently,	researchers	have	started	to	implement	teacher-led	interventions	embed-
ded	 in	 the	university	curriculum.	As	compared	 to	 stand-alone	 interventions	delivered	by	
researchers,	 teacher-led	 interventions	 are	more	 ecologically	 valid,	 but	 they	 also	 involve	
more	sources	of	variability	and	require	additional	steps,	such	as	teacher	professional	devel-
opement training.

The	Stanford	History	Education	Group	carried	out	a	series	of	 teacher-led	intervention	
studies	on	“lateral	reading”	to	develop	high-school	and	college	students’	evaluation	skills	
(Breakstone	 et	 al.,	 2021;	McGrew,	 2020;	Wineburg	 et	 al.,	 2022).	 Lateral	 reading	 is	 an	
evaluation	strategy	borrowed	from	professional	fact-checkers,	that	consists	of	checking	the	
reliability	of	a	website	by	opening	tabs	and	searching	for	information	on	sources	in	other	
websites	(Wineburg	&	McGrew,	2019).	McGrew	(2023)	conceptualizes	lateral	reading	as	
“a	complex	strategy	that	requires	layers	of	knowledge,	skill,	and	motivation”	(p.	2).	This	
strategy	 is	 related	 to	one	 step	 in	 the	MD-TRACE	model	 (i.e.,	 step	3a	 -	Assess	 item	rel-
evance).	Based	on	these	conceptualizations,	we	considered	lateral	reading	interventions	as	
single-strategy	trainings.	The	studies	conducted	so	far	show	that	lateral	reading	instruction	
improves	students’	accuracy	in	the	evaluation	of	websites.	However,	such	improvement	is	
not	systematically	associated	with	the	actual	use	of	lateral	reading	strategies	(Brodsky	et	
al.,	2021a, b).	Or,	when	students	actually	read	lateraly	after	instruction,	“they	may	still	not	

1 3



M. Macedo-Rouet et al.

arrive	at	the	correct	conclusion	[about	the	reliability	of	a	website]”	(Breakstone	et	al.,	2021, 
p.	6).	Such	difficulty	may	be	due	to	the	fact	that	some	students	do	not	know	what	to	search	
for	when	reading	lateraly	and	miss	content-related	cues	that	can	help	them	be	more	skeptical	
of	a	website’s	purpose	(Kohnen	et	al.,	2020).	Overall,	these	studies	suggest	that	teacher-led	
instruction	on	a	single	strategy	(i.e.	lateral	reading)	may	not	be	sufficient	to	respond	to	the	
challenges	of	 academic	 tasks,	which	 involve	 the	 combined	use	of	 several	 heuristics	 and	
tactics.

Other	researchers	propose	a	whole-task	approach	to	online	reading	instruction	(Frerejean	
et	al.,	2018, 2019;	Argelagós	et	al.,	2022).	The	whole-task	approach	exposes	learners	to	an	
entire	set	of	skills	from	beginning	to	end,	as	opposed	to	a	part-task	approach	in	which	the	
skills	are	decomposed	in	a	series	of	smaller	tasks	(Lim	et	al.,	2009).	For	instance,	Frerejean	
et	 al.	 (2019)	 implemented	a	 teacher-led	 intervention	 in	which	 students	 completed	whole	
tasks	of	 information	problem	solving	on	 the	 Internet	 (IPS-I),	 from	defining	 the	problem	
to	 presenting	 information,	 during	 instruction	 and	 testing.	 The	 intervention	was	 efficient	
for	 improving	 students’	 systematic	 searching	 and	 selection	of	 sources,	 but	 had	no	 effect	
on	students’	ability	to	define	the	problem	and	formulate	search	queries.	Similar	outcomes	
were	found	by	Argelagós	et	al.	(2022)	and	Engelen	and	Bundke	(2022).	In	the	first	study,	
the	whole-task	approach	had	positive	effects	on	two	skills	(planning	search	strategies,	and	
searching	and	locating	sources)	and	in	the	second	study	on	one	skill	(the	ability	to	include	
different	perspectives	in	written	products	after	searching	for	information).	In	sum,	the	use	of	
whole	tasks	during	instruction	led	to	encouraging,	but	mixed	results.	Some	strategies	were	
improved	after	instruction,	but	not	all	strategies	and	not	the	same	strategies	according	to	the	
studies.	One	possible	explanation	for	the	mixed	results	is	that	whole	tasks	do	not	provide	
enough	opportunities	for	students	to	identify	and	reflect	on	the	specific	steps	aspects	of	the	
tasks	that	challenge	them.	A	better	approach	could	be	to	combine	several	strategies	analyti-
cally,	examining	steps	in	detail	and	training	each	strategy	one-by-one	but	also	showing	how	
they	fit	in	the	whole	process	of	online	reading	for	academic	tasks.

In	sum,	research	into	strategy	intervention	has	transitioned	from	researcher-	to	teacher-
led	 interventions.	Studies	 either	 focused	on	 a	 single	 skill	 (e.g.,	 evaluation)	or	 adopted	 a	
whole-task	approach	with	mixed	results.	An	analytical	approach	based	on	general	descrip-
tions	of	the	cognitive	processes	involved	in	purposeful	reading	(Brand-Gruwel	et	al.,	2005; 
Britt	et	al.,	2018)	may	help	overcome	those	limitations.

Rationale

The	purpose	of	the	present	study	was	to	investigate	the	effectiveness	of	a	teacher-led	inter-
vention	aimed	at	teaching	first-year	university	students	a	series	of	interdependent	reading	
strategies	for	multiple-document	reading.	We	designed	an	intervention	based	on	the	MD-
TRACE	model	of	purposeful	reading	(Rouet	&	Britt,	2011),	and	we	compared	a	cohort	of	
students	participating	 in	 the	 training	with	an	active	control	group.	We	 tested	 two	sets	of	
predictions :

Effects	on	search	skills:	The	intervention	will	 improve	participants’	accuracy	and	effi-
ciency	to	identify	the	type	of	information	required	to	answer	an	academic	task	(H1)	;	to	use	
metatextual	cues	when	assessing	information	relevance	(H2).

Effects	on	evaluation	skills:	Trained	participants	will	more	accurately	assess	 the	most	
reliable	document	from	among	a	set	of	multiple	documents	on	the	same	topic	(H3);	authors’	
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competence	and	authors’	bias	or	conflict	of	interest	(H4).	They	will	justify	their	evaluations	
using	more	relevant	and	elaborated	criteria	(H5).

Method

Participants

The	 participants	were	 167	 students1	 (Mage =	 19.79;	 SD	=	2.33)	 from	 a	 public	 university	
located	in	the	metropolitan	area	of	Paris	(France).	Students	were	enrolled	in	a	mandatory	
“Digital	Skills”	course	as	part	of	their	curriculum	in	one	of	three	majors	(Social	Sciences,	
Arts	and	Humanities,	Mathematics	and	Economics).	Females	represented	71%	of	the	sam-
ple,	which	is	roughly	the	same	proportion	of	females	enrolled	in	such	majors	nationwide	
(MESRI	[Ministry	of	higher	education	in	France],	2022).	Twenty-five	students	were	non-
native	speakers	of	French.	Among	them,	20	had	been	enrolled	in	the	French	educational	sys-
tem	for	at	least	five	years.	The	remaining	five	students	were	enrolled	in	this	system	for	less	
than	five	years,	but	they	were	finally	included	in	the	sample	because	teachers	(and	our	own	
review	of	their	written	answers)	confirmed	they	were	proficient	in	French.	Data	collection	
took	place	in	the	Fall	of	2021,	during	the	Covid-19	pandemic	without	lock-down.	Students	
met	 face-to-face	 at	 the	 university	 according	 to	 official	 sanitary	 rules.	While	 all	 enrolled	
students	completed	the	experimental	protocol,	only	the	responses	of	those	who	provided	an	
informed	consent	were	used	in	this	study.

Research design

We	used	a	quasi-experimental	pre-post	design	with	a	non-equivalent	control	group	(Miller	
et	al.,	2020).	The	participating	instructors	(N =	6;	1	female)	had	taught	the	“Digital	Skills”	
course	for	at	least	three	years.	For	the	purpose	of	this	study,	some	sessions	of	the	course	
were	adapted	to	include	the	explicit	training	of	strategy	components	(see	below,	2.3).	The	
course	was	delivered	in	hybrid	mode,	alternating	onsite	face-to-face	meetings	once	every	
two	weeks	and	homework	assignments	in-between,	except	for	two	classes	who	had	weekly	
meetings	for	practical	reasons	(e.g.,	access	to	computers).	Each	instructor	was	in	charge	of	
either	two	or	four	classes	of	students.	Half	of	each	instructor’s	classes	were	assigned	to	the	
intervention	condition,	the	other	to	the	control	condition.	The	intervention	classes	(total	of	
95	students,	74.7%	females)	had	onsite	meetings	in	even	weeks,	whereas	the	control	classes	
(72	 students,	 66.7%	 females)	met	 in	 odd	weeks.	 Students	were	 not	 permitted	 to	 switch	
classes	during	the	term.

The	 pre-	 and	 post-tests	 consisted	 each	 of	 two	 scenario-based	 assignments	measuring	
Search	and	Evaluation	skills.	There	were	two	topics	per	test:	Memory/Migrations,	Preju-
dice/Energy.	We	counterbalanced	topic	order	in	both	conditions.	Between	pre-	and	post-test,	
the	intervention	group	participated	in	a	teacher-led	intervention	on	online	reading	strategies	

1		 Initially,	 260	 students	were	 enrolled	 in	 the	 experiment.	However,	 93	 students	were	 removed	 from	 the	
sample	because	they	were	either	absent	from	the	post-test	(N =	75),	they	did	not	give	their	consent	for	includ-
ing	 their	data	 in	 the	analyses	 (N =	6),	 they	 took	 the	wrong	version	of	 the	post-test	because	of	a	 technical	
error	(N =	6),	completed	less	than	50%	of	the	practice	exercises	(N =	3),	or	did	not	read	the	documents	(never	
clicked)	in	the	pre	or	post-test	(N =	3).
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(4	×	30	min	lessons	+ 4 ×	30	min	homework	assignments),	embedded	in	the	“Digital	Skills”	
course	(total	of	12	×	180	min	lessons).	The	control	group	followed	the	regular	course	syl-
labus	whose	instructional	goals	partly	overlapped	(e.g.,	using	a	search	engine)	but	did	not	
include	any	explicit	teaching	of	strategies.	This	was	an	active	control	group	because	stu-
dents’	 completed	digital	 literacy	modules	 and	 tasks	 (e.g.	 formatting	presentation	 slides),	
while	the	intervention	group	completed	strategy	training	modules	and	tasks.	Control	stu-
dents	were	granted	access	to	the	intervention	materials	after	post-test	completion.

Design and implementation of the intervention

We	designed	a	teacher-led	intervention	that	was	guided	by	several	instructional	principles.	
First,	 we	 implemented	 fully	 guided	 instruction,	 including	 explicit	 teaching,	 worked-out	
examples,	 guided	 practice,	 and	 feedback	 on	 online	 reading	 strategies	 to	 maximize	 the	
chances	that	students	learn	the	target	content	(Clark	et	al.,	2012;	Brante	&	Strømsø,	2018).	
Second,	we	 used	 scenario-based	 assessments,	 combining	 several	 interdependent	 reading	
strategies,	 to	 encourage	 the	 coordination	 of	 different	 competencies	 required	 in	 Internet	
reading	(Kammerer	&	Brand-Gruwel,	2020;	McCrudden	et	al.,	2022).	Third,	we	followed	
evidence-based	guidelines	in	the	development	of	multimedia	materials	to	manage	resources	
and	allow	for	self-paced	task	completion	(Clark	&	Mayer,	2016).	The	use	of	multimedia	
materials	was	also	important	to	ensure	hybrid	teaching	and	learning	(Linder,	2017).

The	 content	 of	 the	 intervention	was	 informed	 by	 the	MD-TRACE	 theoretical	model	
(Rouet	&	Britt,	 2011)	 and	prior	 intervention	 studies	 (e.g.,	Cerdán	 et	 al.,	 2019; Macedo-
Rouet	et	al.,	2019;	Martínez	et	al.,	2024;	Pérez	et	al.,	2018).	Search	strategies	were	opera-
tionalized	as	students’	ability	to	analyze	task	demands	before	searching	(Cerdán	et	al.,	2019)	
and	 to	use	metatextual	 cues	 to	 search	 for	 information	 (Ayroles	 et	 al.,	 2021;	León	et	 al.,	
2019),	both	of	which	are	related	to	three	steps	in	the	MD-TRACE	model	(i.e.,	steps	1,	2	
and	3b).	Evaluation	strategies	were	operationalized	as	readers’	ability	to	evaluate	informa-
tion	quality	and	source	reliability,	in	relation	to	steps	3a	(Assessing	item	relevance)	and	3c	
(Creating/updating	a	documents	model)	in	the	MD-TRACE	model.	Information	quality	and	
source	reliability	are	complex	concepts	that	can	be	defined	through	multiple	criteria	(Rieh	&	
Danielson,	2007).	We	define	information	quality	as	the	presence	of	editorial	filters	in	a	web-
site	and	a	validation	process	of	information	prior	to	publication	(Hämäläinen	et	al.,	2023; 
Macedo-Rouet	et	al.,	2019).	Source	reliability	is	defined	as	the	extent	to	which	the	author	of	
a	document	is	competent,	exempt	of	biases	or	conflicts	of	interest,	and	the	trustworthiness	
of	the	document	(Bråten	et	al.,	2019;	McGrew,	2020;	Pérez	et	al.,	2018).

To	 increase	 the	chances	of	 sustainable	delivery	and	 integration	 in	 the	curriculum,	 the	
intervention	was	embedded	in	a	“Digital	Skills”	course	that	is	mandatory	for	all	first-year	
undergraduates	at	the	university.	The	aim	of	the	“Digital	Skills”	course	is	to	prepare	students	
for	a	national	certification	of	digital	competencies	(Bancal	&	Dobaire,	2022; Ministère de 
l’éducation	nationale	et	de	la	Jeunesse,	2022).	The	regular	course	syllabus	includes	three	
main	topics:	exploring	digital	data	files,	learning	to	use	office	automation	software,	and	cod-
ing	with	HTML.	In	addition,	students	must	complete	a	series	of	online	tasks	on	a	national	
platform	 for	 the	 assessment	 of	 digital	 competencies	 (Groupement	 d’intérêt	 public	 Pix,	
2022).	Some	of	these	tasks	imply	information	search	and	evaluation	(e.g.,	“find	the	name	
of	the	author”).	However,	the	platform	does	not	provide	any	explicit	teaching	on	reading	
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strategies	and	its	tasks	are	not	necessarily	academic.	Therefore,	the	reading	strategies	inter-
vention	was	complementary	to	the	course	and	relevant	to	develop	students’	digital	skills.

Materials

We	developed	four	interactive	modules	and	eight	online	practice	tasks	to	promote	students’	
understanding	and	use	of	Search	and	Evaluation	strategies	(Table	1).	These	modules	and	
practice	tasks	were	implemented	in	two	online	environments	to	enable	distant	as	well	as	
face-to-face	delivery	of	the	instruction.	Additional	materials	were	also	developed	to	support	
instructors’	presentation	of	 the	modules	 in	class	and	discussion	with	 students.	All	of	 the	
materials	are	available	(in	French)	upon	request	to	the	first	author.

Interactive modules

The	interactive	modules	presented	the	reading	strategies	in	the	context	of	academic	tasks	
scenarios	 (e.g.,	“Imagine	 that	 for	an	 introductory	 ‘Social	Sciences	and	 the	Environment’	
class	you	have	to	answer	the	following	question:	What	is	‘gentrification’	and	how	does	it	
change	the	life	of	a	neighborhood?”).	Each	module	included	four	phases	of	explicit	instruc-
tion:	 direct	 explanation,	 modeling,	 guided	 practice,	 and	 corrective	 feedback	 (Archer	 &	
Hughes,	2011).	It	started	with	a	presentation	of	the	learning	goals,	followed	by	a	presenta-
tion	of	the	scenario.	Then,	students	were	prompted	to	reflect	on	what	they	would	do	if	they	
had	 to	 search	 for	 information	 on	 the	 Internet	 to	 accomplish	 the	 task.	 Progressively,	 the	
slide	show	presented	worked-out	examples	of	strategy	use	in	the	context	of	online	reading,	
accompanied	by	interactive	questions	with	automatic	feedback.	Finally,	a	summary	of	the	
strategies	was	presented	in	the	last	slide.

In	Module	1,	students	were	taught	to	analyse	task	demands	before	searching	for	informa-
tion.	The	slides	demonstrated	the	strategy	of	identifying	interrogative	and	thematic	words	
in	questions,	as	well	as	paraphrasing	complex	questions,	in	order	to	determine	the	type	of	
information	needed	(e.g.,	a	name,	a	concept,	a	reason;	Cerdán	et	al.,	2021;	Potocki	et	al.,	
2023).	In	Module	2,	students	were	taught	to	inspect	different	metatextual	cues,	such	as	the	
table	of	contents,	titles	and	subtitles	to	quickly	find	thematic	keywords	or	phrases	in	a	web	
page	(e.g.	the	French	Wikipedia	article	on	gentrification)	in	relation	to	the	research	ques-
tion.	The	choice	of	Wikipedia	articles	was	based	on	evidence	from	previous	studies	 that	
Wikipedia	is	a	useful	source	to	start	academic	searches,	even	though	its	information	must	
be	verified	(List	et	al.,	2016b;	Wineburg	&	McGrew,	2019).	Students	had	to	determine	as	
fast	as	possible,	whithout	reading	the	entire	document,	whether	relevant	information	was	
present	in	the	page.	Different	parts	of	the	webpage	(e.g.,	navigation	menus)	were	analyzed	
during	this	demonstration	phase.	The	main	goal	of	the	lesson	was	to	promote	goal-focusing	
attention	and	efficient	information	search	in	a	document	(León	et	al.,	2019).

Module	3	taught	students	to	evaluate	information	quality	by	questionning	information	
validation	processes	in	websites.	The	History	section	of	the	Wikipedia	article	on	gentrifi-
cation	(Fig.	1)	was	used	as	a	starting	point	to	discuss	different	types	of	validation	(prior/
post	 publication,	 internal/external	 reviews).	Then,	 students	were	 prompted	 to	 categorize	
different	types	of	websites	with	the	help	of	a	typology	of	information	validation	processes	
(Pérez	et	al.,	2018).	Students	received	metacognitive	feedback	encouraging	self-regulation	
through	strategic	evaluation	of	information	(Abendroth	&	Richter,	2021).	Module	4	dealt	
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with	source	reliability	evaluation	focusing	on	author	competence,	author	bias	or	conflict	of	
interest,	and	trustworthiness	of	a	web	page	as	influenced	by	these	criteria.	Two	web	pages	
(a	research	article,	a	social	media	post)	with	conflicting	views	on	the	topic	of	gentrifica-
tion	were	presented.	Then,	students	saw	a	demonstration	of	the	“lateral	reading”	strategy	
(McGrew,	2020;	Wineburg	&	McGrew,	2019).	Different	criteria	for	evaluating	author	com-
petence,	bias	and	conflict	of	interest	were	explained	(Bråten	et	al.,	2019;	Pérez	et	al.,	2018).

To	support	students’	integration	of	the	strategies	taught,	every	module	built	on	the	previ-
ous	one	by	providing	an	overview	and	introducing	the	new	strategy	within	the	same	sce-
nario	of	academic	online	reading,	as	the	previous	ones.	We	held	the	topic	(gentrification)	
constant	to	make	the	integration	of	different	strategies	even	more	explicit	to	students.	In	the	
pre	and	post-tests,	these	strategies	were	assessed	with	separate	tasks	in	order	to	control	for	
dependency,	which	may	have	occurred	for	instance	if	students	had	spent	more	time	look-
ing	for	information	on	one	item,	inspecting	source	and	content	features	more	thoroughly.	
Also,	we	could	not	ask	students	to	search	and	evaluate	more	than	three/four	pages,	because	
of	time	constraints	in	the	course	setting.	In	sum,	the	strategies	were	taught	one-by-one	and	
analytically	(i.e.,	examining	steps	in	detail),	but	they	were	integrated	across	modules.

Online practice tasks

Each	module	was	accompanied	by	two	practice	tasks	on	the	strategies	taught.	Half	of	the	
tasks	were	meant	to	be	completed	(or	at	least	started)	in	class,	the	other	half	as	homework	
assignment.	All	of	the	tasks	were	based	on	an	academic	assignment	scenario,	and	incorpo-
rated	questions	from	the	different	modules	to	facilitate	the	integration	of	reading	strategies.	
Students	received	corrective	and	explanatory	feedback	for	every	task,	including	multiple-
choice	questions	and	open-ended	justifications.	A	detailed	description	of	the	tasks	is	pre-
sented	in	Appendix	1.

The	first	and	second	tasks	(related	 to	Module	1)	asked	students	 to	analyze	a	series	of	
questions	in	order	to	determine	the	type	of	information	requested,	using	the	typology	from	
Module	1.	The	third	and	fourth	tasks	(Module	2)	asked	students	to	determine,	as	quickly	as	
possible,	whether	a	document	contained	relevant	information	to	answer	question(s)	from	an	
academic	assignment.	Students	had	to	use	metatextual	cues	to	find	information	in	authentic	
webpages	and	one	e-book	from	the	university	library.	Questions	were	worded	in	a	way	that	
using	the	Find	function	was	not	relevant	to	the	task	(non-factual	questions).	The	fifth	and	
sixth	tasks	(Module	3)	asked	students	to	evaluate	information	quality	in	two	to	three	web	
pages	per	 task.	The	pages	were	 issued	 from	websites	with	strong	editorial	filters	 (e.g.,	a	
journal	article),	no	editorial	filters	(e.g.,	a	post	from	an	individual’s	social	network	account)	
or	few	editorial	filters	(e.g.,	an	article	from	a	group	of	committed	people).	Students	had	to	
identify	editorial	filters	and	classify	different	types	of	websites.The	seventh	and	eighth	tasks	
(Module	4)	asked	students	to	evaluate	source	reliability.	For	each	page,	students	were	asked	
to:	(1)	identify	the	name	of	the	author,	(2)	state	whether	the	author	was	competent	on	the	
topic,	(3)	state	whether	the	author	had	a	bias	or	conflict	of	interest	regarding	the	topic,	(4)	
choose	the	most	trustworthy	document	for	the	academic	assignment.	Students	could	look	
for	 information	 about	 the	 authors	on	 the	 Internet.	However,	 because	of	 the	 limited	 time	
available	for	the	tasks	and	to	ensure	all	students	would	have	access	to	source	information,	
we	also	included	information	about	the	authors	and	the	website	at	the	bottom	of	the	page.
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Online environments

The	modules,	practice	tasks,	and	other	materials	were	implemented	in	two	complementary	
online	 environments.	 The	modules,	 consent	 form,	 and	 socio-demographic	 and	metatex-
tual	questionnaires	were	implemented	in	a	Moodle	course	page	that	was	set	to	display	the	
resources	as	a	function	of	students’	class	and	group	(intervention	or	control).	Students	were	
familiarized	with	Moodle	since	they	used	this	learning	management	system	for	the	“Digital	
Skills”	course	as	well.The	practice	tasks	were	implemented	in	a	purposeful	web-based	plat-
form	identified	by	the	accronym	“SELEN”.	This	platform	enables	the	creation	of	exercises,	
providing	 corrective	 and	 explanatory	 feedback,	 and	 exporting	 students’	 scores	 and	 time	
spent	on	documents/questions.	Its	design	is	clean	to	avoid	distractions	and	the	experimenter	
can	choose	between	two	test	modes	(evaluation	or	training),	allowing	for	running	pre	and	
posttests,	as	well	as	practice	tasks	during	instruction	(Fig.	2).

Additional materials for instructors

To	support	instructors’	integration	of	the	lessons	in	the	regular	course	program,	we	devel-
oped	an	Instructor	Guide	containing	full	lesson	plans,	a	description	of	the	online	platform,	
and	the	timeline	for	the	experiment.	Moreover,	instructors	received	Introductory	Slides	for	
the	intervention	group,	containing	lesson	goals,	a	glossary	of	key	concepts	presented	in	the	
modules,	the	unfolding	of	tasks,	and	debriefing	questions	to	be	used	in	the	last	2–5	min	of	
the	intervention	session.	The	structure	of	an	intervention	lesson	is	presented	in	Table	2.	We	
also	provided	each	instructor	with	a	schedule	for	lessons	and	tasks	for	each	group	(interven-
tion	and	control)	as	well	as	the	list	of	anonymous	logins/passwords	to	the	SELEN	platform,	

Fig. 1	 	The	French	Wikipedia	article	on	gentrification	with	an	extract	from	its	“History”	tab	showing	a	
post-publication	review	process
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which	the	instructors	attributed	to	their	students	in	class.	These	materials	were	introduced	
and	discussed	with	instructors	during	professional	development	meetings	(see	below).

The	study	was	registered	in	the	French	National	Commission	for	Information	Technol-
ogy	and	Civil	Liberties	database	(CNIL,	2021),	following	the	directives	from	the	European	
General	Data	Protection	Regulation	(European	Union,	2018).	Students	received	an	informa-
tion	letter	describing	the	study	and	participants’	rights	regarding	data	protection,	then	signed	
an informed consent.

Phase Description Duration
1. Presentation 
of	objectives,	
clarification	of	
processes and 
vocabulary

Explanation	by	the	teacher	with	the	
help	of	presentation	slides

5 min

2.	Guided	
practice

Students	view	an	interactive	slide	
show	and	complete	a	practice	task,	
with	open	access	to	the	Internet.	They	
receive	a	partial	or	total	correction	of	
their	answers.

20	min

3.	Debriefing Review	of	objectives,	discussion	of	
practice	task	completion	and	collective	
response	to	outstanding	questions.

2–5	min

Table 2	 Structure	of	an	interven-
tion	Lesson*

*In	between	sessions,	students	
completed	an	extra	practice	task	
at	home,	without	the	presence	
of	the	teacher	(except	for	the	2	
groups	who	had	face-to-face	
meetings	with	the	teacher	every	
week).	The	interactive	slide	
show	was	available	for	review	
anytime during the intervention

 

Fig. 2	 	Example	of	a	practice	exercise	for	Module	2	with	a	single	document	(on	the	right)	and	a	multiple-
choice	question	(on	the	left)
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Measures

Sociodemographic data and internet use

Socio-demographic	data	and	students’	Internet	use	were	collected	through	a	questionnaire	
embedded	in	the	Moodle	course	page.	Students	were	asked	to	report	their	age	(month	and	
year	of	birth),	gender,	major	field	of	 study	 (Social	Sciences,	Arts	and	Humanities,	Math	
and	Economics),	and	frequency	of	use	of	three	of	the	most	popular	social	networking	sites	
in	France	 (Facebook,	Snapchat,	Whatspp)	 (Perronet	&	Coville,	2020),	as	well	as	of	 two	
scientific	portals	(CAIRN,	Science	Direct).	The	scale	for	frequency	of	use	ranged	from	0	
(‘Never’)	to	4	(‘Almost	constantly’).	The	average	of	social	networking	scores	was	used	as	
an	index	of	“Recreational	Use”	and	the	average	of	scientific	portals’	scores	was	used	as	an	
index	of	“Scientific	Use”	of	the	Internet.	Based	on	Macedo-Rouet	et	al.	(2020),	we	expected	
Recreational	use	 to	be	negatively	associated	with	 information	evaluation	skills	and	vice-
versa	for	Scientific	use.	Therefore,	these	indexes	were	used	to	control	for	group	equivalence	
prior to the intervention.

Reading abilities

We	measured	two	reading	abilities	related	to	information	search	and	evaluation	skills:	Lexi-
cal	quality	(Auphan	et	al.,	2019)	and	Metatextual	knowledge	(Ayroles	et	al.,	2021;	Rouet	&	
Eme,	2002).	Lexical	quality	refers	to	individuals’	ability	to	quickly	and	accurately	retrieve	
lexical	representations	of	words	stored	in	memory	(Perfetti	&	Stafura,	2014).	Lexical	qual-
ity	significantly	correlates	with	readers’	(13–14	year	olds)	ability	to	find	relevant	informa-
tion	for	answering	questions	in	a	multiple-document	reading	situation	(Potocki	et	al.,	2023).	
To	measure	participants’	lexical	quality	we	used	the	Word Identification Task	(Auphan	et	al.,	
2019)	which	comprises	three	sub-tasks:	orthographic	discrimination,	phonological	decod-
ing,	semantic	categorization.	For	all	of	these	tasks,	participants	had	to	make	word	selection	
decisions	as	quickly	and	accurately	as	possible.	An	index	of	rapidity	and	precision	was	cal-
culated	by	taking	into	account	the	ratio	between	the	response	time	and	the	correct	answers.

Metatextual	 knowledge	 refers	 to	 individuals’	 knowledge	 of	 text	 organizers	 and	 read-
ing	strategies	(Rouet	&	Eme,	2002).	Metatextual	knowledge	predicts	the	use	of	selective	
reading	strategies	(e.g.	using	headers	to	search	for	information	in	a	text)	among	children	
(Potocki	et	al.,	2017).	Other	studies	suggest	that	this	might	be	the	case	for	undergraduate	
students	as	well	(León	et	al.,	2019).	To	measure	students’	metatextual	knowledge	we	used	
an	adapted	version	of	the	Metatextual	questionnaire	developed	by	Ayroles	et	al.	(2021).	The	
questionnaire	comprises	two	multiple-choice	questions	on	the	role	of	metatextual	cues	(e.g.,	
table	of	contents)	and	eight	multiple-choice	questions	on	reading	strategies	(e.g.,	“You	have	
to	answer	a	question	by	looking	for	information	in	a	text,	but	you	are	in	a	hurry	and	you	can	
only	read	a	few	sentences,	which	ones	will	you	read	first?”).	Each	correct	answer	is	assigned	
1	point	(max	=	10).

Pre-test / post-test of search and evaluation skills

As	pre-	and	post-tests,	 students	completed	 two	online	 tests	 (Search	and	Evaluation)	 that	
were	similar	to	the	practice	tasks	of	the	intervention	phase.	The	topics	(Memory	or	Preju-
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dice,	 in	 the	 Search	 test;	Migrations	 or	Energy	 dependence,	 in	 the	Evaluation	 test)	were	
counterbalanced	 across	 subjects	 between	pre	 and	post-tests.	 Students	 had	 approximately	
45	min	to	complete	both	tests.	The	assessments	included	multiple-choice	and	open-ended	
(short	answers,	justifications)	questions.	Each	correct	answer	was	granted	1	point,	except	
for	the	justifications,	which	were	scored	in	a	4-point	scale,	from	inadequate	(0	points)	to	
relevant	and	elaborated	(3	points),	following	the	coding	scheme	by	Kiili	et	al.	(2022).	Two	
researchers	independently	coded	15%	of	the	justifications	for	each	question	(Kappa	values	
were	respectively:	0.87,	0.71,	0.95,	0.92).	Next,	one	of	the	researchers	who	participated	in	
double-coding	coded	all	of	the	justifications.	Time	on	task	was	assessed,	in	seconds,	based	
on	the	log	files	from	the	SELEN	platform.

The	Search	 test	 asked	students	 to	analyze	 the	demands	of	a	given	academic	 task	and	
determine,	as	quickly	and	efficiently	as	possible,	whether	a	web	page	(Wikipedia	article)	
contained	relevant	information	to	answer	the	task.	Five	questions	assessed	students’	abil-
ity	to	determine	the	type	of	information	needed	(i.e.,	a	name,	a	concept,	a	place,	a	date	or	
period,	 a	 number	 or	 quantity,	 a	 reason	or	 explanation)	 (Tasks 1 to 5).	 For	 the	Prejudice	
topic,	the	questions	were:	“How	many	types	of	prejudice	are	there?”	(number),	“What	is	
social	 influence?”	 (concept),	 “What’s	 the	 point	 of	 social	 categorization?”	 (explanation),	
“Who	 developed	 the	 theory	 of	 real	 conflict?”	 (name),	 “When	 did	we	 first	 define	 preju-
dice	as	an	unconscious	defensive	mechanism?”	(date).	For	the	Memory	topic,	the	questions	
were:	“How	many	memory	systems	are	there?”	(number),	“What	is	short-term	memory?”	
(concept),	“Show	how	short-term	memory	differs	from	long-term	memory”	(explanation),	
“Who	first	described	short-term	memory	in	1968?”	(name),	“When	did	Atkinson	and	Schif-
frin	propose	the	modal	model	of	memory?”	(date).	Three	questions	assessed	students’	use	
of	metatextual	cues	for	searching:	(1)	“Where	on	the	page	do	you	look	to	find	the	answer	
to	[the	assigned	question]?”	(Page);	(2)	“Without	reading	the	article,	can	you	tell	quickly	
in	which	 part(s)	 [assigned	 topics]	 are	 described?	Copy	 the	 number(s)	 and	 title(s)	 of	 the	
section(s)”	(Menu);	(3)	“Now	imagine	that	you	are	interested	in	[acronym	or	technical	term	
from	the	text].	Find	out	as	quickly	as	possible	what	this	[acronym/technical	term]	stands	
for”	(Find).

The	Evaluation	test	asked	students	to	evaluate	information	quality	and	source	reliability	
of	three	given	web	pages	per	topic.	Two	questions	assessed	information	quality.	The	first	
question	(Editorial filters)	asked	students	to	identify	the	document(s)	that	had	been	editori-
ally	 reviewed	before	publication	and	 to	 justify	 their	answer.	The	second	question	 (Sites)	
asked	students	to	identify	websites	(in	a	list)	that	typically	allow	users	to	post	a	message	
or	text	without	information	validation	prior	to	publication.	Three	multiple-choice	questions	
followed	by	 justification	questions	assessed	 the	evaluation	of	 source	 reliability.	Students	
were	asked	to	indicate:	(1)	the	least	competent	author	on	the	topic	(Competence),	(2)	the	
author	displaying	a	bias	or	conflict	of	 interest	 regarding	 the	 topic	 (Bias/conflict),	 (3)	 the	
most	trustworthy	document	for	the	assignment	(Trustworthiness).	For	reasons	of	time,	we	
have	selected	extracts	from	these	web	pages	and	provided	source	information	at	the	bottom	
of	each	page	 to	ensure	 that	all	 students	would	have	 the	chance	 to	consider	source	 infor-
mation	in	the	alloted	time,	but	students	could	also	search	for	information	on	the	Internet.	
Source	information	included	authors’	profession	and	position	(e.g.	a	political	scientist	and	
president	of	the	Institute	for	Strategic	Defense	of	National	Interests),	the	name	and	stance	of	
the	website	in	which	the	article	appeared	(e.g.	the	site	of	the	Institute	for	Strategic	Defense	
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of	National	Interests,	a	lobby	group	for	the	government	to	defend	the	closing	of	the	borders	
to	foreigners).

Professional development

Prior	 to	 the	 experiment,	 participating	 instructors	 (N =	6)	 attended	 two	3	h	meetings	with	
members	of	the	research	team	to	get	familiarized	with	the	intervention	goals,	test	the	materi-
als,	and	organize	the	implementation	of	the	intervention.	The	first	meeting	took	place	before	
the	summer	break	(end	of	June)	and	the	second	meeting	occurred	in	September.	The	meet-
ings	were	held	face-to-face	at	the	university	facilities.	Instructors	received	a	financial	com-
pensation	for	their	participation	in	the	whole	experiment.	All	but	one	participating	instructor	
had	a	master’s	degree	and	all	had	at	least	5	years	of	experience	teaching	the	course.

In	the	first	meeting,	instructors	were	introduced	to	the	theory	and	rationale	of	the	experi-
ment.	Building	on	 authentic	 examples	 of	 academic	 tasks	 at	 the	 undergraduate	 level,	 the	
concept	of	“expert	 reading	 strategies”	 (i.e.	 the	 sum	of	decisions	 that	 allow	 the	 reader	 to	
adapt	 his	 activity	 to	 the	 demands	 of	 the	 task	 at	 hand;	Britt	 et	 al.,	 2018)	was	 developed	
and	discussed	with	 the	 instructors.	Then,	 the	 intervention	design	principles,	 the	structure	
of	 the	 lessons	 and	practice	 tasks,	 the	online	platform,	 and	 the	 timetable	were	presented.	
The	instructors	were	invited	to	log	into	the	platform	and	to	test	the	practice	tasks	between	
meetings.	Instructors	had	the	opportunity	to	express	their	thoughts	and	opinions	about	all	
aspects	of	the	intervention.	Based	on	their	feedback,	we	modified	some	of	the	guidelines	for	
the	tasks	and	other	organizational	issues.	Shortly	after	the	meeting,	the	instructors	received	
a	Instructor	Guide	with	a	detailed	description	of	the	intervention,	the	materials,	and	the	les-
son	plans.	Introductory	slides	for	the	lessons	were	also	provided.	These	slides	allowed	the	
instructors	to	introduce	the	lesson	topic	and	goals,	the	vocabulary,	and	the	guidelines	for	
practice	tasks	in	the	intervention	group.

The	second	meeting	was	dedicated	to	the	distribution	of	student	groups,	planning	ses-
sions,	and	discussing	guidelines	for	students	and	organizational	issues.	It	was	decided	that	
the	intervention	lessons	would	take	place	in	even	weeks	and	the	control	lessons	would	take	
place	in	odd	weeks.	This	way,	instructors	could	easily	remember	the	condition	(intervention/
control)	attributed	to	each	class	of	students.	Moreover,	instructors	were	briefed	to	be	atten-
tive	not	to	share	intervention	materials	with	the	control	group.	In	the	last	hour	of	the	meet-
ing,	instructors	received	the	guidelines	for	the	pre-	and	post-test	sessions,	and	simulated	(by	
reading	aloud	and	recalling	the	main	the	steps)	the	pre-test,	as	well	as	the	first	intervention	
session.	Minor	changes	were	made	to	the	organization	according	to	their	feedback.	At	the	
end	of	the	meeting,	the	instructors	received	a	checklist	with	things	to	do	before	(e.g.,	review	
the	lesson	plan	and	verify	Moodle	settings)	and	after	(e.g.	verify	that	all	students	completed	
the	practice	tasks)	each	intervention	session.

Fidelity of the intervention

Instructors	were	contacted	by	email	after	each	 intervention	session	and	asked	 to	provide	
a	short	debriefing	of	the	session	and	to	report	any	occasional	incidents.	One-off	incidents	
occurred	during	the	semester	(e.g.,	temporary	Internet	connection	failure)	and	were	resolved	
by	the	research	team	and/or	university	technical	support	during	the	sessions.	A	weekly	fol-
low-up	of	students’	connections	to	the	Moodle	intervention	page	and	the	SELEN	platform	
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allowed	to	verify	the	completion	of	interactive	modules	and	practice	tasks	by	participants.	
Overall,	the	sessions	unfolded	as	expected	thanks	to	the	availability	of	online	materials.

Statistical analyses

Data	analysis	was	carried	out	using	IBM	SPSS	for	Windows,	v25.	First,	we	tested	the	initial	
(pre-intervention)	equivalence	between	participants	by	contrasting	their	sociodemographic	
data	(age,	gender,	major	field	of	study,	internet	use),	and	reading	abilities	(lexical	quality,	
metatextual	knowledge),	as	a	 function	of	 the	Group	 they	were	assigned	 to	 (intervention,	
control).	This	was	done	to	define	any	additional	fixed	predictor	for	the	models	in	the	next	
step	of	analyses.	The	difference	between	groups	was	examined	via	independent	samples’	
t-tests	or	Pearson’s	chi-square	test,	depending	on	the	continuous	or	categorical	measurement	
level	of	the	variable.

Then,	we	examined	the	efficacy	of	the	intervention	by	analyzing	the	performance	within	
each	test	(Search	and	Evaluation)	via	generalized	linear	mixed	models	(GLMM).	GLMMs	
extend	linear	models	to	non-normal	data	by	allowing	different	distributions	and	link	func-
tions	 (the	 link	between	 the	 expected	outcome	values	 and	 the	predictor/s).	They	 are	 also	
well-suited	for	repeated	or	nested	data,	as	they	allow	for	the	specification	of	fixed	and	ran-
dom	effects	(Winter,	2019).

The	fixed	structure	for	all	planned	models	specified	Group	(intervention,	control),	Phase	
(pre,	post),	Major	Field	(social	sciences,	arts	and	humanities,	math	and	economics)	and	the	
interaction	between	Condition	and	Phase	as	factors	(for	details	on	the	inclusion	of	Major	
Field	in	the	fixed	factors’	structure,	see	the	Results	section).	The	impact	of	the	intervention	
was	examined	by	the	interaction	term.	Data	collection	took	place	in	the	participants’	usual	
courses,	taught	by	their	usual	instructors,	with	each	instructor	in	charge	of	one	experimental	
and	one	control	group.	Yet,	the	specification	of	instructors	and	courses	as	separate	random	
blocks	resulted	in	multicollinearity	for	some	estimations.	In	these	cases,	the	random	struc-
ture	was	simplified	to	two	random	intercepts	(by-participants	and	by-instructors).	To	test	
for	the	fit	of	the	planned	models	(i.e.,	intercepts	plus	fixed	factors),	these	were	compared	
with	baseline	models	(i.e.,	only	intercepts)	using	the	Akaike	Information	Criterion	(AIC).	
Compared	to	baseline,	planned	models	showed	better	(i.e.,	lower)	fit	indices.	AIC	summary	
fit	indices	can	be	consulted	in	Appendix	2.

In	the	Search	test,	 in	which	the	instructions	asked	to	complete	the	tasks	as	quickly	as	
possible,	the	dependent	variables	to	establish	the	intervention’s	efficacy	were	participants’	
accuracy	 (percentage	of	correct	 responses)	and	efficiency	 (response	 times	 in	seconds	 for	
correct	 responses).	 In	 the	Evaluation	 test,	 in	which	 the	 instructions	asked	 to	 justify	each	
close-ended	response	(computed	as	a	0–3	score),	 the	dependent	variables	were	accuracy 
(correct	 responses)	 and	 the	 justifications’ quality	 (scores	 in	 the	 justification	 items).	 The	
analysis	of	accuracy	and	justifications’	quality	was	based	on	the	aggregated	scores	for	each	
module	and	was	conducted	on	the	values	transformed	into	percentages	for	clarity	purposes,	
as	a	proportion	of	the	actual	score	divided	by	the	maximum	possible	score.	Alternatively,	
efficiency	analyses	(response	times)	were	conducted	on	each	task	composing	a	module	from	
the	Search	test.	This	was	done	because	efficiency	analyses	were	contingent	on	accuracy,	and	
the	average	response	time	for	each	task	within	the	same	module	was	not	equivalent	(p >	.05).

Regarding	accuracy	and	justification	quality,	GLMMs	were	set	to	normal	distributions	
with	an	identity	link.	Regarding	efficiency,	response	times	presented	skewed	distributions	
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deviating	towards	larger	values,	particularly	in	the	pretest	data	(see	Table	3).	Two	actions	
were	 taken	 in	 this	 regard.	 First,	 outliers	 beyond	 two	 standard	 deviations	 were	 trimmed	
(Berger	&	Kiefer,	2021).	This	 resulted	 in	excluding	2.73%	of	 the	observations	 from	 the	
Search	test.	Second,	the	planned	models	for	Efficiency	were	set	to	a	Gamma	distribution	
(in	which	values	are	positive	and	the	variance	increases	proportionally	with	the	mean)	with	
an	identity	link	(in	which	no	transformation	is	applied	to	relate	the	predictor	with	the	out-
come).	This	combination	has	been	proposed	to	provide	a	suitable	strategy	without	the	need	
for	transforming	the	skewed	data	(Lo	&	Andrews,	2015).	To	test	this	strategy,	we	compared	
in	a	preliminary	analysis	the	fit	of	our	planned	models	with	a	Gamma	distribution	against	
a	Gaussian	distribution,	both	with	identity	links,	by	using	the	Akaike	Information	Criterion	
indexes.	 In	 all	 cases,	Gamma	models	 showed	better	 (i.e.,	 lower)	fit	 indices	 than	models	
assuming	normality.	AIC	summary	fit	indices	can	be	consulted	in	Appendix	2.

Fixed	factor	effects	are	reported	via	the	unstandardized	estimated	coefficients,	standard	
errors,	and	95%	confidence	intervals.	The	unstandardized	coefficients	and	confidence	inter-
vals	are	used	as	indicators	of	the	magnitude	of	an	effect	and	the	precision	of	the	estimate	of	
that	magnitude,	respectively.	Coefficients	should	be	interpreted	as	values	that	depend	on	the	
units	of	the	predictor	(e.g.,	a	coefficient	of	5	in	accuracy	should	be	interpreted	as	a	change	of	
5%	in	the	dependent	variable,	whereas	a	coefficient	of	5	in	efficiency	should	be	interpreted	
as	a	change	of	5	s).	The	following	reference	categories	were	used	for	the	coefficients’	cal-
culation:	intervention/posttest	(factor:	Group*Phase),	intervention	(factor:	Group),	posttest	
(factor:	Phase),	 and	Social	Sciences	 (factor:	Major).	Additional	 information	on	 the	fixed	
factors	tests	can	be	found	in	Appendix	3.

Results

Equivalence of groups

Table	3	presents	the	sample’s	pretest	descriptives	and	comparability	tests.	No	initial	differ-
ences	between	the	intervention	and	control	groups	were	found,	except	for	their	major	field	
of study, χ2 (2, N =	156)	=	16.27,	p <	.001.	The	observation	of	the	cells’	adjusted	standard-
ized	residuals	indicated	that	students	with	a	major	in	Social	Sciences	were	more	frequent	
in	the	intervention	group,	whereas	Humanities	and	Arts’	students	were	more	frequent	in	the	
control	group.	Therefore,	as	a	control,	the	major	study	field	was	specified	as	an	additional	
predictor	when	conducting	the	efficacy	analyses.

Efficacy of the intervention

Search test

Descriptive	and	inferential	statistics	for	overall	comprehension	of	the	Search	test	data	are	
shown	in	Table	4	(accuracy)	and	Tables	5 and 6	(efficiency).	Additional	information	on	the	
fixed	effect	 tests	can	be	consulted	in	Appendix	1.	An	initial	 inspection	of	 the	descriptive	
analysis	shows	that	the	intervention	group	students	were	more	accurate	in	the	Task	Demand	
Analysis	module	and	 the	most	 efficient	 (slower	RTs)	 in	both	modules	 in	 the	posttest,	 as	
compared to the rest of the conditions.

1 3



Fostering university students’ online reading: effects of teacher-led…

Ta
bl

e 
3	
Sa
m
pl
e	
de
sc
rip
tiv
es
	a
s	a
	fu
nc
tio
n	
of
	c
on
di
tio
n	
be
fo
re
	th
e	
in
te
rv
en
tio
n

C
on
tro
l	g
ro
up

In
te
rv
en
tio
n	
gr
ou
p

n
M

(S
D

)
n

M
 (S

D
)

t-t
es

t
gl

p-
va

lu
e

A
ge
	(y
ea
rs
)

70
19
.6
5	
(1
.9
7)

91
19
.8
9	
(2
.5
9)

-0
.6
3

15
9

0.
52
8

R
ec
re
at
io
na
l_
U
se
	(m

ax
.	4
)

70
2.
33
	(0
.6
6)

92
2.
26
	(0
.7
1)

0.
63

15
6

0.
53
3

Sc
ie
nt
ifi
c_
U
se
	(m

ax
.	4
)

70
0.
14
	(0
.2
7)

92
0.
21
	(0
.3
8)

-1
.3

1
15

6
0.
19
1

M
et
at
ex
tu
al
	k
no
w
le
dg
e	
(m
ax
.	1
0)

68
7.
68
	(1
.6
2)

82
7.
98
	(1
.5
0)

-1
.1
7

14
8

0.
24
3

Le
xi
ca
l	q
ua
lit
y

70
24
2.
64
	(4
7.
73
)

89
23
8.
98
	(4
3.
10
)

0.
51

15
7

0.
61
3

n
%

N
%

χ2
gl

p-
va

lu
e

G
en
de
r

1,
30

1
0.
25
4

M
al
e

24
33
.3
0

24
25
.3
0

Fe
m
al
e

48
66
.7
0

71
74
.7
0

M
aj
or
	fi
el
d	
of
	st
ud
y

16
,2
7

2
0.

00
1

So
ci
al
	S
ci
en
ce
s

14
20
.6
%

46
52
.3
%

A
rts
	a
nd
	H
um

an
iti
es

40
58
.8
%

31
35
.2
%

M
at
h	
an
d	
Ec
on
om

ic
s

14
20
.6
%

11
12
.5
%

N
ot
e	
Th

e	
si
gn
ifi
ca
nt
	e
ffe
ct
	(M

aj
or
	fi
el
d)
	is
	m
ar
ke
d	
in
	b
ol
d

*	
To
ta
l	s
am

pl
e:
	n

 =
	16
7	
(C
on
tro

l	g
ro
up
:	n

 =
	72

,	I
nt
er
ve
nt
io
n	
gr
ou
p:
	n

 =
	95

).	
Sa
m
pl
e	
si
ze
	v
ar
ie
s	s
lig
ht
ly
	d
ep
en
di
ng
	o
n	
th
e	
av
ai
la
bi
lit
y	
of
	in
fo
rm

at
io
n	
fr
om

	e
ac
h	
pa
rt
ic
ip
an
t	f
or
	

ea
ch
	v
ar
ia
bl
e

1 3



M. Macedo-Rouet et al.

Regarding	 accuracy	 (Table	4)	 in	 the	Task	Demand	Analysis	module,	 the	 intervention	
group	 outperformed	 the	 control	 group,	 as	 evidenced	 by	 the	 significant	 interaction.	 The	
observation	of	the	estimated	coefficients	shows	that	students	who	received	the	intervention	
significantly	improved	accuracy	by	5%	as	compared	to	its	performance	in	the	pretest,	almost	
reaching	 the	 scoring	 ceiling,	whereas	 the	 control	 group	 remained	 anchored	 in	 the	 same	
pretest	performance	level,	Coeff. =	0.56,	p =	.7082.	Yet,	both	groups	failed	to	differentiate	in	
the	posttest.	The	intervention	did	not	predict	accuracy	in	the	Metatextual	Cues	module	of	
the	Search	test.

Regarding	efficiency,	Table	5	 presents	 the	descriptive	and	 inferential	 statistics	 for	 the	
Task	Analysis	module	and	Table	6	for	the	Metatextual	cues	module.	Overall,	participants	in	
the intervention group responded faster in the posttest compared to both conditions in the 
pretest.	However,	 this	chronometric	reduction	was	only	associated	with	an	intervention’s	
effect	(i.e.,	a	Group*Phase	interaction)	in	Task	1	(Number)	from	the	Task	Demand	Analysis	
module),	and	in	Task	1	(Page)	from	the	Metatextual	Cues	module	(please	refer	to	tables	for	
the	estimated	coefficients).

Evaluation test

Descriptive	and	inferential	statistics	for	the	Evaluation	test	data	are	shown	in	Table	7	(accu-
racy)	and	Table	8	(justifications’	quality).	Additional	information	on	the	fixed	effect	tests	
can	be	consulted	in	Appendix	2.	An	initial	inspection	of	the	descriptive	analysis	shows	that	
the	intervention	group	presented	the	highest	accuracy	and	justification	scores	in	the	posttest,	
as compared to the rest of the conditions.

Regarding	accuracy	 (Table	7),	 the	 intervention	 tended	 to	 improve	performance	 in	 the	
Source	Reliability	module,	as	seen	by	the	marginally	significant	interaction.	In	addition,	it	
significantly	affected	the	Information	Quality	module.	With	an	overall	mean	pretest	baseline	
of	50%	(SD	=	24%),	the	intervention	group	gained	19%	in	accuracy	in	the	posttest	compared	
to	the	control	group,	as	evidenced	by	the	observation	of	the	coefficients	(see	Table	7).

Regarding	justifications	(Table	8),	participants	in	the	intervention	group	did	not	improve	
quality	in	the	Source	Reliability	module,	but	they	did	so	in	the	Information	Quality	module.	
The	observation	of	the	coefficients	revealed	that	participants	who	received	the	intervention	
improved	the	quality	of	their	justifications	by	14%	in	the	posttest,	as	compared	to	the	control	
group	(see	Table	8).

In	sum,	the	effects	of	the	intervention	remarkably	varied	among	both	skills	(Search	and	
Evaluation).	These	results	are	further	discussed	in	the	next	section.

Discussion and conclusions

Despite	 the	 evidence	 that	many	undergraduate	university	 students	 experience	difficulties	
when	reading	online	for	their	study	purposes	(Brand-Gruwel	et	al.,	2017;	Latini	et	al.,	2021; 
List	et	al.,	2016;	McGrew	et	al.,	2018;	Naumann	et	al.,	2007;	Salmerón	et	al.,	2018;	Schoor	
et	al.,	2021),	 there	 is	no	established	curriculum	 to	support	 their	 skill	development.	Prior	
intervention	studies	found	mixed	results	on	 the	benefits	of	 training	students’	skills	based	

2		Please	note	that	this	last	coefficient	is	only	reported	here	and	not	in	Table	4,	since	it	does	not	include	the	
intervention/posttest	reference	category;	refer	to	Table	4	for	the	rest	of	the	coefficients.
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on	whole-tasks	(Argelagós	et	al.,	2022;	Frerejean	et	al.,	2018, 2019)	or	on	a	single	strategy	
(Breakstone	et	al.,	2021;	Brodsky	et	al.,	2021a, b).	To	adress	this	gap,	we	designed	an	inter-
vention	study	that	implemented	teacher-led	instruction	on	interdependent	reading	strategies	
based	on	a	theory	of	purpuseful	reading	(Rouet	&	Britt,	2011),	as	part	of	an	undergraduate	
digital	literacy	course.	Following	McCrudden	et	al.’s	(2022)	call	for	considering	“the	inter-
related	nature	of	Internet	reading	competencies”	(p.	26),	our	intervention	combined	search	
and	 evaluation	 strategies	 analytically,	 training	 each	 strategy	one-by-one	while	 clarifying	
how	they	fit	in	the	whole	process	of	online	reading.	We	expected	that	the	intervention	would	
improve	students’	search	skills	(i.e.,	the	ability	to	analyse	task	demands	and	use	metatextual	
cues	to	find	relevant	information)	and	evaluation	skills	(i.e.,	accurate	evaluation	of	website	
information	quality	and	source	reliability),	both	in	terms	of	accuracy	and	efficiency.	Based	
on	previous	studies	with	younger	learners	(Kiili	et	al.,	2022),	we	also	expected	a	positive	

Table 4	 Descriptive	statistics	and	fixed	coefficients	for	GLMM	with	accuracy	in	the	search	test	as	dependent	
variable	(percentages),	Group,	Phase,	Major	field,	and	Group*Phase	interaction	as	fixed	factors
Module:
Task	demand
analysis

Descriptives Pretest M	(SD) Posttest M	(SD)
Control 94.72	(10.61) 95.23	(12.33)
Intervention 92.21	(13.14) 96.84	(9.37)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 98.91 1.69 95.59 102.24 < 0.001
Group -0.39 1.86 -4.04 3.26 0.833
Phase -4.65 1.29 -7.19 -2.11 < 0.001
Major
Arts	&	Humanities -2.24 1.75 -5.67 1.19 0.200
Math	&	Economics -4.19 2.01 -0.24 -8.15 0.034
Group*Phase 4.09 1.96 0.23 7.96 .038
Pretest-Control -1.79 1.81 -5.35 -1.77 0.323
Posttest-Control -1.24 1.81 -4.80 2.32 0.495
Pretest-Intervention -4.65 1.29 -7.19 -2.11 < 0.001

Module:
Metatextual
cues

Descriptives Pretest M	(SD) Posttest M	(SD)
Control 87.50	(18.08) 85.19	(18.56)
Intervention 83.51	(19.37) 84.56	(23.73)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 85.48 2.93 79.71 91.25 < 0.001
Group 2.50 3.23 -3.85 8.85 0.440
Phase -1.06 2.61 -6.19 4.08 0.687
Major
Arts	&	Humanities -3.92 2.91 -9.65 1.82 0.180
Math	&	Economics 0.15 3.35 6.44 6.74 0.964
Group*Phase 3.37 3.98 -4.45 11.19 0.397
Pretest-Control 4.13 3.15 -2.07 10.32 0.191
Posttest-Control 1.81 3.15 -4.39 8.01 0.566
Pretest-Intervention -1.06 2.61 -6.19 4.08 0.687

Note	 Significant	 effects	 (p	 <.	 05)	 are	 marked	 in	 bold.	 Reference	 categories	 for	 coefficient	 estimates:	
intervention	 (factor:	 Group),	 posttest	 (factor:	 Phase),	 social	 sciences	 (factor:	Major),	 and	 intervention/
posttest	(factor:	Group*Phase).	CI	=	confidence	interval;	LL =	lower	limit;	UL =	upper	limit

1 3



M. Macedo-Rouet et al.

Control 15.64	(8.80) 14.01	(7.02)
Intervention 16.29	(10.47) 11.21	(9.69)
Fixed coefficients Estimate SE 95%	CI p

LL UL
Module:
Task	demand
analysis
Task	1:
Number

Descriptives Pretest M	(SD) Posttest M	(SD)
(Intercept) 10.01 1.31 7.43 12.60 < 0.001
Group 2.78 1.54 -0.26 5.81 . 072
Phase 5.89 1.29 3.05 8.13 < 0.001
Major
Arts	&	Humanities 0.86 1.42 -1.94 3.66 0.547
Math	&	Economics 2.25 1.74 -1.16 5.67 0.195
Group*Phase -4.19 2.09 -8.29 -0.09 0.045
Pretest	–	Control 4.40 1.61 1.23 7.57 0.007
Posttest	-	Control 3.01 1.51 0.05 5.98 0.046
Pretest	-	Intervention 5.62 1.30 3.05 8.18 < 0.001

Module:
Task	demand
Analysis
Task	2:
Concept

Descriptives Pretest M	(SD) Posttest M	(SD)
Control 14.76	(7.61) 12.46	(6.51)
Intervention 13.95	(7.41) 11.15	(6.76)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 9.96 0.72 8.53 11.38 < 0.001
Group 1.77 0.97 -0.13 3.66 0.068
Phase 3.01 0.79 1.46 4.56 0.001
Major
Arts	&	Humanities -0.62 0.89 -2.37 1.14 0.490
Math	&	Economics 1.39 1.11 -0.80 3.57 0.212
Group*Phase -0.78 1.31 -3.35 1.79 0.551
Pretest	-	Control 4.04 1.05 1.98 6.11 < 0.001
Posttest	-	Control 1.79 0.94 -0.06 3.65 0.058
Pretest	-	Intervention 3.20 0.80 1.63 4.76 < 0.001

Module:
Task	demand
Analysis
Task	3:
Reason

Descriptives Pretest M	(SD) Posttest M	(SD)
Control 13.03	(7.87) 9.54	(4.99)
Intervention 10.90	(5.48) 9.07	(4.39)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 9.12 0.72 7.71 10.52 < 0.001
Group 0.47 0.84 -1.91 2.13 0.577
Phase 1.83 0.84 0.18 3.45 0.030
Major
Arts	&	Humanities -0.38 0.76 -1.87 1.11 0.616
Math	&	Economics -0.13 0.91 -1.91 1.66 0.888
Group*Phase 1.58 1.34 -1.07 4.22 0.242
Pretest	-	Control 3.80 0.98 1.87 5.73 < 0.001
Posttest	-	Control 0.42 0.82 -1.19 2.03 0.609
Pretest	-	Intervention 1.82 0.84 0.18 3.47 0.030

Table 5	 Descriptive	statistics	and	fixed	coefficients	for	GLMM	with	efficiency	in	the	Task	demand	analysis	
module	from	the	search	test	as	dependent	variable	(seconds),	Group,	Phase,	Major	field,	and	Group*Phase	
interaction	as	fixed	factors
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effect	of	the	intervention	in	the	quality	of	justifications,	with	students	using	more	elaborate	
justifications	(using	source	criteria)	after	instruction.

Effects on search skills

In	the	Search	module,	the	effects	of	the	intervention	on	students’	search	skills	were	rather	
small.	In	terms	of	response	accuracy,	the	intervention	improved	students’	ability	to	analyze	
task	demands	by	5%	from	pre	to	posttest,	whereas	the	control	group	did	not	significantly	
improve	its	performance.	However,	both	groups	achieved	high	scores	both	in	the	pre	and	

Control 15.64	(8.80) 14.01	(7.02)
Intervention 16.29	(10.47) 11.21	(9.69)
Fixed coefficients Estimate SE 95%	CI p

LL UL
Module:
Task	demand
Analysis
Task	4:
Name

Descriptives Pretest M	(SD) Posttest M	(SD)
Control 7.43	(2.84) 5.92	(2.80)
Intervention 7.71	(4.06) 5.87	(3.30)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 5.55 0.38 4.79 6.30 < 0.001
Group -0.01 0.52 -1.02 1.01 0.996
Phase 1.94 0.48 0.99 2.87 < 0.001
Major
Arts	&	Humanities 0.25 0.49 -0.71 |1.21 0.609
Math	&	Economics 0.99 0.60 -0.20 2.17 0.103
Group*Phase -0.39 0.72 -1.80 1.03 0.593
Pretest	-	Control 1.60 0.57 0.47 2.72 0.006
Posttest	-	Control 0.04 0.50 -0.95 1.02 0.943
Pretest	-	Intervention 1.82 0.48 0.87 2.76 < 0.001

Module:
Task	demand
Analysis
Task	5:	Date

Descriptives Pretest M	(SD) Posttest M	(SD)
Control 7.35	(3.06) 7.23	(3.27)
Intervention 7.79	(3.82) 6.97	(3.60)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 6.42 0.38 5.68 7.16 < 0.001
Group 0.24 0.50 -0.75 1,22 0.639
Phase 0.75 0.37 0.02 1,49 0.045
Major
Arts	&	Humanities 0.03 0.48 -0,90 0.97 0.947
Math	&	Economics 0.44 0.56 -0.67 1.54 0.437
Group*Phase -0.59 0.57 -1.71 0.53 0.298
Pretest	-	Control 0.43 0.49 -0.53 1.39 0.378
Posttest	-	Control 0.28 0.49 -0.67 1.24 0.563
Pretest	-	Intervention 0.76 0.38 0.02 1.50 0.45

Note	 Significant	 effects	 (p	 <.	 05)	 are	 marked	 in	 bold.	 Reference	 categories	 for	 coefficient	 estimates:	
intervention	 (factor:	 Group),	 posttest	 (factor:	 Phase),	 social	 sciences	 (factor:	Major),	 and	 intervention/
posttest	(factor:	Group*Phase).	CI	=	confidence	interval;	LL =	lower	limit;	UL =	upper	limit

Table 5 (continued) 
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Table 6	 Descriptive	statistics	and	fixed	coefficients	for	GLMM	with	efficiency	in	the	Metatextual	cues	mod-
ule	from	the	search	test	as	dependent	variable	(seconds),	Group,	Phase,	Major	field,	and	Group*Phase	inter-
action	as	fixed	factors

Control 82.16	(46.30) 80.09	(43.80)
Intervention 76.40	(37.02) 52.62	(30.60)
Fixed coefficients Estimate SE 95%	CI p

LL UL
Module:
Metatextual	cues
Task	1:
Page

Descriptives Pretest M (SD) Posttest M (SD)
(Intercept) 45.59 4.08 37.56 53.63 < 0.001
Group 34.26 6.32 21.83 46.70 < 0.001
Phase 25.98 4.38 17.36 34.61 < 0.001
Major
Arts	&	Humanities 2.15 5.57 -8.81 13.11 0.699
Math	&	Economics -1.38 6.55 -14.27 11.51 0.834
Group*Phase -42.20 7.00 -55.99 -28.42 < 0.001
Pretest	–	Control 18.61 5.58 7.62 29.60 0.001
Posttest	-	Control 34.61 6.13 22.55 46.67 < 0.001
Pretest	-	Intervention 25.96 4.38 17.34 34.58 < 0.001

Module:
Metatextual	cues
Task	2:
Menu

Descriptives Pretest M (SD) Posttest M (SD)
Control 149.36	(76.21) 123.10	(81.24)
Intervention 142.68	(88.83) 110.53	(62.30)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 104.93 10.15 84.95 124.92 < 0.001
Group 18.83 12.04 -4.89 42.54 0.119
Phase 31.91 10.09 12.03 51.78 0.002
Major
Arts	&	Humanities -23.13 11.44 -45.68 -0.59 0.044
Math	&	Economics 2.16 13.52 -24.47 -28.78 0.873
Group*Phase -0.99 16.31 -33.11 31.13 0.952
Pretest	–	Control 46.73 12.54 22.02 71.44 0.001
Posttest	–	Control 14.14 11.34 -8.21 36.48 0.214
Pretest	-	Intervention 33.73 9.96 14.12 53.34 0.001

Module:
Metatextual	cues
Task	3:
Find

Descriptives Pretest M (SD) Posttest M (SD)
Control 87.64	(41.50) 83.40	(36.25)
Intervention 80.57	(34.18) 76.50	(32.49)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 70.48 4.85 60.93 80.03 < 0.001
Group 5.52 5.48 -5.27 16.31 0.315
Phase 3.97 4.30 -4.49 12.43 0.356
Major
Arts	&	Humanities 0.57 5.02 -9.30 10.45 0.91
Math	&	Economics 7.41 5.93 -4.25 19.08 0.212
Group*Phase -0.83 6.67 -13.96 12.30 0.901
Pretest	–	Control 9.33 5.51 -1.51 20.17 0.091
Posttest	–	Control 6.06 5.31 -4.38 16.50 0.254
Pretest	-	Intervention 3.94 4.28 -4.49 12.37 0.359

Note	 Significant	 effects	 (p	 <.	 05)	 are	 marked	 in	 bold.	 Reference	 categories	 for	 coefficient	 estimates:	
intervention	 (factor:	 Group),	 posttest	 (factor:	 Phase),	 social	 sciences	 (factor:	Major),	 and	 intervention/
posttest	(factor:	Group*Phase).	CI	=	confidence	interval;	LL =	lower	limit;	UL =	upper	limit
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posttest,	 resulting	 in	a	close	 to	ceiling	effect	 in	 the	posttest	 (and	a	non-significant	differ-
ence	between	groups).	Regarding	the	use	of	metatextual	cues,	the	scores	were	overall	high	
already	in	the	pretest	(above	80%)	and	no	significant	effects	of	the	intervention	were	found.

Despite	modest	benefits	on	response	accuracy,	the	intervention	significantly	reduced	the	
time	needed	to	solve	some	of	the	search	tasks,	including	the	longest	one,	thus	increasing	
efficiency.	Moreover,	the	intervention	improved	students’	identification	of	relevant	sections	
of	a	web	page	for	finding	answers	to	academic	task	scenarios	(Page	task).

These	 results	 are	 partly	 consistent	with	 previous	findings	 that	 faster	 search	 times	 are	
associated	with	correctly	locating	information	in	online	documents	(Cromley	&	Azevedo,	
2009;	Kumps	et	al.,	2022).	In	our	study,	the	intervention	improved	students’	efficiency	in	
locating	information,	but	their	accuracy	was	already	high	in	the	prettest.	Therefore	the	mar-
gin	for	accuracy	progress	was	very	small.	Moreover,	the	documents	used	for	the	search	task	

Table 7	 Descriptive	statistics	and	fixed	coefficients	for	GLMM	with	accuracy	in	the	evaluation	test	as	depen-
dent	variable	(percentages),	Group,	Phase,	Major	field,	and	Group*Phase	interaction	as	fixed	factors

Control 70.89	(29.78) 69.49	(27.46)
Intervention 68.48	(29.39) 77.17	(24.67)
Fixed coefficients Estimate SE 95%	CI p

LL UL
Module:
Source	reliability

Descriptives Pretest M (SD) Posttest M (SD)
(Intercept) 82.53 4.68 73.32 91.74 < 0.001
Group -5.99 4.41 -14.66 2.69 0.176
Phase -8.58 3.68 -15.82 -1.32 0.21
Major
Arts	&	Humanities -3.97 3.96 -11.76 3.82 0.317
Math	&	Economics -11.14 5.10 -21.17 -1.01 0.030
Group*Phase 9.98 5.58 -0.99 20.96 0.073
Pretest-Control -6.09 4.30 -14.54 2.37 0.158
Posttest-Control -7.50 4.30 -15.95 0.96 0.082
Pretest-Intervention -8.56 3.68 -15.80 -1.32 0.021

Module:
Information	quality

Descriptives Pretest M (SD) Posttest M (SD)
Control 51.27	(25.63) 50.56	(24.49)
Intervention 47.55	(22.31) 64.89	(26.12)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 65.21 4.18 56.99 73.42 < 0.001
Group -18.78 5.16 -28.94 -8.62 < 0.001
Phase -17.37 3.25 -23.75 -10.98 < 0.001
Major
Arts	&	Humanities 4.81 3.62 -2.30 11.93 0.184
Math	&	Economics -3.07 4.66 -12.24 6.10 0.510
Group*Phase 18.07 4.92 8.40 27.75 < 0.001
Pretest-Control -17.72 5.01 -27.58 -7.86 < 0.001
Posttest-Control -18.62 5.01 -28.28 -8.57 < 0.001
Pretest-Intervention -17.37 3.25 -23.76 -10.98 < 0.001

Note.	 Significant	 effects	 (p	 <.	 05)	 are	 marked	 in	 bold.	 Reference	 categories	 for	 coefficient	 estimates:	
intervention	 (factor:	 Group),	 posttest	 (factor:	 Phase),	 social	 sciences	 (factor:	Major),	 and	 intervention/
posttest	(factor:	Group*Phase).	CI	=	confidence	interval;	LL =	lower	limit;	UL =	upper	limit
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were	 relatively	 short	 and	well-structured	 (e.g.,	Wikipedia	 page).	When	 students	 have	 to	
search	in	more	complex	academic	documents,	the	search	and	locating	task	is	more	challeng-
ing	and	the	effects	of	instruction	can	be	more	important	(see	Argelagós	et	al.,	2022).	Finally,	
the	absence	of	measures	of	participants’	individual	visualization	skills	in	our	study	might	
have	 hiden	 positive	 effects	 of	 the	metatextual	 cues	 search	module	 for	 low-visualization	
users	(Zhang	&	Salvendi,	2001).	In	other	words,	locating	information	is	not	an	easy	task	per	
se.	Its	complexity	depends	on	the	complexity	of	the	document(s)	at	hand,	the	demands	of	
the	task,	and	students’	searching	abilities.	Due	to	organizational	constraints,	we	could	not	
conduct	a	pilot	of	the	search	test	prior	to	the	intervention.

Future	 studies	 should	 therefore	 build	 finer	 screening	 instruments	 for	 students’	 search	
skills,	 following	 the	example	of	 standardized	assessments	of	evaluation	skills	 (e.g.	Hah-
nel	 et	 al.,	 2020;	Potocki	 et	 al.,	 2020).	Exploratory	qualitative	 studies	 could	also	be	use-

Table 8	 Descriptive	statistics	and	fixed	coefficients	for	GLMM	with	justifications’	quality	in	the	evaluation	
test	as	dependent	variable	(percentages),	Group,	Phase,	Major	field,	and	Group*Phase	interaction	as	fixed	
factors

Control 35.21	(24.92) 39.91	(23.80)
Intervention 34.66	(25.72) 41.55	(24.59)
Fixed coefficients Estimate SE 95%	CI p

LL UL
Module:
Source	reliability

Descriptives Pretest M (SD) Posttest M (SD)
(Intercept) 46.52 4.35 37.97 55.07 < 0.001
Group 0.16 4.52 -8.73 9.05 0.972
Phase -6.67 2.88 -12.35 -0.99 0.021
Major
Arts	&	Humanities -5.72 3.90 -13.39 1.96 0.144
Math	&	Economics -12.54 5.04 -22.45 -2.62 0.013
Group*Phase 1.98 4.37 -6.61 10.57 0.651
Pretest-Control -6.60 4.34 -15.14 1.93 0.129
Posttest-Control -1.91 4.34 -10.44 6.62 0.660
Pretest-Intervention -6.67 2.88 -12.34 -0.99 0.21

Module:
Information	quality

Descriptives Pretest M (SD) Posttest M (SD)
Control 33.80	(30.08) 33.80	(25.51)
Intervention 31.16	(27.87) 44.57	(28.51)
Fixed coefficients Estimate SE 95%	CI p

LL UL
(Intercept) 47.09 4.44 38.36 55.82 < 0.001
Group -11.84 5.52 -22.70 -0.98 0.033
Phase -13.45 3.30 -19.94 -6.97 < 0.001
Major
Arts	&	Humanities 0.01 4.39 -8.64 8.65 1.00
Math	&	Economics -14.24 5.70 -25.45 -3.03 0.013
Group*Phase 13.45 4.99 3.64 23.27 0.007
Pretest-Control -14.11 5.57 -25.75 -3.15 0.012
Posttest-Control -14.11 5.57 -25.75 -3.15 0.012
Pretest-Intervention -13.45 3.30 -19.94 -6.97 < 0.001

Note	 Significant	 effects	 (p	 <.	 05)	 are	 marked	 in	 bold.	 Reference	 categories	 for	 coefficient	 estimates:	
intervention	 (factor:	 Group),	 posttest	 (factor:	 Phase),	 social	 sciences	 (factor:	Major),	 and	 intervention/
posttest	(factor:	Group*Phase).	CI	=	confidence	interval;	LL =	lower	limit;	UL =	upper	limit
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ful	in	early	phases	of	a	research	project	to	help	determine	students’	development	potential	
on	search	skills	and	ajust	 the	demands	of	 the	 tasks	 to	students’	knowledge	base	(Park	&	
Kim, 2017).	Still,	the	fact	that	the	intervention	improved	students	efficiency	in	task	analy-
sis	and	metatextual	tasks	is	encouraging,	since	the	ability	to	make	fast	and	accurate	deci-
sions	regarding	online	information	is	a	characteristic	of	expert	readers	(Brand-Gruwel	et	al.,	
2017;	Wineburg	&	McGrew,	2019).

Effects on evaluation skills

The	effects	of	the	intervention	on	students’	evaluation	skills	were	differentiated	according	to	
the	modules.	Regarding	the	evaluation	of	information	quality,	these	effects	were	quite	strong.	
After	training,	students	improved	their	accuracy	to	evaluation	questions	by	19%	compared	
to	the	control	group,	going	from	47	to	64%	of	correct	answers	(see	Table	7).	Students	in	the	
intervention	group	were	better	able	to	recognize	web	pages	and	websites	that	apply	editorial	
filters	to	information,	using	validation	processes	to	verify	information	prior	to	publication.	
Also,	trained	students	provided	more	relevant	and	elaborate	justifications	for	information	
quality	questions	(14%	improvement,	see	Table	8).	Therefore,	students	in	the	intervention	
group	were	not	only	able	to	more	accurately	assess	information	quality	after	instruction,	but	
also	to	explain	the	reasons	for	assessing	the	quality	of	a	web	page.	These	results	extend	prior	
findings	from	two	intervention	studies	that	also	taught	editorial	filters	as	a	criterion	for	the	
document	evaluation	(Martínez	et	al.,	2024;	Pérez	et	al.,	2018).	In	line	with	these	studies,	
our	intervention	increased	the	accuracy	with	which	students	selected	the	documents	with	
stronger	editorial	filters	(i.e.,	information	validation	prior	to	publication,	and	independent	
external	reviews;	Rieh	&	Danielson,	2007).	Moreover,	unlike	prior	studies,	our	intervention	
was	efficient	to	improve	students’	justifications	for	document	selection	based	on	editorial	
filters.	The	concept	of	editorial	filters	is	intrinsically	complex	and	unfamiliar	to	students,	
even	at	the	higher	education	level	(see	also	Hämäläinen	et	al.,	2023),	and	a	single	training	
session	is	not	enough	to	improve	evaluation	skills	in	this	matter.	At	least	two	sessions	of	
intensive	practice	with	more	than	three	documents	is	necessary	to	improve	students’	perfor-
mance.	Participants	in	our	study	presumably	learned	“foundational	knowledge”	(Kohnen	et	
al.,	2020)	about	website	types	and	information	validation	processes,	which	in	turn	helped	
them	determine	what	to	evaluate	when	assessing	website	information	quality.

The	intervention	had	an	only	marginal	effects	on	the	accuracy	of	source	reliability	evalu-
ation.	Trained	students	tended	to	more	accurately	recognize	the	most	competent	author,	the	
authors	displaying	a	bias	or	conflict	of	interest	regarding	the	topic,	and	the	most	trustworthy	
document	 for	 an	 academic	 task.	Accuracy	 performance	 in	 these	 tasks	was	 already	quite	
high	in	the	pre-test	(70%	in	the	control	group,	68%	in	the	intervention	group;	see	Table	7),	
therefore	the	intervention	probably	tapped	a	small	zone	of	student’s	development	potential	
(Park	&	Kim,	2017).	Unexpectedly,	 trained	 students	did	not	provide	better	 justifications	
for	 source	 reliability	 tasks	 after	 instruction.	 Conversely,	 students’	 ability	 to	 justify	 their	
reliability	evaluation	was	quite	low	at	the	pre-test	(35%	in	the	control	group,	34%	in	the	
intervention	group;	see	Table	8),	and	it	remained	below	50%	in	the	post-test.	These	results	
are	unexpected	and	differ	from	the	findings	by	Brodsky	et	al.	(2021)	and	Wineburg	et	al.	
(2022),	who	adopted	a	single-strategy	approach	to	teaching	source	evaluation.	Their	inter-
ventions	 included	six	sessions	or	more	of	50	min	each	of	 lateral	 reading	 instruction	and	
significantly	improved	students’	evaluation	justifications.	Wineburg	et	al.	(2022)	noted	that	
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trained	students	“earned	less	than	half	of	the	available	points	on	the	assessment”	(p.	13).	
These	findings	suggest	that	justifying	source	reliability	is	much	more	difficult	than	simply	
identifying	 the	most	competent	author	or	 the	presence	of	authors’	biases	 in	online	docu-
ments.	Learning	to	produce	elaborate	justifications	might	take	more	time	and	training	for	
undergraduate	students,	as	suggested	by	studies	with	younger	adolescents	(Kiili	et	al.,	2022; 
Pérez	et	al.,	2018).	A	balance	between	a	single-strategy	approach	and	an	analytical	approach	
combining	several	strategies	must	be	found,	to	provide	deep	enough	knowledge	to	students	
on	source	evaluation	while	making	visible	the	interrelated	nature	of	online	reading	strate-
gies	(McCrudden	et	al.,	2022).

Overall,	 the	 present	 study	 shows	 encouraging	 though	modest	 results	 of	 a	 teacher-led	
intervention	 that	 adopted	 an	 analytical	 approach	 to	 online	 reading	 strategies	 teaching.	
Trained	students	improved	their	search	and	evaluation	performance,	in	terms	of	accuracy,	
efficiency	and	quality	of	justifications,	for	some	but	not	all	strategies.	Evaluation	strategies	
displayed	the	greatest	gains,	with	a	specific	positive	impact	on	students	ability	to	recognize	
and	explain	the	role	of	editorial	filters	in	improving	information	quality.	Given	the	relatively	
short	time	for	training,	these	results	constitute	initial	evidence	that	an	analytical	approach	
might	pay	off	for	developing	undergraduate	students’	online	reading	skills.	In	addition,	com-
pared	with	past	studies	that	focused	on	the	development	of	a	single	strategy	or	skill	(e.g.,	
lateral	reading	for	source	evaluation;	Breakstone	et	al.,	2021;	Broadsky,	2021a,	2021b)	or	
adopted	 a	whole-task	 approach	 (e.g.,	Argelagós	 et	 al.,	 2022;	Frerejean	 et	 al.,	 2019),	 our	
analyical	approach	provided	a	more	precise	diagnosis	of	those	aspects	of	the	information	
tasks	for	which	an	intervention	at	the	undergraduate	level	is	most	needed.

Limitations

The	study	entails	a	number	of	limitations	that	are	worth	bearing	in	mind.	We	have	already	
mentioned	several	issues	with	the	tasks	used	to	assess	students’	skills.	Among	other	con-
cerns,	some	of	the	selected	measures	did	not	yield	enough	variance,	which	does	not	mean	
that	students	mastered	all	aspects	of	the	search	strategies	taught.	More	fine-grained	mea-
sures,	better	adjusted	to	university	students’	potential	for	skill	acquisition,	need	to	be	devel-
oped	in	the	future.	Second,	although	instructors	participated	in	professional	development	
sessions	prior	to	the	experiment,	the	amount	of	time	(2	sessions	of	3	h)	may	not	have	been	
sufficient	to	ensure	quality	implementation	of	the	program	in	the	classroom	(for	instance,	
when	instructors	discussed	the	modules	in	the	last	minutes	of	the	session).	Third,	as	com-
pared	 to	previous	 teacher-led	 intervention	 studies,	 the	present	program	was	 rather	 short.	
Only	4	sessions	of	30	min	were	used	to	explain	the	reading	strategies,	which	might	have	
been	insufficient	to	show	an	impact	on	all	the	aspects	of	these	strategies.	Fourth,	the	control	
variable	Major	field	displayed	unforeseen	effects	on	some	tasks	within	the	Search	and	the	
Evaluation	tests.	Because	the	number	of	participants	in	one	of	the	majors	was	low,	no	defini-
tive	conclusions	should	be	drawn	from	these	effects.	However,	these	results	suggest	that	the	
Major	(or	academic	disciplines)	might	have	a	differentiated	role	in	shaping	students	ability	
to	search	and	evaluate	online	information	that	should	be	investigated	in	the	future.

In	spite	of	these	limitations,	the	present	study	confirms	that	university	students	face	chal-
lenges	when	asked	to	search	for	and	evaluate	online	information	as	part	of	their	academic	
curricula.	The	data	provides	encouraging	evidence	that	a	targeted	intervention	using	direct	
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instruction	and	guided	practice	may	 foster	 their	online	 reading	 strategies.	Future	 studies	
should	explore	ways	to	improve	the	effectiveness	of	these	interventions.

Instructional implications and perspectives

The	present	study	has	also	implications	for	instructional	practice	and	future	interventions.	
First,	 teacher	 training	 and	 implementation	 quality	 should	 receive	 more	 attention,	 since	
teachers	are	in	the	frontline	for	guiding	and	fostering	students’	skills	development.	Future	
intervention	studies	should	include	instructors	as	a	target	group,	providing	more	intensive	
training	tailored	to	their	needs,	promoting	adherence	and	teaching	quality,	which	are	fun-
damental	aspects	of	implementation	(Capin	et	al.,	2022).	For	instance,	teachers	should	be	
granted	 the	opportunity	 to	 test	 the	materials	and	practice	 the	 target	strategies	well	ahead	
of	 the	 intervention,	 so	 that	 they	become	highly	 familiar	with	 the	principles	of	 the	 inter-
vention	and	make	it	their	own.	Second,	instruction	at	the	undergraduate	level	should	sup-
port	students’	ability	to	justify	their	evaluation	decisions,	beyond	identifying	relevant	and	
reliable	information.	Being	able	to	solve	academic	informational	problems	online	requires	
high-order	judgments	that	are	part	of	informational	problem	solving	(Britt	et	al.,	2018).	For	
instance,	contrasting	cases	of	high	and	low	quality	justifications	can	be	used	to	teach	stu-
dents	the	expected	standards	for	deep	and	evaluative	justifications	(Martínez	et	al.,	2024).	
Scaffolds	 for	 visual	 representation	 of	 inter-documentary	 relationships	 also	 a	 promising	
approach	(Barzilai	et	al.,	2020).	Finally,	it	is	also	important	to	differentiate	the	intervention	
according	to	students’	development	potential,	and	explore	different	pedagogies	for	online	
reading	skills,	alternating	lectures	and	practice	in	different	ways	(Schwartz	&	Bransford,	
1998).

Supplementary Information	 The	online	version	contains	supplementary	material	available	at	https://doi.
org/10.1007/s11251-024-09676-6.
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