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Abstract 

One-hundred and twenty-seven Norwegian upper-secondary school students completing 

college preparatory courses (41% female) were asked to select the texts they wanted to use in 

order to write a letter to the editor about a socio-scientific topic, with 60 students assigned the 

topic of climate change and 67 students assigned the topic of nuclear power. Afterwards, they 

were asked to justify their text selections, read the selected texts, and write their letters to the 

editor. Across both topics, hierarchical multiple regression analyses showed that students’ 

behavioral engagement in the selection, justification, reading, and writing tasks contributed to 

their performance over and above their reading comprehension, topic knowledge, and topic 

interest. Specifically, behavioral engagement in the selection and justification tasks improved 

the prediction of their content-based and source-feature based justifications for text selection, 

and behavioral engagement in the reading and writing tasks improved the prediction of the 

content coverage and content integration observed in their written products, with large effect 

sizes obtained for behavioral engagement across the two topics. The theoretical and 

educational significance of the study is discussed and directions for future research are 

suggested.  
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Highlights 

What is already known about this topic 

 Reading and writing tasks involving multiple documents are a great challenge for 

many students. 

 Theory and research in this area have emphasized the importance of cognitive 

competencies and motivational dispositions. 

What this paper adds 

 The findings indicate that the time, effort, and persistence that students put into 

multiple document tasks may matter more that their cognitive competencies and 

motivational dispositions. 

 Prior research in multiple document literacy may have underestimated students’ 

competencies because it has not taken their behavioral engagement (or lack of it) into 

consideration.  

Implications for theory, policy or practice 

 Theoretical frameworks of multiple document literacy need to address the importance 

of behavioral engagement in multiple document task contexts. 

 Literacy educators in the 21st century need to focus on the promotion of student 

engagement in challenging reading tasks involving multiple documents. 
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What Really Matters: 

The Role of Behavioral Engagement in Multiple Document Literacy Tasks  

 

Introduction 

This study concerns multiple document literacy, that is, situations in which readers 

select, evaluate, process, and use diverse sources of information to construct and 

communicate an integrated, meaningful representation of a particular topic or issue (Bråten & 

Strømsø, 2010). Having worked in this area since the turn of the century (Strømsø, 1999; 

Strømsø & Bråten, 2002) and visited numerous classrooms to collect data, we have noted that 

many students seem reluctant to participate in such tasks and often perform them in a quick 

and perfunctory way. In fact, we have come to consider it a dirty little secret among 

researchers in multiple document literacy that students typically do not care about or engage 

in the reading tasks they are asked to perform during data collections.  

There may be several reasons for this lack of engagement. One is that students are 

asked by researchers they do not know and probably will never see again to read a number of 

texts and perform a range of tasks that do not really matter for them. Moreover, they may feel 

that working on these tasks steals time from more pertinent learning tasks. Yet another reason 

may be that students are asked to read multiple texts on complex, often controversial topics 

about which they have limited background knowledge, which may seem like a daunting task. 

Whatever the reason, such lack of engagement may lead to chronic underestimation of 

students’ competencies on the part of researchers. 

 In this study, using correlational data collected at two different time points, we 

focused on students’ behavioral engagement when working with multiple document tasks 

concerning two socio-scientific topics. We were particularly interested in whether behavioral 

engagement might play a greater role in students’ performance than individual cognitive 
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differences in reading comprehension and topic knowledge, as well as individual motivational 

differences in self-reported topic interest. Our basic assumptions are that although behavioral 

engagement generally may be low, the extent to which participants put time, effort, and 

persistence into multiple document tasks will vary considerably, and such variation will 

matter more for their performance than the cognitive and (self-reported) motivation constructs 

mentioned above.  

Theoretical and Empirical Background 

  As highlighted by List and Alexander (2017), prominent theoretical models in the 

area of multiple document literacy focus on cold cognition rather than warm, motivated 

engagement. For example, the documents model (Rouet, 2006) describes how readers of 

multiple documents ideally construct mental models that represent the content information 

discussed across documents, as well as intertext models that represent the sources of that 

content information and links among sources. Likewise, the multiple-documents task-based 

relevance assessment and content extraction model (MD-TRACE; Rouet & Britt, 2011) and 

the reading as problem solving model (RESOLV; Rouet, Britt, & Durik, 2017) focus on 

cognitive processes and representations and emphasize individual cognitive resources such as 

reading competence, prior knowledge, and memory. As a final example, Cho and 

Afflerbach’s (2017) framework of constructively responsive strategies for comprehending 

multiple digital sources describes cognitive and metacognitive processes involved in multiple 

document reading. List and Alexander’s (2017) cognitive affective engagement model of 

multiple source use (CAEM) is an important supplement to such cognitive models because it 

brings motivated engagement to the forefront. In particular, individual interest in the topic 

discussed across texts features prominently in this model, with engagement in multiple text 

tasks considered to reflect readers’ topic interest, which, in combination with source 

evaluation skills, may lay the foundation for critical-analytic reading of multiple texts. 
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 In the area of multiple document literacy, there is meager evidence that topic interest 

actually makes a difference, however. This variable has been included in a number of studies 

in which upper-secondary and undergraduate students read multiple documents about 

controversial socio-scientific topics such as climate change and sun exposure and health 

(Bråten, Anmarkrud, Brandmo, & Strømsø, 2014; Salmerón, Gil, & Bråten, 2018; Stang 

Lund, Bråten, Brante, & Strømsø, 2017; Strømsø & Bråten, 2009; Strømsø, Bråten, & Britt, 

2010). In these studies, topic interest has been only weakly correlated with aspects of multiple 

document comprehension such as content integration and sourcing, if at all, and in only one 

study (Strømsø & Bråten, 2009) did topic interest uniquely predict upper-secondary students’ 

multiple document comprehension (i.e., content integration) when other relevant variables 

(e.g., topic knowledge) were controlled for.  Of note is that in these studies, participants self-

reported their topic interest on a scale. It is conceivable that a substantial proportion of 

students who rate themselves highly on such scales do not engage much in concrete multiple 

document tasks during data collection due to other circumstances discussed above, with this 

weakening the predictive validity of topic interest scores. An alternative is therefore to have 

students rate their text- or task-based (i.e., situational; Hidi, 2001) interest during reading. In a 

multiple document study with upper-secondary students reading about sun exposure and 

health, Bråten et al. (2014) found that situational interest was only weakly correlated with 

multiple text comprehension as measured through integrative short-essay questions (r = .17) 

and did not explain a proportion of the variance uniquely. Because this approach also is 

limited by relying on self-reports rather than directly assessing students’ engagement with the  

tasks, we took a different tack and investigated indicators of behavioral engagement as 

predictors of students’ performance on multiple document literacy tasks. 

 Although student engagement has attracted great attention from educational 

researchers (Christenson, Reschly, & Wylie, 2012; Sinatra, Heddy, & Lombardi, 2015), there 
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are challenges with respect to both conceptualization and measurement (Sinatra et al., 2015). 

Following Ben-Eliyahu, Moore, Dorph, and Schumm (2018), we generally define engagement 

as processes that indicate productive participation in learning activities. At the same time, we 

acknowledge the multidimensional nature of engagement, with behavioral, emotional, and 

cognitive dimensions described in the literature (Ben-Eliyahu et al., 2018; Sinatra et al., 2015; 

Skinner, Pitzer, & Brule, 2014). In this study, we focused on behavioral engagement, which 

refers to active, observable participation in learning activities as typified by effort, exertion, 

time, and persistence (Guthrie & Klauda, 2016; Guthrie, Wigfield, & You, 2012; Sinatra et 

al., 2015; Skinner et al., 2014), and can be measured through displays of the investment of 

time, effort, and persistence in learning activities (Ben-Eliyahu et al., 2018; Guthrie & 

Klauda, 2016; Sinatra et al., 2015. Thus, in relation to reading, behavioral engagement may be 

indicated by the time used for reading and the effort and persistence put into completing 

reading assignments (Guthrie et al., 2012; Guthrie & Klauda, 2014, 2016). When working 

with multiple documents, the time individuals use to select documents, the number of 

documents they select, and the effort they invest in justifying their selections may be 

indicators of behavioral engagement in addition to the time they use in accessing and reading 

the selected documents (cf., List & Alexander, 2017, 2018). When a written task product is 

required, behavioral indicators of engagement also may include their time use and 

productivity when writing from multiple documents. Of note is that in conceptualizing and 

measuring behavioral engagement in this way, we focused on a person-oriented grain size of 

behavioral engagement. According to Sinatra et al. (2015), the grain size of engagement 

measurement may vary on a continuum ranging from person-oriented to context-oriented, 

with the person-oriented level concerning the individual learner’s engagement with a 

particular topic or task. 
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 The association between behavioral engagement and achievement has been robust 

within educational research (Guthrie & Klauda, 2016; Marks, 2000; Sinatra et al., 2015), with 

links between behavioral engagement and reading achievement, in particular, demonstrated 

across cultures and social conditions (Guthrie & Klauda, 2016). For example, Singer 

Trakhman, Alexander, and Berkowitz (in press) found that the time invested in text 

processing predicted undergraduates’ comprehension scores (e.g., recall of key points and 

identification of main idea) when reading single (printed and digital) texts about childhood 

ailments. Moreover, in a multiple document study investigating reading time as a predictor, 

Bråten et al. (2014) found that the total reading time upper-secondary students used on the 

texts was a unique positive predictor of their performance on integrative short-essay questions 

when a host of individual difference and processing variables were controlled for. By 

including a measure of word recognition, these authors also ensured that reading time was not 

a proxy for basic reading skills rather that engagement. Bråten et al.’s (2014) finding is in line 

with Goldhammer et al. (2014), who demonstrated that time on task had a positive effect on 

performance when adult readers worked on challenging information literacy tasks involving 

problem-solving in technology-rich environments. However, when participants worked on 

easier reading literacy tasks that mainly required routine processing such as accessing and 

identifying information, time on task was found to have a negative effect on performance. 

Finally, List and Alexander (2018) found that when undergraduates read multiple documents 

on the Arab Spring in Egypt, behavioral indicators such as checking source information (e.g., 

about the author) and revisiting documents, but not self-reports of source evaluation, 

predicted references to sources in post-reading essays. Given such preliminary results, it 

seems highly pertinent to further research the extent to which behavioral engagement may 

contribute to students’ performance on multiple document literacy tasks over and above both 

cognitive and self-reported motivational factors. 
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The Present Study 

 We set out to examine whether behavioral engagement uniquely predicted aspects of 

multiple document literacy among secondary school students presented with sets of texts on 

two different socio-scientific topics – climate change and nuclear power – in order to write a 

letter to the editor concerning one of those topics (randomly assigned). When using multiple 

documents to learn about a topic, readers typically select from among a variety of texts, and 

their ability to justify their selections represents an important aspect of multiple document 

literacy (McCrudden, Stenseth, Bråten, & Strømsø, 2016). Essentially, relevant justifications 

can be made on the basis of content information, source information, or both (McCrudden et 

al., 2016). In this study, we first asked whether behavioral engagement in terms of the time 

used for text selection, the number of texts selected, and the length of the justifications 

uniquely predicted students’ content-based and source-based justifications when their reading 

comprehension, topic knowledge, and topic interest were controlled for. On the basis of 

theoretical assumptions (List & Alexander, 2017; Sinatra et al., 2015) and preliminary 

empirical evidence (Bråten et al., 2014; Goldhammer et al., 2014; List & Alexander, 2018), 

we expected that students’ time on task and productivity would predict their content-based 

and source-based justifications for text selections for both topics independently of those 

cognitive and motivational variables. 

 Another important aspect of multiple document literacy concerns writing from 

multiple texts (Rouet & Britt, 2011), with pertinent features of such written products being 

content coverage, content integration, and references to sources (Britt & Sommer, 2004; 

Salmerón et al., 2018). In this study, we therefore asked the additional question of whether 

behavioral engagement in terms of the  reading time for the selected texts, the writing time, 

and the length of the written products uniquely predicted the content coverage, content 

integration, and amount of sourcing in students’ letters to the editor. Again, we built on 
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relevant theoretical assumptions (List & Alexander, 2017; Sinatra et al., 2015) and 

preliminary empirical evidence (Bråten et al., 2014; Goldhammer et al., 2014; List & 

Alexander, 2018) in expecting that students’ time on task and productivity would predict 

those features of their written products for both topics independently of reading 

comprehension, topic knowledge, and topic interest. 

 This is the first study that investigates behavioral engagement in relation to different 

aspects of multiple document literacy across topics  while also controlling for reading 

comprehension, topic knowledge, and topic interest. Our choice of control variables was 

determined by previous findings indicating the importance of reading comprehension and 

topic knowledge in multiple document contexts (e.g., Bråten et al., 2014; Kammerer, Meier, 

& Stahl, 2016), as well as by our wish to investigate whether behavioral engagement would 

override the contribution of self-reported topic interest to students’ performance on multiple 

document literacy tasks. Our reason for expecting that behavioral engagement, as 

operationalized and measured in this study, would uniquely contribute to performance on the 

multiple document literacy tasks, was that it would allow for and indicate a greater attention 

to and deeper processing of content as well as source information. This is consistent with the 

idea that the behavioral dimension of engagement may co-occur with other engagement 

dimensions during learning, particularly with the dimension of cognitive engagement (Ben-

Eliyahu et al., 2018; Sinatra et al., 2015). 

Method 

Participants 

Participants were 127 students¹ (M age = 16.18, SD = 0.70; 41% female) from six 

classes who completed college preparatory courses at a public upper-secondary school in 

Norway. Currently, about two-thirds of Norwegian upper-secondary students complete 

college preparatory courses. Most of the participants (74%) were native-born Norwegians 



10 
 

who learned Norwegian as a first language, and the rest were bilingual. The sample was 

relatively homogenous (i.e., middle class) with respect to socio-economic status.  

Materials 

 Reading comprehension measure. We used a Norwegian adaptation of a cloze 

comprehension test developed and validated with Danish adults and young adults by Gellert 

and Elbro (2013). This measure consisted of five narrative and five expository texts ranging 

from 40 to 330 words, with a total of 1340 words. The texts contained 41 word gaps in all, 

with four alternative words provided for each gap. Correct refilling of the gaps could only be 

achieved by drawing bridging inferences. Participants read the texts and refilled as many gaps 

as possible during a period of 10 minutes. The scoring was done by counting the number of 

correctly refilled gaps. Cronbach’s α was .83.   

Topic knowledge measures. A 14-item multiple-choice test assessed prior knowledge 

of scientific (e.g., climate gases) and political (e.g., the Kyoto Protocol) aspects of climate 

change. Participants’ scores were the number of correct responses. Cronbach’s α was .64. 

This measure has been used and validated in prior studies (e.g., Strømsø et al., 2010). Test-

retest reliabilities have ranged from .73 to .77 (Salmerón et al., 2018). 

A parallel 14-item multiple-choice test assessed prior knowledge of  scientific (e.g., 

nuclear fission) and political (e.g., the International Atomic Energy Agency) aspects of 

nuclear power. Participants’ scores were the number of correct responses. Cronbach’s α 

was .68. This measure also has been used and validated in prior research (e.g., McCrudden et 

al., 2016). A test-retest reliability of .72 has been reported (McCrudden et al., 2016). 

Topic interest measures.  Interest in the topic of climate change was assessed by 

means of a 12-item measure using a 10-point scale (1 = not at all true of me, 10 = very true of 

me). Six of the items assessed interest in the topic without targeting any active engagement or 

involvement (e.g., I am interested in international climate issues), while the other six items 
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focused more on how engaged and involved participants reportedly were in the topic (e.g., I 

try to convince others that we should reduce the discharge of greenhouse gases). The scores  

ranged from 1 to 10. Cronbach’s α was .92. The measure has been used and validated in prior 

studies (e.g., Strømsø et al., 2010). 

 Interest in the topic of nuclear power was assessed by means of a parallel 12-item 

measure using an identical 10-point scale. Six of the items assessed interest in the topic 

without targeting any active engagement or involvement (e.g., I am interested in issues 

concerning the safety of nuclear power plants), while the other six items focused more on 

how engaged and involved participants reportedly were in the topic (e.g., I can imagine being 

a member of an organization working with issues concerning the use of nuclear power). The 

scores ranged from 1 to 10. Cronbach’s α was .91. This measure also has been used and 

validated in prior research (e.g., McCrudden et al., 2016).  

Texts, computer application, measures of behavioral engagement, and dependent 

measures. Participants were presented with a list of 10 texts for their assigned topic. In each 

text, source information (author, credentials, affiliation, text  type, venue, and date) was 

displayed on the first two lines, followed by three sentences of content information. The 

sources ranged from blog postings written by secondary school students to textbooks written 

by high-school teachers and journal articles written by science professors. The three-sentence 

content information was always relevant and consisted of neutral, factual information as well 

as information considered controversial. The source and three-sentence content information 

included in each text is shown in the Appendix. 

Participants accessed these 10 texts through a web-based application program, where 

they first selected the items they wanted to use when writing a letter to the editor on their 

assigned topic. On a page displaying only the selected texts, they then justified in writing why 

they had selected these texts, before they on a third page got access to expanded versions of 
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the selected texts. That is, by clicking on a text, participants gained access to an expanded text 

of approximately 100 words in addition to the source information, and by clicking on another 

text, that text was expanded and the previous one reduced to three-sentence length again. 

Participants could re-access and reread the expanded texts as many times as they wanted, and 

they could go back and forth between a page where they were writing their letter and the page 

on which their selected texts were located. After finishing their letters, participants submitted 

them to a server. The time used for the initial selection task, total reading time for the 

expanded texts, and total writing time for the letter were logged by the application program. 

As indicators of behavioral engagement, we used time devoted to the initial selection 

task, number of texts selected, number of words in the written justifications, reading time for 

the expanded texts, writing time for the letter to the editor, and number of words in the written 

product. In this way, we targeted the extent to which participants put time, effort, and 

persistence into the different phases of the multiple document task (i.e., when selecting, 

justifying, reading, and writing). 

We constructed five dependent variables, two concerning participants’ justifications 

for selecting the texts, and three concerning their written products. Following Braasch, Bråten, 

Strømsø, Anmarkrud, and Ferguson (2013), we coded the justifications for the presence of 

content-based and source-feature based justifications, respectively. Content-based 

justifications indicated text selection based on the relevance, believability, format/style, 

comprehensibility, and interestingness of the content information, and source-feature based 

justifications indicated test selection based on information about the author, author credentials, 

author affiliation, text type, venue, and date. Two independent raters scored a random 

selection of 20% of the justifications, resulting in 92% agreement on the type of justification 

provided for text selection. 
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 Finally, we coded participants’ written products (letters to the editor) in terms of the 

number of information units from the texts they included, the number of switches between 

information units from different texts, and the number of references to source features. When 

a sentence or part of a sentence in the written product contained information that 

corresponded to information contained in a particular part of one of the selected texts, it was 

coded as an information unit coming from that text. While the number of textual information 

units represented in the written products indicates the degree of content coverage, the number 

of switches between information units from different texts indicates the degree of integration 

(Britt & Sommer, 2004; Salmerón et al., 2018). The number of references to source features 

(i.e., author, author credentials, author affiliation, text type, venue, and date) in the written 

products indicates the degree of accurate, specific sourcing during writing (Salmerón et al., 

2018). Two raters independently scored a random selection of 20% of the written products, 

resulting in 92% agreement on which texts the information units came from. Independent 

scoring of a random selection of 20% of the written products for number of source-feature 

references, yielded an interrater reliability coefficient (Pearson's r) of .99. 

Procedure  

Data were collected in two sessions separated by eight weeks. The first session  was a 

45-minute class period in which all participants first completed a demographics survey and 

the reading comprehension test. Afterwards, they completed the topic interest measure and the 

topic knowledge measure in that order for one of the topics and then for the other, with the 

order of the topics counterbalanced.  

The second session was a 60-minute class period in which participants used the 

application program to perform the selection, justification, reading, and writing activities. 

Participants in each class were randomly assigned to one of the two topics, and before logging 

on with their laptops to access the application, they received a brief introduction to their 



14 
 

respective topic on paper. This introduction provided some factual background information 

and mentioned a controversy surrounding the issue (e.g., concerning the safety of nuclear 

power plants). After this introduction, the task instruction read: You will be writing a letter to 

the editor where you discuss human-induced climate change/the safety of nuclear power 

plants. When you log on, you will see a list referring to 10 web texts. From this list, you are 

going to select the web texts you want to use when writing the letter to the editor. On the first 

page of the application, the 10 texts were listed in random order for each participant.  

Results 

 The first research question concerned the relationship between behavioral engagement 

and justifications for text selections. Table 1 shows descriptive data and intercorrelations for 

variables used to address this question. We performed four hierarchical multiple regression 

analyses² using this data set, two for each topic. For each topic, content-based and source-

feature based justifications were the dependent variables. In the first step of each analysis, we 

entered reading comprehension and topic knowledge. In the second step, we included 

individual interest in the topic, and in the third step, we entered the behavioral engagement 

variables of selection time, number of selected texts, and number of words in the justifications 

(justification length).  

 The results of the analyses predicting content-based and source-feature based 

justifications for the selection of texts about climate change are shown in Table 2. Regarding 

content-based justifications, R² = .03, Fchange(2, 57) = 0.89, p = .42, after step one, with neither 

reading comprehension nor topic knowledge contributing statistically significantly to content-

based justifications. Including topic interest did not result in a statistically significant 

increment in the explained variance, with R² = .07, Fchange(1, 56) = 2.29, p = .14, after step 

two. However, when the behavioral engagement variables were added, a statistically 

significant 32% increment in the explained variance occurred, with R² = .39, Fchange(3, 53) = 
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9.33, p = .000, after step three. In step three, both number of selected texts (β = .33, p = .017) 

and justification length (β = .38, p = .006) were statistically significant positive predictors of 

content-based justifications. 

 Also, with respect to source-feature based justifications, neither reading 

comprehension nor topic knowledge were statistically significant predictors, with R² = .03, 

Fchange(2, 57) = 1.02, p = .37, after step one. Again, the inclusion of topic interest did not 

account for additional variance, with R² = .04, Fchange(1, 56) = 0.07, p = .80, after step two. 

Entering the behavioral engagement variables resulted in a statistically significant 18% 

increment in the explained variance, however, with R² = .22, Fchange(3, 53) = 4.17, p = .010, 

after step three. In step three, justification length (β = .47, p = .003) was a unique positive 

predictor of source-feature based justifications. 

 The results of the analyses predicting content-based and source-feature based 

justifications for the selection of texts about nuclear power also are shown in Table 2. 

Regarding content-based justifications, with reading comprehension and topic knowledge 

included in the equation in step one, R² = .02, Fchange(2, 64) = 0.72, p = .49. Entering topic 

interest in step two did not account for additional variance, R² = .04, Fchange(1, 63) = 1.14, p = 

.29, whereas entering the behavioral engagement variables in step three resulted in a 

statistically significant 34% increase in the explained variance, R² = .38, Fchange(3, 60) = 

10.98, p = .000. In step three, selection time (β = .30, p = .016) and number of selected texts 

(β = .32, p = .006) were unique positive predictors of content-based justifications, while 

justification length (β = .22, p = .066) did not quite reach the conventional level of statistical 

significance. 

 Regarding source-feature based justifications, the two variables entered in step one did 

not account for a statistically significant proportion of the variance, R² = .03, Fchange(2, 64) = 

1.02, p = .37, and including topic interest in step two did not explain additional variance, with 
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R² = .04, Fchange(1, 63) = 0.82, p = .37, after step two. A statistically significant 30% increment 

in the explained variance resulted from entering the behavioral engagement variables in step 

three, R² = .34, Fchange(3, 60) = 9.08, p = .000. In this step, justification length (β = .61, p = 

.000) uniquely predicted source-based justifications. 

 The second research question concerned the relationship between behavioral 

engagement and the content and source information included in the written products. Table 3 

shows descriptive data and intercorrelations for variables used to address this question. We 

performed six hierarchical multiple regression analyses using this data set, three for each 

topic. For each topic, number of textual information units, switches between information units 

from different texts, and source-feature references were the dependent variables. In the first 

step of each analysis, we entered reading comprehension and topic knowledge, and in the 

second step, we entered topic interest. Finally, in the third step, we entered the behavioral 

engagement variables of reading time for the expanded texts, writing time for the letter to the 

editor, and number of words in this written product. 

 The results of the analyses predicting content and source information in the written 

products for climate change are shown in Table 4. Regarding the number of information units, 

the two variables entered in the first step did not account for any variance, R² = .00, Fchange(2, 

57) = 0.02, p = .99, and topic interest, when entered in step two, did not explain additional 

variance, R² = .01, Fchange(1, 56) =0.59, p = .45. However, when the behavioral engagement 

variables were added, a statistically significant 41% increment in the explained variance 

occurred, with R² = .42, Fchange(3, 53) = 12.51, p = .000, after step three. In step three, reading 

time (β = .37, p = .002) was a unique positive predictor of number of textual information 

units, while writing time (β = .31, p = .070) did not quite reach the conventional level of 

statistical significance. Also, in step three, topic interest (β = -.24, p = .043) became a unique 

negative predictor of number of information units. 
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 Regarding the number of switches between information units from different texts, R² = 

.05, Fchange(2, 57) = 1.41, p = .25, after step one, with neither reading comprehension nor topic 

knowledge predicting the number of switches. Again, the inclusion of topic interest did not 

account for additional variance, with R² = .05, Fchange(1, 56) = 0.03, p = .87, after step two. 

Entering the behavioral engagement variables in step three resulted in a statistically 

significant 21% increase in the variance accounted for, with R² = .26, Fchange(3, 53) = 5.09, p = 

.004. In this step, reading time (β = .33, p = .013) was a unique positive predictor of number 

of switches between information units from different texts. 

 Also with respect to the number of source-feature references, neither reading 

comprehension nor topic knowledge were statistically significant predictors, with R² = .01, 

Fchange(2, 57) = 0.37, p = .69, after step one. Moreover, for this dependent variable, neither the 

inclusion of topic interest in step two, R² = .02, Fchange(1, 56) =0.26, p = .61, nor the inclusion 

of the behavioral engagement variables in step three, R² = .10, Fchange(3, 53) = 1.68, p = .18, 

accounted for additional variance. 

 The results of the analyses predicting content and source information in the written 

products for nuclear power also are shown in Table 4. Regarding the number of information 

units, with reading comprehension and topic knowledge included in step one, R² = .08, 

Fchange(2, 61) = 2.62, p = .08. In this step, reading comprehension (β = .28, p = .027) was a 

unique positive predictor. Topic interest, when entered in step two, did not explain additional 

variance, R² = .08, Fchange(1, 60) = 0.05, p = .83. However, when the behavioral engagement 

variables were added, a statistically significant 53% increment in the explained variance 

occurred, with R² = .61, Fchange(3, 57) = 26.17, p = .000, after step three. In step three, the 

reading time (β = .38, p = .000) and the length of the written products (β = .68, p = .000) were 

unique positive predictors of the number of textual information units. 
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 Regarding the number of switches between information units from different texts, R² = 

.08, Fchange(2, 62) = 2.81, p = .068, after step one, with reading comprehension (β = .28, p = 

.023) being a unique positive predictor. Topic interest did not account for additional variance 

when entered in step two, R² = .09, Fchange(1, 61) = 0.16, p = .69, but when the behavioral 

engagement variables were entered in step three, there was a statistically significant 34% 

increase in the variance accounted for, R² = .43, Fchange(3, 58) = 11.59, p = .000. In step three, 

the number of switches was uniquely predicted by the reading time (β = .34, p = .002) and the 

length of the written products (β = .55, p = .000). 

 Finally, with respect to the number of source-feature references, neither reading 

comprehension nor topic knowledge were statistically significant predictors, with R² = .01, 

Fchange(2, 62) = 0.25, p = .78, after step one. Neither the inclusion of topic interest in step two, 

R² = .01, Fchange(1, 61) = 0.03, p = .87, nor the inclusion of the behavioral engagement 

variables in step three, R² = .10, Fchange(3, 58) = 1.92, p = .14, resulted in a statistically 

significant increment in the explained variance. 

Discussion 

 This study uniquely contributes to the areas of both reading engagement and multiple 

document literacy by showing that indicators of  behavioral engagement can improve 

prediction of students’ performance on multiple document literacy tasks beyond that afforded 

by reading comprehension, topic knowledge, and topic interest. First, across two different 

socio-scientific topics, behavioral engagement substantially contributed to students’ 

justifications for their text selections over and above these cognitive and motivational 

variables. Especially, the amount of effort that students invested in constructing their 

justifications, as indicated by the length of their written justifications, emerged as a consistent 

positive predictor of their content-based as well as their source-feature based justifications. 

Second, behavioral engagement substantially improved the prediction of the content coverage 
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and content integration observed in students’ written products, with, especially, the time used 

for reading the texts emerging as a consistent positive predictor of these aspects of multiple 

document literacy across the two topics. With respect to students’ references to source 

features in their written products, no additional variance was explained by the behavioral 

engagement variables, however. 

 Presumably, the components of behavioral engagement that we measured co-occurred 

with components of metacognitive and cognitive engagement in the multiple document tasks, 

such as metacognitive reflection on the task requirements and strategic processing of 

information (Sinatra et al., 2015). In turn, this metacognitive and cognitive engagement likely 

influenced students’ performance when justifying their text selections and responding to the 

writing prompt. This interpretation is consistent with Chi and Wylie’s (2014) Interactive-

Constructive-Active-Passive (ICAP) framework. Thus, the ICAP framework essentially states 

that students’ overt behavioral activities in the context of a learning task may elicit forms of 

cognitive processing that have implications for their learning outcomes, such that a more 

active mode of behavioral engagement may lead to better outcomes than a more passive mode 

of behavioral engagement. Likewise, this interpretation is supported by a recent study by Ben-

Eliyahu et al. (2018), who found that behavioral and cognitive dimensions of engagement 

were combined across a range of learning activities, with investment of effort and persistence 

typifying behavioral engagement and thinking about learning activities and attending to tasks 

typifying cognitive engagement. Presumably, the reason that behavioral engagement did not 

contribute to students’ source-feature references in the written products was that their 

sourcing in the letters was very sparse, suggesting the occurrence of a floor effect. This is 

consistent with prior work showing that without specific training, students’ sourcing in essays 

is mostly conspicuous by its absence (Bråten Stadtler, & Salmerón, 2018). 



20 
 

 The finding that topic interest did not explain a unique proportion of the variance 

(except for one single analysis) corroborates the results of several other studies within 

multiple document literacy (e.g., Salmerón et al., 2018; Stang Lund et al., 2017; Strømsø et 

al., 2010). This finding also suggests that the behavioral components that we addressed are 

much more sensitive indicators of students’ engagement in multiple document tasks than is 

their self-reported topic interest. As discussed previously, there may be several factors in a 

multiple document task context created by researchers that foster disengagement rather than 

engagement, independently of students’ level of interest in the topics in question. For 

example, they may consider it a waste of time and effort to engage in challenging tasks that 

do not matter in terms of academic performance but, rather, divert their attention from more 

important (i.e., academic) activities. Possibly, the reason that topic interest tended to 

negatively predict the number of textual information units included in the written products for 

climate change was that students with higher individual interest in this topic were more likely 

to convey their own prior attitude about the issue (cf., Van Strien, Brand-Gruwel, & 

Boshuizen, 2014).  

 Among the limitations of this study are the relatively small samples of Norwegian 

secondary school students completing only college preparatory courses that performed the 

multiple document tasks for each topic. This makes the generalizability of our findings open 

to question. Moreover, the study used a correlational rather than an experimental design, 

which does not allow us to draw any causal conclusions from our findings. Of course, our 

findings are also limited by the way behavioral engagement was conceptualized and 

measured. In particular, our measures of time on task do not guarantee that students were 

actively investing time and effort on the tasks in question during those time periods (they 

could, for example, be daydreaming or thinking about other things). At the same time, 

however, our study may be seen as validating the measures that we actually used to gauge 
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behavioral engagement, including our measures of time on task, with our findings, at least in 

part, supporting the validity of those measures in the context of a multiple document reading 

task. Finally, participants’ levels of knowledge about and interest in the topics that we 

targeted were generally quite modest, which makes it pertinent to investigate the role of 

behavioral engagement in multiple document literacy when participants are more 

knowledgeable about and interested in the topics of the documents. Based on the limitations, 

future researchers in this area could use larger, more representative samples, conduct 

experiments to test the causal role of behavioral engagement in multiple document tasks, and 

use other measures to capture behavioral engagement (e.g., observations, time exclusively 

devoted to task completion, eye tracking, or navigation data). 

 Despite the limitations, we believe that the results of this study may have not only 

theoretical but also educational implications. In terms of theory, they suggest that frameworks 

of multiple document literacy need to address the importance of behavioral engagement in 

multiple document tasks in addition to the individual cognitive and motivational resources 

and dispositions of readers. In terms of education, our findings support the view that 

promoting students’ engagement in complex reading tasks is an essential challenge for 

literacy educators in the 21st century (Ng & Graham, 2017). As recently discussed by 

Afflerbach and Harrison (2017), this may be done in several ways, for example by providing 

students with meaningful choices about what to read, creating real-world connections to 

reading, and facilitating active collaboration between readers to solve problems of personal, 

social, and curricular importance and relevance (see also, Guthrie & Klauda, 2016). 
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Notes 

 ¹ One-hundred and sixty-eight students from these classrooms took part in a control 

condition within a larger intervention study (AUTHORS, in preparation). Of those students, 

127 were presented in two sessions and provided a complete data set with respect to 

individual differences, behavioral engagement, justifications, and written products. We have 

no reason to believe that they differed in any particular way from the 41 students who were 

absent or did not compete all the measures. 

 ² In accordance with Cohen’s (1988) effect size benchmarks, we used the following 

cut-offs in interpreting the effect sizes obtained in all hierarchical multiple regression analyses 

reported in this section: R² = .02 is a small effect, R² = .13 is a medium effect, and R² = .26 is 

a large effect. 
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Table 1 

Descriptive data and intercorrelations for reading comprehension, topic knowledge, topic interest, behavioral engagement, and justifications for 

text selections 

 

                                                                                    1             2             3            4             5             6             7             8             M             SD    

 

 

1. Reading comprehension                                         -            .29*        -.05         .03         .22*        .26*        .15           .18         25.03         6.12          

 

2. Topic knowledge                                                  .11            -             .25*       .17         .17           .03         .13           .02           7.52         2.69 

 

3. Topic interest                                                        .03          .23*           -           .05         .01          -.23*      -.17         -.05           4.92         1.74 

 

4. Selection time                                                      -.25*       -.06           .13           -           .31**       .10          .01         -.12       197.73     197.77  

 

5. Number of texts                                                    .23*         .07           .22*      .14           -             .51***    .48***    .14           4.23          2.25 

 

6. Justification length                                               .20          -.07           .05        .38**      .30**         -            .54***   .42***    81.90        60.44 

 

7. Content-based justifications                                 .12           .09           .15        .40***    .45***    .44***       -            .01          2.82          2.37               

 

8. Source-feature based justifications                       .01         -.17           .07         .12         .16          .53***    -.17           -             1.75          2.63 

 

M                                                                          25.63         7.34         3.63   175.40       4.64    119.96          2.88        3.94             -                

 

SD                                                                           5.41         2.79        1.75     80.77        1.85      77.82          2.29       4.57                               - 

 

 

Note. Descriptive data and intercorrelations for climate change are shown above the diagonal; descriptive data and intercorrelations for nuclear 

power are shown below the diagonal. Selection time is in seconds. *p < .05, **p < .01, ***p < .001. 
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Table 2  

Results of multiple regression analyses for variables predicting content-based and source-feature based justifications 

 

                                               

                                                                                   Climate change                                                                   Nuclear power 

                                                            _______________________________________         ___________________________________________  

 

                                                                  Content-based                  Source-feature based                 Content-based                Source-feature based 

                                                             __________________        ___________________        _________________          ___________________ 

 

Predictor                                                  B         SE B         β              B         SE B         β              B         SE B         β              B        SE B        β 

 

 

Step 1 

 Reading comprehension           .05           .05         .12           .08          .06         .19           .05          .05        .12           .01        .10       .01   

 Topic knowledge                      .09           .12         .10          -.03          .13        -.03          .07          .10         .09         -.29        .20     -.18 

Step 2 

 Reading comprehension           .04           .05         .09           .08          .06         .19           .05          .05         .11          .01        .10       .01 

 Topic knowledge               .14           .12         .16           -.02         .14        -.02           .05          .10         .06         -.33        .21     -.20 

      Topic interest                          -.28           .18        -.20          -.05          .21        -.04           .18          .17         .14          .30        .33      .11             

   Step 3 

 Reading comprehension         -.03            .05       -.06            .04          .06         .08           .03          .05         .08         -.14        .10     -.17 

 Topic knowledge                     .12            .10         .14            .01          .13         .01           .08          .09         .10         -.28        .18     -.17 

 Topic interest                         -.16            .16        -.12           .10          .20          .07           .01          .14         .01          .26        .29      .10 

 Selection time                         -.01            .00       -.15           -.01         .01         -.15           .01          .00         .30*       -.01        .01    -.18 

 Number of texts                       .35            .14         .33*        -.08          .18         -.07           .39          .14         .32**      .08        .28      .03 

 Justification length                   .02            .01        .38**        .02          .01          .47**       .01          .01         .22          .04        .01      .61*** 

 

 

Note. *p < .05, **p < .01, ***p < .001. 
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Table 3 

Descriptive data and intercorrelations for reading comprehension, topic knowledge, topic interest, behavioral engagement, and content and 

source information in the written products (letters to the editor) 

 

                                                                                    1           2           3          4           5           6           7           8           9              M             SD    

 

 

1. Reading comprehension                                         -          .29*     -.05      -.23*      .09        .20       -.02        .20         .10          25.03         6.12          

 

2. Topic knowledge                                                  .11           -         .25*    -.29*     -.02        .06        .01        .14        -.02            7.52         2.69 

 

3. Topic interest                                                        .03        .22*        -         .04        .16        .06       -.09         .04       -.09            4.92         1.74 

 

4. Reading time                                                         .02       -.03        .09         -         .02       -.06       .32**      .22*      .14         296.62     284.61  

  

5. Writing time                                                         .13         .07        .06       .29*        -         .76***  .48***    .35**    .20         901.93    459.29 

 

6. Length of written product                                     .34**    .18        .03       .15        .52***      -        .47***    .34**    .24*        210.63    106.76  

 

7. Information units in written product                    .28*       .04       -.01      .45***   .35**    .69***     -          .75***   .32**          6.82        4.81               

 

8. Switches between information units                    .28*      -.05        .05      .39**     .23*      .53***   .80***     -          .28*            1.73        1.62 

 

9.  Source-feature references                                    .04       -.08       -.04       .10        .21*      .26*       .14         .23*         -               0.78        2.30 

 

M                                                                          25.63       7.34     3.63  273.02    928.11   201.38     6.46       1.65        1.05               -                

 

SD                                                                           5.41      2.79      1.75  199.34    585.79   117.04     4.78       1.60       2.48                              - 

  

 

Note. Descriptive data and intercorrelations for climate change are shown above the diagonal; decriptive data and intercorrelations for nuclear 

power are shown below the diagonal. Reading and writing times are in seconds. *p < .05, **p < .01, ***p < .001. 
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Table 4 

Results of multiple regression analyses for variables predicting content and source information in the written products (letters to the editor) 

 

                                                                                                Climate change                                                                         Nuclear power                                               

                                                               ______________________________________________     _______________________________________________ 

 

                                                               Information units             Switches           Source features      Information units           Switches            Source features    

                                                              ______________   ______________    ________________   _______________   ______________   _______________ 

 

Predictor                                               B      SE B      β        B      SE B      β        B      SE B      β          B      SE B      β        B      SE B      β        B      SE B      β 

 

 

Step 1 

 Reading comprehension     -.02      .11     -.02       .05      .04      .17      .04      .05      .12       .24      .11     .28*      .08     .04     .28*      .02    .06      .04 

 Topic knowledge                 .03      .25       .01       .06      .08      .09    -.05      .12     -.06       .05      .21     .03       -.03     .07    -.06      -.07    .11     -.08 

Step 2 

 Reading comprehension     -.03      .11     -.04       .05      .04       .18     .04      .05      .11       .25       .11    .28*      .08     .04     .28*      .02    .06      .04 

 Topic knowledge       .10       .27      .06       .05      .09       .08    -.03      .13     -.03      .06       .22     .04      -.04     .07    -.07      -.07    .12     -.08 

 Topic interest                     -.29       .37     -.11       .02      .12       .02    -.09      .18     -.07     -.08       .34   -.03        .05    .12      .05      -.03    .18     -.02 

Step 3 

 Reading comprehension    -.07       .09     -.09       .04       .03      .16      .03     .05       .08      .05       .08     .06        .03     .03    .10       -.03    .06     -.06 

 Topic knowledge                .37        .22     .21        .13      .09       .21      .03     .13       .03    -.10       .15    -.06       -.08    .06    -.14      -.11    .12     -.13 

 Topic interest                  -.63       .30     -.24*     -.07      .12     -.08    -.15     .18      -.12     -.11       .23   -.04        .04     .09     .04      -.03    .18     -.02 

 Reading time                       .01       .00      .37**    .01      .00      .33*    .00     .00       .18      .01       .00     .38***  .01     .00     .34**   .00     .00     .03 

 Writing time                        .01       .00      .31        .00      .00      .25      .00     .00       .05      .00       .00    -.12        .00     .00     -.16      .00    .00     .09 

 Length of written product   .01        .01     .28        .00       .00      .13      .01     .01       .21      .03      .01      .68***  .01    .00     .55***  .01    .00     .26 

 

 

Note. *p < .05, **p < .01, ***p < .001 
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Appendix 

Source and Three-Sentence Content Information Included in the Texts for Each Topic 

Climate change 

 

Science teacher Svein Strand, Steinkjer Upper Secondary School 

Textbook in natural studies for upper secondary school, Gyldendal Publishers, 2012 

 

When we use oil, CO2 is generated. This is a greenhouse gas. Many think that an increase in 

CO2 causes global warming. 

 

 

Professor Kari Lunde, Faculty of Natural Sciences, University of Stavanger 

Nordic Journal of Astrophysics, no 2, 2013 

 

The sun has a surface temperature of approx. 6000 °C. Without the sun, the Earth would be 

uninhabitable. Even small changes in the sun’s radiation will influence the climate. 

 

 

Student Kristian Paulsen, Åsane Upper Secondary School 

Posting on kristiansenvironmentblog.wordpress.com, June 9, 2016 

 

Some of the gases in the atmosphere are called climate gases. The most important are water 

vapour, carbon dioxide, and methane. The climate gases affect the Earth’s temperature. 

 

 

Journalist Liv Moe, News Section, Norwegian Broadcasting Corporation 

Feature story on nrk.no, May 14, 2015 

 

Heat from the sun penetrates the atmosphere. Most of this heat cannot escape out again. This 

creates a greenhouse effect. 

 

 

Journalist Ole Martinsen,  

Article in the newspaper VG, January 12, 2015 

 

The temperature at the North Pole is rising faster than anywhere else on the planet. The ice is 

melting more rapidly than before. This leads to a higher sea level. 

 

 

Director Øyvind Mathisen, Ministry of Climate and Environment 

Report on Government.no/mce/ March, 2016 

 

Coal, oil, and gas have been stored in the ground for millions of years. When they are 

extracted and burned, the CO2 level in the atmosphere rises. CO2 is an important climate gas. 
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Science teacher Linda Bakke, Sandefjord Upper Secondary School 

Article in Nature and the Environment, the membership journal of the Norwegian Society for 

the Conservation of Nature, no 2, 2011 

 

Can climate change cause more hurricanes? Climate researchers are trying to answer this 

question. A larger number of strong and devastating hurricanes may possibly occur. 

 

 

Chief engineer Bente Svendsen, Statoil 

Technology Weekly, no 10, 2011 

 

Storage of CO2 under the seabed began in the 1990s. Such a technology can reduce climate 

gas emissions. This can counteract global warming. 

 

 

Professor Anders Kristoffersen, Faculty of Natural Sciences, University of Bergen 

Letter to the editor in the newspaper Aftenposten, February 24, 2013 

 

Much carbon is stored in the rainforest. By preserving the rainforest, we can prevent 

liberation of CO2. This may effectively prevent global warming. 

 

 

Student Lene Nygård, Halden Upper Seconday School 

Excerpt from project work posted on dario.no, 2014. 

 

The UN Climate Convention is an agreement on climate gas emissions. The goal is to reduce 

global warming. The agreement places a special responsibility on rich countries. 

 

 

 

Nuclear power 

 

 

Science teacher Jan Karlsen, Røros Upper Secondary School 

Textbook in natural studies for upper secondary school, Gyldendal Publishers, 2012 

 

The nuclear power plants of the future will produce less radioactive waste. This is because the 

waste can be used over and over again as fuel. Thereby, the problem of safe long-term storage 

can be solved.  

 

 

Professor Anita Lund, Faculty of Natural Sciences, University of Stavanger 

Nordic Journal of Nuclear Physics, no 3, 2013 

 

Earthquakes can damage nuclear power plants. If the earthquake destroys the supply of 

electricity, overheating can occur. This can cause a meltdown of uranium. 

 

 

Student Terje Andreassen, Bryne Upper Secondary School 
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Posting on terjesenvironmentblog.wordpress.com, June 14, 2016 

 

Radioactive waste is a problem. The waste represents a serious health risk if not stored 

properly. The waste consists of spent uranium fuel. 

 

 

Journalist Marianne Gundersen, News Section, Norwegian Broadcasting Corporation 

Feature story on nrk.no, June, 2015 

 

Sellafield is a recycling facility for radioactive waste. The facility is located on the coast of 

Great Britain. In Norway, there are concerns that the old tanks in which the waste is stored are 

insufficiently safe. 

 

 

Journalist Geir Johnsen 

Article in the newspaper VG, March 11, 2015 

 

Several accidents have occurred in nuclear power plants. The worst accident happened in 

Chernobyl, Ukraine, in 1986. Several hundred people perished. 

 

 

Director Bjørn Eriksen, Ministry of Climate and Environment 

Report on Government.no/mce/ April, 2016 

 

Construction of nuclear power plants must comply with international agreements on safety. 

The International Atomic Energy Agency is responsible for inspections of nuclear power 

plants. This is intended to prevent serious accidents. 

 

 

Science teacher Hilde Dahl, Lillehammer Upper Secondary School 

Article in Nature and the Environment, the membership journal of the Norwegian Society for 

the Conservation of Nature, no 4, 2011 

 

In nuclear power plants, uranium is split. If this splitting gets out of control, an explosion may 

occur. Harmful radioactive dust may then spread to the environment. 

 

 

Chief engineer Hilde Jacobsen, The Halden Reactor 

Technology Weekly, no 7, 2011  

 

New technology makes nuclear power plants safer. Now, nuclear power plants that will shut 

down by themselves no matter what goes wrong are being built. Such power plants are under 

construction in China and Finland. 

 

 

Professor Per Haugen, Faculty of Natural Sciences, University of Bergen 

Letter to the editor in the newspaper Aftenposten, February 20, 2013 
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Some radioactive waste can remain dangerous for 100 000 years. Such waste must therefore 

be stored under safe conditions, for example in mine shafts or in specially constructed tunnels. 

Good storage sites are hard to find. 
 

Student Kristin Iversen, Kongsberg Upper Secondary School 

Excerpt from project work posted on dario.no, 2014. 

 

Many countries want to close down their nuclear power plants. When nuclear power plants 

are demolished, much radioactive waste must be cleared. This is a difficult and hazardous job. 
 


