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Abstract

In the context of Higher Education (HE) in general, and management education in
particular, the use of Serious Games (SG) is spreading, and solutions are increasingly
developing. Nevertheless, the implementation of this learning methodology deserves
further study concerning pedagogical and psychological aspects such game performance
and players’ metacognitive processes. This paper aims to study the relation among these
two variables, based on the review of the results of MetaVals SG during the last 3 years.
MetaVals is a collaborative, computer-based SG designed to facilitate collaboration and
metacognitive awareness among HE students. It has been played by 250 students in 16
different experiences since its first version, in 2011. Overall results show a high
performance for collaborative phases of the game, furthermore, students’ elicitation of
their Level of Certainty (LC), although not significantly, could be related to a better
performance. These results can be a basis for further studies focused on the
implementation of collaborative GBL in formal and informal adult learning contexts.
However, some challenges are also identified and discussed on the present version of
MetaVals game, and solutions are proposed in order to continue with the design of SGs
for wider application and learners’ needs in the diverse actual contexts.

Keywords: Game based learning, Serious games, Learning performance, Level of certainty,
MetaVals, Collaboration

1. Introduction

The use of Serious Games (SG) in Higher Education (HE) has been increasing during the last
decades. This implementation of games in the curriculum for educational purposes has led to the
emergence of Game Based Learning (GBL) methodologies; especially in computer-based and online
contexts [1][2]. Due to this fact, the use of games for educational purposes has been an increasing
focus of interest for instructional designers, teachers and researchers, and initiatives such as the
European Project Games and Learning Alliance (GaLA NoE) are a testimony of it. Present trends in
HE are focused on student-centred, active learning models including SGs. In particular, we can affirm
that Game Based Learning (GBL) has long been used in management education in order to help
practicing skills and competences. According to different authors [3], GBL could play a central role in
students’ training in general and in adult learners in particular.

A particular case of SGs application is collaborative Game Based Learning (GBL). Collaborative
GBL can be considered a powerful educational technique aimed at enhancing collaborative learning
[4]. This educational instrument allows a realistic collaborative “learning by doing” approach that
avoids real-life risks [5]. According to Herz [6], multiplayer games can transform knowledge into
social capital because peer acknowledgement appears to be a powerful incentive for students. The
analysis of the students’ learning performance in relation to metacognitive aspects has been a wide
field of research in collaborative learning [7] in general, and in collaborative GBL in particular.
Students collaborating in groups must be able to monitor and adapt their cognitive and metacognitive
processes to the changes in their motivational state, and determine how much social support may be
needed to perform a task [8]. Despite the advantages of collaborative GBL in terms of motivation [9]
and development of cognitive skills, some potential shortcomings are recognised and must be faced, as
we will further explain in the next sections.
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Starting from the study of the (meta)cognitive aspects of collaborative GBL, we will focus on the
learners’ Level of Certainty (LC) in relation to the learning process [10]. As we will further explain in
the next sections, previous results have shown that LC elicitation should force students to be more
aware of their metacognitive process and, consequently, show a higher learning performance [11][12].
Nevertheless, little has been said of this relation in the particular case of GBL activities in HE [13].

The general aim of this study is to review and summarize the results of MetaVals gameplay sessions
during the last 3 years (2011-2013), since the SG was firstly designed. We study students’
metacognitive monitoring; in particular, we focus on the Level of Certainty (LC) that is related to
students’ individual and collaborative performance in the game. We will analyze this relation, both for
individual and collaborative stages of the game, in different European HE contexts. The MetaVals
study has aimed to advance in the analysis of metacognitive supports in SG, focusing on the impact of
supporting the students’ metacognitive judgement of their Level of Certainty (LC), in the context of a
collaborative GBL task. This 3-years research project has been organised around two research
questions: 1) Collaborative learning will show better results in performance than individual learning. 2)
LC elicitation will improve learners’ performance in GBL, especially, in the case of collaborative
performance.

These research questions are operationalized into three different hypotheses. The first one compares
individual and collaborative performance:

H1: Based on previous results for Computer Supported Collaborative Learning (CSCL) in general,
and on the particular case of GBL [13], we affirm that individual performance is, in general, lower than
collaborative performance in a GBL environment.

The second hypothesis can be divided into two statements, relating performance with LC elicitation.
In particular:

H2: We predict that both individual (H2a) and collaborative (H2b) game performance are positively
correlated with students’ LC elicitation. This hypothesis is based on previous studies observing the
pedagogical benefits of a metacognitive support of the learners’ interaction with the SG and showing a
higher performance in the SG, both for individual and collaborative phases, when students elicit and
share their LC [12].

In order to study these hypotheses, we will first summarize the main aspects of GBL in HE, to
further focus on collaborative GBL. Second, we will explain the concept of Level of Certainty (LC);
third, we will focus on the relation between students’ LC elicitation and performance in collaborative
GBL. Testing the hypothesis related to the individual and collaborative game performance in relation
to LC requires the use of a collaborative SG supporting the expression and sharing of the LC. The need
for this specific SG has leaded the authors to design and develop a SG called MetaVals to conduct this
3-year analysis. The SG MetaVals allows playing in in teams of two players (dyads) and introduce a
metacognitive tool supporting the LC expression and sharing.

2. Collaborative GBL

GBL has long been used in HE for training different skills and competencies [15], through the use
of a student-centred learning approach. Furthermore, as studied by Moreno-Ger and colleagues [16],
the mix of fun and learning introduced by the GBL methodology could neutralize some of the negative
learning outcomes and engaging expected from the results in classic learning activities. The use of
GBL, nevertheless, has sometimes lacked of research measuring the learning effectiveness of these
educational tools in general [1] and centred on the learner’s reflection on the cognitive process in
particular. Focusing on game performance, there are some challenges that must be taken into account;
we should study if the implementation of tools that allow students to reflect on and share their
cognitive level could help in their learning performance. Furthermore, collaborative learning activities
in general have been approached as good contexts for learning, due to the fact that these contexts
include a variety of educational practices in which interactions among peers constitute the most
important factor in learning [17], but little has been said in the field of collaborative GBL.

2.1. Collaborative GBL in HE

Collaborative GBL can be defined as a particular case of collaborative learning. Following Wendel,
Gutjahr, Gébel and Steinmetz (p. 287) [18], “the combination of game-based learning concepts and
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collaborative learning may enable new, game-based application areas of CSCL, like collaborative
multiplayer Serious Games”. In particular, as can be seen in Figure 1, Computer-based collaborative
GBL is an interdisciplinary field of research which should be analysed within the context of the GBL
and the Computer Supported Collaborative Learning (CSCL) approach [13].
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Figure 1. Collaborative GBL in the context of CSLC [13]

When compared to individual learning tasks, CSCL is supposed to enhance peer interaction and
work in groups due to the fact that collaboration and technology can facilitate sharing and distributing
of knowledge and expertise among community members [19]. Results of studies on collaborative
versus individual activities in CSCL point to the fact that cognitive processes, needed for deep learning
and information retention, may occur in dialogues [20]. Furthermore, CSCL effectiveness is influenced
by external factors, such as the learners’ prior experience, background, availability and expectations,
the capacity of technology and technology-based delivery and other resources [21].

Focusing on GBL, and as stated by Prensky [22], for an educational game to be effective in terms of
learning, its design must achieve a balance between fun and educational value. In this respect,
collaborative GBL has the potential to enhance collaborative learning by designing an intragroup
dynamic of cooperation between team-mates and a dynamic of competition to keep the gameplay
engaging [23]. A collaborative GBL activity can also be played in different situations, from on-site
classroom based situations to distance learning environments, with players geographically distributed
and interacting in real time or asynchronously. Furthermore, both in onsite and online contexts, the role
of the teacher or guide in the activity could be a key point for the success of the learning task. In
particular, there are SGs that involve a virtual tutor or a teacher who guides the activity from the
outside, especially focused at the previous and post discussion on the activity [24]. SGs can be
performed to underline the alternative to traditional teaching methods and materials, even if the system
under lens presumes some more strict rules of use with respect to the learning context. The use of SGs
can be set as a self-evaluation activity from the students’ perspective and as a formative assessment
from the teacher’s point of view, as we will see in our case study. Despite the pros of Collaborative
GBL compared to individual gameplay, there are some challenges that must be kept in mind. It is a fact
that some learners may have preferences for individual learning [25]. Furthermore, interactive
environments such as games, simulations and adventures, sometimes lack effectiveness when no
instructional measures or support are added to guide the learning process [4].

Students collaborating in small groups must be able to monitor, judge and further adapt their
(meta)cognitive processes in order to perform the task, helping them to regulate both individual and
collective actions in CLE [7]. Nevertheless, it is quite possible, following Munneke and colleagues
[26], that arguing does not lead to more understanding of the issue, for example; when people stick to
their own viewpoints, or peers do not advance with very strong arguments. Therefore, a necessary
condition for successful collaborative GBL is that the game environment must support interaction by
more than one player. Multiple players in the collaborative GBL situation may be a part of a minimal
dyad or even a large player community playing a Massively Multiplayer Online Game (MMOG) [27],
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but they must have enough communication tools that support their interaction and learning process. In
our study, we will focus on dyads as an example of small group collaboration.

Based on the previous results of CSCL in general; and collaborative GBL in particular, in our first
hypothesis we will study if collaboration is a necessary and sufficient condition for a better
performance in GBL, when compared to individual gameplay, in MetaVals.

3. The Level of Certainty (LC) in the learning process

Azevedo [8] affirms that students collaborating in groups must be able to monitor and adapt their
cognitive and metacognitive processes to the changes in their motivational state, and determine how
much social support may be needed to perform a task. Furthermore, Schraw [11] defines different
variables related to metacognitive monitoring; in particular, he explains how to measure the degree of
accuracy of students’ judgments on their performance before, during and after a learning task. In order
to study the metacognitive process of students in collaborative GBL, we will focus on the Level of
Certainty (LC), also known as Level of Confidence (LC) or Confidence [11][28]. It can be defined as
the metacognitive judgements of the learner when she/he evaluates how certain she/he is about the
accuracy of her/his answer. For our study, we will not only evaluate collaborative LC, but also focus
on individual LC elicitation.

Prior studies have related LC with performance in different learning contexts. Previous research has
related LC elicitation to a higher “solo” performance, based on the premise that individuals reflecting
on their own cognitive process could be aware of their knowledge, better represent what they know,
and thus reach deeper learning results [29]. Valdez [30] studied this relation in test-like situations; he
stated that students’ confidence estimates could influence their ability to accurately control and adjust
their responses to test items. In particular, Valdez states that overconfident students (individuals
showing low performance and high LC) may more easily be drawn to multiple-choice selections that
are near approximations of the correct answer. On the other hand, underconfident students (that is,
students with a high performance but low LC) could spend unnecessary time on a few test items and
thereby limit their opportunity to execute test-taking strategies. We can believe that students are self-
reflecting on their learning process while making explicit their LC. This variable could therefore be
considered as a metacognitive judgement evaluating the accuracy of an answer that helps the learner to
reflect and monitor on his own learning process and performance.

Nevertheless, (meta)cognitive judgements do not occur spontaneously in all the learners during the
learning process. Learners show different levels of metacognition awareness and metacognitive process
[31][32], which results on the fact that LC cannot be assumed during the learning process, neither the
elicitation of the LC in collaborative learning situations when learners must solve a joint problem
together. In order to ensure that students make an elicitation of LC, the scripting of the learning activity
should be especially designed for this purpose. In this context, Swartz [33] affirms that LC elicitation
in multiple-choice tasks could help leveraging the simplicity of these learning activities, and thus
provide useful information to both the student and the evaluator. Results of his study show an equal
acceptance among learners when compared to not LC elicitating activities, and a higher accuracy in the
test performance.

In the context of this case study, the computer-based collaborative GBL aims to give students a
useful tool for elicitating and sharing their LC. As we have previously stated, LC elicitation should
force students to be more metacognitively aware, both for individual and collaborative situations. This
LC elicitation has been previously related to better learning performance [10] and to a higher number
of subject-focused comments in game conversations via chat tools during the gameplay [13]. We
consider the interest of LC elicitation at two levels. Firstly, in an individual situation, the learner who
reflects on his own LC is provided with a metacognitive judgement that could help him increase his
metacognitive awareness on the LC and finally allow him to better regulate his learning process.
Previous research in this context show that individuals do not always reflect on their learning process;
Merenluoto and Lehtinen [10] present a study focused on learners’ awareness of the quality of their
previously acquired knowledge when asked for new contents. The authors highlight that, if a learner
does not see or understand any reasons for change, he/she will tend to ignore it rather than revise
his/her prior knowledge. However, individuals with a low LC are more open to review their
knowledge, compared to high LC students, who were not willing to do a conceptual change, and
therefore use less metacognitive regulation strategies [34]. Thus, we can affirm that giving learners a
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specific context for individual reflection could help them in their learning process and performance
through motivational strategies and reflecting on their cognition.

Secondly, focusing on collaborative contexts, a cognitive conflict could appear when the answers
from the different team mates do not coincide. This situation could finally lead to a decrease on the
students’ LC [35]. Nevertheless, this conflict could be allowing a better preparation for the conceptual
change, and therefore, for significant learning. Furthermore, an inexistent expression of LC could lead
peers into a poor feeling of community, due to the lack of partners’ cues, and therefore end up in
superficial learning outcomes. Different tools in collaborative GBL contexts (as a specific case of
CSCL) are necessary to foster and support argumentation among peers, in order to help them achieve a
deeper understanding of a subject and a better construction of knowledge [29]. According to Munneke
and colleagues [26], there is a need for enhancing metacognitive processes in CSCL, in order to lead to
better learning outcomes. One of the tools that could foster these processes is Knowledge Group
Awareness (KGA) explicitness [36], which includes the expression of the Level of Certainty (LC) to
facilitate KGA.

In the next section we present the MetaVals SG, a classification game that implements a LC tool
with the aim to help both individuals and dyads during the gameplay, to reflect on their cognitive
process and have a positive impact on the final performance of learners.

4. The MetaVals SG case study

In this section we focus on MetaVals SG as an example of collaborative GBL in HE, using a LC
tool for helping students make elicit and share their LC when classifying each item of the game. We
will further analyse the data from the different contexts where the MetaVals SG has been implemented
in order to study the individual and collaborative performance, and relate it to LC elicitation.

MetaVals is a computer-based collaborative SG that has been adapted from a previously existing
class activity used to practice basic finance concepts [13]. Despite the pedagogical interest of the initial
face-to-face activity, the classroom time limited the number of students actively participating in this
learning action, and therefore it was difficult to incentivize discussion among peers in this context. A
computer-based environment allows engaging an unlimited number of students in the activity and
engaged them in dyads to discuss their knowledge. A GBL activity was designed based on a first,
paper-based version that leaded to an ICT-based version that was tested in different learning
environments [13]. The present release of MetaVals is web-based, and can be considered as a
classification game, with a first individual phase where students have to classify 6 items into different
categories, and two collaborative phases with 6 different items: the correction phase, for correcting
peer’s answers if needed, and the discussion phase, where dyads have to reach consensus on the final
answers of the 12 total items. Collaboration and competition elements are implemented in these two
latter phases, where students must collaborate with their peer in order to win the game against the rest
of the class. In order to facilitate online interaction [37], MetaVals has a virtual dyad version that
allows players to play and interact in an asynchronous context. Furthermore, in order to foster the
engaging competition element [23]; researchers implemented a classification dashboard in the final
screen, where students could access their scores and compare them to the rest of the players. The
sharing of prior knowledge and experience is also faced in MetaVals with the use of a pre-test on the
content, and a first screen where players can self-declare their prior knowledge and experience (see
figure 2).
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Figure 2. Screenshot of the MetaVals initial screen

The personalization of the game character aims to help players feeling identified with their avatar
and also share significant information with their peers during the game. Finally, the MetaVals game
implements a LC tool that evolves from the first, traffic lights tool [13] and aims to help students
collaborating in dyads, as seen in the previous section, who must be able to monitor and further adapt
their (meta)cognitive processes to possible changes in their motivational state. The present LC tool is a
10-grade scale accompanying each item;
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Figure 3. Evolution of the LC tool in the different MetaVals versions
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In the following sections we will analyze individual and collaborative performance and LC results
for the three year implementation of MetaVals in different contexts. In particular, this study focuses on
the experiences in a Catalan School of business and Law (ESADE), in particular, there were eight
master and executive master programs: Program for Management Development (PMD), Bancomer,
MCDGE, ESADE internal training program, two Executive Master Marketing and Sales programs
(EMMS and EMMYV), Corporate training, and the Master in Marketing,; there was one context in the
Universitat Oberta de Catalunya (UOC), one experience in the Universidad de Alicante (UAL) two
groups in the University of West Scotland (UWS), and also two courses participated in Carol |
university, in Romania (see table 1) This study was developed within the context of the Network of
Excellence FP7 Games and Learning Alliance (GaLA), and in particular, within the context of the
Special Interest Groups of Pedagogy and Psychology.

5. Method

5.1. Participants

This case study was carried out in 16 different contexts; in particular, MetaVals was implemented in
three Spanish universities, an English university; and a Rumanian HE institution. Furthermore, it has
also been played in two conferences: GaLA Alignment School 2011 and Online Educa 2012. A total of
250 participants with ages ranging from 21 to 49 years (M=30.05, SD=6.84), 127 men and 123 women
played MetaVals in paper based (N=44) and Computer-based version (N=206). Nevertheless, four
students in computer contexts only accessed the first individual phase and will not be taken into
account for the analysis, finally, sample size was N=246. Students were Spanish, English and
Rumanian. Players were mostly engaged in introductory finance courses (N=173), and therefore
played the assets and liabilities version of MetaVals; in particular, there are 11 students from the two
experiences in Carol | university that played this version with the objective of practicing English
terminology. 47 students completed the learning theories version, and finally 19 players completed the
Introduction to statistics version in UWS and Online Educa Berlin. LC elicitation was conducted in
most of the contexts, nevertheless, in order to study the possible differences in performance due to CL,
there were 6 contexts where half of the participants (as control groups) did not have access to the LC
tool, in particular, 46 students did not had the LC tool available in their gameplays, and 200 students
played with the LC tool (see table 1). The first results of the use of the MetaVals lead the authors to
observe the advantages of introducing the LC tool. Because of this, the latest data collections using the
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MetaVals has been conducted with the LC tool, leading to a higher number of participant having
played the MetaVals game with the LC tool, and a lower number of participants in the control group.

5.2. Research design

To study our hypotheses, a quasi-experimental design was implemented in all 16 contexts. The use
of a pre-test with 3 questions on content literacy, together with the collaborative GBL activity
(MetaVals in its different versions) and a post-test on the experience of the game compose the case
study scenario. MetaVals was played in its paper version, in face-to-face classroom with one computer
for each participant, and finally, when dyads are virtual students can play at home, accessing the SG
online in its present version. Finally, for testing H2, the first 6 contexts had a control group where
students did not have access to the Level of Certainty tool, and a group with LC elicitation.

‘ “ "“'T\“T’ corlmm
m T‘” ﬂ ’

Figure 4. Screenshots of the MetaVals serious game, for the individual and collaborative phases

As we have outlined in the previous section, MetaVals consists of three different phases. In the first
phase, players individually classify 6 items (phase 1) and rate their confidence for each item (see figure
5); this gives us the result of Individual Performance and Individual LC. Second, there is the first
collaborative phase (phases 2), where students have to correct their partners’ answers to 6 different
items (Correction performance and LC). Finally, in phase 3, there are two different screens, the
discussion self and the discussion dyad, where the two members of the dyad discuss and give a final
answer for the 12 items. In this final phase we can measure Discussion performance and LC. It is
important to note that, due to the fact that, when playing without a guide, most of the students do not
perform the second discussion dyad screen; we will focus on the data from the first discussion screen in
order to analyze the discussion phase LC. The complete game experience lasted about 35 minutes in
average. As the participants finished the game, they were invited to fill the Post-test about the game
experience, about the usefulness of the game, based on the Technology Acceptance Model (TAM).

Concerning the different contexts, the implementation of the items and content questions followed
the same structure in order to maintain these contexts comparable. In particular, the difficulty of each
item was placed in the same place (difficult for items 3 and 5, easy or medium for items 1, 2 and 4);
and the pre-test questions were three multiple-choice questions also comparable among contexts.

5.3. Instruments and materials

Learning performance and Level of Certainty (LC) are measured using the MetaVals game. In
particular, individual performance and LC are retrieved from the first phase of the game. Performance
can have a maximum scoring of 6, if all the items are correctly classified, and LC a higher scoring of
10, when the student is totally sure of his/her answer. For collaborative results, the variables are
retrieved in the second and third phases of the game, following the same process. The present version
of MetaVals implements a MySQL database in order to monitor and record all the participants’ actions,
including LC use and both individual and collaborative scores, operationalized as learning
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performance. The dyad which performs less errors on classifying the items, wins the game. Time spent
in each phase is an untying factor.

6. Results

First we present a descriptive summary of the different contexts. In table 1, data for each context
can be accessed. In particular; MetaVals version, use of the LC tool and its version, number of players,
type of dyads and individual and collaborative average scorings for each group.

Table 1. Contexts data for MetaVals versions from 2011 to 2013

Context | MetaVals | Players LC LC tool | Dyads | Individual | Collaborative
(N=16) version elicitation Performance | Performance
M SD M SD
ESADE Paper-based 28 16 Traffic Real 4.61 0.84 4.93 0.81
2011 PMD light
ESADE Paper-based 16 8 Traffic Real 5.16 0.92 5.65 0.58
2011 light
Bancomer
ESADE Computer 18 10 10-grade Real 4.55 1.01 3.81 1.75
2011 1.1 scale
MCDGE
ESADE Computer 8 6 10-grade Real 5.17 0.90 5.25 111
2011 1.1 scale
Training
GaLA Computer 5 5 10-grade | Virtual | 4.00 1.22 6.00 0.00
2011 11 scale
ESADE Computer 25 13 10-grade Both 4.25 0.86 4.10 1.56
2011 11 scale
EMMS
ESADE Computer 15 11 10-grade | Virtual | 5.01 0.93 5.33 1.35
2012 11 scale
EMMV
ESADE Computer 17 17 10-grade | Virtual | 5.47 0.80 5.47 0.94
2012 15 scale
Corporate
UAL Computer 6 6 10-grade | Virtual | 3.83 0.75 3.25 141
2012 15 scale
Carol | Computer 5 5 10-grade Real 4.40 0.55 4.60 0.89
2012 11 scale
uws Computer 11 11 10-grade | Virtual | 2.92 1.62 4.00 1.53
2012&13 1.5 scale
Online Computer 6 6 10-grade | Virtual | 2.25 1.60 3.50 1.76
Educa 15 scale
2012
ESADE Computer 16 16 10-grade Real 4.53 0.57 494 0.57
2013 15 scale
Marketing
UOC 2012 | Computer 47 47 10-grade | Virtual | 2.64 0.85 2.68 1.16
15 scale
MOOC Computer 17 17 10-grade | Virtual | 4.24 1.09 4.56 1.63
2013 15 scale
Carol | Computer 6 6 10-grade Real 4.33 1.03 4.83 0.98
2013 15 scale

In order to study the first hypothesis (H1), that is, the relation between learning performance and
context (individual or collaborative), an Analysis of Variance, or One-Way ANOVA was used. As
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previously explained, due to the fact that the second discussion screens were only completed by 175
students in the computer-based mode, we have focused on the first discussion screen data. Equality of
variances was confirmed by a Levene test. Results were not significant, as the ANOVA failed to reveal
statistically reliable differences among the three game phases, F(2,713)=1.016; p=0.363: Individual
performance (M=4.15; SD=1.33) is not significantly lower than the correction phase (M=4.30;
SD=1.52); and the discussion performance (M=4.34; SD=1.60) is not significantly higher in average
than the correction or the individual phases (see figure 5).

6

5

Individual Correction Discussion
Performance Performance Performance

Figure 5. Average performance for Individual and collaborative phases, for the 16 groups of the
sample

Hypothesis 2 affirmed that performance would be higher in contexts where students could make
explicit and share their LC than those without LC elicitation. In order to measure this hypothesis, we
have limited our data to the N=108 students in the six contexts playing with the two different LC
options.

H2a: For the individual phase, a two independent samples t-test failed to reveal a statistically
reliable difference between individuals elicitating LC (M=4.82; SD=0.933) and individuals playing
without the use of the LC tool (M=4.54; SD=0.967), t(108) =1.542, p=0.126.

6

5

Individual LC Individual no CL

Figure 6. Average scores for the 6 contexts’ individual phases with and without LC elicitation

H2b: Collaborative phase performance is also higher for dyads sharing their LC than for dyads
without the metacognitive tool. Nevertheless, these differences are not significant. In particular:
Correction phase with LC elicitation (M=5.05; SD=1.08) is higher in average than correction phase in
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the control group (M=4.75; SD=0.978), t(108) =1.517, p=0.132. Discussion phase had a t(101) =0.776,
p=0.434; with LC sharing (M=4.90; SD=1.41) not significantly different from the discussion phase
without LC sharing (M=4.67; SD=1.55), we can see the average scorings in figure 7:

S

w

[a]

[y

Correction Discussion

mCL no CL

Figure 7. Average collaborative scores for the 6 contexts with and without LC elicitation

7. Discussion

From a first, general analysis, results of the different contexts point to the fact that in all the cases
where MetaVals is played as a finance game in HE contexts (ESADE, Carol 1), results on performance
are higher in average than those experiences with MetaVals in other contexts. In particular, for GaLA
and Online Educa conferences, results are lower. This can be related to the fact that participants in
these contexts are not students enrolled in a formal course but conference participants playing in a
context with higher number of distractions that could be one of the reasons why their results are lower
than the students playing in a formal education context. Furthermore, for the subjects of Introduction to
Statistics and Learning Theories, a lower performance is observed, both for individual and
collaborative phases. Average data show that items in these subjects could be in fact more difficult than
those related to finance. However, these differences deserve further study in order to evaluate their
significance, and will be object of future analysis with greater samples. The lack of statistical
differences could be due to the fact that level of difficulty of the questions is perceived by the
participants as low, leading to high number of correct answers. Further research studies involving the
MetaVals SG should introduce a higher number of difficult questions and take into account prior
knowledge of the participants.

Results for the first hypotheses (H1) show a higher performance in the two collaborative phases,
when compared to the individual screen. This improvement in performance for collaborative
environments was predicted by Romero and colleagues [21] as results of both intragroup collaboration
and intergroup competition processes, purposely designed and implemented in MetaVals SG.
However, Hypothesis 1 failed to reveal a significant difference between collaborative and individual
performance. This is consistent with previous results on CSCL. In particular, following Davis and
colleagues [19], CSCL effectiveness can be influenced by external factors, such as the learners’ prior
experience, background, availability and expectations, the capacity of technology and technology-
based delivery and other resources. Furthermore, as Leemkuil and colleagues [5] admit, some SGs can
lack effectiveness when no instructional measures or support are added to guide the learning process.
In our case study, although all the tools and virtual guides, most contexts were totally online and
asynchronous, this could clearly influence the results in this direction, and hamper the significance of
the differences in performance.
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Therefore, further versions of the SG need to continue on the adaptation of MetaVals to onling,
asynchronous settings, most of all when virtual partners’ options are played. Following Hess and
Gunter [1], the combination of online educational environments and videogames deserves still more
research on its learning effectiveness. In this direction, players’ prior experience and background data
must be studied as possible confounding variables of study hampering the significance of the results.
Furthermore, we have seen that collaborative learning itself does not assure better learning results just
because two or more students interact [19]; this is in accord with the results, as online interaction is not
leading to significant differences in performance when compared to individual achievement. We can
understand that there is a need to share different levels of knowledge and metacognitive processes.
These leads to the second hypothesis study.

The second outcome variable of the present study, LC, was also measured for all the contexts in
relation to game performance, both for individual (H2a) and collaborative phases of the game (H2b).
As results show, performance is higher, albeit not significantly, for learners playing with LC elicitation
when compared to control group players, both for individual and collaborative phases. The fact that
individual performance is higher when students make their LC explicit agrees with the studies on LC
elicitation and metacognitive processes: (meta)cognitive judgements do not occur spontaneously in all
the learners during the learning process [32]; if there is a guide such our LC tool that helps learners’ in
the reflection of their own answers, results are better, as learners are aware of their knowledge and their
peers’ knowledge during the gameplay. Furthermore, following Swartz [33], in multiple choice tasks
such as MetaVals SG, the LC elicitation leverages the simplicity of the game, and thus helps players to
have a deeper and more significant learning. Nevertheless, the fact that differences between LC and
control groups were not significant leads us to think that we need further studies on this hypothesis. In
particular, students with similar prior knowledge and in one subject should be studied, as these
variables can be predictors of a higher performance [38][39].The similarity or differences of prior
knowledge should be further analysed in order to better characterise the knowledge convergence
process in SG.

Finally, H2b focused on collaborative contexts. Both correction and discussion phases in MetaVals
experiences failed to show significant differences; although performance was higher for LC groups, as
predicted by Garner [11]. Nevertheless, the non-significant results could be due to the fact that the vast
majority of players engaged in finance contexts, and these gameplays did not show a wide range of
performance (students only scored from 4 to 6 in each phase, that is, all scores were high). We should
mention that the contexts with lower average performance, which are playing MetaVals version
different than financial (see table 1), have a higher degree of difficulty and, therefore, we admit that
this question deserves further study in other contexts such statistics (concerning the UWS context) or
educational theories (implemented in the UOC cases), where results on performance are more
heterogeneous and may allow a deeper analysis without the need of great sample sizes. Furthermore,
concerning the study of LC elicitation, students for 2012 and 2013 editions of the Carol | course using
MetaVals always showed a (possibly significant) higher LC than the other contexts, the significance of
these results may be further studied, focusing especially on the cultural differences, as these students
are military, western-Europe profiles different from non-military, eastern profiles in all the other 14
contexts of study. This result deserves further research comparing eastern and western European adult
players.

8. Conclusions

Finally, it must be said that researchers decided to maintain LC elicitation and sharing for all the
contexts thereafter, as it was observed to help students to have the choice of being aware of their level
of knowledge, and thus show better performance [13]. Results found in this 3-year study could set the
groundwork for future research in the field of performance and LC in collaborative GBL; in particular,
we aim for the implementation of metacognitive tools that could enhance students’ sharing and
individual reflection of their knowledge and performance during the gameplay. Results also point to
the importance of designing collaborative GBL tasks in adult, formal learning courses, such the
contexts of study of the MetaVals SG, where learners were eager to be engaged in a GBL activity, and
play with another dyad in a computer-based environment. A guide within the game is needed, most of
all when MetaVals is played online and asynchronously. In these contexts the second part of the
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discussion phase related to the dyads’ participation has mostly been ignored by players in the sample.
The discussion is not compulsory, which could explain the fact that most of the dyads with virtual
peers ignore this part of the game. Therefore, SG in general, and MetaVals in particular has to adapt to
each particular context, not only for individual or collaborative gameplays, but also to the specific
learners’ needs such contents level, communication within the game, and modality. The results of this
3 years study developed in the context of MetaVals points to the interest of collaborative learning in
GBL activities and the need for supporting metacognitive judgements, such the LC, in GBL.
Nevertheless, further studies using other similar SGs should be conducted in order to ensure the
generalisation of the results in other collaborative game activities.
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