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A B S T R A C T

When using the Internet to learn about a curricular topic students face the challenge of not only understanding
each single document, but also of integrating the ideas in a combined representation. Several intervention studies
have tested instructional methods, such as building concept maps, aimed at teaching integration of multiple
documents to Secondary education and older students. However, building a concept map may be demanding for
learners and requires competencies to build maps in an appropriate way. In the current study we explore the
extent to which such integration processes relying a concept map mapping instruction can be efficiently taught to
6th grade students. Specifically, we tested a program which included eye-movement modeling examples (EMMEs)
and self-explanation prompts on comprehension and concept mapping in a natural educational setting. An active
control group received a similar instruction without EMMEs. Students were randomly assigned to the intervention
(n ¼ 34) or active control (n ¼ 32) groups, and participated in 1-h sessions during four consecutive days. Results
indicated that EMME group learnt better than the control group the phases to construct a concept map, as
measured in a questionnaire. However, from pre to post test, the EMME group didn't improve comprehension as
measured by open-ended reading comprehension questions or in a delayed summary. We conclude that EMMEs
can be used to foster literacy strategy instruction of primary school students.
1. Introduction

A major challenge of studying multiple digital documents is to inte-
grate the information from the different texts (Cho and Afflerbach, 2017;
List and Alexander, 2018; Magliano et al., 2018; Salmer�on, Strømsø,
Kammerer, Stadtler, & van den Broek, 2018). An integrated under-
standing of multiple texts requires that students link content information
across different texts by means of bridging inferences in order to achieve
a complete understanding of the issue (Rouet and Britt, 2014). This aim
can't be reached just by comprehending each text, as information across
multiple texts tend to be part of a larger whole not specified in any single
text (List and Alexander, 2018).

In a recent systematic review, Barzilai et al. (2018) analyzed in-
terventions aimed at teaching integration of multiple documents. Based
on their review of 21 empirical studies, they concluded that intertextual
integration can be successfully taught across different grades and disci-
plines. Several instructional methods proved to be effective, such as by
means of explicit instruction of integration, collaborative discussions,
using graphic organizers or representations, modeling integration
(L. Salmer�on).
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processes, and individual practice. The authors also pointed out some
limitations on the scope and the methods used in the literature.
Regarding the scope, research so far has addressed mostly secondary
school or older students, and the scarce literature on primary school
students (Martínez et al., 2015;Wissinger&De La Paz, 2016), needs to be
complemented to examine if integration can be taught successfully to
younger students. As for the methods used, few studies have included a
pre-post design, or used delayed measures. Also, in most cases they
combined several instructional practices. Those issues limit our ability to
identify the causes of the changes, their persistence after intervention, or
the effectiveness of specific interventions.

Building on a long line of research on the interventions to improve
students’ integration of multiple texts, and on the limitations identified by
Barzilai et al. (2018), we investigated the effectiveness of a new instruc-
tional program relying on concept mapping from different texts. Specif-
ically, we focused on primary school students, with a methodologically
sound design, including a pre-post design in which only one instructional
methodwasmanipulated (i.e.Eye-movementsmodelling examples tobuild
conceptmaps, EMMEs), and that includeddelayedmeasures of integration.
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1.1. Advanced organizers as facilitators of integration of digital texts

Advance organizers, such as concept maps or tables, are rhetoric
devices that can represent graphically the organization of different units
of information (Lorch, 1989). For example, in concept maps different
idea units are represented as nodes which are linked together bymeans of
links that represent potential relationships between the ideas. Students
can benefit from having access to advanced organizers when reading
digital texts (Britt et al., 1996; Fesel et al., 2015; Naumann et al., 2008;
Potelle and Rouet, 2003; Salmer�on et al., 2009; Salmer�on et al., 2010;
Stadtler and Bromme, 2008); for a review see Amadieu and Salmer�on
(2014). This way, students can focus on comprehending single text in-
formation, and can use the organizer to reflect on the potential re-
lationships between the texts. For example, Salmer�on et al. (2010) used a
graphical organizer to display rhetorical relationships between web
pages on the topic of climate change. The organizer displayed together
the pages that focused on a similar subtopic (e.g. if pages dealt with so-
lutions for climate change, rather than on the causes), and included a tag
for each group that identified the overarching relationship of the group.
Such graphical organizer, as compared to a list presentation of the pages,
improved undergraduate's scores on a measure aimed to assess partici-
pant's ability to draw inferences across texts.

Students can also benefit by constructing advance organizers while
reading, as they can engage students on the search for relationships be-
tween the texts (Barzilai & Ka'adan, 2017; Hilbert and Renkl 2009; for a
review see Barzilai et al., 2018). In their meta-analysis, Schroeder et al.
(2018) concluded that concept mapping can be an effective learning
activity in comparison to other teaching methods and learning strategies.
Processing maps demand summarization which in turn leads to elabo-
rative processing that could concern connection of information from
different texts. However, studies have shown that building a map may be
too cognitively demanding for learners (Colliot and Jamet, 2018a;
2018b) and, thus, such elaborating task should be designed in a way to
support learners' need. To improve concept mapping effectiveness for
learning, more investigations of effective mapping functions tools (San-
chiz et al., 2019) or instructional approach as strategy guidance for
building maps (Amadieu et al., 2015) are necessary.

Hilbert and Renkl (2009) tested different instructional approaches to
benefit from map construction. They tested a group of undergraduate
students working with different texts about marketing. One group first
practiced by constructing two concept maps, another studied two
narrated solved examples on how to build concept maps, and third
studied the examples together with self-explanation prompts, such as
“‘To which phase of the concept mapping process can you assign what
Carolin just did? Why?” After instruction, they had to answer a series of
integration questions that required combining marketing concepts
described in different texts. Pre-post test analyses revealed that the first
two groups didn't improve their integrated understanding (Exp. 1 & 2),
while the group studying solve problems with prompts did so (Exp. 2).

As noted by Barzilai et al. (2018), the efficacy of constructing maps
for integrated understanding has been only tested with Secondary school
and older students, although previous studies suggest that students as
young as 6th graders can be instructed to integrate information from
texts (Martínez et al., 2015; Wissinger & De La Paz, 2016). In addition,
recent research has shown that concept maps can be effectively use with
6th graders to teach other advance literacy strategies, such as navigating
hypertexts (Fesel et al., 2016). The meta-analysis conducted by
Schroeder et al. (2018) showed that the positive effect of concept map-
ping was observed for different age levels without significant differences
between the intermediate level students in grade 4 to 8, secondary stu-
dents and post-secondary students.

However, one could argue that for such grades a combined instruction
based only on textual material, such as study solve examples together
with self-explanation prompts used by Hilbert and Renkl (2009) may
pose a challenge for some students, as some may still have not acquired
full reading comprehension proficiency (van den Broek, 1997). As we
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describe next, a recent technique based on eye-movements modelling
examples (EMME), which presents visual examples of students work on a
task, may provide the correct scaffold for young students.

1.2. Eye – movement modelling examples

EMMEs are videos which combine student or expert actions while
solving a task, with a moving dot representing their visual inspection
patterns. This instructional technique, originally proposed by Tamara
van Gog and colleagues, has been mostly applied to visual procedural
tasks, such as medical diagnosis (Gegenfurtner et al., 2017; Jarodzka
et al., 2012), identification of fish locomotion patterns (Jarodzka et al.,
2013), problem-solving tasks (van Gog et al., 2009), or geometric prob-
lems (van Marlen et al., 2016, 2018) (for reviews see de Koning et al.,
2017; Xie et al., 2021).

Recently EMMEs have also been tested as a way to instruct reading
comprehension strategies to middle school students (Mason et al., 2015,
2016; Salmer�on and Llorens, 2019) and undergraduate students (Krebs
et al., 2019; Salmer�on et al., 2020). The fact that EMMEs allow to convey
visually complex strategic information, that otherwise must be presented
on text, makes it particularly beneficial for middle school students, as in
these grades not all students have acquired a proficient reading
comprehension level. For example, Salmer�on and Llorens (2019) used
EMMEs to teach middle school students to self-regulate their navigation
while solving comprehension tasks in aWikipedia environment. Students
worked in pairs to discuss a set of EMMEs, which presented examples of
good and not so good students implementing a particular navigation
strategy (e.g. clicking on a hyperlink before completely reading it). The
control group also discussed examples, which were provided as textual
narrated cases. Only participants from the EMME group improved their
scores from pre to post test in a series of comprehension tasks in a
Wikipedia scenario.

The effects of EMMEs on strategic knowledge and performance are
potentially due to its efficacy in guiding students' attention during the
instruction. Although visualizing the model's gaze can guide students'
attention to relevant behaviors is a precondition for effective modelling,
they also need to elaborate on the modeled information to improve the
chances to learn from them (Bandura, 1986). Self-explanation prompts
after watching an EMME, such as the ones used by Hilbert and Renkl
(2009), could be used to induce students' elaboration on the model.
Self-explanation prompts appear as good instructional factor because
learners are brought to retrieve relevant previously learned information
from memory in order to connect it with relevant aspects of new infor-
mation to process.

1.3. The current study

The aim of the current study is to test the effectiveness of an
instructional program to instruct 6th grade students to build concept
maps from digital documents, to support their integrated understanding
of the documents’ set. Our study builds upon recent efforts to explore the
possibilities to teach integration process to primary school students
(Martínez et al., 2015; Wissinger & De La Paz, 2016). In addition, we
aimed to test the efficacy of EMMEs in a natural educational setting, as
most previous research has used them in laboratory settings (Xie et al.,
2021), raising concerns about its ecological validity. Specifically, we
adapted the program developed by Hilbert and Renkl (2009) which
included narrated solved examples and self-explanation prompts, and
which has been proved to be effective in undergraduate students. Our
major adaptation consisted on transforming the textual examples into
audio narrated videos, consisting of the screen capture of the movements
done by the students (EMMEs). Following the recommendations by
Barzilai et al. (2018), different methodological advances were considered
to maximize the potential impact of the study. First, we included a
pre-post test design, to allow testing changes specifically due to the in-
struction. Second, we included both immediate and delayed measures of
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comprehension, to detect potential learning effects over time. Third, we
used an active control group, which also received an instruction, and that
only varied from the experimental control in one instructional method
(the presence or not of EMMEs).

We considered different hypotheses regarding the effects of in-
struction. For the group participating in the instructional program with
EMME, from pre to post test we expected an improvement on students'
knowledge of the map construction phases and on immediate and
delayed integrated comprehension, after controlling for potential con-
founding effects of students’ reading comprehension skills. For the
group participating in the control instructional program, we expected
lower improvements on knowledge about how to construct a concept
map and comprehension than those observed at the instructional
group.

2. Method

2.1. Participants

Sixty - six 6th grade students (11–12 years old) from a public school in
a city near (removed for blind review) participated in the study (51.5%
female). Data from six students who didn't attend the four sessions, and
that of a student diagnosed with learning disabilities, were not included
in the analyses. None of the participants from the final sample have been
diagnosed with hearing or attention deficits. They were all native
Spanish speakers. The school followed a conservative approach towards
technology. Although the group had a computer room, they only used it
once or twice a month for academic purposes. Participation was
approved by the School board, who planned the sessions as part of the
instructional activities in the school aimed at improving students' digital
skills. The study was approved by the Research Ethics committee of the
University of (removed for blind review), and followed the guidelines of
the Declaration of Helsinki.

The sample size was determined based on a power analysis (GPower
3.1: Faul et al., 2009) and considerations about feasibility and cost. The
expected effect of EMMEs on performance was estimated to be of me-
dium size, based on a metanalytical study (Xie et al., 2021). With the
present sample size, a medium effect (f ¼ .25) in the within-between
interaction (that of Time -pre vs. post test- and Instruction Group
-control vs. EMME-) can be detected with a power of 1-β ¼ .80 and α ¼
.05.

2.2. Materials

2.2.1. Documents
We used two sets of short documents related to the topics Energy

and Arthropods, obtained from printed and digital textbooks dedicated
to 6th grade science classes (C�aliz, 2009; Martínez, 2005) (see examples
in Figure 1). Both topics were part of the official curriculum for 6th

grade in the school, but students had not received any instruction on
them yet. Each set included 12 short documents (Energy: 559 words in
total, Arthropods: 493). While most document types included plain text
pages resembling textbooks excerpts, some of the documents consisted
of bar graphs, infographics, and visually rich web pages. We selected the
documents trying to keep a similar underlying structural relation be-
tween them. First, a document described the core idea of the set. For
example, the document “Energy” included a technical definition of the
term, and a bar graph representing the consumption of different types of
energies in Spain and in the Valencian region. Then, two documents
further developed the main topic in two subtopics (e.g. ‘Renewable
energy’ and ‘Non-renewable energy’). Finally, nine additional docu-
ments elaborated on particular aspects of one of the two subtopics (e.g.
“Hydroelectric power plant”, included an infographic to explain how a
hydroelectric central works, as was expected to be linked to the
“Renewable energy” branch of the map), or to both of the subtopics (e.g.
“Electricity”).
3

2.2.2. Instructional program
Our instructional program aimed at teaching how to build concept

maps was based on the program developed by Hilbert and Renkl (2009)
described in the introduction, which included narrated solved examples
and self-explanation prompts. We adapted the original program in two
ways. First, we allowed students to work in pairs, as this has proved to be
an effective way to engage young students in more elaborated discussions
(Sizmur and Osborne, 1997). Second, we transformed the textual ex-
amples into audio narrated videos, consisting of the screen capture of the
movements done by the students and a narrated voice explaining the
reason behind the movements. In addition, only in the experimental
group, those videos included a moving dot representing students’
eye-movements while solving the task. A detailed description of one of
the videos is provided in Table 1. The program had two phases. In step 1,
all students watched a whiteboard animation video that provided direct
instruction about: a) the parts of a conceptual map; b) the phases to ac-
cess the documents and to build the map: planning, monitoring and
evaluating; and c) strategies that have proved useful in each phase
(Amadieu et al., 2015): initial access to the documents based on thematic
coherence, planning the construction, organizing the structure, and
revising the map. In step 2, students listened and watched seven solved
examples videos (average length 59 s), which included eye-movements
modeling or not, depending on the condition. The videos illustrated
specific phases of the map construction process (see example in Table 1
and https://go.uv.es/KCXYWa5). After each video, students worked in
pairs to identify the phase that corresponded to the actions depicted in
the video. They were required to reach an agreement, and to write down
the phase they identified.

2.3. Questionnaires

2.3.1. Knowledge test about how to construct a concept map
During step 2 of the instructional program (see above), students

worked in pairs to identify the phase of the map construction process
depicted in each of the seven solved examples videos: planning, moni-
toring and evaluating. For each solved example video participants were
given a score of 1 if they correctly identified the phase described in the
video, or a 0 if the failed to do so.

2.3.2. Comprehension questions
For each set of multiple documents (‘Energy’ and ‘Artrophods’) we

developed a set of short open-ended comprehension questions targeting
literal and inferential comprehension. For each topic, three of the ques-
tions assessed literal comprehension, which targeted important ideas
explicitly mentioned in a single document. For example, one of the
questions was “Why is electricity so useful?”. To answer this, the student
had to recall the information located in the text “Electricity”, specifically
“Electricity is very useful because it is easily transported and it can be trans-
formed into any other kind of energy”. Three additional questions assessed
inter-text integration, as they required to infer the relations between
relevant information from different documents. For example, the ques-
tion: “Which is the difference between renewable energies and not renewable
energies?” required students to combine gist information from the
document called “Renewable energies” and from the document “Non-
renewable energies”. Complete and correct questions were given 1 point,
and incorrect or incomplete questions a 0. The first and last author
assessed 20% of the responses for each topic, using a previously devel-
oped rubric. Raters reached a significant agreement in both question-
naires (Cohen's κ¼ .90 for Energy and .83 for Arthropods). Conflicts were
solved after discussion. The first author completed the evaluation of the
rest of the questions. Although our original goal was to use separate
scores for each comprehension type (i.e. literal and integration), our at-
tempts during piloting and the final study revealed low reliability for
such separated scales. This is why we decided to combine all responses
from each topic in a single comprehension scale, with moderate reli-
ability, with Cronbach's α ¼ .61 for “Energy” and .59 for “Artrophods”.

https://go.uv.es/KCXYWa5


Figure 1. Examples of the documents used for the topic “Energy”.
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2.3.3. Delayed integration summary
The day after completing the map with each set of documents, stu-

dents had to summarize the contents from the documents studied. Stu-
dents were given 5 min to complete the task, and they had no access to
the map or to the documents studied. On average, students wrote rather
short summaries for the “Energy”, M ¼ 27.6 words, SD ¼ 13.8, and
“Artrophods”, M ¼ 24.7 words, SD ¼ 14.0, topics. To evaluate students'
4

integration we constructed an ad-hoc rubric. Each summary could get up
to three points: 1 point if the student explicitly identified the two main
categories developed in each topic (e.g. “There are two types of energies:
renewable and non-renewable”); 1 point if the student established a
particular relationship between ideas from different documents (“Pe-
troleum and coal are non-renewable energies that can't be replaced once
they are used, but renewable energies will last”); and 1 point if the



Table 1. Description of solved example video #1.

Goal: reading all node titles and extract the main idea

What the narrator says What the narrator
makes with computer
mouse

Where the narrator looks
at (only for EMME
condition)

“First of all, I am going to look
around the information provided.
Oh, I see that there are twelve
different nodes… I am going to
read the titles to get an overview
of the topic”.

A circle representing the
eyes looks sequentially at
all titles.

“Let's go, I am going to start
reading by going to the most
important node”

“’Renovable energies' is really
important, and it include water,
son, wind, electric power…”

Computer mouse
moves to title
‘Renovable energies’

Looks at specific nodes as
she mentions them

“Oh no, but nuclear power,
radioactive material and all those
are not included under
‘Renovable energies’”

Looks at specific nodes as
she mentions them

“I am going to continue
Reading… Ops! Energy! ‘Energy’
includes them all.

Computer mouse
moves to title ‘Energy’

Looks at node ‘Energy’

“Let me double check… yes,
‘Energy’ includes all sections”

Computer mouse stays
over title ‘Energy’

Looks quickly at most
nodes

“Then, I will start by reading this” Clicks on node
‘Energy’

Reads completely the
section ‘Energy’

Task after the video: In which phase of the process of constructing concept maps are we? Why do
you think we are in this phase?
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students further develops an idea from at least one of the documents that
were related). 20% of the summaries from each topic were rated by the
first and third authors, reading a 100% of agreement. The first author
completed the evaluation of the rest of the summaries.

2.3.4. Reading comprehension test
We used the Test of Comprehension Strategies (Vidal-Abarca et al.,

2007), a standardized comprehension test in Spanish, composed of two
expository texts and ten multiple-choice questions per text. The test
included literal and inferential questions, which had to be answered
without accessing the texts.
2.4. Procedure

The procedure included four sessions of approximately 50 min each,
and they took place in consecutive days (see Figure 2). Students were
randomly assigned to the experimental (n¼ 34) or active control (n¼ 32)
group. This ensured that any preexisting difference between participants
was randomly distributed across the control and experimental group. The
Figure 2. Procedure fol
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initial session served as pre-test. First, students were instructed in how to
use CMapsTool, a free software dedicated to build concept maps with
digital documents. When they felt confident on the basic use of the tool,
they were introduced to the first set of multiple documents. Specifically,
they were provided with a CMaps consisting of twelve randomly orga-
nized documents about “Energy” (Figure 2). They were instructed to
build a concept map combining the documents and creating and labeling
links between them. Once they finished, they answered the compre-
hension questions. Students had no access to the documents while
answering the questions. At the beginning of the second session, students
were requested to summarize the contents from the “Energy” documents
studied the previous day, without being able to access the map or the
documents. Afterwards, the instructional program was provided. In the
third session, which served as post-test, students build a map about the
topic “Arthropoda”, starting from a set of twelve documents. Once they
had finished, they answered the open-ended comprehension questions.
Finally, in the fourth session, students summarized the contents from the
“Arthropoda” documents studied the previous day, following the same
procedure as in the pre-test. Next, they completed a standardized test to
measure their reading comprehension skills. Finally, they were debriefed
and an open discussion was held with the students to discuss their
perceived usefulness of the program.

2.5. Design

We used a mixed design with Time (pre vs. post test) as repeated
measures factor, and Instruction Group (control vs. EMME) as between-
participants factor. As dependent variables, we used scores on the
knowledge test about how to construct a concept map, comprehension
scores (i.e. number of correct responses to the open-ended comprehen-
sion questions), and summary scores (i.e. sum of points obtained in the
summary with the integration rubric). Results were analyzed with
generalized linear mixed effects models, that were constructed following
the theoretical model described in the introduction. Specifically, we
tested the effect of our EMME intervention against a control group, with a
pre-post test design. Pre-existing individual differences were introduced
as covariates to control for their potential effects, mimicking the design
of similar previous studies (Hilbert and Renkl, 2009; Salmer�on et al.,
2020; Salmer�on and Llorens, 2019). Although in principle other more
complex models are possible (e.g. interaction between individual dif-
ferences and intervention effects), the lack of solid theoretical arguments
in the field prevented us from exploring other options.

3. Results

Although students were assigned to groups randomly, we first
ensured that groups didn't differ in terms of performance measures at pre-
test (for descriptive scores see Table 2). Student t comparisons revealed
that there were no group differences on pre-test text comprehension
lowed in the study.



Table 2. Descriptive statistics for all measured variables, by Time and Instruction
group.

Pre-test Post-test

Control EMMEs Control EMMEs

Map construction knowledge
scores

5.2 (0.9) 5.6 (1.1)

Comprehension questions 50.0
(24.1)

50.0
(23.0)

31.9
(22.8)

29.0
(18.7)

Delayed summary:

0 points 36.7% 41.9% 31.0% 21.9%

1 point 36.7% 29.0% 44.8% 40.6%

2 points 16.7% 29.0% 6.9% 28.1%

3 points 10.0% 0% 17.2% 9.4%
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scores or pre-test delayed integration summary (all t < 1). In addition,
scores from the standardized reading comprehension test indicated that
all students showed a grade-appropriate competence level.
3.1. Effects on knowledge of map construction phases

To test the effects of the instruction on students' knowledge of map
construction, we conducted a generalized linear mixed effects model
(GLME) using the glmer function from the lme4 package (Bates et al.,
2015) in R version 1.2.5024 (R Core Team, 2020). The fixed factors in the
model were Instruction Group (dummy coding: control ¼ 0 vs. EMME ¼
1) and Reading Comprehension Skills (raw scores). As random factors we
included Study partnership and Test item. Please note that as this task
was performed in pairs, study partnership was included as random factor,
but not participant. The dependent variable was either 0 for incorrect
responses or 1 for correct responses for each of the seven solved examples
videos regarding concept map construction phases. Accordingly, we used
a binomial distribution. The fitted model and complete results are pre-
sented in Table 3. Results showed a main effect of Instruction, indicating
that students in the EMME group scored higher than those in the control
group. Of note is that the effect estimate was rather low, and actually a
95% confidence intervals indicated that the results were not significant.
Reading comprehension skills did not influence students’ scores.
Table 4. Model for the effects on comprehension questions.

Fitted model:
3.2. Effects on comprehension

To test the effects of the instruction on comprehension, we first run a
GLME model (glmer function with binomial distribution) with the
following fixed factors: Time (dummy coding: pre ¼ 1 vs. post test ¼ 0),
Instruction Group (dummy coding: control ¼ 0 vs. EMME ¼ 1), the
Table 3. Model for the effects on knowledge of map construction phases.

Fitted model:

map_construction_score ~ instruction_groupþ reading_comprehensionþ (1|partnership)þ
(1|map_construction_item), family ¼ binomial

Random effects:

Groups Name Variance Std.Dev.

Partnership (intercept) 0.67 0.82

Map_construction_item (intercept) 2.16 1.47

Fixed effects:

Estimate Std.
Error

z value Pr(>|
z|)

95% CI

(Intercept) 0.84 0.79 1.06 0.29 [0.31, 2.80]

Instruction_group 0.81 0.42 1.93 0.05 * [-0.01,
1.62]

Reading_comprehension 0.08 0.05 1.50 0.12 [-0.07,
0.59]
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interaction Time and Instruction, and Reading Comprehension Skills
(raw scores). As random factors we included Participant, and Test item.
Please note that as this task was done individually, we included partici-
pant and not study partnership as random factor. The dependent variable
was either 0 for incorrect responses or 1 for correct responses to each
comprehension question. The model fitted and complete results are
presented in Table 4.

Overall, means range from 29 to 50% (see Table 2), which indicates a
modest to medium ability to comprehend and integrate information
across documents. In interpreting these results, please keep in mind that
students responded to open-ended comprehension questions, and there-
fore chance level can be considered 0. Furthermore, results showed non-
significant effects of Time, Instruction, or its interaction (see Table 4).
Only the factor Reading comprehension skills resulted in a significant
effect. Good comprehenders score higher in the open-ended compre-
hension questions administered immediately after the completion of
each map.

Second, to analyze the effects on delayed summaries, we run an
additional GLME model (glmer function with binomial distribution) with
Time (dummy coding: pre ¼ 1 vs. post test ¼ 0), Instruction Group
(dummy coding: control ¼ 0 vs. EMME ¼ 1), the interaction Time and
Instruction, and Reading Comprehension Skills (raw scores) as fixed
factors; and Participant and Summary category as random factors. Please
note that as this task was done individually, we included participant and
not study partnership as factor. As dependent variable we used the scores
on the delayed integration summary, with a score of 0 or 1 in each of the
three categories assessed in the rubric (see method). The model fitted and
complete results are presented in Table 5.

Regarding the quality of the delayed summaries, the number of stu-
dents who obtained the lower score surpassed those who got the highest
score (see Table 2), a pattern which speaks about the difficulty of the
task. Results from the last model showed non-significant effects of Time,
Instruction, or its interaction. Finally, the factor Reading comprehension
skills was significant, indicating that good comprehenders wrote better
summaries one day after having worked with the documents (see
Table 5).

4. Discussion

This study contributes to research on instructions to foster integrated
understanding, and demonstrates that a combination of EMMEs and self-
explanation prompts can be used to teach 6th grade students to build
comprehension_score ~ instruction_group * time þ reading_comprehension þ (1|
participant)þ (1|comprehension_item), family ¼ binomial

Random effects:

Groups Name Variance Std.Dev.

Participant (intercept) 0.37 0.61

Comprehension item (intercept) 1.88 1.37

Fixed effects:

Estimate Std.
Error

z
value

Pr(>|z|) 95% CI

(Intercept) -1.99 0.59 -3.37 0.001
***

[-2.24,
-0.29]

Instruction group -0.02 0.27 -0.07 0.95 [-0.55,
0.51]

Time 0.74 0.67 1.11 0.27 [-0.56,
2.05]

Reading
comprehension

0.08 0.03 2.41 0.02 * [0.05, 0.46]

Instruction group x
Time

0.28 0.30 0.95 0.34 [-0.30,
0.87]



Table 5. Model for the effects on delayed summaries.

Fitted model:

summary_score ~ instruction_group * time þ reading_comprehension þ (1|participant)þ
(1|summary_item), family ¼ binomial

Random effects:

Groups Name Variance Std.Dev.

Participant (intercept) 0.83 0.91

Summary item (intercept) 0.32 0.56

Fixed effects:

Estimate Std.
Error

z value Pr(>|
z|)

95% CI

(Intercept) -1.59 0.67 -2.39 0.02 * [-1.54,
0.19]

Instruction group 0.29 0.41 0.71 0.48 [-0.52,
1.10]

Time -0.24 0.36 -0.68 0.50 [-0.94,
0.46]

Reading comprehension 0.10 0.05 1.94 0.05 * [0.00, 0.67]

Instruction group x
Time

-0.46 0.49 -0.93 0.35 [-1.42,
0.50]
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concept maps from multiple documents. Of note is that this is one of the
few studies that has used EMMEs in a natural educational context, which
allowed us to test the ecological validity of this method. In addition, it
evidences that 6th grade students show a modest ability to integrate
complementary information from curricular topics provided in different
documents.

Uniquely to our design is that the control group received an instruc-
tion similar to the experimental group, with the only exception of the
way the examples were provided. While the active control group read
and discussed solved examples written in text, the experimental group
saw and discussed the audiovisual EMMEs. Thus, our design allowed to
disentangle the unique contribution of a single instructional method,
something that is rare in previous intervention studies (Barzilai et al.,
2018). Specifically, the effect of EMMEs on the acquisition of knowledge
about concept map construction phases could be attributed to the support
provided in guiding students’ attention during their learning towards
relevant parts of the process of constructing a conceptual map. These
results converge with recent studies demonstrating that EMMEs can be an
effective instructional tool to teach complex reading strategies (Krebs
et al., 2019; Mason et al., 2015, 2016; Salmer�on and Llorens, 2019).
These findings contributed to the design of more effective concepts
mapping tasks highlighting that learners need procedural guidance to
understand how to build more elaborated maps. Audiovisual EMMEs
appear as a promising guidance that help learners to focus more on the
relevant phases of concept mapping.

Unexpectedly, no evidence confirmed that EMMEs exerted any effect
on integrated understanding. A potential reason for the lack of effect on
comprehension of contents is that we used a combined scale with both
questions targeting literal and inter-text integrated comprehension, to
avoid having two separated but highly unreliable scales. Thus, the
comprehension questions used don't uniquely assess integrated under-
standing, and the intervention is not aimed to improve comprehension of
single documents. Another explanation of the lack of results of EMMEs on
comprehension could be that the mapping task was not really supportive
for comprehension. Learners could have focused their attention of the
mapping task more than to comprehension. The positive effect of EMME
observed on knowledge about the phases to construct concept maps and
not on comprehension supports this interpretation. These results are
finally in line with recent works from Colliot and Jamet (2018a, 2018b)
that underlined that concept mapping can be infective for learning even
when learners produce relevant maps. Guidance can be sometimes
ineffective and even detrimental for learning when it diverts attention
7

from contents or require demanding cognitive processing to interpret
guidance, like it was sometimes observed with attentional signaling and
cueing in learning from animations (Berney and B�etrancourt, 2016).

Moreover, consistent with the previous point, in interpreting the
average scores in the open-ended comprehension questions and delayed
summaries, we must consider the considerable level of difficulty of the
tasks used. The pattern of results suggests that 6th grade students show a
modest ability to integrate ideas from multiple documents (Martínez
et al., 2015; Wissinger & De La Paz, 2016). Students' reading compre-
hension skills predict their document comprehension and integration as
measured by an immediate test, but it doesn't play a significant role in the
delayed summaries.

4.1. Limitations and future research

Of course, our study comes with certain limitations. First, different
reasons may explain the lack of positive effect on comprehension of
EMME and of mapping (pre- and posttest), as well as the rather small
effect on students’ knowledge of map construction phases. The study
aimed at examining the effects of EMMEs on relevant procedures for
mapping that was supposed to improve comprehension. However, the
study did not ensure that concept mapping was particularly adapted for
the learning aims. In spite of a positive effect of the EMME on knowledge
of map construction phases, it did not support higher comprehension.
Therefore, further studies should try to disentangle effects on compre-
hension that are due to the nature of the task (i.e. level of active learning)
and those that are due to the relevance of the procedures used by stu-
dents. Because concept mapping may have been demanding for students
even with the help of EMME, further studies should compare concept
mapping with less active learning task such as reading and recall tasks
(Blunt and Karpicke, 2014), and should also investigate how guidance of
relevant procedure to perform the task contribute to learning. Even for
more traditional and less elaborative tasks as reading, students may need
to acquire and use adapted procedures. Moreover, it could be supposed
that effective mapping for comprehension would require more automatic
knowledge of map construction phases that could be trained by a use on
longer period. Finally, the instruction imposed to students the use of a
software that may also have required cognitive resources for students.
Their lack of practices with the tool could have been detrimental for their
learning by playing the role of an additional task. Using a software im-
plies declarative knowledge of functions and features as well as proce-
dural knowledge to perform the task by using the software functions. In
any case, in our study students performed the task once they felt confi-
dent on the basic use of the tool.

Second, the results of the present study could also shed light on the
need of investigating more clearly how improving EMMEs andmeasuring
their real effect on online behavior and mental representation. Regarding
the mental representation that learners build of EMMEs, it might be
possible that students interpreted the function of EMME in ways different
than those expected by the experimenters. Showing an example of an
effective mapping procedure could have led students to construct a task
model based of the reproduction of such a procedure. Their representa-
tion of the goal consisting in the replication of the procedure could have
diverted student from the core task, that is to say, processing texts to
construction coherent mental representation of information. More in-
vestigations should be conducted on the learners’mental representations
of the task and EMMEs meaning for their task.

Finally, future research should expand the feasibility of using concept
maps with primary school students to build relationships between doc-
uments that go beyond the documents' ideas, by including source infor-
mation or rhetorical relationships between the documents. Recent
research by Barzilai and Ka'adan (2017) with 9th grade students has
proved that building maps may support those document-level processing.
Our study aims to stimulate research on the potentialities and limitations
of constructing concept maps to boost integrating understanding in the
last years of primary school.
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