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Abstract

In this paper we analyze the effects of the type of collaborative task (elaboration of concept map vs elaboration of
expository summary) on the performance and on the level of collaboration achieved by Mexican university students in
the multimedia learning of a social sciences content (Communication Psychology). Likewise, the processes of social
regulation that are put into play in these collaborative tasks are described. Forty-five students (17 women and 28 men)
grouped in 15 triads participated in the study. Each triad was assigned to one of the two collaborative conditions:
elaboration of concept map (8 groups) and elaboration of an expository summary (7 groups). It was monitored that
there were no significant previous differences between two conditions regarding: reading comprehension, reading
comprehension regulation strategies and domain-specific prior knowledge. To evaluate the performance in learning,
the quality of the proposals made in concept maps and summaries were taken adapting the procedure proposed by
Haugwitz, Nesbit and Sandmann (2010), and also the results obtained by the students in a multiple-choice
questionnaire about the knowledge area. Likewise, the level of collaboration perceived by each member of the teams
was examined using a Collaboration questionnaire developed by Chan and Chan (2011). The identification and
characterization of the processes of social regulation was carried out through a qualitative analysis of the exchanges
registered during the collaborative activity, considering the type (co-regulation and shared regulation) and the
regulation orientation (directed to the task or to the management of collaboration). The quantitative results analysis
showed the existence of significant effects working with collaborative concept maps in the knowledge acquired during
the collaborative task and in some of the indicators of perceived collaboration. Although no significant statistical
differences were found, in the teams that elaborated expository summaries, a predominance of episodes of regulation
directed towards the cognitive activity of the collaborative task was observed, being scarce, in both conditions, the
episodes of social regulation directed towards collaboration within the triads.

Keywords: collaborative learning, concept maps, social regulation, learning tasks
1. Introduction

Research on collaborative learning has emphasized the influence that different digital technological tools have, either
to promote greater performance in learning and to enrich the dynamics of exchanges between apprentices during
collaborative activity (for a review, Dillenbourg, Javelg & Fischer, 2009).

According to Lethinen, Hakkarainen, Lipponen, Rahikainen, & Muukkonen (1999), it is possible to distinguish two
ways of using technologies in collaborative learning. On the one hand, these tools could function as a channel through
which the communication between the apprentices is more viable, for example, an online learning platform that
includes a discussion forum. Reference would be made, in this sense, to collaboration "through™ technology. However,
on the other hand, digital instruments, such as multimedia, hypermedia and virtual simulators, can also become the
focal point around which interactions between students will be generated. In this case, conversations and discussions
among the apprentices, which would constitute significant moments for learning, would generate "around" the
technology. Then, in these dialogues, students can express their own ideas, contrast their points of view about the
content to learn and regulate their own processes of joint understanding (Manlove, Lazonder, & de Jong, 2009).
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Also, given that the mere presence of technologies does not automatically generate collaborative learning, the
convenience of organizing collaboration in instructional that are enriching, challenging and authentic for students has
been pointed out (Jeong & Hmelo-Silver, 2016). In this sense, Chi and Wylie (2014) have highlighted the importance
of proposing to learner’s tasks that allow them to be “constructively interactive”. That is, tasks that promote not only
greatest interaction, but also encourage interactions related to the joint construction of knowledge, such as proposing
ideas, asking questions, providing explanations, refuting points of view and generating arguments and justifications
(Chi, 2009).

Chi and collaborators (Chi, 2009; Chi & Menekse, 2015; Chi & Wylie, 2014) have proposed an explanatory
framework to analyze and compare different learning task modalities: the ICAP framework. Specifically, they have
been concerned with examining the type of actions and processes that these tasks allow students to elicit and also
their impact on learning levels. They have proposed a growing sequence of different types of learning activities,
ranging from very basic tasks with less potentials for learning, such as passive activities (for example, listening to an
exhibition or watching a video), followed by active tasks (for example, taking notes or underlining main ideas),
continuing with constructive tasks (for example, generating self-explanations, making inferences, making
comparisons), until reaching a higher level, corresponding to interactive tasks, in which students work jointly in the
generation of a new product. Chi and Wylie (2014) have found favorable evidence to the hypothesis that the greater
the involvement in learning activities -considering the increasing sequence: passive, active, constructive and
interactive-, students are more encouraged to put processes and mechanisms of greater complexity into play, which
in turn has an impact on greater learning. Therefore, higher levels of learning appear when apprentices are involved,
for example, in the generation of inferences and in discussion and negotiation of different points of view, among
other actions, that allow them to go beyond the learning material, to co-create knowledge (Chi & Menekse, 2015;
Chi & Wylie, 2014).

In addition, it is required that these tasks favor the development and the explicitation of cognitive, metacognitive and
motivational processes, related to social regulation during the collaborative activity (Jeong & Hmelo-Silver, 2016;
O’Donnell & Hmelo-Silver, 2013; Schoor, Narciss, & Kd&ndle, 2015). Social regulation refers to the modes of
regulation that appear at the group level, either when an apprentice regulates himself with respect to a group goal, or
when the students help each other to regulate their actions, or when the group as a whole is regulated in a shared way
(Schoor et al., 2015). In collaborative learning, social regulation is a key process not only for the generation of a
collaborative product but also for managing exchanges during the development of this task (Hadwin, J&vel& & Miller,
2011; Javela& Hadwin, 2013). However, previous research has shown that, in general, students have difficulties to
regulate collaborative interactions (Acufg, L&pez-Aymes, & Gabino-Campos, 2012; Rogat & Linnenbrink-Garcia,
2011; Summers & Volet, 2010).

In spite of it could be considered that the "synergistic" combination in the collaborative activity of technological
supports and constructively interactive tasks, would allow configuring a "double scaffolding™ instructional scenario.
Through these scaffolds would favor greater social regulation, necessary for the generation of a common awareness
about the goals, execution and monitoring of coordinated and interdependent actions and the joint and negotiated
construction of knowledge that demands the development of a collaborative product (J&venoja, Javel& & Malmberg,
2015; Schoor & Bannert, 2012; Volet, Vauras, & Salonen, 2009).

In this sense, a task of concept maps like collaborative construction for the acquisition of knowledge using
hypermedia materials — when gathering constructive and interactive characteristics — would have a range of
potentialities to promote greater learning and also to elicit different processes of high complexity, among them
corresponding to social regulation. For instance, van Boxtel, van der Linden, Roelofs, and Erkens (2002) have
pointed out that the use of collaborative concept maps would induce students to engage in two fundamental types of
actions for learning: a) elaborative actions; and, b) actions of negotiation of meanings.

First, collaborative concept maps offer a wide range of possibilities to generate interactions that propitiate the
elaboration of knowledge. For instance, the amount of shared information would increase by presenting it visually, in a
concrete and synthetic way. The collaborative construction of the concept map induces students to identify the
concepts presented in the text, to exchange the meanings they attribute to these concepts, and to explain the existing
relationships between these ideas. Second, following van Boxtel et al. (2002), the collaborative concept mapping can
create suitable conditions for the emergence of knowledge negotiation actions, in which students are not only forced to
reflect and elaborate their own knowledge, but also need to consider, integrate and elaborate the knowledge of their
teammates.
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Indeed, concept mapping have been used as an instructional strategy to promote understanding and knowledge
acquisition in collaborative learning situations (Chang, Sung, & Chen, 2001; Hilbert & Renkl, 2009). Despite the fact
that research on collaborative concept maps has proven its positive effects with respect to the individual construction of
concept maps and also against other collaborative learning tasks (for a review, Basque & Lavoie, 2006; Gao, Shen,
Losh, & Turner, 2007, Nesbit & Adesope, 2006), some studies have found discrepant evidence in comparison with
other collaborative tasks of similar characteristics, such as the joint elaboration of summaries and posters (Fechner &
Sumfleth, 2008; Haugwitz et al., 2010; van Boxtel, van der Linden, & Kanselaar, 2000). These research, above all,
have been directed to analyze their influence on learning and describe the quality of the exchanges in these
collaborative activities, still being incipient the study of the processes of social regulation and the levels of
collaboration that reach in this kind of learning.

In this work we study collaborative learning around a digital multimedia technology (multimedia text on a subject of
Communication Psychology). Specifically, the influence of the type of collaborative task (concept map and expository
summary) on the processes of social regulation of learning that Mexican university students carry out when they learn
collaboratively in triads is analyzed, as well as their effects on the learning performance, and on the level of
collaboration that students perceive in their different groups. First, the theoretical and empirical background of the
study is presented. Second, the followed methodology is described and the results obtain are reported. Finally, some
implications for the instructional use of collaborative concept mapping are pointed out.

1.1 Multimedia Learning with Collaborative Concept Maps and Social Regulation Processes

Learning collaboratively with digital tools, such as multimedia and hypermedia texts, requires that the trainers deploy
a series of highly complex cognitive, metacognitive and motivational mechanisms to process textual and pictorial
information — in an integrated and constructive way — that is presented in a non-linear sequence (Jonassen, Lee, Young,
& Laffey, 2005). To which is added the need to deploy skills, sophisticated as well, for planning, management and joint
supervision in the group, namely, put into the social regulation processes to properly structure collaboration (Molenaar,
Sleegers, & van Boxtel, 2014; Schoor et al., 2015; Volet et al., 2009).

In addition to the self-regulation a student carries out on himself when he learns with a group on a joint goal, social
regulation encompasses: a) co-regulation, that is, the regulation that is established in an asymmetric situation in which
one of the members of a group (for having greater knowledge and regulation skills) guide and support the
self-regulatory competence of the other members in the group; and, b) socially shared regulation, which refers to the
most advanced and complex regulatory processes that emerge when a group is jointly regulated as a collective, in a
symmetrical situation, in which it can jointly build a common awareness about the goals, the monitoring and
supervision strategies and the management of the exchanges that suppose a collaborative task (J&venoja et al., 2015;
Schoor et al., 2015; Volet et al., 2009). Both types of social regulation can address different aspects of collaborative
activity. In this sense, Saab, van Joolingen and van Hout-Wolters (2012) have identified two large groups of social
regulatory processes that students can deploy: a) social regulation of the task, aimed at regulating the cognitive
activities specifically involved in planning, running and supervising the learning task, and; b) social regulation of the
group or team, associated with the management and coordination of collaboration among the students that make up
said team. Formulating questions, providing explanations and clarifying procedures, are examples of actions related
to task regulation. Meanwhile those interactions related to the organization and management of the group, such as
agreeing the turns for participation and establishing agreements at the time of negotiation are examples of team
regulation.

Some empirical studies about collaborative learning with multimedia have indicated that the level of learning
reached by students depends to a large extent on the type and quality of the interactions that are put into play within
the groups (Azevedo, Winters, & Moos, 2004; Winters & Alexander, 2011). For example, Winters and Alexander
(2011) in a study about the regulatory processes in learning with hypermedia about the human circulatory system,
observed that dyads are integrated by high school students achieved a greater gain in their learning when they were
involved in high-level collaborative regulatory processes (e.g. establishing consensus, taking notes and summarizing
information, assessing opinions and expressing feelings related to knowing), associated with joint understanding,
generating high-quality inferences and engaging in a strategic processing of information.

To elicit social regulation processes aimed at both one and the other the task and the team, it is necessary to provide
students with additional supports, especially when these students are lack of collaborative experience. In this regard,
the joint construction of concept maps as an instructional strategy will perform the following functions, according to
Cheng, Wang, & Mercer (2014): a) shared targeting, since it would provide a common structure for organizing
student contributions and guiding the discussions; b) cognitive reinforcement, by promoting the activation of

Published by Sciedu Press 30 ISSN 1927-6044  E-ISSN 1927-6052



http://ijhe.sciedupress.com International Journal of Higher Education Vol. 7, No. 2; 2018

elaboration mechanisms and joint negotiation of meanings; ¢) metacognitive support, that enables awareness of
previous knowledge and the detection and compensation of the biases and gaps that may appear in the
comprehension process; d) motivational and emotional aids, since it would help reduce anxiety and generate positive
emotions related to internal learning goals; e) support for the execution and transfer, with the corresponding benefit
for the improvement of the performance in the learning.

Furthermore, regarding multimedia learning, collaborative concept maps could cover two other specific functions: f)
appropriate adjustment of the cognitive load, because, following Amadieu and Salmerén (2014), at least theoretically
the collaborative concept mapping would generate a reduction of the cognitive load of others, allowing the learner to
use the remaining cognitive resources in the specific processing of the elements of information presented in the
materials and the interactivity required by the multimedia material (intrinsic cognitive load, which remains constant)
direct the cognitive load relevant to the more sophisticated mental processes required by collaborative multimedia
learning (Paas, Tuovinen, Tabbers, & Van Gerven 2003); g) macro-structural reconstruction, enabling the connection
of separate distant concepts, in addition to the activation of the inferential processes involved in the construction of a
coherent global structure of non-linear information presented by multimedia (Amadieu, van Gog, Paas , Tricot, &
Mariné& 2009).

1.2 Collaborative Learning with Concept Maps and Expository Summaries

Like concept mapping, the elaboration of collaborative summaries can also represent a constructive and interactive
task. In this sense, King (1992), following Wittrock, (1989), has highlighted the generative nature of this last task. For
example, when a summary is made, students must go beyond the mere selection of the main ideas contained in a text,
and it is required that they established connections between these ideas and their previous knowledge and experiences,
simultaneously providing a structure for organizing a new text that reflects this integration (Kintsch, Caccamise,
Franzke, Johnson, & Dooley, 2007).

When the collaborative concept mapping has been compared respect to other tasks that present constructive
characteristics and similar level of interactivity, the results that have been discrepant. For example, van Boxtel et al.
(2000) found no differences in learning performance achieved by German high school students when they learned in
dyads a content on physics (electricity) by collaboratively drawing concept maps and posters. However, there were
significant differences in the quality of the interactions when the students did a previous phase of individual
preparation, especially in the condition that worked with concept maps. In this condition, a greater number of
discussions about concepts and a higher frequency of episodes of conflict negotiation were reported.

On the other hand, in their study on chemistry learning with collaborative concept maps, Fechner and Sumfleth (2008)
compared a collaborative concept maps task with another task of collaborative elaboration of summaries. Prior to the
development of these products, high school students carried out problem-solving activities involving small
experiments related to everyday life. In the results, no differences were observed in the performance of both
collaborative conditions, although there were variations in the way in which the contents were revised. However,
another study conducted by Haugwitz et al. (2010) showed that students with cognitive abilities below the average
reached a higher performance in a collaborative task of concept mapping, if they worked in groups where they interact
with students who also had a low level of cognitive skills. This study involved high school students who learned in
small groups (during several sessions) topics about the human circulatory system, through the development of
collaborative concept maps and written expository summaries as strategies to synthesize what was learned in the
sessions. In the collaborative products a greater number of valid propositions appeared in the condition that elaborated
concept maps, but there were no differences in the learning of the groups where students with above-average cognitive
abilities participated.

It is necessary, therefore, to have more empirical evidence about the effects of different types of collaborative tasks,
including the collaborative construction of concept maps, performance in learning, the level of collaboration
perceived in the groups and the social regulation that unfolds in these tasks. In this study the participants were
grouped into 15 teams of three members. Each triad was assigned to one of the two conditions, namely: collaborative
elaboration of a concept map and collaborative elaboration of an expository summary, based on the information
presented in a hypermedia document on a subject of Psychology of Communication (Bateson's double bind theory).
It was checked that there were no significant differences between the groups regarding reading comprehension,
reading comprehension regulation strategies and domain-specific prior knowledge and in the elaboration of concept
maps and summaries. The quality of the group concept maps was examined and the level of collaboration perceived
by each member of the teams was assessed through a Likert scale. Likewise, the characteristics of the processes of
social regulation that students put into play during collaborative work were identified qualitatively. Although the
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tasks considered in the study are initially constructive and interactive, both the metacognitive support (Hilbert and
Renkl, 2008; Cheng et al., 2014) and the specific functions link to multimedia learning -adjustment of the cognitive
load and reconstruction of the macro-structural coherence- (Amadieu et al., 2009; Amadieu & Salmerdn, 2014)
would be more marked in the collaborative elaboration of concept maps. Therefore, students could have greater
cognitive and metacognitive resources to direct them to the processes of social regulation, also causing a higher level
of learning. Hence, the collaborative task with concept maps was expected to lead to a greatest performance in
learning (Hypothesis 1). Likewise, it was hoped that this condition would promote higher collaboration levels in the
teams that received it compared to the groups that worked in the elaboration of summaries (Hypothesis 2) and a more
complex social regulation (Hypothesis 3).

2. Methodology
2.1 Participants

The participants were 45 Mexican university students of the subject the Psychology of Communication who attend
first semesters of careers related to Social Sciences (17 women and 28 men). The mean age of the participants was
18.5 years. They were grouped into 15 triads, each of which was assigned to one of the following two collaborative
conditions: a) groups that elaborate concept maps, b) groups that elaborate expository summaries. The participants
were previously instructed in the elaboration of concept maps and expository summaries, in a previous 60-minute
session (large group). The participation of the students was voluntary and as a bonus they received credits in the
subject.

2.2 Learning materials

The learning material consisted of a digital multimedia document on interpersonal communication and Bateson's
double bind theory (Bateson, 1985). The multimedia was structured in 5 blocks of content, which could be navigated in
a non-linear way, namely: - systems theory, - axioms of communication, - contributions and Bateson's fields of work, -
bind and paradoxes theory and - conditions necessary for the double bind to arise. In the different blocks, written
expository texts were combined with audio texts and podcasts. The multimedia document was developed with the Prezi
program. Since the structure of the multimedia was non-linear, the participants had the ability to use it and explore it in
the order they wanted.

2.3 Instruments

Except for the scores corresponding to the quality of the concept maps and the collaborative summaries, the rest of the
measures were obtained from the individual application of the different instruments to the participants.

To assess students' reading comprehension skills, two tasks were used. On the one hand, the Gernsbacher and Varner's
(1988) Multimedia Comprehension Battery (abbreviated version), adapted by D &z and Fernddez (1997), it was
applied to assess the levels of reading comprehension. In this test, the students were asked to read a computerized text
"The most precious gift" and, after reading, answer eight items with a multiple-choice question format. Each successful
question is counted with a point until it reaches a maximum of eight. On the other hand, a reading comprehension task
of a short and simple expository text (111 words) was administered; after reading the text for 120 seconds, students are
asked to point out the three main ideas of the three paragraphs the text consist of and the global idea of said text. The
maximum score of this task is six.

For the assessment of strategies for reading regulation, the Assessment Inventory of Self-Regulated Learning from
Texts —ARATEX— (Solano et al., 2005) was used. It consists of 23 items and the assessment is carried out through a
Likert scale, with five response alternatives, in relation to the frequency with which they perform or not the activity
described in the item (1= never; 5= always). For example, "When 1 finish the text, | check if | understand everything
well".

The level of knowledge about the domain-specific, both pretest and post-test, was examined through a questionnaire
with 10 questions on the subject of interpersonal communication using multiple-choice response. For example, one of
the items was: "4. Point out the correct idea: According to Watzlawick (1967), communication can be ... a) only digital;
b) only analog; c) analog and digital; d) none of the above." The maximum score that students can obtain in this
questionnaire is 10 points.

To grade the level of collaboration perceived by the participants, the Collaboration Questionnaire devised by Chan and
Chan (2011) was used, and developed based on the notion of collaborative knowledge construction proposed by
Scardamalia and Bereiter (2006). This questionnaire comprises 12 items, valued according to a 5-point Likert scale.
The different items reflect the 12 principles of collaborative learning proposed by Scardamalia and Bereiter (2006),
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according to the experience of collaboration that the students had in their respective teams. For example: "Our points of
view and knowledge increased while working with others".

The quality of the products -that is, concept maps and expository summaries- that were obtained as a result of the
collaborative activity was valued according to the number of correct relations between concepts that were made
explicit in the propositions present in those products. Haugwitz et al. (2010) procedure was adapted, adjusting it to the
specific knowledge area (interpersonal communication and Bateson's double bind theory). To this end, a list of 15 main
proposals was drawn up that reflect the central ideas of the content presented in the multimedia material (for example,
Proposition 4: "Meta-communication is the key of a strategy to get out of a double bind situation"). In cases in which
the teams elaborated ideas not considered in said list, the pertinence and quality of the new proposal was assessed. One
point was awarded for each correct proposition.

2.4 Procedure

The study was carried out in two sessions. In the first session (60 minutes), the students received instructions on the
elaboration of concept maps and expository summaries and a modeling practice was carried out for the elaboration of
both products, on a content of Psychology (Behavioral Psychology) different to the presented in the multimedia
material of the experimental phase, using pencil and paper. Likewise, the instruments were applied to control the
pre-test variables referring to reading comprehension and reading strategies regulation tests. In the second session (60
minutes), the domain-specific prior knowledge questionnaire was administered (10 minutes) and the instructions for
completing the task were explained (5 minutes). Subsequently, the groups had 30 minutes for the collaborative
learning task, reviewing the multimedia material and constructing the concept maps and the expository summaries
according to the assigned condition. Finally, the participants answered both the domain-specific knowledge
questionnaire and the self-assessment questionnaire on collaboration in teams. During the learning session, the
students elaborated the concept maps and the expository summaries with digital pen (Smartpen Livescribe) that also
gathered the verbal exchanges during the task. Subsequently, the concept maps were passed to CmapTools V. 5
[Computer Application] (IHMC, 2009) meanwhile the summaries and verbal exchanges on the computers were
transcribed using a word processor.

2.5 Coding Protocol

The verbal exchanges of the participants were coded according to an analysis system that combines different
qualitative proposals that describe the collaboration in a team (Castellanos-Ram fez & Onrubia-Gofi, 2014; Javela
Malmberg & Koivuniemi, 2016; Saab et al., 2012; Volet, Summers, & Thurman, 2009). The students' production was
segmented into episodes, that is, into a sequence of statements that are significant with respect to a given content (Van
Boxtel et al., 2000). An episode consists of an interaction segment in which two or more students regulate a
collaborative action. Each interactive sequence can be characterized according to the direction to which is addressed,
namely: a) referred to the learning task, when it comes to conversations that allude, either the cognitive activity either
to the cognitive activity (when they refer to aspects related to the product to elaborate or to the comprehension of the
contents on which this product is concerned), or the metacognitive activity (when they refer to the establishment of
goals, planning, progress monitoring in comprehension and in the development of the collaborative product, and the
evaluation of the achievements in the task); or the metacognitive activity and, b) referred to the management of
collaboration in the team, such as, the division of tasks, the organization of exchanges and agreements regarding
participation turns. In addition, the type of social regulation established in each episode was identified according to the
way in which the participation of students is distributed in the regulatory action, which may be: a) co-regulative, when
a single apprentice exercises and dominates social regulation, while the rest of the team is limited to accompanying
their regulatory proposals; or, b) shared, if multiple members of the team participate jointly in the regulatory processes,
observing an interdependence in the operation of the team in that episode.

For the qualitative analysis the AtlasTi V6 program was used. For the quantitative data analysis, in which we have
worked using a level of statistical significance of p < 0.05 and to analyze using the computer program Statistical
Package for Social Science (SPSS) version VV22.0 for Windows.

3. Results

A non-parametrical analysis was carried out to compare two independent samples, establishing the experimental
condition (collaborative concept maps and collaborative expository summaries) as the group variable; and as
dependent measurements, the different scores that assess both the quality of the propositions included in both
collaborative products and the collaboration level perceived by students. Due to the impossibility to guarantee a normal

Published by Sciedu Press 33 ISSN 1927-6044  E-ISSN 1927-6052



http://ijhe.sciedupress.com International Journal of Higher Education Vol. 7, No. 2; 2018

distribution and the stability of the variance in variables, the non-parametric Mann-Whitney U test was used, which is
an excellent alternative to the parametric t test.

No significant differences were found between the two conditions considered for this study (collaborative concept
maps and collaborative expository summaries) in any of the measures of reading comprehension, learning regulation
strategies nor in the level of domain-specific prior knowledge.

In the quantitative analysis of the results there were no significant differences in the quality of the collaborative
products taking into account the presence and quality of the propositions included in both concept maps and expository
summaries (Mann-Whitney U= 198.000; Z= -1.25; p=.28). However, the analysis yielded evidence about the
existence of significant differences between the two conditions regarding learning performance valued through the
knowledge questionnaire, in favor of the condition of collaboratively working with concept maps. The students who
worked collaboratively in the elaboration of a concept map obtained higher scores in the knowledge questionnaire
(Mann-Whitney U= 111.000; Z= -3.27; p=.001) than those students who developed the expository summary (See
table 1).

Table 1. Means and standard deviations (in parentheses) of the scores in the variables referring to performance in
learning.

Condition 1 Condition 2

Learning performance (collaborative concept (collaborative expository
maps) summaries)

Knowledge questionnaire 5.50 (1.69) 4.00 (1.22)

Total Propositions 6.37 (1.24) 5.71 (2.83)

Inferential Propositions 1.12 (0.61) 0.57 (0.74)

Textual Propositions 5.25 (0.84) 5.14 (2.15)

Note. Max points for Knowledge questionnaire= 10

Regarding the evaluation of collaborative products, only significant differences were found in the number of inferential
propositions that were included in the concept maps elaborated by the teams who worked on that task (Mann-Whitney
U= 144.000; Z= -2.669; p=.008). No significant differences were observed in the number of textual propositions
(Mann-Whitney U= 252.000; Z= .000; p=1.000), nor in the total of propositions (Mann-Whitney U= 198.000; Z=
-1.258; p=.208) that were presented in the collaborative products developed in the two compared conditions.

Significant differences were found in the total assessment of the levels of collaboration perceived by the students, in
favor of the groups of the condition with collaborative concept maps. (Mann-Whitney U= 137.500; Z=-2.621; p=.009).
Likewise, the items referred to Improvable Ideas were significantly higher (Mann-Whitney U= 150.000; Z= -2.535;
p=.011), High level complex thinking (Mann-Whitney U= 156.00; Z= -2.351; p=.019), Diversity of ideas
(Mann-Whitney U= 135.00; Z= -2.843; p=.004), Democratization of knowledge (Mann-Whitney U= 167.500; Z=
-2.041; p=.041) and Symmetric advances (Mann-Whitney U= 265.00; Z= -2.486; p=.013), in favor of the groups that
carried out the task of elaborating collaborative concept maps (See table 2).
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Table 2. Means and standard deviations (in parentheses) of the scores corresponding to the level of perceived
collaboration obtained by the groups of the two conditions

Condition 1 Condition 2
(collaborative
expository summaries)

(collaborative concept

maps)
Improvable ideas 4,25 (.67) 3.71 .64)
Community knowledge and collective 4.37 (.71) 4.23 (.53)
responsibility
High-level complex thinking 4.41(.71) 3.90 (.70)
Diversity of ideas 4.16 (.81) 3.47 (.60)
Democratizing knowledge 4.12 (.85) 3.66 (.73)
Epistemic agency and negotiation of meanings 3.62 (.92) 3.09 (.70)
Discourse aimed at the construction of 4.16 (.56) 3.90 (.30)
knowledge
Concurrent evaluation 4.04 (.75) 3.85(.85)
Symmetric advancement 4.25 (.60) 3.85(.35)
Constructive uses of information 3.04 (1.04) 2.85 (1.01)
Authentic problems and real ideas 4.25 (.67) 4.00 (.70)
Pervasive knowledge building 4.08 (.82) 3.85(.91)
Total 4.06 (.44) 3.70 (.18)

Note. Max points = 5

Table 3 shows the results obtained in the qualitative analysis to identify and characterize the episodes of social
regulation in the teams of both conditions. In the groups that elaborated collaborative concept maps, an average of 10.5
episodes of social regulation were recognized; while in the triads who collaborated in the elaboration of expository
summaries the average was lower (about one episode less). In these last teams the co-regulatory episodes of the task
directed towards their cognitive aspects predominated (little more than 45% of the episodes), while the metacognitive
activity of the task was taken into account in 18% of the episodes, considering both types of social regulation
(co-regulation and shared regulation). Furthermore, in the collaborative concept maps condition, the episodes of
regulation aimed at metacognitive aspects of the task were presented in a slightly higher percentage (26%, adding the
two types of social regulation); and, the total percentage of episodes of shared regulation was also higher in comparison
to the summaries condition (a sum of 50% of episodes, compared to less than 40% of the episodes in the teams that
developed the summaries).

Despite these variations between the two conditions regarding social regulation displayed by the students in the
groups, the chi-square test indicated that no significant differences were reached in any of the dimensions considered,
namely: a) the social regulation of the task, in relation to both cognitive and metacognitive activity of co-regulatory
type (1, n=45) =2.466, p=0.116), of shared type (1, n=45) = 0.056, p= 0.811), nor when comparing the total of
episodes in both modalities of social regulation directed to the task (1, n=45) = 1.864, p= 0.172); and, b) social
regulation aimed at collaborative management in each team, comparing the co-regulation and shared regulation
frequencies (1, n=45) = 0.016, p= 0.898). Likewise, there were no significant differences when comparing the
totality of co-regulatory episodes and of shared regulation between the two conditions of the study (1, n=45) = 0.280,
p= 0.596).
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Table 3. Frequencies and percentages of episodes of social regulation identified in the groups of the two conditions

Condition 1  (collaborative Condition 2 (collaborative

Social regulation concept maps) expository summaries)
n= 8 triads n=7 triads
F % f %
Task regulation
Co-regulative  cognitive 24 28.58 30 45.45
metacognitive 13 15.48 7 10.61
Shared cognitive 31 36.90 20 30.3
metacognitive 9 10.71 5 7.58
Team regulation
Co-regulative 5 5.95 3 4.55
Shared 2 2.38 1 1.51
Episodes total 84 100% 66 100%
Average 105 9.42

4. Discussion and Conclusion
4.1 Discussion of Results

Collaborative learning requires apprentices to socially regulate the realization of a joint task, that is, to put into play a
series of processes to plan, manage, monitor and evaluate interactions and exchanges during the group activity
(Hadwin etal., 2011; Javel&& Hadwin, 2013). The type of task and the technological tools proposed in a collaborative
learning situation can influence not only the performance achieved by the students and their perception of levels of
collaboration reached during the activity, but also in the manner in which said processes of social regulation are
deployed in the teams (Dillenbourg et al., 2009; Jeong & Hmelo-Silver, 2016). Therefore, care must be taken to ensure
that the tasks and tools employed are meaningful for the students and, also, adjusted to their characteristics, in order to
generate productive interactions for learning (Kirschner, Paas, & Kirschner, 2009). Even more so if you take into
account that the use of technology can impose an additional cognitive load on learners that is not always generative
(Paas et al., 2003).

In this work, two types of collaborative tasks were studied and compared: elaboration of concept maps and
expository summary. These tasks, according to the ICAP framework (Chi, 2009; Chi & Wyley, 2014), in principle
have their own characteristics: on the one hand, of constructive activities, since they are emphasized on the
activation of elaborative and inferential processes together with the metacognitive (revision and repair), essential for
a deep understanding that makes possible the transfer of what has been learned; and, on the other hand, of the
interactive activities, since being collaborative, they try to promote in the students processes of exchange, feedback
and negotiation of meanings with respect to the contents presented, in order to jointly generate a new product, either
a summary or a concept map. These tasks were framed in a context of learning based on the use of digital
technologies (hypermedia). In this specific case, it was ensured that significant moments for learning were generated
around the hypermedia tool and constructively interactive actions were fostered.

In this study, some of the proposed hypotheses could be partially verified. The results obtained in this study, showed
a positive effect of the use of a collaborative concept maps in some of the aspects related to the learning level
reached by the students, compared to the task of collaborative elaboration of the summaries. Significant differences
were also found in favor of the condition that worked with concept maps in several of the twelve principles of
collaboration considered in the questionnaire on perceived collaboration.

Regarding the performance in learning, compared to the summary elaboration task, the collaborative construction of a
concept map allowed students to reach higher scores in the questionnaire to assess performance in learning. Likewise,
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the products that were elaborated in that condition included significantly greater number of inferential propositions.
However, no significant differences were found in the total number of textual propositions presented in summaries and
concept maps.

These results are largely consistent with previous studies that highlight the effectiveness of collaborative concept
maps to increase learning with respect to other instructional strategies (Cafas et al., 2003; Stoyanova & Kommers,
2002). The concept mapping would favor semantic processing in the visuospatial work memory, avoiding the
overload of the verbal work memory, and, in addition, by using a simpler syntax than that required by the abstracts,
they required simpler grammatical decisions that would liberate cognitive resources. to execute the processes of
greater elaboration (Winn, 1991). Likewise, by collaboratively constructing concept maps, as pointed out by Liu,
Chen, & Chang (2010), students deploy and integrate a series of "bottom-up" processes, -such as, grasp the meaning
of words and proportions, identify the main idea of the multimedia text, and to establish links with other propositions
from it, organizing them in a hierarchical way to build a global idea -, as "top-down", related to the activation of the
prior knowledge schemes and the establishment of new inferential links that go beyond what the text says. In this
way, in the mapping task, the apprentices go over the relations between the concepts, while they remember and
organize the information presented by the multimedia text integrating it with their prior knowledge. In this sense,
following Cheng et al. (2014), the collaborative task with concept maps would have greater potentiality than a
collaborative task with summaries that will function not only as a cognitive reinforcement but also as a support for
the execution and transfer of learning. Especially if one takes into account that -as the greater frequency of inferential
propositions that appear in these collaborative products seems to suggest- the task with concept maps would provide
a high degree support to the elaboration function, propitiating the actions that allow the students to relate their prior
knowledge with the new text information to determine the main ideas and their relations with other ideas (Hilbert, &
Renkl, 2008).

One of the key factors that Chi and Walley (2014) point out regarding to the effectiveness of a learning task is giving
by how the students actually carry out the activity. Although the instructions giving to the students of both conditions
were directed to underline the importance of using their own words to summarize and to elaborate the concept maps,
it could be assumed, as a possible interpretation of the obtained results, that in several teams of the summaries
condition the students limited themselves to follow a cut and paste strategy, assuming the task only in an active way
and weakening, consequently, in its constructive character. In order to confirm this inference, it would be necessary
to carry out an analysis of the exchanges with a much finer grain, taking into account not only the modality and
orientation of the social regulation processes but also the complexity of the specific conceptual content that appears
in the actions and strategies that they were followed during the development of the task

Furthermore, in reference to the performance in learning, the results that were obtained are in part consistent with the
previous work of Haugwitz et al. (2010), despite the fact that significant differential effects have not been replicated
in the total number of propositions that were included in the final collaborative products. In our study, considering
the control variables (low levels of prior knowledge, reading comprehension and reading regulation skills), students
with similar characteristics -that is, with a low level of cognitive abilities- to those who showed significant changes
in the study by Hagwitz et al. (2010) participated. Regarding the discrepant results, a possible explanation could refer
to the fact that very different learning environments were used and deal with specific contents of very different
domains of knowledge. In the research by Haugwitz et al. (2010), which addressed the domain of knowledge of the
natural sciences (human circulatory system), physical models of such content were presented as learning materials
and cards with conceptual and relational information were provided in which, as support, the central concepts and
their relations were highlighted. While in this study, non-linear multimedia material was used without any type of
cognitive aid that could have generated possibly obstacles for the micro-structural processing of the content, as
Amadieu and Salmerén (2014) refer to in regard multimedia learning with concept maps. In the research of
Haugwitz et al. (2010) the cards will work as a support that would facilitate the identification of the main concepts
and the construction of propositions, increasing the quality of the collaborative concept maps.

Regarding the level of perceived collaboration, the students who worked collaboratively on the concept maps
significantly highlighted aspects related to the possibility of discussing a diversity of ideas when performing the task
and improving them during their development. They also positively appreciated the fact that they were able to
participate actively and provide contributions to develop the required product, establishing a symmetrical relationship
between them and thinking together in a complex way. These results make clear the interactive potentialities of
collaborative concept mapping as a learning task, since they allowed the students to exchange processes, feedback and
meanings negotiation regarding the content, in order to jointly generate a new product, such as indicated by Chi and
Wylie (2014).
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In this sense, these results follow the evidence provided by several previous studies (Janssen et al., 2010; Roth &
Roychoudhur, 1993; van Boxtel et al., 2002) that foreground the potentialities of a learning task with concept maps to
favor to the explicitation of students' ideas and to foster their involvement in negotiation and consensus actions in the
construction of new meanings from the information presented in a learning material. According to Cheng et al. (2014),
concept maps would underpin the shared focus function, as they will provide a common structure to organize student
contributions and team discussions.

In reference to the type of regulatory processes that students put into play when they interacted in the teams, the
differences between the tasks did not become statistically significant. In both conditions, episodes of social regulation
directed to the cognitive aspects of the collaborative task prevailed. However, in the collaborative task with concept
maps the students showed greater metacognitive regulation and, in addition, a higher percentage of episodes of shared
regulation could be registered, even though the contrast between the conditions did not reach a statistical significance.
In this regard, it should be borne in mind, on the one hand, that the small sample size in this study was not sufficient to
observe any significant difference with respect to the regulatory processes between the collaborative conditions. But
also, on the other hand, it should be noted that in both conditions the percentage of regulatory episodes was quite low,
especially those related to the regulation of the team. Data that has also been highlighted by recent research that reports
the difficulties of students to put this kind of regulation into play spontaneously (Rogat & Linnenbrink-Garcia, 2011,
Summers & Volet 2010).

Therefore, it would be convenient to develop specific support to favor the deployment of these processes linked to
group work collaboration structures management. Recent researches have emphasized the importance of providing
different kinds of supports that favor the implementation of social regulatory processes in collaborative learning
(Hadwin et al., 2011, Javel&and Hadwin, 2013, J&venoja et al., 2105). For example, aid has been developed through
different types of prompts, feedbacks or scaffoldings, either directed to motivational processes (Schoor, Kownatzki,
Narciss, & Kdndle, 2014) or to metacognitive processes (Molenaar et al., 2014; Molenaar, Roda, van Boxtel, &
Sleegers, 2012) involved in collaborative regulation. Another way to support the regulation of collaborative learning is
to provide students with a series of external scripts that allow them to structure their collaborative actions, for example,
inducing certain activities, prescribing certain sequences for the realization of each activity and also distributing the
specific roles that students must play when they are involved in the collaborative task (Fischer, Kollar, Stegmann,
Wecker, & Zottmann, 2013). Likewise, the instruction and training of communication skills in students could
contribute to improve the regulatory processes in the collaborative task. An example of this type of support is the RIDE
instructional scaffolding, proposed by Saab and collaborators (Saab et al., 2007, 2012), which consists of the
instruction of a series of collaboration norms that arise from different works about effective collaboration (King, 1997;
Mercer, 1996). In this support, prior to the collaborative task, students are instructed in a series of standards for
collaboration, grouped under the following four principles: a) Respect, which highlights the importance that all
members of a team always have the opportunity to speak and that each of the ideas put forward be considered in depth;
b) Intelligent collaboration, which highlights actions related to sharing all the relevant information and proposing
suggestions of interest, clarifying the information given, explaining the answers given and making and accepting
criticisms in an appropriate manner; ¢) Deciding together, which emphasizes the need to make agreements explicit
-prior to making decisions and carrying out an action- and to consider that the group is responsible for decisions and
actions (and not a specific member); and, d) Encouragement, which refers to the value of promoting communicative
actions, such as asking for explanations, asking if something is not understood and giving positive feedback.

4.2 Results Limitations and Future Directions

This study has two main limitations: first, the sample size was not very broad, so it probably was not enough to find
significant differences, from a statistic point of view, regarding the social regulation that students deployed in their
teams. A second limitation refers to the fact that a single domain of knowledge was examined, related to the human
sciences (interpersonal communication). It has been pointed out that the domain of knowledge could influence the
effect of tasks (Haugwitz et al., 2010; Neshit & Adesope, 2006).

Therefore, in future studies, it would be advisable to replicate the study with other domains of knowledge, such as,
subjects corresponding to the natural sciences, especially if one takes into account that a large part of the research
work on collaborative concept maps covers topics of said domain. In addition, it would be advisable to perform finer
grain analysis on the contents of student exchanges in the teams since they could provide evidence about the relation
between the quality and relevance of said contents and the results obtained in regard to performance in learning.

Nevertheless, in subsequent studies it might be convenient to examine the self-regulation levels of the participants
since the self-regulated learning skills could also have an impact on the development of collaborative learning tasks
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(Hadwin et al., 2011; Javel& & Hadwin, 2013). For example, Javelaet al. (2016) has found some connections
between the self-regulated learning skills of individual students and the results of collaborative learning.

4.3 Overall Conclusion

In this study, favorable evidence was found for the collaborative task with concept maps in variables referring to the
performance in learning and in the levels of collaboration indicated by the students, in comparison with a
collaborative task of writing summaries. While in its initial design both tasks are intended to assume constructive and
interactive features, according to the ICAP structure (Chi, 2009, Chi and Waley, 2014), the task of collaborative
development of concept maps from information presented in multimedia material would enable a greater cognitive
implication of the students and would provide a common structure to organize their contributions and to guide the
discussions in the teams. It would allow, therefore, a higher level of constructive actions and restrict the possibility
for students to limit themselves to follow merely active strategies, with little inferential activity.
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