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Abstract
In this study, I investigated the print exposure and website exposure of undergradu-
ates in relation to their scores on a text comprehension test. Print exposure was 
measured with a national version of the author recognition test, whereas a new web-
site recognition test was developed to measure students’ exposure to texts on the 
internet. The participants’ reading attitudes and number of years in higher education 
were included as control variables. Exploratory factor analysis suggested that three 
factors are measured by the website recognition test: (1) lifestyle topics; (2) news 
and culture; and (3) social activity. The results showed that only print exposure 
predicted text comprehension significantly and positively, but not for students with 
a high score on the website recognition test. Moderation analyses indicated that the 
pattern was clearest for the social activity factor of the website recognition measure. 
Hence, high activity on social media seems to diminish or remove the positive 
relationship between print exposure and text comprehension. The results confirm 
that print exposure relates positively to important aspects of students’ literacy, while 
further studies should be carried out to investigate the potential negative relation-
ship between website exposure and literacy.
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Introduction

Teaching children to read is considered a key task for educators all over the world. 
Reading outside educational contexts also seems to be essential, as time spent read-
ing facilitates the development of reading skills. The results from numerous studies 
show that students’ reading habits, extracurricular and self-initiated reading, are sig-
nificantly related to their reading achievement (Allington & McGill-Franzen, 2021). 
However, it should be noted that the positive influence of students’ leisure time read-
ing on a number of language- and reading-related skills has been demonstrated in 
studies on students’ reading of printed texts. Less is known about how students’ lei-
sure time reading of digital texts affects their reading skills. During the last decade, 
there has been a considerable decrease in students’ self-reported reading of printed 
texts and a substantial increase in their online reading (e.g., OECD, 2021; Twenge et 
al., 2019). Hence, the increase in online reading seems to take place at the expense of 
students’ reading of printed texts. A number of studies indicate that printed texts favor 
students’ reading performance compared to digital texts (Delgado et al., 2018; Kong 
et al., 2018). However, our knowledge about the relationship between students’ read-
ing skills and their new reading habits is still limited. In the present study, I set out to 
investigate the relationships between print and digital exposure on the one hand and 
text comprehension on the other.

Print exposure

Some of the strongest arguments supporting book reading come from research on 
how book reading facilitates individuals’ development of important linguistic skills, 
such as vocabulary, spelling, and text comprehension. One common explanation of 
the positive relationships between book reading and linguistic skills is the fact that 
written language is normally characterized by more precision, complexity, and a more 
sophisticated vocabulary than oral language (Nation et al., 2022; Stanovich, 2000). 
In analyses of word frequency in different sources of spoken and written language, 
Hayes and Ahrens (1988) showed that moderate- to low-frequency words appear 
much more often in common texts than in common speech. For example, children’s 
books included nearly twice as many “rare” words as transcripts of conversations 
between college graduates. Thus, people seem to learn more new words from book 
reading than from exposure to oral communication. In addition, printed texts are also 
important sources of knowledge, and print exposure seems to increase people’s level 
of general knowledge more than exposure to other channels of information, such as 
TV (Stanovich, 2000).

Print exposure has been measured in a number of ways (Zhang et al., 2018), 
mainly by different kinds of self-reports, such as reading diaries (e.g., Duncan et 
al., 2016), questionnaires and interviews (e.g., Huang et al., 2014), and the number 
of books in students’ home library (e.g., Sikora et al., 2019). One type of measure 
frequently used is recognition tests, with the author recognition test (ART) developed 
by Stanovich and West (1989) being probably the most used. Stanovich and West 
argued that self-reports of print exposure had a tendency to be confounded by social 
desirability. Many students would probably consider reading to be a “good thing” 
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and might thus exaggerate to some extent how much they read. An instrument was 
developed to prevent social desirability from affecting students’ responses. The ART 
consists of a list of popular authors, and students are asked to put a check mark next 
to names with which they are familiar. Nonexistent authors (foils) are added to the list 
to correct for guessing. Familiarity with author names is assumed to indicate engage-
ment in literacy-based activities. To capture leisure time reading, ART basically 
included popular authors of fiction. In a comprehensive research program, Stanovich 
and his colleagues demonstrated that print exposure positively predicted a number of 
cognitive outcomes, including orthographic processing, vocabulary, verbal fluency, 
spelling, and text comprehension, and that print exposure was a positive predictor in 
populations from primary school to groups of retired people (Stanovich, 2000).

The positive association between print exposure and linguistic abilities was con-
firmed in a meta-analysis conducted by Mol and Bus (2011) including studies on 
samples from preschool to university. In the 30 studies including college and univer-
sity students, the meta-analysis showed a strong correlation between print exposure 
(ART) and oral language skills and moderate correlations between print exposure 
(ART) and text comprehension and spelling. Interestingly, the results also showed a 
moderate correlation between ART and the participants’ SAT and GPA scores. The 
results from the meta-analysis conducted by Mol and Bus (2011) have been con-
firmed by more recent studies including adolescents and young adults. For example, 
Martin-Chang and colleagues (2020) showed that ART positively predicted adoles-
cents’ word level reading, spelling, and reading time, whereas Mar and Rain (2015) 
demonstrated that ART predicted a number of different linguistic abilities, includ-
ing text comprehension, among undergraduates. Finally, the results from a study by 
Spear-Swerling et al. (2020) indicated a positive relationship between ART and SAT 
reading and writing test scores. That study also showed results confirming that stu-
dents’ leisure time reading tends to be increasingly dominated by digital media, with 
the participants reporting a considerably higher frequency of reading digital media 
than book reading. Thus, students in the 21st century still read, although their reading 
of printed texts has decreased considerably (Twenge et al., 2019).

Digital texts and leisure time reading

Three recent meta-analyses indicate that readers profit somewhat more in terms of 
text comprehension from reading on paper than from reading on screens (Clinton, 
2019; Delgado et al., 2018; Kong et al., 2018). However, the digital text material 
in those studies is mainly digital versions of printed texts, and we know less about 
leisure time reading of the myriad of websites presented on the internet and social 
media texts. Whereas printed books are edited, and the language is considered more 
precise and includes a more sophisticated vocabulary than oral language, an editor 
is not required when publishing on the internet, and language characteristics seem 
to vary greatly. As mentioned above, Hayes and Ahrens (1988) demonstrated that 
moderate- to low-frequency words appear much more often in common scripted and 
edited texts than in oral language. Studies on corpora based on social media (e.g., 
Twitter, Facebook) indicate that such texts more closely reflect peoples’ oral language 
practices than corpora based on printed texts (Gimenes & New, 2016; Herdağdelen & 
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Marelli, 2017). Hence, while reading social media texts, students will not be exposed 
to unfamiliar words to the same extent as when they read printed texts. Additionally, 
social media texts seem to include more words related to personal matters than other 
texts (Herdağdelen & Marelli, 2017).

For other texts on the internet, there is a tremendous variation in the written lan-
guage to which people are exposed. Many printed texts have simply been transformed 
to a digital format and published on the internet. Other online texts are professionally 
edited and will not necessarily differ from printed texts in terms of linguistic sophisti-
cation, whereas numerous web texts are not edited by a gatekeeper. There also seems 
to be a trend among professional publishers to simplify the language when publish-
ing on the web. For example, in a textbook for journalism students, the language of 
social media for writing on the web is emphasized, as follows: “However, writing for 
the web is different in some very important ways. Among other things, you’ll need 
to speak the language of social media as well as tabloid and broadsheet editorial” 
(Allen, 2021, p. 52). Moreover, algorithms integrated in social media and search 
engines increasingly affect publishing on the internet (Cherubini & Nielsen, 2016). 
An example is the use of search engine optimization (SEO) among both amateur 
bloggers and professional publishing houses, implying that authors strive to use the 
same words and phrases that they anticipate their readers to use. In summary, it seems 
plausible that students’ leisure time reading of printed books generally represents 
exposure to a more sophisticated language and varied vocabulary than their reading 
on the web.

Large international studies among younger students, such as PIRLS (4th grade) 
and PISA (15 years old), indicate that leisure time use of information and commu-
nication technology (ICT) might be related to participants’ text comprehension. For 
example, an analysis of PISA data from 44 countries indicates a positive relationship 
between participants’ leisure time ICT use and text comprehension (Hu et al., 2018). 
In a Dutch sample from the PISA 2015 study, Gubbels et al. (2020) found that such 
a positive relationship only occurred for students reporting a moderate use of ICT in 
their leisure time, whereas the relationship turned negative for students reporting an 
excessive use of ICT. Thus, students following a “golden mean” of time spent on the 
internet seem to obtain the best results on the text comprehension test. One should 
note that ICT use in those studies is measured by composite scores based on students’ 
self-reported ICT use related to diverse activities (e.g., chatting, browsing, gaming, 
messaging). The results from other studies indicate that high scores on the use of 
e-mail/messages and social media (Facebook, forums) negatively predict text com-
prehension (Pfost et al., 2013; Torppa et al., 2020). In a comprehensive longitudinal 
study, Torppa and her colleagues (2020) found that six-graders’ self-reported digital 
reading related to social media negatively predicted text comprehension in Grade 7. 
For fourth-graders taking part in the PIRLS study, the results from the Irish sample 
showed that internet browsing time did not relate to text comprehension but that 
such browsing related positively to a measure of digital reading (Gilleece & Eivers, 
2018). That study also showed that the number of books in the home, indicating print 
exposure, positively predicted results on both a printed and a digital reading test. The 
positive relationship between the number of books in the home and reading was also 
demonstrated in a study by Sikora et al. (2019) based on data from 28 countries tak-
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ing part in the Programme for the International Assessment of Adult Competencies 
(PIAAC). The participants were asked to estimate the size of their home library when 
they were 16 years old. The results demonstrate that adolescent exposure to books is 
positively related to the participants’ digital literacy later in life. Thus, print exposure 
seems to relate positively to text comprehension whether the text material is printed 
or digital. The results are more mixed for the relationship between ICT use and text 
comprehension, although there are indications that at least the exposure to social 
media is negatively related to text comprehension.

One challenge in the above studies is that digital leisure time reading primarily 
has been measured with different kinds of self-reports. Thus, as argued by Stanovich 
and West (1989) in relation to self-reports of print exposure, self-reports of exposure 
to digital texts might also be confounded by social desirability and/or recall limita-
tions. In a recent meta-analysis Parry et al. (2021) showed that peoples self-reported 
problematic digital media use was weakly associated with usage logs, and that self-
reported digital media use in general was only moderately correlated with logged 
measurements. The use of log data seems to be a more valid measure of peoples’ 
digital media use. However, collecting log data indicating digital text exposure over 
time requires substantial resources. Hence, a recognition test of digital text exposure 
could be a less resource demanding measure than collecting log data, and a more 
valid measure than self-reports. In the present study, a website recognition test was 
developed based on the procedure described by Stanovich and West (1989) for the 
development of the author recognition test.

Reading attitudes

Leisure time reading, or recreational reading, is self-initiated by individuals. Read-
ers who engage in this kind of reading will potentially be motivated to spend time 
on a text of their own choosing, and there are results showing a positive relation-
ship between such intrinsic motivation and reading amount (Schiefele et al., 2012). 
Measures of reading attitudes have frequently been used to capture readers’ feel-
ings related to reading or favorable/unfavorable predispositions to aspects of read-
ing (McKenna et al., 2012). In a meta-analysis, Petscher (2010) showed a moderate 
relationship between reading attitudes and reading achievement among students in 
elementary and middle school. However, that relationship became weaker over time, 
and students’ positive attitudes toward reading tended to decline. These results were 
also confirmed in the literature review of Schiefele and colleagues (2012), with stud-
ies showing a stronger relationship between reading attitudes and reading achieve-
ment for elementary school students than for middle school students.

In several studies, reading attitudes have been classified into four categories 
according to purpose and context (e.g., Jang et al., 2021; McKenna et al., 2012). 
Hence, attitudes can be directed toward reading printed or digital texts for recre-
ational purposes or printed or digital texts for academic purposes. The results from a 
study by Lupo and colleagues (2017) showed a moderate association between reading 
achievement and recreational print reading attitudes, whereas there was no relation-
ship between reading achievement and recreational digital reading attitudes. There 
were, however, small and positive correlations between reading achievement and 
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both academic print and digital reading attitudes (Lupo et al., 2017). In the current 
study, reading attitudes are measured by the adult version of the “I like reading” scale 
from the PIRLS study (IEA, 2015). The items included in this measure do not specifi-
cally distinguish between printed and digital texts but refer to recreational reading 
in general. The results over a period of 15 years show a decline in the participants’ 
(parents’) reading attitudes (Hooper, 2020). Since recreational reading attitudes tend 
to correlate with text comprehension, I will include this variable in the present study 
as a control.

The present study

A number of studies have convincingly demonstrated a positive relationship between 
students’ leisure time reading and language skills such as vocabulary, reading fluency, 
text comprehension, and spelling (Allington & McGill-Franzen, 2021). The author 
recognition test (ART) developed by Stanovich and West (1989) has shown good 
validity as a measure of the leisure time reading of printed books, and it has proven 
to relate more strongly to text comprehension than other recognition tests related to 
other kinds of printed material (e.g., magazines, newspapers) (Mol & Bus, 2011). 
However, young people’s reading of printed material has decreased substantially in 
recent decades (NBA & NPA, 2022; Twenge et al., 2019). Hence, it seems worthwhile 
to investigate whether print exposure (i.e., ART) is still positively related to text com-
prehension at a significant and moderate level among young adults who have grown 
up in a digitalized society. Thus, in my first research question, I ask if the results of 
the many studies demonstrating a positive relationship between university students’ 
leisure time reading of printed texts and text comprehension will be replicated in a 
digitalized society (European commission, 2022). Based on results from prior studies 
(e.g., Mol and Bus, 2011), I expect a positive relationship, although the steep increase 
in students’ exposure to digital texts could have modified this relationship.

In the second research question, I ask whether students’ leisure time exposure 
to website texts is related to text comprehension when print exposure (i.e., ART) is 
controlled for. The results from PISA studies indicate a positive relationship between 
leisure time ICT use and text comprehension (Hu et al., 2018) but perhaps only for 
students reporting moderate leisure time ICT use (Gubbels et al., 2020). Other studies 
report that the frequent use of social media negatively predicts text comprehension 
(Pfost et al., 2013; Torppa et al., 2020), whereas there is more uncertainty about 
how exposure to other web-based sources relates to text comprehension (Pfost et al., 
2013). Given the multitude of different sources on the internet, representing numer-
ous, often blurred, genres (Belcher, 2023), more knowledge is needed about how 
exposure to different types of digital texts is related to students’ text comprehen-
sion. Thus, in the present study, I will also attempt to identify different categories 
of common website texts and explore the relationship between students’ exposure 
to these categories of website texts and text comprehension. The studies above have 
investigated relationships between leisure time reading of digital texts and text com-
prehension among younger students, whereas I include participants at the university 
level in the present study. I expect there would be a less clear relationship between 
website exposure and text comprehension than what I expect to find between leisure 
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time print exposure and text comprehension, and that exposure to social media in par-
ticular would be negatively related to text comprehension, in accordance with prior 
findings among younger students (Pfost et al., 2013; Torppa et al., 2020).

In the last research question, I ask whether there will be a moderating effect of stu-
dents’ website exposure on the relationship between print exposure and text compre-
hension. In accordance with Gubbels et al. (2020), one might expect that excessive 
website exposure could negatively affect the relationship between print exposure and 
text comprehension. However, students low in print exposure might profit somewhat 
from being exposed to digital texts on the web, depending of the nature of those 
texts. In turn, students high on both print and website exposure could potentially 
score somewhat lower on text comprehension measures than those only high on print 
exposure, also depending on the nature of the digital texts they have been exposed to. 
According to corpora studies on social media, such texts seem to be closer to every-
day oral language than printed texts (Gimenes & New, 2016; Herdağdelen & Marelli, 
2017). Hence, students with a high exposure to both printed text and to social media 
will potentially be exposed to a mix of digital texts characterized by everyday oral 
language and printed texts characterized by more precision, complexity, and a more 
sophisticated vocabulary (Nation et al., 2022). That mixture of text exposure might 
not be as positively associated to text comprehension as print exposure (i.e., book 
reading) has been demonstrated to be (Mol & Bus, 2011). Regarding other categories 
of web-based texts that students are exposed to in their leisure time, the nature of 
such texts will vary immensely, and whether website exposure moderates the relation 
between print exposure and text comprehension will potentially depend on the kinds 
of digital texts students access.

Finally, students’ self-reported reading attitudes and number of years in higher 
education were used as control variables in regression analyses. Reading attitudes 
have been shown to moderately relate to text comprehension (Schiefele et al., 2012), 
whereas the number of years in higher education might affect students’ reading habits.

Methods

Participants

The participants were 93 undergraduate students (Mage = 21.9, SD = 4.06; 81.3% 
females) from a large Norwegian university. The majority (88) of the students were 
taking an introductory sociology course, whereas five were enrolled in an introduc-
tory education course. All of the participants were fluent in Norwegian, and 19.4% of 
them stated that they were bilingual. Together, 41.9% of the participants had entered 
a university program for the first time, whereas 32.3% had 2 years or more experi-
ence at other higher education programs. The participants were informed that it was 
voluntary to take part in the study and that they could withdraw at any point in time. 
Procedures for collecting and handling data followed the General Data Protection 
Regulation and were approved by the Norwegian Social Science Data Services. After 
the data collection, all of the participants received a gift card worth approximately 
USD 20.
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Materials and procedure

Data were collected in groups of 15–20 students in sessions lasting for approximately 
25 min. The participants first completed a brief questionnaire containing questions 
on age, gender, and the number of years they had studied in higher education (Study 
experience). Next, the participants completed a questionnaire on reading attitudes, an 
author recognition test, a website recognition test, and a text comprehension test – in 
that order.

Reading attitudes

Reading attitudes were measured with a scale adapted from the parents’ section of 
the PIRLS (IEA, 2015). The measure, originally referred to as “parents like reading”, 
contained eight items concerning attitudes toward reading assessed on a five-point 
Likert scale, ranging from 1= ”Agree a lot” to 5 = ”Disagree a lot”. Two items, not 
consistent with positive attitudes, were reversed before calculating the index score 
as the mean of the items. Sample items are “I like to spend my spare time reading”, 
“Reading is an important activity in my home”, and “I enjoy reading”. One of the 
reversed items had a low correlation with the other items and was removed from fur-
ther analyses. Cronbach’s alpha for the remaining seven items was 0.85.

Author recognition test (ART)

A Norwegian version of the author recognition test (ART) (Stanovich & West, 1989) 
was constructed based on procedures used in developing the original Stanovich and 
West (1989) ART and more recent versions (Acheson et al., 2008; Spear-Swerling et 
al., 2020). The author recognition test is assumed to measure exposure to print based 
on voluntary reading, not on required academic reading. Thus, authors included in 
the list should primarily represent books that students might be exposed to outside 
an academic setting. Accordingly, the selection of authors in the present ART was 
mainly based on the top twenty authors on the best-selling lists from the Norwegian 
Booksellers Association during the last five years (2016–2020). Additionally, popular 
authors from loan lists of the city’s public library for the same five-year period were 
included to create a selection of fairly well-known writers in the list. A couple of 
authors of more classic works were added (George Orwell, Sigrid Undset), although 
I attempted to avoid classic works typically included in school syllabi. The authors 
represented a range of fiction genres, such as crime, romance, realistic fiction, humor, 
and historical fiction, and there was a mix of Norwegian and international authors. 
In total, 65 authors were included in the first version of the measure. The selected 
authors were mixed with 65 foils, that is, names of people who are not popular 
authors. International foils were mainly selected from English ART versions (Ache-
son et al., 2008; Stanovich & West, 1989), whereas Norwegian foils were fictional 
names constructed for another Norwegian study (Bråten et al., 2016). The number of 
international and Norwegian foils matched the number of authors.

In accordance with the prior use of ART measures (e.g., Acheson et al., 2008; Sta-
novich and West, 1989), the participants were given the following instruction when 
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the measure was introduced: “Below you will see a list of names. Some of the people 
on the list are writers of books, and some are not. You are to read the names and put a 
check mark next to the names of those individuals whom you know to be writers. Do 
not guess, but only check those whom you know to be writers. Remember, some of 
the names are people who are not writers, so guessing can easily be detected. Thus, 
you should only check names when you are certain they are writers”. A derived score 
was calculated from the number of real authors correctly checked off minus the num-
ber of false alarms to foils. Based on preliminary analyses, authors with extremely 
high identification rates (higher than 90%) and an identical number of foils were 
removed from further analyses. Hence, the final version of the instrument included 
55 authors and 55 foils. Cronbach’s alpha of the correct items checked was 0.92. The 
participants checked a mean number of 0.4 (SD = 0.93) foils, thus indicating that they 
followed the instruction to not guess.

Website recognition test (WRT)

A website recognition test (WRT) was designed by primarily following the design 
principles of the ART. Thus, URLs from Norwegian lists of popular websites pub-
lished during the last five years were considered for inclusion in the WRT. In addi-
tion, specific lists of popular bloggers for the same period were reviewed, as well as 
lists of popular browsers (e.g. duckduckgo.com; mozilla.org). In accordance with the 
selection of items for the ART, I aimed to select reasonably popular websites for the 
WRT that the participants may have potentially accessed in their leisure time. The 
WRT included 61 websites and 59 foils. All the fictional web addresses (foils) were 
checked at domene.no (registration of domain names) to confirm their status as foils.

The WRT shares some features with prior versions of the MRT, the Magazine 
recognition test (Acheson et al., 2008; Stanovich and West, 1989), as both the WRT 
and the MRT include information sources on a number of different topics for which 
people might potentially search in their leisure time. However, an important differ-
ence is the digital nature of sources listed in the WRT, as well as a much wider mix-
ture of genres and opportunities for interaction. The WRT included both Norwegian 
and international websites containing information related to news, entertainment, and 
shopping, as well as websites offering possibilities for gaming or interaction on social 
forums.

Following the procedures for completing the ART, the participants were instructed: 
“Below you will see a list of websites. Some of them are real, and some are not. You 
are to read the list and put a check mark next to the websites of those that you know 
to be real. Do not guess, but only check those that you know to be real. Remember, 
some of the websites are not real, so guessing can easily be detected. Thus, you should 
only check websites when you are certain they exist”. Websites with extremely high 
identification rates (higher than 90%) and an identical number of foils were removed 
from further analyses. Again, a derived score was calculated from the number of real 
websites correctly checked off minus the number of false alarms to foils. The final 
version of the WRT included 51 websites and 49 foils. Cronbach’s alpha of the cor-
rect items checked was 0.84. The mean number of checked foils was 0.4 (SD = 0.83), 
indicating that guessing was not a common strategy.
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Compared to the ART, the WRT represented a more diverse selection of informa-
tion sources, and one could presume that the WRT represented several factors. Hence, 
an exploratory factor analysis with categorical variables was performed by using the 
Categorical Principal Components Analysis (CATPCA) module in SPSS.28 (Meul-
man et al., 2004). Preliminary inspection of correlations between items indicated 
three factors. After first testing a two- and a four-factor solution, the three-factor solu-
tion was considered the best solution. Eigenvalues ranged from 3.1 to 6.6, and the 
three factors together accounted for 27.56% of the variance. Items loading lower than 
0.80 or with cross loading higher than 0.40 were omitted from the final factor solu-
tion. The first factor, WRT-lifestyle (WRT-LS; 11 items, α = 0.77), included mainly 
websites on fashion and shopping – all Norwegian websites. Four of the websites are 
blogs representing different kinds of influencers, while the other websites more or 
less offer online shopping. The second factor, WRT-news and culture (WRT-N&C; 
10 items, α = 0.76), included websites related to news, culture, and entertainment. The 
majority of the websites were international (e.g., theguardian.com; huffpost.com; rot-
tentomatoes.com). The third factor, WRT-social (8 items, α = 0.68), included websites 
related to communication/social activities. The items represent a mix of national and 
international websites. Examples of items are websites representing instant messag-
ing applications such as snapchat.com and whatsapp.com, as well as image sharing 
(e.g., vsco.co) and social media services (e.g., pinterest.com).

Text comprehension

Text comprehension was assessed with a cloze comprehension test for adults and 
young adults (Gellert & Elbro, 2013). The test consisted of five narrative and five 
expository texts, including 41 word gaps in all. The Norwegian version of the test 
comprised 1.340 words in total, with a range of 41 to 330 words across the ten texts. 
There were four alternative words provided for each gap, and the participants were 
instructed to read the texts and refill as many gaps as possible. Correct refilling of the 
gaps required bridging inferences, and the number of correct refilled gaps constituted 
the text comprehension score. Participants were instructed to refill as many word 
gaps as possible within 10 min. Gellert and Elbro (2013) concluded that the test was 
both valid and reliable after correlating it with standardized tests of reading compre-
hension. Reliability was satisfactory (Cronbach’s α = 0.85) in a prior study including 
Norwegian secondary students (Bråten et al., 2019), and in two studies including 
Norwegian university students with α = 0.89 in Haverkamp et al. (2022) (BA/MA 
students) and α = 0.83 in Latini et al. (2019) (BA students). In the two studies includ-
ing university students, analyses of correlation showed a statistical significantly rela-
tionships between the cloze comprehension test and text integration measures. In the 
present study reliability of the cloze comprehension test was α = 0.75.
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Results

Descriptive measures and zero-order correlations among the measures are presented 
in Table 1. Initial examination of the data showed that three participants scored more 
than three standard deviations from the mean on the text comprehension measure. 
Data from those three participants were removed from any further analyses.

The mean study experience score indicates that the participants generally had 
less than a year’s experience as students in higher education. The descriptive data 
also show that students checked a mean of 25.64% of the authors included in the 
ART and 40.20% of the websites in the WRT. Study experience correlated weakly 
but significantly and positively with ART and the WRT-N&C, whereas there was 
a weak, statistically significant, and negative correlation between the participants’ 
study experience and the WRT-social measure. Reading attitudes were moderately 
and positively related to ART and WRT-N&C and weakly related to text comprehen-
sion. The ART measure was more strongly related to text comprehension than any of 
the other measures, and there was a moderate and positive correlation between ART 
and WRT. The full WRT measure correlates strongly with the WRT-LS and the WRT-
N&C and moderately with the WRT-social. However, except for a weak and positive 
relationship between WRT-LS and WRT-N&C, there are no statistically significant 
relationships between the subscales.

To address the three research questions, I performed four hierarchical multiple 
regression analyses. Text comprehension was entered as dependent variable in all 
four analyses. Study experience and reading attitudes were entered into the equa-
tions in step one, whereas ART was entered into step two in all analyses. In the 
first analysis, the full WRT measure was added in step two together with the cross-
product multiplicative term between ART and WRT. In the next three analyses, WRT 
was replaced by one of the three factors (i.e. WRT-lifestyle; WRT-news and culture; 

Table 1 Skewness, means, standard deviations and zero-order correlations (r) among variables (N = 90)
Variables 1. 2. 3. 4. 5. 6. 7. 8.
1. Study exp -
2. Reading att 0.11 -
3. ART 0.30** 0.46*** -
4. WRT 0.13 0.16 0.40*** -
5. WRT-LS 0.19 − 0.06 0.36*** 0.70*** -
6. WRT-N&C 0.21* 0.40*** 0.39*** 0.68*** 0.21* -
7. WRT-social − 0.22* − 0.08 − 0.11 0.44*** 0.18 − 0.02 -
8. Text comp 0.12 0.27** 0.46*** 0.21* 0.11 0.28** − 0.02 -
Mean (SD) 1.66 

(1.64)
3.07
(0.68)

14.1
(9.50)

20.5
(6.85)

3.16 
(2.68)

5.19 
(2.48)

5.53 
(1.90)

33.89 
(3.54)

Skewness 0.32 − 0.56 0.81 − 0.15 0.79 − 0.44 − 0.45 − 0.73
Kurtosis -1.5 − 0.41 0.23 − 0.27 − 0.34 − 0.52 − 0.69 0.42
*p < .05, **p < .01, ***p < .001
Note. Study exp = Study experience, Reading att = Reading attitudes, ART = Author recognition test, 
WRT = Website recognition test, WRT-LS = Website recognition test – lifestyle, WRT-N&C = Website 
recognition test – news and culture, WRT-social = Website recognition test – social, Text comp = Text 
comprehension
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WRT-social) identified in the exploratory factor analysis with categorical variables 
performed on the full WRT. To avoid potentially problematic high multicollinearity 
with the interaction term, ART and the WRT measures were mean centered prior to 
the analyses. The interactions were probed by testing the conditional effects of ART 
at text comprehension at three levels of the WRT measures, the 16th, 50th, and 84th 
percentiles of the distribution, by performing simple slopes analyses in the PRO-
CESS macro for SPSS (Hayes, 2022).

The results for the analysis predicting text comprehension with the ART and 
WRT in the equation are shown in Table 2. When study experience and reading atti-
tudes were entered in step one of the analysis, 8% of the variance was explained, 
Fchange(2, 87) = 3.89, p = .024. In this step, reading attitudes was a unique predictor of 
text comprehension, indicating that participants holding positive attitudes towards 
reading were more likely to comprehend the texts than participants holding neutral 
or negative attitudes towards reading. The addition of ART, WRT and the interac-
tion term in step two resulted in a statistically significant increase in explained vari-
ance, R2 = 0.19, Fchange(3, 84) = 7.47, p < .001, after step two. In this step, only ART 
(β = 0.44, p < .001) and the interaction between ART and WRT (β = − 0.25, p = .009) 
were statistically significant predictors of text comprehension. Thus, print exposure 
was positively associated to text comprehension whereas there was no statistically 
significant association between website exposure and text comprehension. Following 
Aiken and West (1991) and Hayes (2022), the interaction between ART and WRT 
was graphed. As illustrated in Fig. 1, the moderation analysis indicates that the posi-
tive relationship between ART and Text comprehension is negatively affected by stu-
dents’ website exposure. Simple slopes analysis showed that when students score 
low (16th percentile) on the WRT measure, there is a positive and statistically signifi-
cant relationship between ART and Text comprehension, b = 0.25, t = 4.41, p < .001. 
For scores at the medium (50th percentiles) level on the WRT measure, there is a 
somewhat lower positive but still statistically significant relationship between ART 
and Text comprehension, b = 0.16, t = 3.65, p < .001. For scores at a high level (84th 
percentiles) on the WRT measure, there is a low nonsignificant relationship between 
ART and Text comprehension, b = 0.09, t = 1.77, p = .081.

In the next analysis, the WRT-lifestyle measure replaced the full WRT in the hier-
archical multiple regression analyses. Results from step one in the analysis are the 
same as in the first analysis (Table 2). The addition of ART, WRT-lifestyle and the 
interaction term in step two resulted in a statistically significant 14% increase in 

ΔR2 β
Step 1 0.08*

Study experience 0.09
Reading attitudes 0.26*

Step 2 0.19***
Study experience − 0.02
Reading attitudes 0.10
ART 0.44***
WRT 0.03
Interaction (ART x WRT) − 0.25**

Table 2 Results of hierarchical 
regression analysis with Text 
comprehension as the dependent 
variable and ART x WRT as an 
interaction term

*p < .05, **p < .01, ***p < .001
Note. ART = Author recognition 
test, WRT = Website 
recognition test
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explained variance, Fchange(3, 84) = 4.92, p = .003. In this step, only ART was a statis-
tically significant predictor of Text comprehension, whereas results did not indicate 
a significant relationships between WRT-lifestyle or the interaction term and Text 
comprehension. The results for all predictors in the model are reported in Table 3.

Next, the WRT-news and culture measure replaced the full WRT in the hierarchical 
multiple regression analysis. Results from step one in the analysis are reported above. 
The addition of ART, WRT-news and culture and the interaction term in step two 
resulted in a statistically significant 17% increase in explained variance, Fchange(3, 
84) = 6.36, p < .001. Again, only ART was a statistically significant predictor of text 
comprehension in this step, whereas exposure to news and culture websites did not 
predict text comprehension at a statistically significant level. Neither did the interac-
tion term. The results for all predictors are reported in Table 3.

Finally, WRT-social replaced the full WRT in the hierarchical multiple regression 
analysis. Again, results from step one in the analysis replicated results reported in 
the first regression analysis (see above). When ART, WRT-social and the interaction 
term were added to the equation in step two, there was a statistically significant 17% 
increase in explained variance, Fchange(3, 84) = 6.47, p < .001. Results show that ART 
and the interaction between ART and WRT-social were significant predictors of text 
comprehension, whereas there were no statistically significant association between 
WRT-social and text comprehension. The results for all predictors in the model are 
reported in Table 3.

Interpretation of simple slopes indicates a positive and statistically significant 
relationship between ART and Text comprehension for low scores on the WRT-
social, b = 0.24, t = 4.26, p < .001. This relationship is also statistically significant for 

Fig. 1 Graphical representation of the moderation effect of WRT on the association between ART, 
represented on the horizontal axis, and Text comprehension, represented on the vertical axis. Note. 
ART = Author recognition test, WRT = Website recognition test, Text Comp = Text comprehension
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medium scores on the WRT-social measure, b = 0.12, t = 2.50, p = .015, although the 
moderation effect is somewhat weaker than for low WRT-social scores. For high 
scores on the WRT-social measure, there was no statistically significant moderation 
effect, b = 0.03, t = 0.41, p = .686. The moderation analysis is illustrated in Fig. 2. For 
low scores on the WRT-social measure, there is a clear positive relationship between 
ART and Text comprehension, with an increase in the ART measure score positively 
associated with increased scores on the Text comprehension.

The same tendency, although not as salient, is illustrated for medium scores on the 
WRT-social, whereas Fig. 2 indicates no relationship between ART and Text compre-
hension for high scores on the WRT-social measure.

Discussion

The present study confirms the positive relationship between print exposure and text 
comprehension demonstrated among students in higher education in previous stud-
ies (e.g., Mar and Rain, 2015; Mol and Bus, 2011; Spear-Swerling et al., 2020). 
Students’ website exposure does not predict text comprehension when print expo-
sure is entered into the equation, and a high degree of website exposure seems to 
diminish the positive relationship between print exposure and text comprehension. 
Hence, the current study contributes to our understanding of how students’ website 
exposure might be associated to the positive relationship between print exposure and 
text comprehension.

ΔR2 β
Step 1 0.08*

Study experience 0.09
Reading attitudes 0.26*

Step 2 (Model 1) 0.14**
Study experience − 0.01
Reading attitudes 0.07
ART 0.46***
WRT-LS 0.03
Interaction (ART x WRT-LS) − 0.07

Step 2 (Model 2) 0.17***
Study experience − 0.03
Reading attitudes 0.05
ART 0.43***
WRT-N&C 0.11
Interaction (ART x WRT-N&C) − 0.17

Step 2 (Model 3) 0.17***
Study experience − 0.03
Reading attitudes 0.11
ART 0.39***
WRT-social − 0.01
Interaction (ART x WRT-social) − 0.21*

Table 3 Results of hierarchical 
regression analyses with Text 
comprehension as the dependent 
variable and three models 
including either WRT-LS, 
WRT-N&C, or WRT-SO in the 
second step

*p < .05, **p < .01, ***p < .001
Note. ART = Author recognition 
test, WRT-LS = Website 
recognition test – lifestyle, 
WRT-N&C = Website 
recognition test – news and 
culture, WRT-social = Website 
recognition test - social
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In the first research question, I aimed to investigate whether the positive rela-
tionship between print exposure and text comprehension demonstrated in numerous 
studies would be confirmed in a sample of undergraduates in a digitalized society. We 
know there is a decrease in young people’s reading of printed books and an increase 
in their reading of digital texts (Gran et al., 2019; Twenge et al., 2019), but we know 
less about whether that trend has affected the relationship between print exposure and 
text comprehension. The results in the present study show a moderate and positive 
relationship between print exposure and comprehension at approximately the same 
level as reported in the meta-analysis by Mol and Bus (2011). That relationship also 
remains when students’ study experience, reading attitudes, and website exposure are 
controlled for in the regression analysis.

The second research question concerns whether students’ leisure time exposure 
to website texts is related to text comprehension. The analysis of correlations among 
the variables indicates a small but significant and positive relationship between the 
website recognition test and students’ text comprehension. Furthermore, this analysis 
also indicates that the positive relationship relies primarily on students’ recognition 
of news and culture websites. Additionally, the analysis shows a medium correla-
tion between the author and the website recognition tests, indicating some shared 
variance. Hence, when the author recognition test is entered first into the equation 
in multiple regression analyses, it is the only variable predicting text comprehen-
sion significantly. This result indicates that reading habits associated with texts on 
the internet do not relate to text comprehension when print exposure is included in 
the analysis. That result also resembles findings from prior studies including mea-

Fig. 2 Graphical representation of the moderation effect of WRT-social on the association between 
ART, represented on the horizontal axis, and Text comprehension, represented on the vertical axis. 
Note. ART = Author recognition test, WRT-social = Website recognition test - social, Text Comp = Text 
comprehension
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sures on author recognition related to both fiction and nonfiction, where only ART 
fiction predicts text comprehension (Mar & Rain, 2015) and vocabulary (Wimmer 
& Ferguson, 2022) when both fiction and nonfiction print exposure measures are 
entered as predictors. Websites might have elements of fiction, but the greater part 
of websites contain nonfiction texts. Although other studies show somewhat mixed 
results (Acheson et al., 2008; Mol & Bus, 2011; Spear-Swerling et al., 2020), fiction 
print exposure seems to be a better predictor of students’ text comprehension than 
print exposure measures related to other genres (e.g., nonfiction books, magazines, 
newspapers). Mar and Rain (2015) suggest that differences in structure and content 
between genres might explain why exposure to fiction is more positively associated 
with a number of measures of linguistic abilities than exposure to nonfiction texts. In 
a meta-analysis, Mar and colleagues (2021) showed that narrative fiction texts were 
more easily comprehended and better recalled than nonfiction texts. The authors sug-
gested that one reason could be that narrative texts more closely resemble our every-
day experience, whereas nonfiction texts require more topic-specific knowledge to 
make inferences (Mar et al., 2021). This suggests that it could be easier to learn novel 
words from reading narratives than from nonfiction texts.

In the present study, the website recognition test included content representing a 
number of different genres, for example, news sites, blogs, and different forums. The 
myriad of genres represented on the internet might also represent a challenge in stu-
dents’ development of language outcomes such as text comprehension and vocabu-
lary. Genre structures might guide students’ text comprehension (Goldman & Bisanz, 
2002) but only when they have sufficient experience with the relevant genre. Finally, 
the huge variation in the quality control of content on websites could also explain 
why website exposure does not predict text comprehension in the current study.

In the third research question, I asked whether students’ website exposure would 
modify the relationship between print exposure and text comprehension. The results 
indicate that this is the case when print exposure is measured with ART fiction. For 
students with low or medium scores on the website recognition test, there is a positive 
relationship between print exposure and text comprehension, whereas for students 
with high website exposure, there is no statistically significant relationship between 
print exposure and text comprehension. Thus, website exposure seems to eliminate 
the potentially positive effect of print exposure on text comprehension for students 
high in website exposure, specifically with high exposure to social media of different 
kinds. The more informal, oral style, in which authors strive to mirror the everyday 
language of people, as well as to relate more to personal matters (Gimenes & New, 
2016; Herdağdelen & Marelli, 2017), might be more dominating on the web, and 
specifically on social networks sites, than in the language of printed material. The 
tendency for social media to stand out as a potentially negative predictor of text 
comprehension is in line with results from studies involving younger students (Pfost 
et al., 2013: Torppa et al., 2020) and studies on the relationship between social media 
use and undergraduates’ GPA (e.g., Tafesse, 2020). However, one should note that a 
potential negative relationship between exposure to social network sites and readers’ 
text comprehension might not necessarily be due to the nature of the language of 
those websites. Another explanation is the tendency people have to become distracted 
by social media while they are reading other texts (Tafesse, 2020).
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The results from the moderation analyses also indicate that when students score 
low on ART, they seem to profit somewhat in terms of text comprehension by scoring 
high on WRT. Thus, high website exposure seems to compensate somewhat when 
students lack exposure to printed material. This tendency is weak, but it might indi-
cate that high website exposure is not necessarily negatively associated to text com-
prehension. In addition, the results from studies on adolescents’ and young adults’ 
text messaging have shown that the use of digital text messaging (writing and read-
ing) does not necessarily relate negatively to a number of literacy skills (e.g., Coe 
and Oakhill, 2011; Grace et al., 2014; Verheijen et al., 2020). However, none of these 
studies focused specifically on whether text messaging relates to text comprehension, 
whereas the results from the present study indicate that high exposure to social net-
work sites is negatively associated to the relationship between print exposure and text 
comprehension. Print exposure stands out as the only significant variable positively 
predicting text comprehension. One could argue that students’ website exposure is 
more relevant when digital reading skills are the outcome variables. However, the 
results on the relationship between students’ ICT use and digital reading performance 
are inconclusive and more often negative than positive (Gubbels et al., 2020; Nau-
man & Sälzer, 2017).

Limitations and future research

The present study has several limitations. Although the text comprehension test 
has been demonstrated to have acceptable reliability and validity in several studies 
(e.g. Gellert and Elbro, 2013; Haverkamp et al., 2022), a cloze test will normally be 
restricted to measuring comprehension at sentence and passage level (Trace, 2020). 
Hence, the text comprehension measure could be accompanied by a measure of mul-
tiple text or digital text comprehension, potentially measuring the challenges readers 
often are confronted with in evaluating and integrating information across different 
sources (Bråten et al., 2018).

In the present study print exposure was measured by ART fiction. Results from 
other studies have indicated mixed results regarding the association between non-
fiction measures of print exposure and text comprehension (e.g. Mar and Rain, 2015; 
Mol and Bus, 2011). Hence, future studies on the relationships between print expo-
sure, website exposure, and text comprehension, should consider including measures 
of both fiction and non-fiction print exposure.

There are a number of studies including measures of self-reported accessibility 
to and use of ICT as predictors of both offline and online comprehension. However, 
such measures tend to include all activity related to the use of computers, whereas 
more refined grained measures would probably produce more informative results. 
Other issues concerning self-reports of digital reading, are the tendency of social 
desirability to confound peoples’ responses and the relatively weak relationship dem-
onstrated between self-reports and log data. Thus, website recognition tests could be 
an alternative option, but that approach would need to be further explored regarding 
both reliability and validity. Future studies should attempt to investigate the relation-
ship of print and website exposure to both offline and online comprehension.
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Vocabulary is another dependent variable on interest as this variable has been 
demonstrated to relate significantly to both print exposure and text comprehension 
(Stanovich, 2000). An important argument in favor of print exposure has been that 
printed material normally includes more low-frequency words than TV/video and 
oral language. Hence, it could be of interest to investigate whether print exposure 
predicts vocabulary better than website exposure.

Future studies should also aim to include a more balanced distribution across gen-
der among participants and to include larger groups of participants. Finally, given the 
correlational nature of the present analysis, we cannot assume a causal relationship 
between the exposure variables and text comprehension. Both print exposure and 
website exposure develops over time, and longitudinal studies of how such exposure 
might affect text comprehension in the long run needs to be conducted.

Despite the limitations, the results from the study represent a unique contribution 
to the field in indicating potential dimensions of website exposure and relationships 
between such exposure and text comprehension. This study confirms that print expo-
sure is an important predictor of text comprehension, whereas the results indicate that 
website exposure might be negatively related to text comprehension. More research 
is needed on that relationship. However, the recommendation for students of all ages 
to read books seems to be well justified.

Funding Open access funding provided by University of Oslo (incl Oslo University Hospital)

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use 
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

References

Acheson, D. J., Wells, J. B., & MacDonald, M. C. (2008). New and updated tests of print exposure and read-
ing abilities in college students. Behavior Research Methods, 40(1), 278–289. 10.3758BRM.40.1.278.

Aiken, L. S., & West, S. G. (1991). Multiple regression: Testing and interpreting interactions. Sage.
Allen, G. (2021). Writing for the web. In M. Swaine, H. Gilbert, & G. Allen (Eds.), Writing for journalists 

(pp. 51–71). Routledge.
Allington, R. L., & McGill-Franzen, A. M. (2021). Reading volume and reading achievement: A review 

of recent research. Reading Research Quarterly, 56(S1), 231–238. https://doi.org/10.1002/rrq.404.
Belcher, D. D. (2023). Digital genres: What they are, what they do, and why we need to better understand 

them. English for Specific Purposes, 70, 33–43. https://doi.org/10.1016/j.esp.2022.11.003.
Bråten, I., Strømsø, H. I., & Andreassen, R. (2016). Sourcing in professional education: Do text factors make 

any difference? Reading and Writing, 29, 1599–1628. https://doi.org/10.1007/s11145-015-9611-y.
Bråten, I., McCrudden, M., Lund, E. S., Brante, E. W., & Strømsø, H. I. (2018). Task-oriented learn-

ing with multiple documents: Effects of topic familiarity, author expertise, and content relevance 
on document selection, processing, and use. Reading Research Quarterly, 53, 345–365. https://doi.
org/10.1002/rrq.197.

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/rrq.404
https://doi.org/10.1016/j.esp.2022.11.003
https://doi.org/10.1007/s11145-015-9611-y
https://doi.org/10.1002/rrq.197
https://doi.org/10.1002/rrq.197


Does students’ exposure to websites moderate the positive…

Bråten, I., Brante, E. W., & Strømsø, H. I. (2019). Teaching sourcing in upper secondary school: A com-
prehensive sourcing intervention with follow-up data. Reading Research Quarterly, 54, 481–505. 
https://doi.org/10.1002/rrq.253.

Cherubini, F., & Nielsen, R. K. (2016). Editorial analytics: How news media are developing and using 
audience data and metrics Reuters Institute for the Study of Journalism. https://reutersinstitute.
politics.ox.ac.uk/our-research/editorial-analytics-how-news-media-are-developing-and-using-audi-
ence-data-and-metrics.

Clinton, V. (2019). Reading from paper compared to screens: A systematic review and meta-analysis. Jour-
nal of Research in Reading, 42(2), 288–325. https://doi.org/10.1111/1467-9817.12269.

Coe, J. E. L., & Oakhill, J. V. (2011). txtN is ez f u no h2 rd’: The relation between reading ability 
and text-messaging behavior. Journal of Computer Assisted Learning, 27, 4–17. https://doi.
org/10.1111/j.1365-2729.2010.00404.x.

Delgado, P., Vargas, C., Ackerman, R., & Salmerón, L. (2018). Don’t throw away your printed books: 
A meta-analysis on the effects of reading media on reading comprehension. Educational Research 
Review, 25, 23–38. https://doi.org/10.1016/j.edurev.2018.09.003.

Duncan, L. G., McGeown, S. P., Griffiths, Y. M., Stothard, S. E., & Dobai, A. (2016). Adolescent reading 
skill and engagement with digital and traditional literacies as predictors of reading comprehension. 
British Journal of Psychology, 107(2), 209–238. https://doi.org/10.1111/bjop.12134.

European Commission (2022). Digital Economy and Society Index (DESI) 2022: Norway. http://www.
file:///C:/Users/helgestr/Downloads/DESI_2022__Norway__eng_75V8QcGT6KC53tEy1zS0Xfh
uxi8_88980.pdf.

Gellert, A. S., & Elbro, C. (2013). Cloze tests may be quick, but are they dirty? Development and prelimi-
nary validation of a cloze test of reading comprehension. Journal of Psychoeducational Assessment, 
31(1), 16–28. https://doi.org/10.1177/0734282912451971.

Gilleece, L., & Eivers, E. (2018). Characteristics associated with paper-based and online reading in Ire-
land: Findings from PIRLS and ePIRLS 2016. International Journal of Educational Research, 91, 
16–27. https://doi.org/10.1016/j.ijer.2018.07.004.

Gimenes, M., & New, B. (2016). Worldlex: Twitter and blog word frequencies for 66 languages. Behavior 
Research Methods, 48, 963–972. https://doi.org/10.3758/s13428-015-0621-0.

Goldman, S. R., & Bisanz, G. L. (2002). Toward a functional analysis of scientific genres: Implications for 
understanding and learning processes. In J. Otero, J. A. León, & A. C. Graesser (Eds.), The psychol-
ogy of science text comprehension (pp. 19–50). Lawrence Erlbaum.

Grace, A., Kemp, N., Martin, F. H., & Parrila, R. (2014). Undergraduates’ text messaging language and 
literacy skills. Reading and Writing, 27, 855–873. https://doi.org/10.1007/s11145-013-9471-2.

Gran, A. B., Kristensen, L. B. K., Røssaak, E., Sverdljuk, J., Furseth, P. I., Alm, K., & Moreno, V. (2019). 
Bokforbruk, bibliotek og lesing i digitale tider. (Book consumption, libraries and reading in digi-
tal times). Report #4. BI Centre for Creative Industries. https://www.bi.edu/globalassets/forskning/
centre-for-creative-industries/publications/bokforbruk-bibliotek-og-lesing-i-digitale-tider-dnd.pdf.

Gubbels, J., Swart, N. M., & Groen, M. A. (2020). Everything in moderation: ICT and reading perfor-
mance of dutch 15-year-olds. Large-scale Assessments in Education, 8, 1. https://doi.org/10.1186/
s40536-020-0079-0.

Haverkamp, Y. E., Bråten, I., Latini, N., & Salmerón, L. (2022). Is is the size, the movement, or both? 
Investigating effects of screen size and text movement on processing, understanding, and motivation 
when students read informational text. Reading and Writing: An Interdisciplinary Journal. https://
doi.org/10.1007/s11145-022-10328-9.

Hayes, A. F. (2022). Introduction to mediation, moderation, and conditional process analysis. A regres-
sion-based approach. The Guilford Press.

Hayes, D. P., & Ahrens, M. G. (1988). Vocabulary simplification for children: A special case of “moth-
erese”? Journal of Child Language, 15, 95–410. https://doi.org/10.1017/S0305000900012411.

Herdağdelen, A., & Marelli, M. (2017). Social media and language processing: How Facebook and Twitter 
provide the best frequency estimates for studying word recognition. Cognitive Science, 41, 976–995. 
https://doi.org/10.1111/cogs.12392.

Hooper, M. (2020). Troubling trends: An international decline in attitudes towards reading (IEA Compass 
Briefs in Education No. 8). International Association for the Evaluation of Educational Achievement. 
https://www.iea.nl/sites/default/files/2020-03/Compass_brief_8_Troubling-trends. pdf.

Hu, X., Gong, Y., Lai, C., & Leung, F. K. S. (2018). The relationship between ICT and student literacy in 
mathematics, reading, and science across 44 countries: A multilevel analysis. Computers & Educa-
tion, 125, 1–13. https://doi.org/10.1016/j.compedu.2018.05.021.

1 3

https://doi.org/10.1002/rrq.253
https://reutersinstitute.politics.ox.ac.uk/our-research/editorial-analytics-how-news-media-are-developing-and-using-audience-data-and-metrics
https://reutersinstitute.politics.ox.ac.uk/our-research/editorial-analytics-how-news-media-are-developing-and-using-audience-data-and-metrics
https://reutersinstitute.politics.ox.ac.uk/our-research/editorial-analytics-how-news-media-are-developing-and-using-audience-data-and-metrics
https://doi.org/10.1111/1467-9817.12269
https://doi.org/10.1111/j.1365-2729.2010.00404.x
https://doi.org/10.1111/j.1365-2729.2010.00404.x
https://doi.org/10.1016/j.edurev.2018.09.003
https://doi.org/10.1111/bjop.12134
http://www.file:///C:/Users/helgestr/Downloads/DESI_2022__Norway__eng_75V8QcGT6KC53tEy1zS0Xfhuxi8_88980.pdf
http://www.file:///C:/Users/helgestr/Downloads/DESI_2022__Norway__eng_75V8QcGT6KC53tEy1zS0Xfhuxi8_88980.pdf
http://www.file:///C:/Users/helgestr/Downloads/DESI_2022__Norway__eng_75V8QcGT6KC53tEy1zS0Xfhuxi8_88980.pdf
https://doi.org/10.1177/0734282912451971
https://doi.org/10.1016/j.ijer.2018.07.004
https://doi.org/10.3758/s13428-015-0621-0
https://doi.org/10.1007/s11145-013-9471-2
https://www.bi.edu/globalassets/forskning/centre-for-creative-industries/publications/bokforbruk-bibliotek-og-lesing-i-digitale-tider-dnd.pdf
https://www.bi.edu/globalassets/forskning/centre-for-creative-industries/publications/bokforbruk-bibliotek-og-lesing-i-digitale-tider-dnd.pdf
https://doi.org/10.1186/s40536-020-0079-0
https://doi.org/10.1186/s40536-020-0079-0
https://doi.org/10.1007/s11145-022-10328-9
https://doi.org/10.1007/s11145-022-10328-9
https://doi.org/10.1017/S0305000900012411
https://doi.org/10.1111/cogs.12392
https://www.iea.nl/sites/default/files/2020-03/Compass_brief_8_Troubling-trends
https://doi.org/10.1016/j.compedu.2018.05.021


H. I. Strømsø

Huang, S., Capps, M., Blacklock, J., & Garza, M. (2014). Reading habits of college students in the United 
States. Reading Psychology, 35(5), 437–467. https://doi.org/10.1080/02702711.2012.739593.

IEA (2015). PIRLS 2016. Learning to read survey. TIMSS & PIRLS International Study Center website: 
https://timssandpirls.bc.edu/pirls2016/questionnaires/downloads/P16_HQ.pdf.

Jang, B. G., Ryoo, J. H., & Smith, K. C. (2021). Latent profiles of attitudes toward print and digital 
reading among adolescents. Reading and Writing, 34, 1115–1139. https://doi.org/10.1007/
s11145-020-10104-7.

Kong, Y., Seo, Y. S., & Zhai, L. (2018). Comparison of reading performance on screen and on paper: A meta-
analysis. Computers & Education, 123, 138–149. https://doi.org/10.1016/j.compedu.2018.05.005.

Latini, N., Bråten, I., Anmarkrud, Ø., & Salmerón, L. (2019). Investigating effects of reading medium 
and reading purpose on behavioral engagement and textual integration in a multiple document 
context. Contemporary Educational Psychology, 59, Article 101797. https://doi.org/10.1016/j.ced-
psych.2019.101797. https://doi-org.ezproxy.uio.no/.

Lupo, S., Jang, B. G., & McKenna, M. C. (2017). The relationship between reading achievement and 
attitudes toward print and digital texts in adolescent readers. Literacy Research: Theory, Method and 
Practice, 66, 264–278. https://doi.org/10.1177/2381336917719254.

Mar, R. A., & Rain, M. (2015). Narrative fiction and expository nonfiction differentially predict verbal 
ability. Scientific Studies of Reading, 19(6), 419–433. https://doi.org/10.1080/10888438.2015.106
9296.

Mar, R. A., Li, J., Nguyen, A. T. P., & Ta, C. T. (2021). Memory and comprehension of narrative ver-
sus expository texts: A meta-analysis. Psychonomic Bulletin & Review, 28, 732–749. https://doi.
org/10.3758/s13423-020-01853-1.

Martin-Chang, S., Kozak, S., & Rossi, M. (2020). Time to read Young Adult fiction: Print exposure and 
linguistic correlates in adolescents. Reading and Writing, 33, 741–760. https://doi.org/10.1007/
s11145-019-09987-y.

McKenna, M. C., Conradi, K., Lawrence, C., Jang, B. G., & Meyer, J. P. (2012). Reading attitudes of mid-
dle school students: Results of a U.S. survey. Reading Research Quarterly, 47(3), 283–306. https://
doi.org/10.1002/RRQ.021.

Meulman, J. J., Van Der Kooij, A. J., & Heiser, W. J. (2004). Principal components analysis with nonlinear 
optimal scaling transformations for ordinal and nominal data. In D. Kaplan (Ed.), The sage handbook 
of quantitative methodology for the Social Sciences (pp. 49–70). Sage.

Mol, S. E., & Bus, A. G. (2011). To read or not to read: A meta-analysis of print exposure from infancy to 
early adulthood. Psychological Bulletin, 137(2), 267–296. https://doi.org/10.1037/a0021890.

Nation, K., Dawson, N. J., & Hsiao, Y. (2022). Book language and its implications for children’s lan-
guage, literacy, and development. Current Directions in Psychological Science. https://doi.
org/10.1177/09637214221103264.

Naumann, J., & Sälzer, C. (2017). Digital reading proficiency in german 15-year olds: Evidence 
from PISA 2012. Zeitschrift für Erziehungswissenschaft, 20, 585–603. https://doi.org/10.1007/
s11618-017-0758-y.

NBA & NPA: Norwegian Booksellers Association & Norwegian Publishers Association (2022). Leseun-
dersøkelsen 2022 (Reader survey 2022). https://forleggerforeningen.no/wp-content/uploads/2022/05/
Leserundersokelsen-2022-gjennomfort-for-Bokhandlerforeningen-og-Forleggerforeningen-1.pdf.

OECD. (2021). 21st-century readers: Developing literacy skills in a digital world. OECD Publishing, 
Paris: PISA. https://doi.org/10.1787/a83d84cb-en.

Parry, D. A., Davidson, B. I., Sewall, C. J. R., Fisher, J. T., Mieczkowski, H., & Quintana, D. S. (2021). A 
systematic review and meta-analysis of discrepancies between logged and self-reported digital media 
use. Nature Human Behaviour, 5, 1535–1547. https://doi.org/10.1038/s41562-021-01117-5.

Petscher, Y. (2010). A meta-analysis of the relationship between student attitudes towards read-
ing and achievement in reading. Journal of Research in Reading, 33(4), 335–355. https://doi.
org/10.1111/j.1467-9817.2009.01418.x.

Pfost, M., Dörfler, T., & Artelt, C. (2013). Students‘ extracurricular reading behavior and the development 
of vocabulary and reading comprehension. Learning and Individual Differences, 26, 89–102. https://
doi.org/10.1016/j.lindif.2013.04.008.

Schiefele, U., Schaffner, E., Möller, J., & Wigfield, A. (2012). Dimensions of reading motivation and their 
relation to reading behavior and competence. Reading Research Quarterly, 47(4), 427–463. https://
doi.org/10.1002/RRQ.030.

1 3

https://doi.org/10.1080/02702711.2012.739593
https://timssandpirls.bc.edu/pirls2016/questionnaires/downloads/P16_HQ.pdf
https://doi.org/10.1007/s11145-020-10104-7
https://doi.org/10.1007/s11145-020-10104-7
https://doi.org/10.1016/j.compedu.2018.05.005
https://doi.org/10.1016/j.cedpsych.2019.101797
https://doi.org/10.1016/j.cedpsych.2019.101797
https://doi-org.ezproxy.uio.no/
https://doi.org/10.1177/2381336917719254
https://doi.org/10.1080/10888438.2015.1069296
https://doi.org/10.1080/10888438.2015.1069296
https://doi.org/10.3758/s13423-020-01853-1
https://doi.org/10.3758/s13423-020-01853-1
https://doi.org/10.1007/s11145-019-09987-y
https://doi.org/10.1007/s11145-019-09987-y
https://doi.org/10.1002/RRQ.021
https://doi.org/10.1002/RRQ.021
https://doi.org/10.1037/a0021890
https://doi.org/10.1177/09637214221103264
https://doi.org/10.1177/09637214221103264
https://doi.org/10.1007/s11618-017-0758-y
https://doi.org/10.1007/s11618-017-0758-y
https://forleggerforeningen.no/wp-content/uploads/2022/05/Leserundersokelsen-2022-gjennomfort-for-Bokhandlerforeningen-og-Forleggerforeningen-1.pdf
https://forleggerforeningen.no/wp-content/uploads/2022/05/Leserundersokelsen-2022-gjennomfort-for-Bokhandlerforeningen-og-Forleggerforeningen-1.pdf
https://doi.org/10.1787/a83d84cb-en
https://doi.org/10.1038/s41562-021-01117-5
https://doi.org/10.1111/j.1467-9817.2009.01418.x
https://doi.org/10.1111/j.1467-9817.2009.01418.x
https://doi.org/10.1016/j.lindif.2013.04.008
https://doi.org/10.1016/j.lindif.2013.04.008
https://doi.org/10.1002/RRQ.030
https://doi.org/10.1002/RRQ.030


Does students’ exposure to websites moderate the positive…

Sikora, J., Evans, M. D. R., & Kelley, J. (2019). Scholarly culture: How books in adolescence enhance 
adult literacy, numeracy and technology skills in 31 societies. Social Science Research, 77, 1–15. 
https://doi.org/10.1016/j.ssresearch.2018.10.003.

Spear-Swerling, L., Wei, Y., Dostal, H., & Hernandez, B. (2020). The print exposure of teacher candidates 
in relation to their achievement and self-ratings of early reading experiences. Reading and Writing, 
33, 2097–2119. https://doi.org/10.1007/s11145-020-10035-3.

Stanovich, K. E. (2000). Progress in understanding reading. Scientific foundations and new frontiers. 
N.Y.: The Guilford Press.

Stanovich, K. E., & West, R. F. (1989). Exposure to print and orthographic processing. Reading Research 
Quarterly, 24(4), 402–433. https://doi.org/10.2307/747605.

Tafesse, W. (2020). The effect of social networking site use on college students’ academic performance: 
The mediating role of student engagement. Education and Information Technologies, 25, 4747–4763. 
https://doi.org/10.1007/s10639-020-10162-y.

Torppa, M., Niemi, P., Vasalampi, K., Lerkkanen, M. K., Tolvanen, A., & Poikkeus, A. M. (2020). Leisure 
reading (but not any kind) and reading comprehension support each other – a longitudinal study 
across grades 1 and 9. Child Development, 91(3), 876–900. https://doi.org/10.1111/cdev.13241.

Trace, J. (2020). Clozing the gap: How far do cloze items measure? Language Testing, 37(2), 235–253. 
https://doi.org/10.1177/0265532219888617.

Twenge, J. M., Martin, G. N., & Spitzberg, B. H. (2019). Trends in U.S. adolescents’ media use, 1976–
2016: The rise of digital media, the decline of TV, and the (near) demise of print. Psychology of 
Popular Media Culture, 8(4), 329–345. https://doi.org/10.1037/ppm0000203.

Verheijena, L., Spoorenb, W., & van Kemenade, A. (2020). Relationships between dutch youths’ social 
media use and school writing. Computers and Composition, 56, 102574. https://doi.org/10.1016/j.
compcom.2020.102574.

Wimmer, L., & Ferguson, H. J. (2022). Testing the validity of a self-report scale, author recognition test, 
and book counting as measures of lifetime exposure to print fiction. Behavior Research Methods. 
https://doi.org/10.3758/s13428-021-01784-2.

Zhang, S. Z., Georgiou, G. K., Xu, J., Liu, J. M., Li, M., & Shu, H. (2018). Different measures of print 
exposure predict different aspects of vocabulary. Reading Research Quarterly, 53(4), 443–454. 
https://doi.org/10.1002/rrq.205.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and appli-
cable law. 

1 3

https://doi.org/10.1016/j.ssresearch.2018.10.003
https://doi.org/10.1007/s11145-020-10035-3
https://doi.org/10.2307/747605
https://doi.org/10.1007/s10639-020-10162-y
https://doi.org/10.1111/cdev.13241
https://doi.org/10.1177/0265532219888617
https://doi.org/10.1037/ppm0000203
https://doi.org/10.1016/j.compcom.2020.102574
https://doi.org/10.1016/j.compcom.2020.102574
https://doi.org/10.3758/s13428-021-01784-2
https://doi.org/10.1002/rrq.205

	Does students’ exposure to websites moderate the positive relationship between print exposure and text comprehension?
	Abstract
	Introduction
	Print exposure
	Digital texts and leisure time reading
	Reading attitudes
	The present study

	Methods
	Participants
	Materials and procedure
	Author recognition test (ART)
	Website recognition test (WRT)
	Text comprehension

	Results
	Discussion
	Limitations and future research

	References


