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Abstract Multiple document comprehension (MDC) is an essential skill for univer-
sity students, making it benef cial to improve it. We assume that the value assigned to
MDC is important to foster MDC since it can be a predictor for behavioral choices,
such as working with self-study material. Using self-study material is typical for
university learning, but it requires the motivation to improve a skill such as MDC.
We def ne motivation to improve MDC in terms of expectancy, value, and cost to im-
prove MDC. We expect that it is a driving force for working with self-study material
on MDC, while it might also depend on the perceived value of MDC. Therefore, this
study examined whether the perceived value of MDC predicts the motivation to im-
prove MDC, which is also expected to predict the use of self-study material. A total
of 278 students of different majors participated in a MDC assessment and received
the opportunity to train their MDC skill with self-study material. The engagement
in using the self-study material was measured by the total time and the number of
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page transitions on the self-study material. The results indicated that the perceived
value of MDC partially predicted motivation to improve MDC. However, further
analysis revealed mainly no signifcant effects of the perceived value of MDC and
the motivation to improve MDC on the engagement in using the self-study material.
However, the log data indicated that the engagement in using the self-study material
was not as high as expected.

Keywords Multiple document comprehension - Motivation - Value - Self-study
material - Log data - Self-assessment

Forderung von Multiple Document Comprehension: Motivationale
Faktoren und ihr Einfluss auf die Verwendung von
Selbstlernmaterialien

Zusammenfassung Multiple Document Comprehension (MDC) ist eine wichtige
Kompetenz fiir Studierende, weshalb ihre Verbesserung vorteilhaft ist. Wir nehmen
an, dass der wahrgenommene Wert der MDC-Kompetenz wichtig bei der Forde-
rung von MDC ist, da er ein Prédiktor fiir Verhaltensentscheidungen sein kann, wie
z.B. die Bearbeitung von Selbstlernmaterialien. Die Bearbeitung von Selbstlernma-
terialien ist typisch fiir das Lernen an Universitéten, erfordert aber die Motivation,
sich in einer Kompetenz wie MDC zu verbessern. Wir defn ieren die Motivation,
sich in MDC zu verbessern, als die Erwartung, den Wert und die damit verbun-
denen Kosten, sich in MDC zu verbessern. Wir nehmen an, dass die Motivation,
sich in MDC zu verbessern, sowohl die Bearbeitung der Selbstlernmaterialien be-
einfusst als auch von dem wahrgenommenen Wert der MDC-Kompetenz abhéngt.
Deshalb wurde in dieser Studie untersucht, ob der wahrgenommene Wert der MDC-
Kompetenz die Motivation, sich in MDC zu verbessern, vorhersagt und letztere die
Bearbeitung von Selbstlernmaterialien begiinstigt. Insgesamt nahmen N=278 Stu-
dierende dreier deutscher Universitdten an einem MDC-Test teil und hatten danach
die Moglichkeit, ihre MDC-Kompetenz mit Selbstlernmaterialien zu trainieren. Das
Engagement bei der Bearbeitung der Selbstlernmaterialien wurde iiber die Bearbei-
tungszeit und die Anzahl der Seitenwechsel gemessen. Die Ergebnisse zeigten, dass
der wahrgenommene Wert der MDC-Kompetenz die Motivation, sich in MDC zu
verbessern, teilweise vorhersagte. Die weiteren Analysen zeigten im Wesentlichen
keine signif kanten Effekte des wahrgenommenen Werts der MDC-Kompetenz und
der Motivation, sich zu verbessern, auf das Engagement bei der Bearbeitung der
Selbstlernmaterialien. Allerdings deuteten die ausgewerteten Log-Daten darauf hin,
dass das Selbstlernmaterial nicht in dem erwarteten Umfang bearbeitet wurde.

Schliisselworter Multiple Document Comprehension - Motivation - Subjektive
Wertzuschreibung - Selbstlernmaterialien - Log-Daten - Self-Assessment
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1 Introduction

Multiple document comprehension (MDC) is an essential skill for students in higher
education, making it benef cial for them to monitor their development in this skill and
improve it if necessary. MDC enables students to successfully understand, represent,
and integrate information from multiple texts on the same topic (Mahlow et al.
2020). As university students have to deal with information to study for an exam or
to give a presentation autonomously, they need to determine whether the information
across texts is redundant, complementary, or conficting, and establish a coherent
representation of who said what (e.g., Braten et al. 2014). Studies have shown that
many students have problems processing more than a single text (Britt and Rouet
2012). Therefore, fostering students’ MDC should be part of university practices,
for example, through targeted intervention (e.g., Britt and Aglinskas 2002; Stadtler
and Bromme 2008; Wiley et al. 2009). An important prerequisite for students to
foster their MDC skill might be their perceived value of MDC since values are
strong predictors of behavioral choices (Eccles 2005). In the university context,
such behavioral choices might manifest in using self-study materials. Although self-
study materials allow learners to choose when and where they learn, they also need
self-regulated learning strategies to take control of the learning process. However,
learners are not likely to engage in self-regulated learning without being motivated
to process a task (e.g., Pintrich 1999; Schunk 2005). Therefore, using self-study
material should also require the motivation to develop new skills or enhance existing
skills.

Motivation is a critical construct in the context of learning. Following the ex-
pectancy-value framework (e.g., Wigfeld and Eccles 2000), motivation is deter-
mined by the expectancy of being successful in a task, the value of engaging in
this task, and the costs of engaging in this task (e.g., Barron and Hulleman 2015;
Eccles and Wigfeld 2020). Accordingly, we def ne the motivation to improve MDC
in terms of the expectancy, value, and cost to improve MDC. We expect that the
motivation to improve MDC is a driving force for working with self-study material
on MDC and that the motivation to improve MDC depends on the perceived value
of MDC. However, previous research did not examine the perceived value of MDC
as a predictor for the motivation to improve MDC and their inf uence on behavioral
choices regarding self-study material.

The present study explored whether students’ perceived value of MDC predicts
their motivation to improve MDC and their engagement in using the self-study
material. The effects of the motivation to improve MDC on the engagement in using
provided self-study material were also examined. We expected that the motivation to
improve MDC serves as a mediator for the relationship between the perceived value
of MDC and the use of self-study material. In the following, we provide a brief
literature review of how to foster MDC and motivation in the context of MDC.
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2 Theoretical background
2.1 Fostering multiple document comprehension

MDC is “the ability to construct an integrated representation of a topic based on
several sources” (Schoor et al. 2020b, p. 221). Theoretical frameworks focusing on
MDC, such as the RESOLV model (Rouet et al. 2017) or the MD-TRACE model
(Rouet and Britt 2011), describe how readers learn from multiple documents. Two
prominent frameworks are the Documents Model Framework (e.g., Britt and Rouet
2012) and the strategies identifed by Wineburg (1991). The Documents Model
Framework specifes the construction of a cognitive representation of multiple doc-
uments through a so-called documents model (e.g., Britt and Rouet 2012). The doc-
uments model is a mental model that consists of the integrated situation model and
the intertext model. To build an integrated situation model, readers construct a rep-
resentation of the contents of the documents in addition to their prior knowledge.
The intertext model represents metainformation about the sources, for example: the
author, form, goals, or cultural background (Perfetti et al. 1999). In group com-
parisons of individuals with different prof ciency in MDC, several strategies have
been identifed that are benefcial in multiple document situations. Wineburg (1991)
found that experts engaged more in sourcing, contextualization, and corroboration
than novices when reading multiple documents. Sourcing includes taking informa-
tion about the sources into account and is needed to construct an intertext model. To
engage in contextualization, readers relate the information from the documents to
their prior knowledge. Corroboration is ref ected in comparing information across
texts and helps develop an integrated situation model (Wineburg 1991).

MDC can be promoted through intervention (e.g., Britt and Aglinskas 2002).
There are various approaches for different ages (e.g., Britt and Aglinskas 2002;
Darowski et al. 2016; Wissinger and La Paz 2016) that largely focus on enhanc-
ing either content integration or sourcing, with a few concentrating on both as-
pects. Various interventions are also available in the university context, for example
“met.a.ware” (Stadtler and Bromme 2008), “SOAR” (Daher and Kiewra 2016), or
“SEEK” (Wiley et al. 2009). Although these interventions demonstrate their effec-
tiveness in fostering MDC in experimental settings, their evaluation rarely considers
the individual MDC skill of students before the intervention was carried out. More-
over, they take place in a rather controlled setting. The interventions are implemented
as courses and/or students are proctored. In contrast, working with self-study ma-
terial is not directed by a supervisor and does not require students’ attendance in
a classroom, providing them with fe xibility and autonomy about the circumstances
of their learning. In this context, self-regulated learning is important because stu-
dents take control of their own learning process. However, learners will not engage in
self-regulated learning without motivation for the task (e.g., Pintrich 1999; Schunk
2005). Since the self-study material in the present study was not implemented in an
experimental setting, we assume that, as a requirement of self-regulated learning,
motivational factors might be critical for using the self-study material.
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2.2 Motivation in the context of MDC

Perceived value is a motivational construct that refers to how much an individual
wants to pursue a task and therefore is more likely to engage in certain behavior
(e.g., Barron and Hulleman 2015; Eccles 2005). Values can be strong predictors for
behavioral choices (Eccles 2005). Individuals can hold value for a task, such as using
self-study material, for different reasons: The frst is the intrinsic value which refers
to the enjoyment and pleasure in performing a task. The second is the attainment
value which refers to the perceived importance to do well on a task. The third is the
utility value that refers to the usefulness of performing a task (Battle and Wigfeld
2003). Hulleman (2007) focuses in particular on the utility-value and postulated in
the utility-value process model that students who perceive material as useful are
more engaged with it and feel more motivated. Accordingly, a high perceived value
of MDC might be relevant for the motivation to improve MDC.

In line with the expectancy-value theory (e.g., Wigfeld and Eccles 2000), the
motivation to improve MDC refers to the expectancy to improve MDC, value to
improve MDC, and costs to improve MDC. Expectancy can be defned as an indi-
vidual’s belief about how well they will perform on future tasks (Eccles et al. 1983).
Even though ability beliefs are theoretically distinct from expectancies, they often
overlap empirically (Eccles and Wigfeld 1995). The value to improve MDC can be
defned as the extent to which individuals value the improvement of MDC. When
individuals value improving MDC, they are more likely to engage in that behavior
(see Barron and Hulleman 2015). The last component is cost, which is “what the
individual must give up to do a task [..] as well as the anticipated effort one will
need to put into task completion” (Eccles 2005, p. 113). These costs are considered
negative aspects of improving MDC that individuals experience.

Although the perceived value of MDC (utility value, attainment value, and in-
trinsic value) and the motivation to improve MDC (expectancy, value, and cost
to improve MDC) are both motivational factors, they are different constructs. The
perceived value of MDC focuses on the skill itself, especially regarding how use-
ful, enjoyable, and important dealing with multiple texts is perceived. In contrast,
the motivation to improve MDC refers to enhancing this skill, specifcally the ex-
pectancy, value, and cost to improve MDC. The motivation to improve MDC means
to actively engage in improving MDC, whereas the perceived value of MDC refers
to the current value of this skill. Therefore, the constructs have different foci. We
assume that students are more likely to want to improve a skill that they perceive as
valuable. Therefore, the perceived value of MDC should predict the motivation to
improve MDC.

Motivation is linked to students’ choices about which learning tasks and activities
to engage in and is, therefore, a predictor of engagement (e.g., Lazowski and Hulle-
man 2016). Engagement can also be considered as the manifestation of students’
motivation (Schunk and Mullen 2012), as high motivation will fn d expression in
students taking action. Engagement is a multidimensional construct that includes
behavioral, cognitive, and affective attributes (Fredricks et al. 2004). Behavioral en-
gagement refects motivated action expressed in the quality of the participation in
learning activities and student interactions with the learning materials, observable
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as time or persistence (e.g. Skinner et al. 2008). It is evident that in the context
of reading, intrinsic motivation and valuing contribute to behavioral engagement in
terms of its quantity (e.g., amount of time, frequency of behavioral activities; for an
overview, see Guthrie et al. 2012). Therefore, we assume that behavioral engagement
is an indicator for the motivation to improve MDC. We consider the use of the self-
study material as the behavioral manifestation of the motivation to improve MDC.
Therefore, we assume that the motivation to improve MDC mediates the relation
between the perceived value of MDC and the use of self-study material.

In tasks that may be perceived as effortful, such as MDC tasks (Hahnel et al.
2019b), learners need to be adequately motivated. Reading multiple documents de-
mands more of readers than single text reading (Mahlow et al. 2020) because MDC
depends on several cognitive skills and behaviors that are also affected by those skills
(Hahnel et al. 2019b). Research on motivation in the context of MDC primarily fo-
cuses on motivational effects on reading and comprehending multiple documents
(e.g. Barzilai and Strgmse 2018; Bréiten et al. 2013; List and Alexander 2017).
Within the context of a multiple text task, List et al. (2019) examined individual and
situational interest as a motivational variable in association with indicators based
on log data, such as the time on texts and number of accessed texts. They found
it was situational interest, and not individual interest, that was associated with the
time on texts. Situational interest had a greater effect on reading times than indi-
vidual interest. Situational interest, prior knowledge, time on texts and number of
accessed texts also predicted the performance on the multiple text task (List et al.
2019). However, previous research addressed the motivation of reading and com-
prehending multiple documents and presented interventions to improve MDC, but
these studies did not address the relationship between motivational factors and the
use of self-study material.

2.3 Present study

The present study examined whether the perceived value of MDC predicts students’
motivation to improve MDC and use self-study material. The effects of the moti-
vation to improve MDC on the engagement in using the self-study material were
also examined. Additionally, we investigated the motivation to improve MDC as
a mediator for the relationship between the perceived value of MDC and the use of
the self-study material. In contrast to previous interventions, in this study, students
assessed their MDC skill through a self-assessment with feedback (Schoor et al.
2020b) and subsequent self-study materials. We expected that students who rated
the value of MDC higher are more likely to be motivated to improve MDC and
show more engagement in using the self-study material. Therefore, we assumed that
the motivation to improve MDC predicts the use of self-study material. Moreover,
we considered the engagement in using the self-study material as the behavioral
manifestation of the motivation to improve MDC. Therefore, the motivation to im-
prove MDC might mediate the relation between the perceived value of MDC and the
engagement in using the self-study material. This leads to the following hypotheses:
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H1: Higher scores of the perceived value of MDC are related to higher scores in
the motivation to improve MDC.

H2: Higher scores in the perceived value of MDC are related to more engagement
in using the self-study material.

H3: Higher scores in the motivation to improve MDC are related to more engage-
ment in using the self-study material.

H4: The motivation to improve MDC mediates the relationship between the per-
ceived value of MDC and the engagement in using the self-study material.

Furthermore, to investigate whether the self-assessment with individual feedback and
the recommendations for the self-study material worked as intended, we explored the
use of self-study material by investigating the research questions: (How) Do students
work with self-study materials? With which parts of the self-study material do they
work in particular? Do students follow given recommendations about specif ¢ parts
of the self-study material to work with?

3 Method
3.1 Sample

Participants were recruited through advertisements in university courses, e-mail,
university social-media groups, and an obligatory seminar. Overall, 472 students
registered for this study. 146 students were excluded from the sample because they
did not start with the MDC test or had only missing data. One student was ex-
cluded from the sample due to a straightlining pattern in the questionnaire. We also
excluded students who did not rate the perceived value of MDC, which was the
frst questionnaire scale in the study. The fnal sample consisted of 278 students of
different majors (71% females, 81% master students, Mag=25.7, SDqe.=4.8) from
three German universities. However, the number of missing values differed for the
variables due to outliers or not rated variables (further information is given in the
Online Resource). Note that for the analysis of H3, we had to exclude some cases
for the two variables that represented engagement (seven cases for time and six
cases for page transitions), as those cases contained missing values on all relevant
variables.

Most students were compensated for their participation with 15 to 25€ after
fnishing the second test in the winter semester 2021/22. During the course of the
study, we increased the compensation because the recruitment during COVID-19
was challenging (further information is given in the Online Resource). The use of
the self-study material was not compensated.
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3.2 Design and procedure

The study was a correlational study. Before study participation, students were fa-
miliarized with the construct of MDC through a general introduction. Afterwards,
they could register for the study and receive a password to log in to a learning man-
agement system (Moodle). The Moodle course provided a MDC self-assessment
with individual automatic feedback and self-study material to promote MDC. After
students provided their informed consent for participation, the study started with
a tutorial and questions about demographic variables!. Afterwards, the participants’
MDC skill was assessed by a computer-based test (Schoor et al. 2020b). The par-
ticipants were randomly assigned to one of two rotations in the MDC test which
contained two units of the MDC test (see section Material and Instruments). A unit
included multiple texts and items. Units not taken in the frst measurement time
point were presented at the second point of measurement.

Participants could take the test whenever they wanted and did not need to fn ish the
test in one session. After taking the test, students rated the perceived value of MDC.
After receiving automatically generated feedback, students rated their motivation
to improve their MDC skill. The entire MDC assessment took about 1.5 to 2h.
Afterwards, students had the opportunity to train their MDC skill with self-study
material. Participants were allowed to process the self-assessment from December
2020 to July 2021 and to work with the self-study material from December 2020 to
November 2021. Throughout this time period, students were reminded about once
a month that they had the opportunity to work with the self-study material.

We chose a natural setting instead of a laboratory setting because MDC is
a generic cross-disciplinary competence that is equally relevant for students re-
gardless of their major. MDC is not an explicit part of the academic curriculum.
Therefore, students need to recognize def cits in this skill on their own and volun-
tarily train it. The self-assessment offered an opportunity to test and promote this
skill autonomously and fexibly. Furthermore, the main purpose was to examine if
and how such self-study materials can be transferred into the university context.

3.3 Material and instruments
3.3.1 MDC test with feedback

Students worked on the German MDC test as a self-assessment to assess their
individual MDC skill (Schoor et al. 2020a, 2020b). The test consisted of different
units, each including two or three texts with 11 to 17 items. The texts belonged to
four different domains to assess MDC as a generic cross-disciplinary competence.
Each item measured one of four cognitive requirements:

o Corroboration of information across texts
o Integration of information across texts

I Further variables were assessed before and after processing the assessment as well as after the feedback
that were not relevant for this study.
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o Comparison of sources and source evaluations across texts
o Comparison of source-content links across texts.

The MDC test represented a unidimensional construct, with an acceptable relia-
bility (Hahnel et al. 2021; Mahlow et al. 2020; Schoor et al. 2020b). Item responses
were given in a close-ended format, increasing the objectivity of the MDC test
in administration and scoring. The validity of the MDC test score interpretation
was examined by relating it to person characteristics (e.g., graduation grade) and
characteristics of the comprehension process (e.g., indicators of corroboration and
sourcing processes), and distinguishing MDC performance from related cognitive
constructs (reading comprehension, reading speed, working memory; Hahnel et al.
2021; Mahlow et al. 2020; Schoor et al. 2020b). To represent MDC skill, we es-
timated person parameters with a Rasch model (weighted likelihood estimation,
WLE) that used the item parameters of a scaling sample of 508 students of differ-
ent majors (78% females, 53.3% bachelor students, My, =22.8, SD,..=3.8; details
reported in Hahnel et al. 2021; Mahlow et al. 2020).

After taking the MDC test, the participants received performance-based feedback
and log data-based feedback. For the performance-based feedback, nine levels of
feedback were defned based on Hartig’s (2007) defn ition of competence areas,
depending on what cognitive requirements students were able to master at a certain
competence level (further information are given in Online Resource). For the log
data-based feedback, collected log data was processed (e.g., button clicks or time
stamps) using a f nite state machine approach (Kroehne and Goldhammer 2018) to
build process indicators that represented MDC-supporting strategies. The obtained
indicators were used to provide students with up to two recommendations about
which aspects they should practice with the self-study material.

3.3.2 MDC self-study material

After the MDC self-assessment, students had the opportunity to train their MDC
skill with a digitalized learning tool, the self-study material. The self-study material
was based on the task requirements of the test and feedback (Schoor et al. 2022).
It consisted of an introduction, four content-related modules, and a transfer module
(further information is given in Online Resource). The introduction provided infor-
mation about the relevance of fostering MDC and an overview of the self-study
material (4 pages). Module 1 focused on corroboration of information (39 pages),
module 2 was about integration of information (14 pages), module 3 about com-
paring sources and source evaluation (17 pages), and in the last module students
needed to combine source information and content information (10 pages). The
transfer module provided information about how to use MDC for their studies (e.g.,
how to overcome obstacles; 5 pages). Students could either work on all modules or
choose specif ¢ modules, for example, based on the feedback recommendations. The
self-study material could be closed and started at any time, and students could nav-
igate back and forth between the pages. In the beginning, the material provided an
introduction about the relevance of promoting MDC. Afterwards, participants could
choose between the four modules and the transfer module. Each module (except the
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Table 1 Number and percentage of students categorized as engaged with the self-study material

Variable No engagement Engagement Missing (Outliers)
Time on the self-study material 85 (30.6%) 152 (54.7%) 41 (14.7%)
Page transitions in the self-study material 93 (33.5%) 149 (53.6%) 36 (12.9%)

Note: Total sample size is n=278. Outliers were deleted and created missing values. Outliers were charac-
terized, for example, by unrealistically large time values

transfer module) started with an instructional sequence and then provided multiple
documents with subsequent questions about the texts. The accuracy of an answer
could be checked by clicking on a “Feedback”-button. If the answer was wrong, stu-
dents could correct their answer and receive feedback again. Module 2 additionally
offered hints for task solutions.

During working with the self-study material, event-based log data of each partic-
ipant were collected, such as time data and button clicks. In the present study, we
used time and page transitions as indicators of engagement in using the self-study
material. The time on the self-study material and the number of page transitions
were assessed when students accessed the self-study material, beginning with the
introduction pages. The time scores and number of page transitions of students who
did not access the self-study material were set to zero. For students who did access
the self-study material, the time on the self-study material, was determined as the
summed up time differences between single log events. Students needed to engage
with the self-study material for at least one second (rounded up on one second).
However, some students stayed in the self-study material for a long time without
interacting with it. Thus, we assumed that these students abandoned the self-study
material or did not work on it properly. Because this could bias the time measure, we
excluded time differences between log events greater than 387 seconds. This value
is motivated by the assumption that the average processing time per page of the self-
study material is about 300 to 400seconds, since some pages contained long texts
or complex tasks with feedback. Examining the percentiles of the total time on the
self-study material revealed that the 70% percentile is 387 seconds. This is in line
with our theoretical assumption and was, therefore, used as criterion for the time
differences. Further, we used boxplots and interquartile ranges to identify outliers.
We identifed 41 outliers and set the time score of the outliers on missing.

To assess the number of the page transitions, button clicks of switching to a new
or previous page were counted and summed up to an overall score. We started
counting the button clicks when students switched from the frst introduction page
to the second introduction page. Again, we used boxplots and interquartile ranges to
identify outliers. We identifed 36 outliers and set the page transition score of them
on missing.

Table 1 shows the number and percentage of students who accessed the self-study
material (including the introduction pages) and therefore had scores greater than zero
on the time and page transitions. Participants who did not engage with the self-study
material had scores of zero. Outliers were not included in the analyses. The number
of students with a time and page transition score differed. Students might have only
time or page transition scores because they did not switch the frs t introduction page
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or they were on the material for under one second. Overall, 134 students had a score
for both variables, and the other students either had a time score (n=18) or a page
transition score (n=15).

To examine the explorative research questions, the following additional indicators
were built: An indicator for the number of different modules visited (ranging from
0 to 5) and dichotomous indicators of having accessed each module. Afterwards,
these indicators were compared with students’ individual MDC recommendation by
fltering the sample in nine subsamples based on the individual feedback level.

3.3.3 Perceived value of MDC

The perceived value of MDC was assessed by means of an adapted scale by Stein-
mayr and Spinath (2010) with three items for three dimensions (attainment value,
utility value and intrinsic value) on a 5-point Likert scale. Confrmatory factor
analysis (CFA) yielded an inadequate model ft (y>=144.614, df=2, CF1=0.93,
TLI=0.90, RMSEA=0.13, SRMR=0.08; Schermelleh-Engel et al. 2003). Since
the model could not be substantially improved with theoretically sensible model
modif cations, we split the model into random halves and analyzed half of the data
by conducting an explorative factor analysis (Sample A; n=140). A two-factor mea-
surement model with fve items replicated well on sample B (n=139, x>=14.806,
df=5, CF1=0.98, TLI=0.96, RMSEA=0.12, SRMR =0.06) as well as on the whole
sample (x>=12.999, df=5, CF1=0.99, TLI=0.98, RMSEA=0.08, SRMR=0.04).
After the changes, there was no longer an indication of attainment value, whereas
the intrinsic value of MDC was represented by three items (e.g., “Dealing with
multiple texts is interesting.”; w=0.90?) and the utility value of MDC by two items
(e.g., “Dealing with multiple texts is useful for my studies”; r=0.83). Arguing that
attainment value can only be perceived after suff cient experience with a task and not
immediately upon task engagement (e.g., Hulleman 2007), it might be acceptable
that attainment value was excluded due to an inadequate model f't.

3.3.4 Motivation to improve MDC

The motivation to improve MDC was measured with an adapted and translated
version of the “Expectancy-Value-Cost” questionnaire by Barron et al. (2017), with
three items for expectancy, three items for value, and four items for cost on a 5-point
Likert scale. A CFA with three factors yielded an inadequate model f't (x3>=101.671,
df=32, CF1=0.90, TLI=0.86, RMSEA=0.11, SRMR=0.08). Therefore, we split
the sample. Modif cations in Sample A (n=99) were cross-validated in Sample B
(n=99, y?=22.592, df=18, CFI=0.99, TLI=0.98, RMSEA =0.05, SRMR=0.06).
The changes resulted into an acceptable model f't (x*>=33.634, df=18, CFI=0.97,
TLI=0.96, RMSEA=0.07, SRMR=0.04). After the modif cations, expectancy to
improve MDC was represented by two items (e.g., “I know I can improve in dealing
with multiple texts.”; r=0.54), the value to improve MDC by three items (e.g.,

2 Since Cronbach’s o often present no ideal measure of internal consistency, it was quantifed by McDon-
alds @ (Dunn et al. 2014).
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“I think it’s important to improve in dealing with multiple texts.”; = 0.89) and costs
by three items (e.g., “I am not able to spend enough time to improve in dealing with
multiple texts.”; w=0.66).

3.3.5 Feedback usefulness

Feedback usefulness was used for a manipulation check to examine how students
perceived and interpreted the feedback. After participating in the MDC assessment
and receiving feedback, students rated the perceived usefulness of the feedback on
a 5-point Likert scale. We used an adapted scale with four items by Biirgermeister
etal. (2011). Students were asked whether the feedback has helped them to recognize
how they can improve their MDC skill (e.g., “The feedback helps me to see where
I can still improve”; w=0.92).
All items are provided in the Online Resource.

3.4 Data analysis

All analyses were conducted using Mplus 8.6 (Muthén and Muthén 2017). To def ne
the indicators for the self-study material use, the software R 4.1.0 (R Core Team
2021) and the R package LogFSM (Kroehne and Goldhammer 2018) were used.
Missing values were handled by full-information maximum likelihood (FIML; En-
ders 2010). Utility value and intrinsic value of MDC as well as expectancy, value,
and cost to improve MDC were modelled as latent variables in each model. For H1,
latent regression analysis was conducted with the perceived value of MDC predict-
ing the motivation to improve MDC. Maximum likelihood (ML) estimation with
robust standard errors was used.

In order to investigate H2 and H3, we applied regression models for zero-inf ated
count data (Lambert 1992). Zero-infated count models can deal with excessive
zero values in count variables by assuming that data are based on a mixture of
two separate data-generating processes. These processes encompass 1) one binary
choice process and 2) a process leading to the outcome conditioned on the binary
response. A Bernoulli trial determines which of the two processes generates an
actual observation. In our case, the frst data-generating process referred to either
visiting the self-study material or not. The second data-generating process related to
the size of the variable meant to measure engagement with the self-study material.
To obtain a proxy for engagement with the self-study material, we used the number
of page transitions inside the self-study material and the total time spent on the self-
study material in seconds as dependent variables. Note that to apply the presented
model to the total time spent, we discretized the time variable by rounding it to the
nearest second. Finally, to decide if the models had to be conducted with a Poisson or
Negative Binominal distribution, we studied the dispersion of the outcome variables.
The dispersion of both variables (time and page transition) showed that the variances
are larger than the means. This difference indicated overdispersion for the outcome
variables; therefore, we used zero-infated Negative Binominal Regressions. In order
to evaluate H4, two mediation models were defn ed with the motivation to improve
(i.e., expectancy, value, and cost to improve MDC) as mediator for the relation
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between the perceived value of MDC (i.e., utility value and intrinsic value) and the
time (Model 1) as well as the page transitions in the self-study material (Model 2).

4 Results
4.1 Descriptive statistics and the use of self-study material

Table 2 reports descriptive statistics for the variables included in the hypothe-
ses. Compared to the scaling sample with an average MDC skill of zero (Hahnel
et al. 2021; Mahlow et al. 2020), the average MDC skill of our sample was lower
(M=-0.16) implying that there was room for improvement. The rated feedback use-
fulness indicated that students perceived the feedback as helpful to recognize how to
improve their MDC skill (M= 3.58). In-detail analyses of students’ use of the self-
study material revealed that at least the f rst introduction page was accessed by 167 of
the 278 students (60.07%)*. Time and page transitions in the self-study material were
positively correlated. Furthermore, the correlation of utility value with value to im-
prove MDC (r=10.25, p<0.001), expectancy to improve MDC (r=0.32; p<0.001),
and cost to improve MDC (r=-0.25; p<0.001) were low. Intrinsic value was not
signifcantly related to expectancy (r=0.12; p=0.09) or value (r=0.02; p=0.76) to
improve MDC and lowly correlated with cost to improve MDC (r=-0.27; p<0.001).

Table 3 shows how many of the 167 students accessed the different modules,
how many students received a recommendation for a module, and whether students
accessed a module after they had received the recommendation in the feedback.
Modules were recommended in a varying frequency (further information are given
in Online Resource). The transfer module was not recommended in the feedback
because it is benefcial for all students. Of the 278 students in the sample, 167 ac-
cessed at least the frst introduction page, n=43 students accessed only one module,
n=16 students accessed two modules, n=3 students accessed three modules, no
student accessed four modules, and n=1 student accessed all content-related mod-
ules and the transfer-module. Therefore, 37.72% of the 167 students accessed at
least one module. On average M=0.52 (SD=0.82) modules were accessed of the
167 students.

4.2 Perceived value of MDC and meotivation to improve MDC (H1)

We investigated whether the perceived value of MDC can predict the motivation to
improve MDC. Figure 1 shows the regression model (n=278, x>=94.303, df=57,
CFI=0.98, TLI=0.97, RMSEA =0.05, SRMR=0.05) for the relationship between
the perceived value of MDC and the motivation to improve MDC. Higher scores in
the utility value of MDC predicted higher scores in the expectancy to improve MDC
(p=0.45; p<0.001) and the value to improve MDC (f=0.37; p<0.001) as well as
lower perceived cost to improve MDC (B=-0.24; p=0.02). The intrinsic value of
MDC was only negatively related to the costs to improve MDC (f=-0.22; p=0.02).

3 The 167 students who accessed the self-study material had a time and/or page transition score.
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Table 3 Accessed modules in the self-study material
Module 1 Module2 Module 3 Module4 Transfer

Module
Number of students who accessed the 25 13 6 15 30
module
Number of students who received 63 50 93 104 -
a recommendation for the module
Number of students who accessed the 9 7 4 14 -

module after recommendation

Note: Students received up to two recommendations in the feedback

Intrinsic Intrinsic Intrinsic Utility Utility
valuel value2 value3 valuel value2

Intrinsic value Utility value

of MDC

Value to
improve MDC

Cost to
improve MDC

Expectancy to
improve MDC

Expectancyl Expectancy2 Valuel Value2 Value3 Costl Cost2 Cost3

Fig.1 Latent regression analysis with perceived value of MDC and motivation to improve MDC
*p<0.05, ** p<0.001

4.3 Perceived value of MDC and use of the self-study material (H2)

We explored whether the perceived value of MDC predicts the use of the self-study
material with two zero-infated negative binominal regression models, analyzing
the effects of the perceived value of MDC on time spent on and the number of
page transitions in the self-study material. Concerning time spent on the self-study
material, the model showed that neither utility value (3=0.04; p=0.71) nor intrinsic
value (3=-0.01; p=0.93) signif cantly predicted the frst data-generating process of
spending time on the self-study material or not. The second process addressing the
amount of time spent on the self-study material was also not predicted by the utility
value (=-0.02; p=0.88) and the intrinsic value (f=-0.05; p=0.57).

The model predicting page transitions as the dependent variable showed similar
results. There were no signif cant effects of the perceived value of MDC on pre-
dicting whether students would access the self-study material or not (utility value:
p=-0.13; p=0.29; intrinsic value: $=-0.05; p=0.71) or how many page transitions
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they perform in the self-study material (utility value: $=-0.02; p=0.87; intrinsic
value: $=-0.07; p=0.51).

4.4 Motivation to improve MDC and use of the self-study material (H3)

We investigated whether the motivation to improve MDC predicts the use of the self-
study material with two zero-infated negative binominal regression models, analyz-
ing the effects of the expectancy, value, and cost to improve MDC on time spent on
and the number of page transitions in the self-study material. Concerning time spent
on the self-study material, students’ motivation to improve MDC did not predict the
frst data-generating process of spending time on the self-study material or not (ex-
pectancy: $=0.05; p=0.87; value: 3=-0.08; p=0.74; cost: f=-0.25; p=0.15). The
second process determining the amount of time spent on the self-study material was
also not predicted by expectancy (3=-0.97; p=0.11) and value (3= 0.34; p=0.66).
However, cost to improve MDC was negatively related to the amount of time spent
on the self-study material (3=-1.01; p<0.001)*

The model predicting page transitions as the dependent variable showed similar
results. There were no statistically signifcant effects of students’ motivation to
improve MDC on predicting whether students would access the self-study material
or not (expectancy: f=-0.11; p=0.73; value: p=-0.07; p=0.81; cost: f=-0.26;
p=0.17) and partly on the number of page transitions (expectancy: f=-0.80;
p=0.24; value: $=0.87; p=0.15). However, perceived costs to improve MDC was
signif cantly related to the number of page transitions (§=-0.98; p<0.001).

4.5 Mediation analysis (H4)

The regression analyses revealed no statistically signifcant effects, thus not meeting
the requirements for mediation analyses. Therefore, we did not specify mediation
models with the motivation to improve (expectancy, value and cost to improve MDC)
as mediator for the relationship between the perceived value of MDC (i.e., utility
value and intrinsic value) and the engagement in the self-study material (time, page
transitions).

5 Discussion

The main purpose of this study was to examine the relation between the perceived
value of MDC, motivation to improve MDC and the use of the self-study material. In
detail, we investigated whether the perceived value of MDC affected the motivation
to improve MDC as well as the engagement in using the self-study material. We
further explored the effects of the motivation to improve MDC on the engagement
in using the self-study material. In a last step, the mediating role of the motivation
to improve MDC on the relation between the perceived value of MDC and the

4 The standardized coeffcient over one is due to the way of the standardization.
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engagement in using the self-study material operationalized through the overall
time and the number of page transitions was examined.

5.1 Discussion of the results

We used adapted scales for measuring motivational factors of MDC based on the
expectancy-value framework. Although the perceived value of MDC and the moti-
vation to improve MDC are both motivational variables, they differ in their focus.
The utility value and the intrinsic value of MDC itself can be assumed to infuence
the expectancy, value, and costs to improve MDC differently. The correlations of
the subscales of the perceived value of MDC with the expectancy, value, and cost to
improve MDC were not very high, indicating that the motivational variables mea-
sured different constructs. Therefore, we examined the effects of the perceived value
of MDC on the expectancy, value, and cost to improve MDC. The perceived value
of MDC partially predicted the motivation to improve MDC (H1). Higher utility
values of MDC led to a higher motivation to improve MDC (expectancy, value, and
cost) whereas students with higher intrinsic value of MDC perceived only lower
costs to improve MDC compared to students with a low intrinsic value. Therefore,
our fn dings could imply that especially utility value may be of particular impor-
tance for the motivation to improve MDC. Other research has also postulated the
particular importance of utility value for motivation and performance in educational
outcomes (e.g., Simons et al. 2004). Future research should also explore effects of
the perceived value of MDC on the performance in MDC.

With regard to H2 and H3, the perceived value of MDC and the motivation to
improve MDC did not infuence students’ access of the self-study material. Neither
the perceived value of MDC nor expectancy and value components of students’
motivation to improve MDC predicted the total time and the page transitions in
the self-study material. However, the analyses revealed that the cost to improve
MDC was negatively related to the time spent on the self-study material and amount
of page transitions made while accessing it. The fnding indicated that students
who perceived lower costs to improve MDC were more willing to engage with the
self-study material. Research confrms that students’ perception of costs negatively
predicts educational outcomes such as course-taking intentions or choices (e.g.,
Battle and Wigfeld 2003).

Concerning the mediation hypothesis (H4), we refrained from the planned analy-
sis because there was no relationship between the perceived value of MDC and the
use of the self-study material, which would have been a prerequisite for a meaning-
ful mediation model. Accordingly, we could not investigate hypothesis H4 for our
study.

To explain these results, exploring the actual use of the self-study material might
be benefcial. Descriptive statistics indicated that students highly rated the utility
value of MDC, the intrinsic value of MDC, and the motivation to improve variables.
Therefore, it can be assumed that these high values also lead to engagement. How-
ever, examining the actual use of the self-study material indicated that most students
did not access the self-study material or work with it intensively. Considering that
the self-study material contained an introduction and f ve different modules, includ-
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ing texts, questions, and feedback, the average time (M=36.92sec., SD=55.55) and
the average number of page transitions (M=3.12, SD=4.34) were extremely low.
Accordingly, it seems plausible that most students, who accessed the self-study ma-
terial, just opened the material and clicked through the frst pages without working
with it in a concentrated way. Through zero-inf ated count models, we could closely
examine this lack of use by investigating the effect of the motivational variables on
whether they predict access (frst process) and engagement in the self-study material
(second process). The results of the frst process indicated that neither the perceived
value of MDC nor the motivation to improve MDC affected students’ choice to
access the self-study material. Although students might value MDC skills and their
improvement, the motivation was not enough to engage in the presented learning
opportunity to improve their MDC skills. The results of the second process extended
this picture: If students accessed the self-study material, a highly rated perceived
value of MDC, expectancy, and value to improve MDC did not result in more en-
gagement on the self-study material. However, the perceived cost to improve MDC
was negatively related to the engagement in the self-study material. That means,
if students engaged in the learning opportunity, they were more likely to keep up
their learning efforts when their perceived costs to improve MDC were lower. This
is in line with the assumption that most students just opened the material, clicked
through the frst pages, and recognize that it takes too much effort to work with the
self-study material.

Different possible explanations could apply. Self-regulated learning is important
for working with self-study material. However, learners will not engage in self-
regulated learning without motivation for the task (e.g., Schunk 2005). Even though
students in the present study seemed to be motivated, they might have struggled
with self-regulated learning. Participants might not have engaged in self-regulated
learning strategies and therefore could not work with the self-study material inten-
sively. Therefore, future research should assess self-regulated strategies (e.g., with
log data or self-reports) when working with MDC self-study material.

Furthermore, the characteristics of the self-study material might have inf uenced
the participants’ use of the self-study material. It might be the case that the students
opened the self-study material and immediately closed it because it seemed not
helpful enough or appeared not educational or pleasant. Therefore, future research
could also collect qualitative data in terms of interviews. Students may be asked,
why or why not they worked with the self-study material to get insights into the
students’ motivational behavior. Furthermore, the appearance and effectiveness of
the self-study material as well as the motivation to improve MDC after opening the
self-study material could be examined.

Alternatively, the lack of extrinsic infuence or incentive might have affected
students’ work with the self-study material. Participants received an incentive for
fnishing the MDC self-assessment twice but not for the use of the self-study ma-
terial. Although students expressed a high utility value, they rated intrinsic value
not that high. This result indicated that students’ intrinsic value of MDC (or their
intrinsic motivation) might be too low to access or work with the self-study material
intensively or that a high utility value might not be enough to promote action. Al-
ternatively, the utility value might be interpreted as an evaluation of the usefulness
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of the MDC skill. That means, students might be aware that their MDC skill is
important for their academic success, although not ref ected in the intrinsic value.
Moreover, students did not receive an extrinsic incentive to compensate for the low
intrinsic value or had an outside pressure, for example, through teachers. This leads
to the question: Who is responsible for the development or improvement of MDC?
On one hand, it may be the task of the students’ themselves to achieve better grades
or a successful graduation. On the other hand, it might be the responsibility of the
universities or teachers in terms of enhancing intrinsic motivation to participate.
Therefore, in future studies the self-study material could be implemented in a uni-
versity course, or the academic curriculum. Since MDC is an important competence
for university students that should be trained (e.g., Schoor et al. 2020b), teachers
or student advisors should direct attention to the importance of MDC and advise
students to train their MDC skill. Thus, teachers or students’ advisors should make
the contents more relevant for the study progress.

5.2 Limitations

The frst limiting factor concerns the sample of this study. The sample mainly
consisted of master students who worked in the context of an obligatory seminar on
the frst MDC test. Moreover, all students received an incentive of up to 25€ for
processing the MDC test twice. That means, the intention of the students was not
necessarily to assess and improve MDC. This could indicate a potential bias of the
results in this study and also infuence the use of the self-study material. Since these
students fnished their task in the seminar or received the incentive by completing
only the MDC tests, they might not have seen the necessity to use the self-study
material. Thus, it might also be a methodological problem for measuring motivation
constructs and engagement when students were rewarded. Further research should
examine if students who were paid for participation behaved differently.

Additionally, many students did not access the self-study material. To consider
students’ behavior of accessing the self-study material or not, we used zero-infated
count models. However, future research should further examine the effects of the
motivational variables on the engagement variables with more participants who work
with the self-study material in an engaged way. A possible way to reach this goal
might be to implement the MDC test and self-study material in cross-disciplinary
courses or to make it part of the students’ general curriculum in Germany. Further-
more, teacher and students’ advisors should draw attention to this important skill
and advise students to improve it.

Another limitation might concern the feedback component of the MDC assess-
ment. The students might feel that the feedback was good enough and therefore did
not need to improve their MDC skill. Moreover, future research should address the
effectiveness of the self-study material.

As another limitation should be mentioned that the perceived value of MDC and
the motivation to improve MDC were both understood and measured by means of the
expectancy-value model (e.g., Eccles and Wigfeld 2020). Therefore, the similarity
of the constructs might be a methodological artifact. This could have infuenced
the effects of the perceived value of MDC on the motivation to improve MDC.
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Although the perceived value of MDC and the motivation to improve differ in their
focus, participants might not have noticed this difference and therefore rated the
constructs similar. Furthermore, the scales to measure perceived value of MDC
and motivation to improve MDC were signifcantly adapted and changed to get an
acceptable model f't.

Finally, we analyzed log data and def ned specif c indicators (Kroehne and Gold-
hammer 2018) to derive behavioral metrics on the use of the self-study material (e.g.,
time, page transitions). These metrics were interpreted to represent the engagement
of working with the self-study material. While we considered the defn ed indicators
as appropriate measures for the engagement for the use of the self-study material,
this approach carries some limitations. In order to operationalize behavioral engage-
ment in online environments some studies used log data of users’ activity within
a system, such as a click or page view counts or time spent on action (e.g., Henrie
et al. 2018). However, spending more time or having more activity in a learning
environment does not necessarily imply positive student engagement (Henrie et al.
2018). Thus, by only analyzing log data we cannot make a statement about the actual
concentrated working time. Therefore, the interpretation of indicators from log data
requires validation (Hahnel et al. 2019a). Nevertheless, we tried to f gure out the
actual working time by excluding time differences that indicated inactivity. Further-
more, we defned another indicator to explore the interactions with the self-study
material by page transitions. Although, we considered the indicators as appropriate
measures for the use of the self-study material, future research should take other
factors into account and examine combined or more complex indicators. Further-
more, the interpretations of the indicators should be validated with other measures
(e.g., interviews).

6 Implications for university practices

Based on the fndings in this study, we can derive implications for university prac-
tices. Students usually need to read multiple documents to study for an exam, give
a presentation, or write a term paper. Fostering students’ MDC skill should be a part
of university practices because research shows that many students have problems
processing multiple texts (Britt and Rouet 2012). The results of this study indicated
that students perceive MDC as a relevant and useful skill for their studies and state
a willingness to improve it. However, although they had the opportunity to improve
their MDC skill, students rarely did take advantage of the offer. As an implica-
tion for university practices, teachers and student advisors might draw attention to
this important skill and address it in their courses. University teachers could try to
enhance the intrinsic motivation of the students to foster MDC, for example, by
implementing the self-study material as part of their courses, making the MDC skill
relevant for the study progress of their students. Another possibility to address this
issue might be to implement the self-assessment in the academic curriculum, intro-
ductory courses or courses for scientif ¢ work. In this regard, the self-assessment
provides an offer for students to improve their MDC skill and it should be examined
where and how the MDC assessment can be implemented.
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7 Conclusion

Our f'ndings highlight that the perceived value of MDC partially predicted the mo-
tivation to improve MDC. Especially utility value of MDC was of great importance
for the motivation to improve MDC. However, analyses regarding the use of the self-
study material as a digital learning tool revealed almost no signifcant results. Our
fndings point out that the self-study material was not accessed or used intensively.
Possible reasons might be a lack of self-regulated learning strategies or missing
extrinsic incentives. Nevertheless, students seemed to recognize the importance of
MDC because they are probably confronted with multiple texts from several sources
in their studies. However, future research should address the following questions:
How do students recognize the importance to actively foster MDC? Why did stu-
dents not use the self-study material? How do we engage students more in using
self-study material? Do they need more extrinsic incentives to use self-study ma-
terial? Moreover, it should be explored whether the use of the self-study material
leads to better performance and more strategy use. Nevertheless, it is necessary to
provide students with learning opportunities, such as self-study material for further
development.
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