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Abstract Group process assessment is one of the methodological challenges in
computer-supported collaborative learning (CSCL). The aim of this study is to ana-
lyze the group process dimensions in a problem-solving task with modular robotics
in which creative components of fluidity, flexibility and innovation can be observed.
The analysis of group process dimensions in relation to the creative components
aims to understand the way group processes can support the creativity process in a
problem-solving task. For this objective, 24 dyads of in-service teachers in a crea-
tive problem-solving task with modular robotics were engaged. The group process
dimensions of conversation, social interaction and problem-solving was identified
based on a CSCL coding schema developed for the Virtual Math Team environment.
The creative components of fluidity, flexibility and innovation are operationalized
based on Guilford’s Alternate Uses Test’s components. The results show the crea-
tive component of innovation is related to interactions of support within the dyad.
Moreover, the participants dedicating more time to solve the task are engaged not
only in more problem-solving interactions with their dyad but also in building more
innovative figures, and they also make more figures together. Those results lead us
to consider the importance of a positive emotional environment in the context of
collaborative creation.
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Introduction

Despite the importance of understanding the group processes in collaborative learn-
ing tasks, the assessment of the processes remains a methodological challenge
(Jeong and Hmelo-Silver 2010; Ludvigsen et al. 2017). In the context of computer-
supported collaborative learning (CSCL) activities, group processes are mediated by
the technological environments, such as online forums, to support the collaborative
activity (Wang et al. 2020). In certain domain-specific tasks, technology can support
the group processes through specially designed domains such as the Virtual Math
Teams (VMT) environment (Stahl et al. 2006). In CSCL studies, there are differ-
ent approaches to identify and assess group processes. Within the studies developed
from a self-regulated learning (SRL) perspective, Azevedo explored the role of the
cognitive, affective, metacognitive, and motivational (CAMM) processes (Cloude
et al. 2018) as essential learning components. Winne and Hadwin (1998) proposed a
model in which cognitive conditions interact with task conditions (including social
context and resources) and control and monitoring processes through SRL pro-
cesses. Wang et al. (2020) analyze the group process based on Gunawardena et al.
(1997) interaction analysis model five phases in the co-construction of new knowl-
edge through different types of cognitive activity: sharing/comparing, dissonance,
negotiation/co-construction, testing tentative constructions and statement/applica-
tion of newly constructed knowledge. Gunawardena’s interaction model is specially
adapted for online discussions but lacks in the problem-solving dimension which is
required in creative problem-solving tasks. In this study, we analyze group processes
in a dyadic problem-solving task based on the coding schema proposed by Strijbos
(2009) within the VMT environment. Strijbos considered three dimensions of group
processes: conversation, social interaction and problem-solving. The research objec-
tive of this study is to analyze the relation between these three dimensions of group
processes (Strijbos et al. 2006) and creative components of fluidity, flexibility and
innovation in a problem-solving task.

Different CSCL studies have distinguished on-task (or task-related) and off-task
group processes (Janssen et al. 2012; Tissenbaum et al. 2019). The on-task process
is related to the learning activity proposed to the learners. The off-task process is
often related to the relational dynamics among the group members. Problem-solv-
ing processes are considered on task (Strijbos 2009). Conversation, sometimes also
referred as discussion (Janssen et al. 2012), can be on task or off task depending on
the topic. For example, conversation is considered on task when the group is dis-
cussing strategies to advance the task. Off-task conversation refers to interpersonal
verbal exchanges among the group members, for example, critiquing each other’s
strategies. Social processes, also referred as “affective” processes (Duque Reis et al.
2018), are considered off-task (Janssen et al. 2012) processes.

Within the last decade, the VMT project has offered a computer-supported col-
laborative learning (CSCL) environment to support mathematics learning (Stahl
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et al. 2004; Sarmiento and Stahl 2007, 2008; Charles and Shumar 2009; Strijbos
2009). At the end of the first year of the VMT project, to investigate chat-based
small-group problem-solving, Strijbos (2009) developed a multidimensional cod-
ing schema to observe group interactions and distinguished three dimensions of
group processes: conversation, social interaction and problem-solving. The conver-
sation dimension refers to the discussion among group members in terms of state-
ments, questions and replies. Strijbos et al. (2004) based the assessment of the social
dimension on Renninger and Farra (2003). The social dimension refers to nonver-
bal communication (e.g., “sustain climate”, p. 5) and off-task verbal communication
(e.g., “greet”, p. 5). The problem-solving dimension refers to “the co-construction
of ideas and problem-solving acts circuit flow” (p. 6) (e.g., proposing a strategy or
performing a solution step). Strijbos (2009) considered problem-solving one of the
dimensions of the group processes and operationalized the assessment of problem-
solving based on Pdlya and Szegd (1945) and Jonassen and Kwon (2001).

Group creativity in VMT

Creativity has been evaluated mainly as an individual trait related to divergent think-
ing (Romero 2019a). However, in teamwork activities, creativity “emerges and
exists within a system rather than just at the level of individual process” (Henriksen
et al. 2016, p. 27). Researchers have started to explore group creativity in CSCL
in recent years (Hamaldinen and Vihidsantanen 2011; Aguilar Camafo and Pifarre
Turmo 2019), with an increasing number of studies aiming to identify group pro-
cesses related to creativity in CSCL settings. Within the VMT environment, Sarm-
iento and Stahl (2007, 2008) observed a synergy between “synchronic interactions
(i.e., parallel and simultaneous) and diachronic exchanges (i.e., interaction over long
time spans, and mediated by ostensible products)” (2007, p. 43). They reported dif-
ferent episodes of group creativity in VMT activities, such as engaging teammates
in “creatively” producing a new mathematical object after establishing shared ref-
erences and developing “the intersubjective being there-together in a chat”, and
they characterized group creativity as the “establishment of the conditions and pre-
conditions of its ability to engage in shared meaning making” (p. 41). They also
referred to group creativity as the “micro-level co-construction of novel resources
for problem-solving to the innovative reuse of ideas and solution strategies across
virtual teams” (p. 37). Their analysis described the temporal structure of the interac-
tions and the way the indexation, remembering and bridging of ideas contributes to
creatively producing new ideas. Creativity is associated with the generation of novel
ideas in the context of VMT activities. In a later study in the VMT environment,
Charles and Shumar (2009) observed ‘“creative and imaginative potentials when
students attempt to deal with the constraints around learning math” (p. 342). They
discussed learners’ agency as a creative behavior in which collaborative activities
can help “to develop competence to communicate and engage in discursive process,
which are paramount to knowledge-building process, e.g., presenting ideas, build-
ing connections and refining shared artefacts” (p. 347). The group process described

@ Springer



J. Comput. Educ.

by Charles and Shumar (2009) is related to the conversation and social dimensions
described in the coding schema of the group processes in VMT developed by Strij-
bos (2009).

According to Sarmiento and Stahl (2007), creativity is dependent on collabora-
tive interactions that require synchronizing all group members’ efforts. In this sense,
it is necessary to assess the creative group process as “group-cognitive” accomplish-
ments. Group creativity could be considered a co-construction in which each group
member shares the meaning of the task (Stahl et al. 2006). The group members,
through developing a shared understanding of the problem, can propose solutions
oriented toward a common achievement. Problem and solution proposals arise from
the interaction within the group (Stahl et al. 2006). The interactions within the group
are part of the group process considered in the multidimensional coding schema of
Strijbos et al. (2006). The next section describes these three dimensions of group
processes (conversation, social interaction and problem-solving) and introduces the
relation of each dimension to creativity based on the existing studies in CSCL and
creativity research.

Conversation dimension and creativity

Conversation is the starting point for building common ground on which to negoti-
ate the meaning of the task. In this context, the group members find room to explain
their contrasting perspectives (Fischer et al. 2002). Conversation contributes to make
explicit perspectives of different group members that interact during the collabora-
tive task, but conversation does not guarantee per se that each member will reach the
same conclusion (Beers et al. 2005). For Strijbos, the conversational dimension is a
necessary step to agree on the interpretation of the task. Bakhtin (1986) considered
conversation an unpredictable dance between different perspectives. However, while
some conversations could contribute to knowledge building and to a creative process
through the teammates’ interaction, other conversations could be merely procedural
(Wegerif et al. 2010). Conversation can support creativity in collaborative learning
when the idea exchanges support divergent thinking by generating or modifying the
current ideas within the group. Within the different types of interactions, exploratory
talk, in which the participant engages in a dialogue toward a shared inquiry, supports
a higher verbal creativity than explicit reasoning interactions (Wegerif 2005). In the
study of the Lai and Hwang (2014), student’s creativity improved when they engage
in frequent discussion through mobile learning devices, they discuss the relation
between conversation and creativity improvement in relation to the innovating think-
ing the students can engage when they discuss together.

Social dimension and creativity

Creativity is supported by a positive climate in the classroom Richardson and Mishra
(2017) considered the “atmosphere in which students communicate freely, accept
and discuss new ideas, trust each other, and support taking risks” as an ideal cli-
mate for the support of creativity; they argued that creativity “can thrive when there
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is a climate of community, care, and cooperation that emphasizes positive student
and teacher relationships” (p. 51). In CSCL, a positive team climate has also been
observed to be beneficial in the knowledge-building (KB) environment (Hong et al.
2014). Within the Knowledge Forum (KF) environment, Lin et al. (2017) observe
an increase in creativity when students are engaged in knowledge-building activi-
ties. Moreover, teamwork settings might have beneficial repercussions for creativ-
ity when the context promotes ideas and social comparison (Michinov and Primois
2005).

Problem-solving dimension and creativity

Problem-solving and creativity are considered in most competency frameworks to
be distinct competencies (Care et al. 2012). Nevertheless, when authors analyze
problem-solving as a process, they often observe creativity within the problem-
solving process. Moreover, some authors differentiate creative problem-solving, in
which learners engage in diverse processes and solutions, and analytical problem-
solving, in which learners engage in a procedural approach to solving a problem
(Jarosz et al. 2012). For Piggott (2007), problem-solving in mathematics could be
a creative process if the learners are tasked with difficult enough problems that they
need to engage in a certain level of risk-taking. The problem-solving dimension in
the VMT coding schema of Strijbos et al. (2006) focused on the group process (e.g.,
“tactic”, “clarify”, “check”, “perform”) based on the “problem-based acts” of the
collaborative problem-solving through teammates’ interactions but did not refer to
the specific problem-based engagement in terms of observing the situation, search-
ing for information or resources, or developing representations and solutions. The
problem-solving dimension defined by Strijbos et al. (2006) serves to identify the
interactions of “problem-solving acts” but must be combined with the observation
of the learners’ activity within the collaborative task in order to evaluate their col-
laborative problem-solving competency (OECD 2017).

Creativity assessment

A better understanding of the relation between the dimensions of group process
(Strijbos et al. 2006) and creativity is needed. First, there is a need to operationalize
creativity in terms of components. Among the tests used for creativity assessment,
Guilford’s (1967) Alternate Uses Task (AUT) operationalizes creativity in terms
of fluidity, flexibility and innovation. The AUT asks participants to list as many
possible uses as possible for familiar objects and assesses fluidity, flexibility and
innovation components. The fluidity component corresponds to the total number of
alternate uses detected per object. The flexibility component refers to the number
of different ideas detected per object. For example, if the participant states that a
box can be used to hold clothes and to hold old books, he/she will score two points
for fluidity but only one for flexibility. The innovation component is related to the
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uniqueness of each response compared to the total number of given responses to the
dataset. The responses considered innovative are those that appear less than 5% of
the time.

Through this study, we aim to evaluate the creativity components of fluidity, flex-
ibility and innovation based on Guilford’s AUT in a collaborative problem-solving
task using modular robotic cubes. Through the CreaCube task, our research objec-
tive is to observe whether relations, and which relations, are incurred between group
process and creativity. More specifically, we will observe the relation between Stri-
jbos’ VMT conversation, social interaction and problem-solving dimensions and
Guilford’s fluidity, flexibility and innovation components.

Research objectives

A better understanding of the relation between the group process dimensions (Stri-
jbos et al. 2006) and creativity is needed. We investigate the relation of the VMT
dimensions of group processes and the creative components through the evaluation
of eight hypotheses within five research questions:

e RQI. Does the VMT conversation group process improve the task performance
in terms of activity duration (H1) and creativity (H2) in terms of fluidity (H2a),
flexibility (H2b) and innovation (H2c)?

e RQ2. Does the VMT social group process improve the task performance in terms
of activity duration (H3) and creativity (H4) in terms of fluidity (H4a), flexibility
(H4b) and innovation (H4c)?

e RQ3. Does the VMT problem-solving group process improve the task perfor-
mance in terms of activity duration (H5) and creativity (H6) in terms of fluidity
(H6a), flexibility (H6b) and innovation (H6¢)?

e RQ4. Is a longer task duration related to creativity (H7) in terms of fluidity
(H7a), flexibility (H7b) and innovation (H7¢)?

e RQS5. Is a greater number of figures made together (collaborative creation) within
the dyad related to creativity (H8) in terms of fluidity (H8a), flexibility (H8b)
and innovation (H8c)?

Method
Research design

The study has been developed through a mixed-method approach based on the epige-
netic analysis of the CreaCube CSCL activity, by comparing the Strijbos’ (2009) VMT
coding schema VMT coding schema (Strijbos 2009) and the Guilfords’ (1967) AUT
creative components (Guilford 1967) that we applied to the CreaCube task. In CSCL,
the group process has been analyzed mainly through text- and math-based environ-
ments (Stahl 2006; Ludvigsen et al. 2017). However, text-based environments might
present limits and constraints to learners with language difficulties. In this study, we
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aim to analyze a manipulative robotic task that does not require learners to use language
to read the instructions or to perform the task. At the current stage of the literature
on group processes in CSCL, robotic tasks have not yet been analyzed. Through this
study, we aim to explore the group process in robotic tasks encouraging participants
to create by using “visuo-spatial constructive play objects” (VCPOs, Ness and Farenga
2016), including “blocks (for example, standard wood blocks, plastic blocks, and foam
blocks), bricks (such as LEGO bricks and Mega Bloks), and planks (1 X 3 X 15 cm
wooden rectangular cuboids)” (p. 202). The operationalization of a task using robotic
modular cubes aims to evaluate the way participants solve problems with interactive
tangible constructive robotic modules. The CreaCube task uses a set of four cubes, pur-
posely chosen from the Cubelets modular robotic set. The cubes differ in their function-
ality (and color): the drive cube (white cubes with wheels and motor), the battery cube
(dark blue with an on/off switch and a mini USB charger), the distance cube (black
cube with a distance sensor) and the inverse cube (red cube without no visible feature).
The cubes can be assembled by the magnets on each side of the cubes. When the four
cubes are assembled in a certain order, the red cube has the potential to inverse the dis-
tance sensor signal and allows the system to activate the wheels motor. By assembling
the cubes in several artifacts, the participants discover the features of the cubes and the
different behaviors of each artifact.

Participants

Our sample is composed by in-service teachers in their early career following a con-
tinuing education course at Université Cote d’Azur. All of them are at the same stage
of experience, in their third year of teaching activity and engaged as in-service teach-
ers in primary education in public schools in the Nice area. The participants are 48
participants, both males and females, aged between 25 and 46 years (M = 31.108;
SD = 5.770). They have been randomly paired and engaged in participating the activity
in dyads. The way dyads were randomly assigned has been better described. The sam-
ple is representative of the in-service teachers in France. Primary education in-service
teachers show a very similar profile due to the different selection process they follow
at the national level. We chose to engage participants in the dyadic modality instead of
larger teams to analyze all the actions occurring during the interactions from a micro-
genetic perspective (Strijbos 2009). Before the start of the activity, the participants
were informed that they could interrupt the task anytime and that they could withdraw
their consent to participate anytime in the future. The participants provided informed
consent and agreed to be video recorded. Only the hands of the participants manipu-
lating the cubes were recorded. This study was approved by the Ethics Committee of
Université Cote d’Azur (Comité d’ Ethique pour les Recherches non Interventionnelles,
CERNI-2019-6). The participants did not receive any compensation.

Procedure

In order to avoid to influence the participants before they receive the instructions,
the cubes and their features (wheels on the white cube, on/off switch and mini USB
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charger on the blue cube, distance sensors in the black cube) were hidden by a cover
from the participants’ view in order to avoid them to notice prior manipulation. The
cubes are set separately as coins of a square instead of aligned, to avoid a Gestalt
bias of continuity and closure which would lead the participants to regroup the
cubes in a linear way (Todorovic 2008). In the presence of aligned, separated cubes,
the participants could have the perception of a broken line and would just regroup
them by creating the same shape organized as a continuous line.

The participants were invited to listen to the instructions: “You need to build
a vehicle of four pieces that move autonomously from the red point to the black
point”. The recorded instructions informed the participants that the research team
cannot provide any help, but the participants had the possibility to listen again to the
instructions. When the instructions were finished and the participants were ready to
play, the research team removed the cover that hides the cubes making them finally
visible to the participants. The features of the cubes stayed hidden: the battery,
wheels, distance sensor and inverter were rotated so that the participants saw just the
magnetic sides.

When the participants managed to build a good figure to succeed, the activity
is completed. The research team discussed the task with the participants and asked
them questions to ensure that they fully understood the role of each cube. We
ensured that all possible questions of the participants were answered to enable them
to benefit from the knowledge of robotic components and their connectivity devel-
oped through the task.

Data analysis

The video recordings of the dyads were analyzed longitudinally according to our
reference apparatus. We coded each occurring relevant action—intended as a “con-
scious process directed at goals which must be undertaken to fulfil the object”
(Augusto and Zhang 2014)—in time slots of 5 s. The analysis of the videos was
developed individually for each member (n = 48) of the 24 dyads to consider the
interindividual differences of teammate contributions in the CSCL tasks.

Through the analysis of the activity duration, calculated in seconds by subtracting
the moment of success from the time needed to listen to the instructions, we coded
the CreaCube on-task actions, the Guilford’s AUT creative components and the Stri-
jbos’ VMT coding schema dimensions for each time slot.

We analyzed the CreaCube task resolution procedure by assigning a group pro-
cess score in relation to the Strijbos” VMT coding schema dimensions (conversation,
social interaction and problem-solving) and assigning a creativity score by apply-
ing Guilford’s AUT fluidity, flexibility and innovation components to the CreaCube
task.

In the next section, we describe our reference apparatus.
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Analysis of the CreaCube on-task elements

After the participants started to manipulate the cubes, they started to discover the
affordances together and to show them to each other: that one cube had wheels
(affordance cAF01), that the cubes were assembled through magnets (affordance
cAF02), that one cube had an on/off switch (affordance cAF03), that the black cube
presented two circles (affordance cAF04), and (in some cases) that it is a distance
sensor (affordance cAF05). During the task building process, the participants could
face different problems that they needed to solve together. A code was used when the
participants showed each other that there was a problem: (cPO1: imbalance, cP02:
rotation, cP03: wrong direction, cPO4: moving outward, cP0O5: moving toward the
participants, cP06: color association, cPO7: connection, cPO8: not moving due to the
wheels, cP09: not moving due to the on/off switch, cP10: moving problem related to
the distance sensor, cP11: moving problem related to the inverse cube).

The codes were assigned only when the participants shared the activities together.
If one participant ran into a problem on his/her own and did not involve the other
(for example, p244 and p281 found the on/off switch but did not mention it to the
other participant and waited for the other to discover it on his/her own), no code was
assigned because no collaboration occurred.

Analysis of the CreaCube task through the VMT coding schema

We analyzed the CreaCube task based on the VMT multidimensional coding schema
(Strijbos 2009). In this framework, Strijbos’ VMT multidimensional coding schema
was applied to establish which group process, in terms of conversation, social inter-
action and problem-solving, was implicated in each creativity component. Although
Strijbos’ VMT multidimensional coding schema was built to analyze text-based
online forum discussions, the analysis of the CreaCube task took into account the
coregulation observations from both oral conversation and body language (e.g.,
agreeing by making a sign with the body). We extracted and personalized from the
VMT schema the units relevant to the CreaCube task analysis and assigned each unit
a code.

We defined the codes to apply to the conversation (VMTc), social interaction
(VMTs) and problem-solving (VMTp) group processes to determine a score (of one
point) to each group occurrence within the activity (Fig. 1).

Analysis of the creative components in the CreaCube task

To assign a creativity score, we applied Guilford’s AUT fluidity, flexibility and inno-
vation components to the CreaCube task. The fluidity component corresponded to
the total number of figures created. The flexibility component referred to the num-
ber of different figures realized. For example, if the participant built two figures,
FO1 and FO02, he/she scored three points for fluidity but only two for flexibility. The
innovation component was related to the number of innovative figures compared to
the total number of figures created in the dataset. The figures considered innova-
tive were those that appeared less than 5% of the time. Thus, in terms of Guilford’s
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Step 1 Step 2 Step 3 Step 4 Step 5
C-thread Conversation Social PS-thread Problem Solving
Reply to U;  No code Identity self Connect to U;  Orientation
State Identity other Strategy
Offer Interest Tactic
Request Risk-taking Perform
Regulate Resource Result
Repair typing Norms Check
Respond, more general Home Corroborate/
than the codes below that counter
are tied to problem
solving:
Follow School Clarify
Elaborate Collaborate group Reflect
Extend Collaborate Restate
individual
Setup Sustain climate Summarize
Agree Greet
Disagree
Critique
Explain

Fig. 1 Strijbos’ VMT multidimensional coding schema

fluidity, flexibility and innovation components, we identified 23 figures, of which
FO1, FO2, FO3, FO4, FO5, F11 and F12 had the potential to be successful figures.

F06, FO7 and F09 had limited potential to be considered as successful ones,
depending on the micro-level of the building of the artifact (Fig. 2).

FO08, F10, F13, F14, F15, F16, F17, F18, F19, F20, F21, F22 and F23 were unsuc-
cessful figures due to the problematic building of the artifact (unbalanced, uncon-
nected, incorrectly rotated) (Fig. 3).

FO05, FO8, F09, F10, F12, F14, F15, F16, F17, F18, F19, F20, F21, F22, F23 are
considered innovative figures (Fig. 4).

Interjudge reliability and interrater reliability
The dyads were coded independently by two researchers. The interjudge reliabil-
ity was evaluated through the analysis of the longest dyad recording (dyad bin06,

415 s). Each coder autonomously evaluated the video recording. For each action of
the video analyzed (67 actions for coder #1 and 57 for coder #2), we evaluated the

e RN S
s MG YK
FO1 F02 FO3 F04 FO5 F11 F12

Fig. 2 CreaCube successful figures
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FO6 FO7 FO9

Fig. 3 CreaCube figures with limited potential to be successful

.= SN ) \. W Wy

Fo8 F10 F13 F14 F15  F16 F17 F18

Ny i <

'l'

N Iu .‘u

F19 F2g F21 F22 F23

Fig. 4 CreaCube unsuccessful figures

agreement rate based on the total number of observations made at each moment.
We considered a difference less than or equal to 1 s to be the same moment, and if
the coders were evaluating the same observation with more than 1 s of difference,
the observations were considered different. For example, if three observations were
made of a moment by coder #1, we verify whether coder #2 had the same observa-
tions. If two of the three observations were the same, the agreement rate for this
moment was 0.6. The researchers scored 74 and 91 points, respectively, for an inter-
rater reliability score of 0.813 on 1 point.

Results

The data analysis developed through the 24 dyads allowed us to answer the 6
hypotheses of this study. The analysis of the relation among the group process and
the creative components was developed through Spearman’s rank correlation coef-
ficient for nonparametric data.
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The task performance was analyzed through activity duration as a timing factor
that could influence the creativity components. The results showed no link between
the activity duration and the VMT dimensions of conversation (H1 rejected) and
social interaction (H3 rejected). There was a weak link between task duration and
VMTp, the problem-solving dimension (r = 0.350, p = 0.015). Thus, H5 could not
be confirmed. However, this weak relation highlighted that the participants who
needed more time to solve the task appears to be those who engaged more in prob-
lem-solving interactions. The problem-solving dimensions unfolded in 12 units of
analysis. When evaluating the relation between the specific problem-solving units
and the task duration, we observed a weak link between the duration of the activity
and VMTpO09 (reflect, real understanding) (» = 0.331, p = 0.021). The participants
who needed more time to develop the task were also those who engaged more in
reflection and shared their hypotheses with each other. There was a moderate link
between the duration of the activity and the on-task discovery of the affordance of
the magnets of the cubes cAF02 (r = 0.414, p = 0.003) and a weak link between
duration and the discovery of the affordance of the sensor cAF05 (r = 0.351,
p = 0.015). The participants took more time to finish the task when the magnetic
properties were identified later in the task.

In terms of internal coherence, the CreaCube creative components were sig-
nificantly correlated with each other. Fluidity was strongly related to flexibility
(r=0.937, p <£0.001) and innovation (r = 0.684, p = < 0.001). Additionally, there
was a strong link between innovation and flexibility (r = 0.700, p < 0.001). Fur-
thermore, there was a moderate link between the number of figures made together
and fluidity (r = 0.406, p = 0.004) and flexibility (» = 0.428, p = 0.002). From this
perspective, collaboration seemed to increase the possibility of creating a greater
number of different figures.

There were fewer VMTc units (n = 53, M = 1.10, SD = 1.53) than VMTs units
(n =198, M = 4.12, SD = 2.34) and VMTp units (n = 129, M = 2.68, SD = 2.05).
The participants who engaged more in conversation showed weak link between flu-
idity (r = 0.297, p = 0.040) and innovation (r = 0.285, p = 0.050). Specifically, the
participants who engaged in VMTc12 (agree) (n = 28, M = 0.58 SD = 0.73) and
VMTcl13 (disagree) (n = 12, M = 0.25 SD = 0.66) showed that the participants
could benefit both from agreeing and disagreeing. No correlation was found in terms
of fluidity (H2a rejected), flexibility (H2b rejected) or innovation (H2c rejected).

The VMT social dimension showed no correlation with Guilford’s components
(H4a and H4b were rejected, and H4c was partly accepted). Within the social
dimension, the participants engaged more often in VMTs07 (collaborate) (n = 65,
M = 1.35 SD = 0.95), though there was a moderate link between the unit VMTs08
(support) and the innovation component (r = 0.662, p = 0.005), allowing us to
consider H4c, which led us to observe that in a more supportive climate, the par-
ticipants were more eager to create innovative figures. Furthermore, there was an
internal weak link within the social dimension between VMTs07 (collaborate) and
VMTs08 (sustain climate, support) (r = 0.345, p = 0.016), suggesting a possible
correlation among the participants being supportive of each other and an increase in
their collaboration.
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The VMT)p problem-solving dimension was weakly related to task duration. Par-
ticipants who spent more time completing the task showed a greater number of fig-
ures (fluidity) and more different types of figures (flexibility). The results showed
a weak link between VMTp problem-solving and fluidity (r = 0.324, p = 0.025),
which did not support H6a, and between problem-solving and flexibility (r = 0.343,
p = 0.017), which did not confirm H6b. The results showed no link with innovation,
leading us to reject H6c. More specifically, in the single-unit analysis, the results
showed a weak link between VMTp04 (performing problem-solving) and fluidity
(r = 0.302, p = 0.037) and flexibility (r = 0.308, p = 0.033), suggesting that the
participants who were able to engage in problem-solving were more eager to build
a greater amount of figures and more different types of figures. Furthermore, there
was a very weak link between VMTpO02 (elaborate a problem-solving strategy) and
VMTp04 (perform problem-solving) (r = 0.297, p = 0.040), suggesting a positive
correlation between discussing a strategy together and pursuing an appropriate per-
formance. For example, p280, who acted passively within his dyad, executed zero
VMTp units and built zero figures, scoring zero points in both problem-solving and
Guilford’s creativity components.

The relation between group processes and Guildford’s creativity components
(H7a—c) showed a correlation between activity duration and innovation (r = 0.320,
p = 0.026), confirming H7c. The participants who took more time to solve the Crea-
Cube task were more eager to build innovative figures. The lack of a correlation
between task duration and fluidity (H7a) and flexibility (H7b) led us to reject these
two hypotheses.

There was a link between the number of figures made together within the dyad
and Strijbos’ VMT conversation unit VMTc12 (agree) (r = 0.329, p = 0.023), which
partly confirmed H8a. The participants who showed more agreement interactions
were also more eager to build figures together. The lack of a relation between the
number of figures made together and the social interaction and problem-solving
dimensions led us to reject H8b and HS8c.

We summarize the findings in Table 1.

In next sections, we introduce the results in relation to the affordances, the emer-
gent role attribution during collaboration within the dyad, collaboration after prob-
lems and positive climate in problem-solving.

Affordances

Affordances are an important aspect in the CreaCube problem-solving task. We
observed a relation between the CreaCube task duration and the moment the par-
ticipants noticed the affordances of the device, especially the magnets of the cubes
(affordance cAF02), showing that they were not just performing a trial/error behav-
ior but engaging in real understanding. We can observe the discovery of the affor-
dances as a relevant factor increasing dyads’ collaboration. It appeared that after
these “small wins” related to the discovery of the affordances, the participants’
engagement, confidence and positivity increased. In the case of dyad bin0O1, par-
ticipant p279 manipulated individually until 55 s. After the discovery of the first
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affordance (affordance cAFO1), participant p218 also started to manipulate. Discov-
ering the affordances allowed the participants to bond and reinforced their positiv-
ity and confidence. Furthermore, we noticed a vicarious learning (Bandura 1965)
phenomenon through the observation of the affordances of the material. The par-
ticipants seemed to learn by simply observing each other. In the case of dyad bin06,
p229 determined the affordance of the magnets of the cubes (affordance cAF02) by
observing participant p228. This happened very smoothly within a second.

Emergent role attribution during collaboration within the dyad

In the CreaCube task, specific roles were not assigned to the participants. However,
they engaged in specific roles in an emergent division of labor (Engestrom et al.
1996). Often, it happened that one participant behaved as the “brain” (reflecting and
proposing strategies but more reticent to touch the cubes), and the other behaved as
the “hand” (usually the more proactive person, who was not eager to let the other
participant access the cubes until he/she realized that he/she was not able to suc-
ceed on his/her own). The emergent way of distributing roles among a group has
often been observed to be related to knowledge and competency heterogeneity. The
literature review of Duque Reis et al. (2018) identified studies in which the perfor-
mance of heterogeneous groups in online environments was more effective than that
of homogeneous groups (Al-Dujaily and Ryu 2007), while in other studies, homo-
geneous groups achieved better results than those presenting different traits (Man-
ske et al. 2015). In the CreaCube task, we observed in dyad bin02 that participant
p221 was domineering and restricting his more submissive teammate’s access to the
manipulation of the cubes. However, this domination dynamic changed when domi-
neering participant p221] faced a recurrent problem of imbalance. At this moment,
participant p220 supported his domineering teammate by providing important cues
to overcome the imbalance problem (VMTs08, support). The initially submissive
p220 showed at this moment that he was more open to trying other solutions and
built a figure that allowed the dyad to succeed in the task. At the end of the activity,
p220 showed an increase in confidence, while p22] seemed to be disappointed in
not being the one who led the dyad to success. In contrast, in dyad binl0, partici-
pant p239 was not willing to touch the cubes, but p240 was finally able to engage
him at 110 s on 170. Furthermore, in the case of dyad binl1, both participants were
unwilling to collaborate and touched the cubes only at 45 s after asking whether they
needed to work together on the resolution process. In this case, a leader figure was
missing.

The CSCL environment defines orchestration as a series of efficient, support-
ive, coordinative actions in performing a learning activity (Fischer and Dillenbourg
2006). This is still a challenge (Dillenbourg et al. 2009), and there is a need for fur-
ther studies to understand how, and to what degree, the experimenter should orches-
trate the activity to facilitate collaboration.
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Collaboration after problems

Collaboration does not occur spontaneously from the initial moments of the task.
Collaboration can be observed after the first exploration process, which is developed
by each member of the dyad independently. Synchronicity in collaboration occurs in
certain specific moments, which alternates with moments of individual inquiry. In
the case of dyad bini8, after encountering a series of six problems, we can observe a
decrease on the collaboration leading them to a behavior in which a participant col-
lect all the cubes to work alone on the task.

Other problems encountered during the task, such the rotation problem, leads to
disagreement within the dyad. The results showed a link between VMTc13 (disa-
greeing) and problem P02 (rotation) (r = 0.286, p = 0.049), suggesting that the par-
ticipants tended to disagree on how to solve the rotation problem of the artifact.

Problems encountered during the task were also helping the problem-solving
process by helping to identify the configuration which required to be excluded. We
noticed that the participants tended to reduce the problem space by excluding the
nonworking aspects learnt through the analysis of certain problems happening dur-
ing the task. Once the participants were certain that an aspect of the task was not
working, they excluded (inhibited) it, helping the dyad to advance in other solutions
if they remembered (by short-term memory) the aspects that should be excluded.
This was the case of dyad bin06: p228 said, “For sure, this is not working”, refer-
ring to the fifth attempt to solve the task by building FO7 and incurring in imbalance
problem (PO1).

Positive climate in problem-solving

A positive emotional climate has been observed to support problem-solving (Rich-
ardson and Mishra 2017). In this study, we also noticed that a specific group pro-
cess could be related to a positive emotional environment. For example, there was
a link between VMTs09 (greet, cheer) and VMTp04 (perform problem-solving)
(r=0.288, p = 0.047), suggesting that being able to perform an appropriate strategy
requires the participants to develop a positive climate within the social interaction
dimension (Richardson and Mishra 2017). To do so, further studies on the CreaCube
task can consider the group familiarity as a possible factor influencing the social
interaction dimension (Janssen et al. 2009).

Discussion

The group process in CSCL has been studied in relation to mathematical tasks
within the VMT project. Group creativity has been explored in terms of shared
meaning development in VMT (Sarmiento and Stahl 2007, 2008) but has not
been operationalized in terms of the AUT creative components of fluidity, flex-
ibility and innovation. Through this study, we observed some relations between
these creative components and the VMT group process that were coded based on

@ Springer



J. Comput. Educ.

the conversation, social and problem-solving dimensions developed for the analy-
sis of group process in the VMT environment. An important finding in this study
is the time required for efficient creative problem solving. Participants engag-
ing more time to solve the task engaged not only more in problem-solving inter-
actions with their dyad but also in building more innovative and joint figures.
Compared to individual learning, collaborative learning might require a greater
investment in terms of time and transactional efforts. It is relevant to note that the
dyads usually started exploring the cubes individually (for example, p250 started
manipulating the blue and red cubes, and p251 started with the white and black
cubes), but at some point, there was a need to exchange them. Due to this fact, at
the beginning, a single participant could dispose of just two cubes at a time, and
it might take longer to determine the special features and thus to succeed in the
task (e.g., binl5). The results showed a weak correlation between a longer activ-
ity duration and innovation (r = 0.320, p = 0.026), leading us to partially confirm
H7c. Moreover, building figures together seemed to increase the possibility of
creating a greater number of figures, partially validating hypothesis H8a. How-
ever, no relevant correlations were found among the VMT conversation group
process and Guilford’s AUT components, leading us to reject hypotheses H2a—c.
No prior studies have analyzed this relation.

Within the dyads participating in this study, there was no relation among task
performance and the VMT dimensions of conversation (H1), social interaction (H3)
and problem-solving (HS). Despite the lack of relation, the analysis of the interac-
tions shows the existence of the exploratory talk within the day, a type of dialogical
inquiry within a problem-situation (Wegerif 2005).

Instead, the group process seemed to have an impact on creativity when the par-
ticipants engaged in the social dimension. Especially when the participants were
involved in supporting (VMTs08) each other, they increased in terms of innovation
(H4c). This in an important result, which resonates with the importance of a positive
team climate for supporting creativity (Richardson and Mishra 2017). Furthermore,
in some cases, nonverbal collaboration appeared to be a factor preventing dropout:
this was the case for p218, who gave up at 265 s. His partner, participant p27/9 was
supporting (VMTs08) at 280 s, and they succeeded at 310 s. No participants who
played the CreaCube task in a dyad dropped out of the task. In contrast, we had
dropouts in the individual data collection context with older adults (Romero 2019b).
We will pursue our research further to compare individual and dyadic problem-solv-
ing in the CreaCube task in further studies to analyze not only the differences in
terms of performance but also in terms of creativity.

The link between the VMTp problem-solving dimension and Guilford’s AUT cre-
ativity components was weak, leading us to reject H6a—c. Though the results showed
a weak correlation between the units studying a strategy (VMTp02) and performing
problem-solving (VMTp04), we observed this pattern appearing in multiple groups.
This was the case for p226, who stated, “We need to do something with balance”.
p227 put the cubes to the side to balance them. Sometimes the attitude was not posi-
tive enough to arrive at a solution. This was the case for p276, who stated, “We need
to find the wheels”. p277 responded, “But how?” and no problem-solving action
followed. This led us to consider deepening our study by assessing, in addition to the
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VMT coding schema (Strijbos et al. 2006) dimensions of conversation, social inter-
action and problem-solving, a fourth dimension related to the emotional climate.
The sample size of this study is limited due to the level of detail required for develop-
ing a microgenetic analysis of the group processes in dyadic problem solving. Despite
the sample size limit, the participants are homogeneous in terms of age and profile. The
analysis of dyads permits to analyze the group process in a more controlled way than
larger groups. However, we consider the analysis of larger groups in further studies to
analyze the team size factor in group processes and creative behavior in CSCL tasks.

Conclusion

Group process assessment in CSCL are important to be studied not only in the con-
text of online forums (Lin et al. 2017; Hong et al. 2014), domain-specific environment
(Stahl et al. 2004) but also in tangible constructive tasks such CreaCube. The results
of this study are aligned with prior research in CSCL, which highlight the fact that
uniting learners in a collective task is not a sufficient condition to ensure collaborative
learning (Beers et al. 2005). The learners need to authentically commit their energy
to mutual negotiation to elaborate a common understanding of the task (Dillenbourg
et al. 2009) and engage in an exploratory talk which can support the inquiry and crea-
tive process (Wegerif 2005). Learners must engage in co-construction and share in the
meaning of the task via different group processes (Stahl 2006). By exploring the con-
versation, social interaction and problem-solving dimensions, the CreaCube task allows
us to operationalize the relation between the creativity components and the conversa-
tion, social interaction and problem-solving aspects of the group processes in dyadic
collaboration. The specificities of collaboration through “visuo-spatial constructive
play objects” (VCPOs, Ness and Farenga 2016) bring new perspectives to the way we
study the CSCL group processes and can be fertile soil for advancing the understanding
of the relation between creative components and the group processes not only in text-
based environments such the VMT (Stahl et al. 2004; Strijbos 2009) but also in tangi-
ble constructive objects. The importance of the educational contributions of this study
relies mainly on the role of group processes, specially related to a positive emotional
environment, which allows the group to better perform. The educational community
should consider and support a positive emotional environment in order to support the
collaborative problem-solving activities.
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