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Abstract

ENGLISH VERSION

The field of collaborative problem-solving has been gaining interest over the last
decades. However, we are still far from getting a complete picture of its functioning.
One of the reasons is undoubtedly its underlying complexity. Indeed, a compre-
hensive understanding of collaborative problem-solving requires paying attention
to various phenomena that dynamically interact when people try to solve problems

together.

The present thesis aimed at deepening the understanding of collaborative problem-
solving at four main levels. The first contribution is an extensive review of the
current state of research on various personal and interpersonal processes playing
a role in collaborative problem-solving. To this end, we reviewed scientific contri-
butions from different fields of research concerning the cognitive, motivational and
relational aspects of collaboration. The second contribution is the construction of
an integrative model that considers how these afore-mentioned dimensions inter-
act during collaborative problem-solving at the personal and interpersonal levels.
Moreover, the pervasive role of emotions as a source of information and regulation
in each of these dimensions is also highlighted, challenging the classic dichotomy
between socio-cognitive and socio-emotional spaces of collaboration classically pre-
sented in the literature. All in all, this model is intended to provide a theoretical
framework for further research in this domain. The third contribution concerns the
study of some ways in which emotional processes influence collaborative problem-
solving. Four studies explored the impact of self-experienced emotions, explicit
sharing of emotions and emotion regulation dispositions on collaborative exchanges
and the perception of different aspects of the collaboration. Finally, as a fourth con-
tribution, we build on the findings uncovered in this thesis and the literature to

propose new promising avenues for future research in this domain.



vi

FRENCH VERSION

La résolution collaborative de probleme suscite un intérét croissant ces dernieres
décennies. Cependant, nous sommes toujours loin d’avoir une vision complete de
son fonctionnement. Une des raisons est sans doute sa grande complexité. En effet,
une compréhension complete de ce domaine nécessite de prendre en considération
une grande variété de phénomeénes qui interagissent entre eux lorsqu’on résout des

problémes ensemble.

Cette these vise a approfondir la compréhension de la résolution collaborative de
probléme grace a quatre principales contributions. La premiére contribution est
un examen approfondi de la littérature en lien avec différents processus personnels
and interpersonnels jouant un réle dans la résolution collaborative de probleme. A
cette fin, nous avons examiné des contributions scientifiques de différents champs
de recherche en rapport avec les aspects cognitifs, motivationnels et relationnels de
la collaboration. La deuxiéme contribution est la construction d"un modele consid-
érant comment les différentes dimensions susmentionnées interagissent durant la
résolution collaborative de probleme aux niveaux personnels et interpersonnels. De
plus, le role pervasif des émotions comme une source d’information et de régulation
de ces différentes dimensions est mis en avant, remettant en question la dichotomie
entre les espaces socio-cognitifs et socio-émotionnels classiquement présentée dans
la littérature. En résumé, ce modele vise a fournir un cadre théorique pour les fu-
tures recherches dans le domaine. La troisiéme contribution concerne I'étude de
différentes manieres selon lesquelles les émotions influencent la résolution collabo-
rative de probleme. Quatre études explorent I'impact des émotions ressenties, du
partage explicite des émotions et de la disposition a réguler les émotions sur les
échanges collaboratifs et la perception de différents aspects de la collaboration. Fi-
nalement, la quatrieme contribution consiste, sur la base des résultats obtenus et de
la littérature, a proposer de nouvelles pistes de recherche dans le domaine.
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Chapter 1

INTRODUCTION

Since the last decades, the labor market has been facing an increasing need for jobs
dealing with new complex scienti ¢, environmental, technological and societal is-
sues that require non-routine skills such as collaborative problem-solving (World
Economic Forum, 2015). However, in the 2015 international assessment of collabora-
tive problem-solving conducted as part of the Programme for International Student
Assessment (PISA), less than 30% of students succeeded at solving the lowest com-
plexity test and less than 10% scored at the highest level. Besides, employers report
a clear gap between their needs in terms of collaborative problem-solving skills and
the current graduates' competencies and perception of competencies in this domain
(Fiore et al., 2018).

If different reasons can be proposed to explain why people have dif culties to solve
problems together (e.g., lack of accurate knowledge about what is collaboration, lack
of functional collaborative routines), we think that collaborative problem-solving
primarily suffers from a lack of understanding of its complex nature by the scienti ¢
community itself. Therefore, it is especially challenging for educators to scaffold the
students' acquisition of ef cient collaborative problem-solving skills. A research ef-
fort is thus highly desirable to deepen the theoretical understanding of collaborative
problem-solving.

Nearly twenty years ago, a pioneering article from Barron (2003) highlighted, for ex-
ample, that purely cognitive variables could not plainly explain how groups succeed
at solving problems together. If cognitive abilities play undoubtedly a fundamental
role in problem-solving outcomes, it is not a suf cient condition. People often fail to
be successful at collaborating for various reasons that do not depend only on their
cognitive abilities to deal with the problem in question such as motivational or rela-
tional issues.

Therefore, the necessity to open the study of collaborative problem-solving to other
kinds of group processes has become blatant. Until now, collaborative problem-
solving has mostly been understood as an activity implying the management of two
spaces of interaction, one dedicated to the socio-cognitive processes, the other dedi-
cated to the socio-emotional and social processes (Kirschner & Van Bruggen, 2004).
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Number of studies have since explored these socio-emotional and social aspects,
which cover numbers of processes not dedicated to speci cally solving the task such

as affective/emotional (e.g., Andriessen et al., 2011; Baker et al., 2013), motivational
(e.g., Jarveld and Jarvenoja, 2011) or relational (e.g., Isohatélé et al., 2019) processes.

If the cognitive/problem-related space of collaboration has been described in some
detail (see for example the comprehensive model of Decuyper et al., 2010), the so-
cial space of collaboration encompasses numbers of intertwined motivational and
relational aspects, sometimes conceptually unrelated to each other, that makes them
more challenging to investigate.

Therefore, one part of the work described in this thesis concerns an attempt to go one
step further in the theoretical description of the different processes that play a role
in collaborative problem-solving. This work has required to conduct an in-depth in-
vestigation of the literature about various and somewhat unrelated elds of research
that account for speci ¢ aspects of collaborative problem-solving. In chapter 2, we
describe the different personal and interpersonal processes that intervene in collab-
orative problem-solving. Our overview of the literature covered the cognitive, mo-
tivational and relational processes in group interaction, collaborative learning and
computer-supported collaborative learning and work, and collaborative problem-
solving. Moreover, we built on these various research contributions to go further
than the commonly described double space of collaboratiand propose the rst ver-
sion of a new cognitive and interactional model of collaborative problem-solving,
the three-level model of collaboration.

A second part focuses on emotional processes and their role in collaborative
problem-solving. In our view, emotional processes are too often assimilated to
the relational aspects of the collaboration. This is even more pregnant when non-
problem-related aspects of collaboration are referred to as the socio-emotional space
of collaboration. Contrary to this idea, we highlight in  chapter 3 the role of emo-
tions in collaborative problem-solving and how it can affect not only the relational
but also the cognitive and the motivational dimensions of the collaboration.

In chapter 4, the main objectives of the thesis research are explained, with the idea
to provide empirical evidence of the role of emotional processes in collaborative
problem-solving. Four studies have been described in which different emotional
processes (subjective feelings, explicit sharing of emotions and interpersonal emo-
tion regulation dispositions) have been studied in relation to the cognitive, moti-
vational and relational dimensions of collaborative problem-solving. In the differ-
ent studies presented in this thesis, computer-supported collaborative environments
have been used. These environments made it possible to gain better experimental
control on the variables studied. This choice also echoes the crucial role of computer
tools to scaffold non-routine interpersonal skills, as pointed by the World Economic
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Forum (2015). For these reasons, we decided to involve our participants in differ-
ent realistic computer-supported collaborative environments to be in tune with the
increasing role of computer tools in collaboration.

In chapter 5, we studied the impact of self-experienced emotions, and especially a
speci ¢ kind of self-experienced emotion called achievement emotions, on the per-
ception of socio-cognitive processes of collaboration. In chapter 6, we studied the
impact of explicit emotion sharing on socio-cognitive and socio-relational commu-
nicative exchanges. Inchapter 7, we studied the interaction between explicit sharing
of emotions and interpersonal emotion regulation dispositions on socio-relational
perception.

Finally, in chapter 8, we propose a summary of the main contributions of this thesis
and give promising avenues for future research in this domain.






Chapter 2

MULTI-DIMENSIONAL
DESCRIPTION OF
COLLABORATIVE
PROBLEM-SOLVING

This chapter presents a literature review in the domain of personal and interpersonal
problem-solving and learning and integrate them into a cognitive and interactional
model of collaborative problem-solving (Figure 2.4). In line with this model, the
theoretical contributions reviewed are divided in a rst section dedicated to cogni-
tive and motivational processes at the personal level and a second section covering
cognitive, motivational and relational processes at the interpersonal level.

2.1 General de nitions

2.1.1 Whatis a problem?

Problems are omnipresent throughout daily life, and problem-solving is, therefore,
an everyday activity. Getting into a given place in an unknown city or sending
a rocket into space both imply problem-solving, at different levels of complexity.
When a discrepancy arises between a current condition and the imagined state that
we desire, we encounter a problem (Robertson, 2016, p. 2). More speci cally, a prob-
lem is “a situation in which one's current state differs from some goal state, and
in which there is some uncertainty as to whether or how the goal can be achieved,
within any relevant constraints, such as time” (DeYoung et al., 2008, p. 278). A prob-
lem has different features that we brie y discuss here (for more detail, see Robert-
son, 2016, pp. 20-24). First, a problem can be knowledge-lean or knowledge-rich.
A knowledge-lean problem does not require much prior knowledge from solvers
other than general knowledge. A knowledge-rich problem, however, generally im-
plies more speci ¢ knowledge about a particular domain (e.g., thermodynamics).
Second, a problem can be semantically-lean or semantically-rich, depending on how
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it requires the solvers' experience of the problem. For example, cricket may seem
particularly puzzling for a rookie but completely meaningful for an avid fan. Fi-
nally, a problem can be well or ill-de ned, depending on how well the problem
components are speci ed. For example, a problem is well-de ned when its initial
and goal states, as well as the available operations available to solve it, are clearly
stated (e.g., a recipe) (Gilhooly, 2012, p. 3; Robertson, 2016, p. 20). In other words, a
well-de ned problem has a precise problem formulation. In this way, its resolution is
straightforward as long as the problem solver has the relevant knowledge and skills.
However, in everyday life, problems tend to be ill-de ned, i.e., uncertainty exists re-
garding how to reach the solution. In this case, the problem formulation is unclear.
For example, the problem of how to nd a life partner is ill-de ned because even

if the goal state appears bright, the path to the solution is somewhat fuzzy. Hence,
the challenge in solving an ill-de ned problem is often to clarify the problem, i.e.,

to transform it into a well-de ned problem. Since the 1970s, the complex problem-
solving eld has emerged, following a shift of emphasis from the early study of
well-de ned and straightforward problems to more complex, dynamic, ill-de ned,
and realistic problems (Fischer et al., 2011).

2.1.2 What is problem-solving?

Problem-solving is one of the various learning activities (Wasserman & Davis). It
refers to a form of information processing, consisting of manipulating symbols and
meanings to solve problems. It has a number of formal de nitions (Frensch &
Funke, 2014). The most restrictive and amusing one might come from Wheatley
(1984), who states that problem-solving is nothing more than "what you do when
you don't know what to do." Heppner and Krauskopf (as cited in Frensch & Funke,
2014, p. 375) provide a more functional de nition in that "problem-solving is de-
ned as a goal-directed sequence of cognitive and affective operations as well as
behavioral responses for the purpose of adapting to internal or external demands or
challenges.” Problem-solving is often a complex process as it involves errors, false
starts, and sometimes failures. It includes different phases in a cyclical and iterative
process (Carlson & Bloom, 2005). In order to solve a problem, the problem solver
must go through several stages more or less linearly such as (1) identifying the prob-
lem, (2) de ning the problem, (3) developing a solution strategy, (4) organizing the
required knowledge, (5) allocating resources for solving the problem, (6) monitoring
the progress, and (7) evaluating the solution (Pretz et al., 2003; see also Polya, 2004).

As we will see further and contrary to the layman's idea, problem-solving not only
involves basic skills (i.e., cognitive components; Sternberg et al., 1985) but also what
Mayer (1998) calls metaskills and will. According to this author, if basic cognitive
skills are necessary, there are not, however, a suf cient condition to successfully
solving complex problems. Basic skills also need to be orchestrated and controlled
(metacognitive factors) for problem-solving to be successful. Furthermore, will (i.e.,
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motivational factors) also comes into play as individual interest, self-ef cacy, and at-
tribution (i.e., the ascription of the cause of success and failure) in uence persistence
on the task. Following sections will describe in more detail the different processes
involved in problem-solving at the personal level.

2.1.3 What is collaborative problem-solving?

Collaboration is an essential tool in our modern organizations, where no single in-
dividual is often capable of accomplishing complex projects alone (Dechant et al.,
1993). Not surprisingly, the need for collaboration is increasing all around the world,
as more and more employees work in teams to solve non-routine problems (Fiore
et al., 2017). An important question that arises when we are moving from single-
handed to joint problem-solving is the nature of the changes taking place. Research
strongly suggests that collaboration goes far beyond a simple pooling of knowledge
and skills, promoting intersection and ampli cation that produce emergent charac-
teristics (Kozlowski & Bell, 2007).

When we think about people solving problems together, two terms generally come
to mind: collaboration and cooperation. If these two terms have a relative corre-
sponding general de nition in colloquial speech and have more similarities than dif-
ferences (Kreijns et al., 2003), some authors in the scienti c literature make, howevet,
a clear difference between them. Interestingly, the meaning of cooperation from one
author sometimes meets that of collaboration from another. For example, Mclnner-
ney and Roberts (2009, p. 205) describe the adjective cooperative as "to work or act
together as one to achieve a common goal, while tending to de-emphasize the input
or particular individuals". Conversely, Dillenbourg (1999) highlights the fact that
collaborative problem-solving relates to a situation where people do work together
and shares a common goal. In this thesis, we will refer to the general de nition given
in Borge and White (2016, p. 324), who de ne collaboration as a "synchronous activ-
ity that occurs as individuals engage in collective thought processes to synthesize
and negotiate collective information in order to create shared meaning, make joint
decisions, and create new knowledge". As regards to collaborative problem-solving,
the Programme for International Student Assessment (PISA) de nes it as the "capac-
ity of an individual to effectively engage in a process whereby two or more agents
attempt to solve a problem by sharing the understanding and effort required to come
to a solution and pooling their knowledge, skills, and efforts to reach that solution.”
(Fiore et al., 2017, p. 6). According to Dillenbourg (1999), a situation is collabora-
tive when it meets several criteria. First, a collaborative setting assumes symmetry
of actions, i.e., partners have access to the same repertoire of available actions (see
Dillenbourg and Baker, 1996), symmetrical knowledge between partners , i.e., both
can usefully bring their expertise to solve the task. The pursuit of a shared goal also
characterizes a collaborative situation. As mentioned in Dillenbourg (1999), partners
may not have the same personal expectations in pursuing a prede ned goal. Hence,
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the shared goal sometimes needs to be negotiated among partners. Third, the col-
laboration re ects a spontaneous division of roles throughout the task, which are
exible and interchangeabile (i.e., horizontal division of labor). On the contrary, co-
operation implies a division of labor, in the sense that partners split the work into
xed and independent sub-tasks and then assemble their work into a nal output
(i.e., vertical division of labor). In this thesis, we will generally use the term collabo-
ration as de ned in Dillenbourg (1999).

During the last decades, advances in information and communication technologies
have profoundly impacted the study of collaborative learning. Two elds of re-
search, namely Computer-Supported Collaborative Work (CSCW) and Computer-
Supported Collaborative Learning (CSCL), have emerged focusing on collaborative
work and learning and the use of technologies to scaffold them. CSCW addresses
the role of technologies to support group work (Grudin, 1994). In contrast, CSCL fo-
cuses on how technologies can be used to improve group learning by, for example,
using representational tools to stimulate mutual awareness of knowledge/feelings
or scripts to structure group members' interaction (Suthers, 2012). Both CSCW and
CSCL draw on various elds of research dealing with some aspects of the complex
system that is collaboration, such as education, educational psychology, cognitive
psychology, social psychology, organizational psychology, sociology, affective sci-
ences. These two elds of research involve research on the generic functioning of col-
laborative learning/work (CL/CW), research on computer-supported tools for col-
laboration (CS) and research on the psychological, social, and organizational effects
of tools that support collaborative learning/work (CSCL/CSCW) (Sangin, 2009). As
part of this thesis, although the collaborative tasks we designed involve the use of
computer environments, our focus is not on the role of technologies in collaborative
problem-solving per se but rather on the generic individual and collaborative pro-
cesses taking place both in face-to-face and computer-supported settings. Therefore,
we will refer to various research in both the CSCW and CSCL elds, focusing mainly
on the CL/CW parts.

2.2 Personal aspects of problem-solving

This section describes various scienti ¢ contributions related to the cognitive, meta-
cognitive, motivational and meta-motivational processes occurring at the personal
level during collaborative problem-solving.

2.2.1 Cognitive processes

Cognitive processing refers to different abilities of mental functioning, such as mem-
orizing and remembering, inhibiting, focusing attention, or reasoning (Robinson,
2012). Problem-solving relies on some of these cognitive abilities to solve problems
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ef ciently (Robertson, 2016, p. 21). These cognitive processes have built-in limita-
tions in terms of capacity. First, working memory is a critical component of cog-
nition as it is involved in a wide variety of online processing, including language,
imagery, creativity, among other things. Its role in analytic problem-solving is well
demonstrated (Fleck, 2008). The limited capacity of working memory compels how
much information we can keep in mind, which hinders the use of problem-solving
strategies requiring to keep countless information in mind (Gilhooly, 2012, p. 7).
Our ability to properly encode information in the environment is also awed, so
that much information may be improperly coded or lost. Besides, the information
we manage to store suffers from distortion, due to environment interferences and
prior expectations. As a result, not only is the information coming back to mind
sparse but often inaccurate. Last but not least, we hardly keep a constant level of
attention over time, making our performance somewhat unstable (Robertson, 2016,
p. 32). Consequently, all these limitations tend to compel the way we solve problems.
Because of the non-exhaustiveness of the lower-level cognitive processes outlined
above, humans need to reduce the available information. This is achieved by vari-
ous higher-level processes. Examples include processes like analysis (i.e., breaking
down a complex problem into few manageable elements) or synthesis (i.e., putting
together various elements to arrange them into something useful).

Problem-solving is bound to the three commonly described general types of rea-
soning, namely inductive, abductive and deductive reasoning. Inductive reasoning
refers to the capacity to generalize from speci ¢ facts or observations. In problem-
solving, inductive reasoning consists of using existing knowledge to make predic-
tions about novel cases (Hayes et al., 2010). Induction can be liberal (generalization
for single instances) or enumerative (generalization from a sample to a population).
According to Sternberg et al. (2011, p. 520), inductive reasoning plays two signi -
cant roles. First, it helps people to extract meaning from their environment through
the establishment of general rules. Second, it helps to hypothesize the future in
reducing the uncertainty of events. However, as induction always consists of gen-
eralizing based on limited observations, it could be a source of overgeneralization
and leads to false inferences. Therefore, we can never reach a de nitive conclusion.
For this reason, people generally tend to adopt conservative inductive reasoning in
problem-solving, i.e., they are cautious about how much they are willing to general-
ize (Robertson, 2016, p. 128). As a result, people generally tend to adoptabductive
reasoning, i.e., from a given a set of observations, they conceive the likeliest possi-
ble explanation for it (Douven, 2017). Conversely, deductive reasoning consists of
starting from a general statement to draw a reasoned conclusion (Sternberg et al.,
2011, p. 507). An example of deductive reasoning is conditional reasoning, based
on a "if p then g. p, therefore g" proposition (e.g., if Myriam goes to the University of
Geneva, then she is a studeBhe goes to the University of Geneva. Therefore, she is a
student). Similarly to inductive reasoning, deductive reasoning may lead to wrong
conclusions. Deductive validity is indeed not equivalent to truth but depends on the
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truthfulness of the premises. For example, in our example, although our deduction
is logically valid, it is not necessarily true because the premise If Myriam goes to the
University of Geneva, then she is a studenhot true. Indeed, she could be a professor.

Problem-solving mobilizes two well-known types of thinking that are based on the
aforementioned inductive, abductive and deductive reasoning, namely divergent
(also referred to as lateral) and convergent thinking (also referred to as vertical)
thinking. Divergent thinking represents the generation of many new possible so-
lutions to a speci ¢ problem in a short period of time (Razumnikova, 2012). It is
classically associated with four types of cognitive processes, namely uency (i.e.,
ability to produce rapidly a large number of ideas), exibility (i.e., the ability to
generate multiple problem solutions), originality (i.e., the ability to generate gen-
uine ideas) and elaboration (i.e., the ability to detail a problem solution) (Guilford,
1967; Razumnikova, 2012). Although divergent thinking appears to be an essential
component of creativity in problem-solving, it cannot be completely reduced to it.
Especially, along with divergent thinking, creative ef ciency also demand the ability
to gure out rapidly a solution by applying established rules and logical reasoning,
called convergent thinking (Acar & Runco, 2012). While divergent thinking deals
with the creation of new ideas in an associative way (DeYoung et al., 2008), conver-
gent thinking is oriented toward the search of a single best solution to the problem
(Cropley, 2006). Hence, these two types of thinking are complementary and usually
co-occur in problem-solving, especially in ill-de ned problems, where the path to
the solution may be unclear. For example, while building an initial representation
of a problem involves logical analysis and reasoning, the inef ciency of a possible
solution often compels problem solvers to abandon their previous idea and discover
new outlooks.

As we just mentioned, the ability to represent a problem (also called mental formu-
lation; DeYoung et al., 2008) is an essential component of problem-solving. Newell,
Simon, et al. (1972) refer to this representation as a problem space, i.e., an internal
representation of the problem. The problem space represents all the possible actions
that can be applied to the resolution of the problem, given the constraints that apply
to the pursued solution (Sternberg et al., 2011, p. 535) or the available operators and
procedures allowing to change the current state into the goal state (DeYoung et al.,
2008; Newell, Simon, et al., 1972). Various kinds of information contribute to the
formation of the problem space. According to Robertson (2016), the task environ-
ment, i.e., the speci ed initial state and goal as well as the possible operators and
constraints, is the primary source of information. Another source of information
comes from the problem solver's own inferences, especially when the task environ-
ment is not clearly stated. However, the counterpart of this extra-information can
be its lack of accuracy with the problem, leading to some misunderstanding. The
previous experience with the problem (or an analog one) also represents a source of
information. This stored knowledge can give an edge for solving the problem, as



2.2. Personal aspects of problem-solving 11

it allows the solver to recognize a similar structure and recall comparable solving
procedures. Finally, problem solver can also use external memory, i.e., information
about the current state of the problem that we back up externally (e.g., on a paper) in
order to not overload the working memory. All this information contributes to set-

ting up the problem solver's problem space. As the state space of a problem (i.e., the
set of all the possible actions in the problem) may be much broader than the solver's
capacity to represent it, problem solver cannot be aware of all the existing possi-
bilities. Therefore, they have to nd ways of accurately limiting their search space
(Robertson, 2016). To this end, the use of reduction strategies is needed (Fischer
et al., 2011). Achieving such a reduction requires to transform the whole complex
problem in smaller and more comprehensible parts, merging bunches of elements
into useful products, and re ning the eld of possible solutions. Once the problem
space is adequately represented, solvers can choose the strategies and knowledge
they will need to solve the problem (Dérner, as cited in Fischer et al., 2011).

A critical question in problem-solving research is to understand how solvers choose
strategies and under which conditions. Solvers' experience appears to play a crucial
role in this domain, constraining the set of possible applicable strategies and elicit-
ing the best suited to a given problem. According to the type of problem at stake and
the previous experience of it, solvers must choose an appropriate method. These
methods are classi ed into two main types, strong and weak. In strong methods,
solver relies mainly on their domain-knowledge, i.e., the knowledge that applies to
a speci c eld. Strong methods are previously known for a given type of problem

so that they can guarantee the solver to get a straightforward solution in following
the appropriate algorithm, i.e., a recipe of speci c instructions. For example, as
extensive knowledge about a domain promotes a more ef cient representation of
the problem, experts generally remove more effectively irrelevant details to get a
more accurate representation of the problem and apply more effective strategies
(Chi et al., 1981). However, if domain knowledge help solvers, it could also prevent
them from incorporating new strategies or modifying core older ones. Therefore,
solvers' mental sets (i.e., a frame of mind involving an existing model for represent-
ing a problem) may lead them to xate on wrong strong strategies (Sternberg et al.,
2011). For example, Coughlin and Patel (1987) found that quali ed physicians have
more dif culties than medical students to make their diagnosis when the typical
clinical case structure is disrupted. When such domain knowledge leads solvers to
a dead end, they must reconsider their problem space, i.e., make change in their
problem space representation. The second type of method is called weak. Unlike
strong methods, weak methods are general strategies used when no appropriate
strategy is available. The feedback resulting from this rst approach to the problem
is monitored and contributes to re ning further the problem space (Robertson,
2016). Heuristics are a kind of weak methods. Unlike computers, humans cannot
compute quickly numerous possible combinations to nd a solution. However, they
can store in long-term memory turnkey solutions that can be applied to a variety of
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problems in order not to overload working memory (Sternberg et al., 2011, p. 449).
Heuristics exempt the solver to fall back in a blind trial and error process. They help
to narrow the range of possibilities toward a possible solution. However, contrary
to algorithms, they cannot guarantee to get a solution (Robertson, 2016, p. 42). For
example, the heuristic of means-ends consists of trying to decrease the distance
between the current state and the desired one by breaking a problem down in its
goal-sub-goals structure. It is the case, for example, when we try to get some distant
destination (goal). The rst thought that comes to mind is to go there by plane.
At the airport (subgoal), the distance between our current and nal destination is
indeed reduced. However, the airport is not just outside the hotel. Therefore, we
have to consider another mode of transport, allowing us to reduce the remaining
distance again. If the subway is available, it can help us to lower the remaining
distance again, taking us to the closest station (subgoal) to the hotel. Finally, we
still have to walk a few hundred meters to get our nal destination. As a clear path

to the solution is not always as clear as in this example, the problem space needs
to be continuously updated and reformulated through generation, gathering, and
integration of new information all along problem-solving (Fischer et al., 2011). New
methods also need to be explored in case of aborted attempts to the solution path.
This often requires reconsidering the problem into new meaningful ways.

In summary, collaborative problem-solving requires problem solvers to mo-
bilize lower-level (i.e., memorizing and remembering, inhibiting, focusing at-
tention) as well as higher-level cognitive processes (analysis, synthesis, rea-
soning). Reasoning encompasses three main types of reasoning, namely in-
ductive, abductive, and deductive reasoning. These reasoning types are in-
volved in divergent and convergent thinking, which co-occur in problem-
solving, especially in ill-de ned problems. During the problem-solving task,
individuals build a problem space, i.e., an internal representation of the prob-
lem, including the constraints, available procedures, and actions to be taken to
solve the problem. As the number of possible actions may be vast, individuals
use reduction strategies to circumscribe the eld of possibilities, using strong
(previously learned strategies speci c to a given problem) or weak methods
(generic problem-solving strategies).

2.2.2 Meta-cognitive processes

The various cognitive processes discussed above often require extra knowledge and
skills to use, coordinate, and monitor them ef ciently (Mayer, 1998). The aware-
ness about these aspects has led to the emergence of one of the most important
area of research in educational psychology called self-regulated learning. This eld
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of research is interested in the thoughts, feelings, and actions that teammates self-
generate and that are systematically oriented toward the attainment of their own
goals (Zimmerman, 1989).

Metacognitive processes can be de ned as the knowledge of cognitive processing
(Davidson et al., 1994) and metacognitive skills (Veenman et al., 2004). It refers
speci cally to higher-order thinking directed to the appraisal, monitoring, and con-
trol of the cognitive processes involved in problem-solving (Livingston, 2003). Find-
ing a clear dividing line between cognitive and metacognitive is not straightforward
as cognitive and metacognitive processes may closely intertwine. For example, the
same strategy may be both cognitive (self-explaining content to obtain knowledge)
or metacognitive (self-explaining content to check comprehension). However, ac-
cording to Livingston (2003), a simple criterion that could allow for disentangling
cognitive from metacognitive strategies is that cognitive strategies help individu-
als to complete the goal while metacognitive strategies ensure that the goal is being
achieved. From another perspective, metacognitive processes have a goal of recti -
cation. In this way, metacognition can be roughly seen as a representation of cogni-
tion built on incoming information from a monitoring function, informing a control
function that gets strategies underway when cognition fails (Efklides, 2011; Winne,
2011).

Metacognition encompasses metacognitive knowledge and metacognitive skills.
Metacognitive knowledge relates to stored facts about mental activities. Metacog-
nitive knowledge about persons is the general knowledge about the functioning of
self and others in problem-solving. For example, Ph.D. students may be aware that
background music with lyrics has a disturbing effect on attention. However, Ph.D.
students may also think that listening to their favorite song boost their own produc-
tivity. Second, metacognitive knowledge about tasks refers to knowledge about the
nature of the task and how it is cognitively demanding. For example, Ph.D. students
may know that writing a thesis dissertation is more demanding than writing a blog
post. Third, metacognitive knowledge about strategies refers to the knowledge
of both cognitive and metacognitive strategies and their proper use. For example,
Ph.D. students may consider that they should take notes when reading a scienti c
article in order to enhance memorization. Metacognitive knowledge does not au-
tomatically lead to effective task behavior (Veenman et al., 2004). Metacognitive
skills or skillfulness refers to procedural knowledge or strategies dedicated to the
actual regulation and control of activities and outcomes (Veenman et al., 2004). These
stages of metalevel executive processes are also called metacomponents and guide
problem-solving (Sternberg et al., 1985). It includes strategies like problem analy-
sis, planning, monitoring, checking, and recapitulation. These strategies are de ned
as sequential processes that help to check if problem-solving goals have been ad-
equately performed (Livingston, 2003). For example, self-explanation, i.e., the fact
that we explain the meaning of information to oneself, is a part of the metacognitive
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strategies as it helps to update one's own understanding.

Several models of self-regulated learning have been developed to date (see
Panadero, 2017 for a comprehensive review). In a nutshell, models tend to describe
the regulation of learning as three main stages (preparatory, performance, and ap-
praisal) in which several subprocesses occur. Three main areas of emphasis can also
be found through most of the models, namely metacognition (e.g., metacognitive
knowledge and skills), motivation (e.g., goal-directed behavior), and emotions (e.g.,
affective reactions). In this section, we will present a model with an important cog-
nitive anchorage, namely the Winne and Hadwin's model (Winne & Hadwin, 1998).

2.2.2.1 Winne and Hadwin's model

Winne and Hadwin's model (Figure 2.1) mainly outlines the meta-cognitive process-
ing that occurs during learning. It also appears to be particularly suited to problem-
solving as it describes the learning activity as repeated sequence of different opera-
tions resulting in performance and evaluations of performance.

For Winne (2011), self-regulation of cognition is consubstantial to learning. Two
crucial reasons cause people to self-regulate the content and operation they select.
First, working memory has a limited capacity and can be overloaded. Second, due
to complex or time-limited tasks, learners often undergo a lack of information or
knowledge. In this model, learning encompasses four phases, namely task de -
nition, goal setting and planning, studying tactics and strategies (or engagement),
and adaptations to metacognition (or large-scale adaptation). In the task de nition
phase, learners create a model of the task. In the goal setting and planning phase,
learners de ne goals accordingly to their model and a plan to achieve them, such
as the learning strategies. In the studying tactics and strategies phase, they imple-
ment the actions needed to reach the goals. The actual implementation of strate-
gies generates information that updates learners' knowledge and beliefs. Finally, in
the last phase, the products created and their evaluation allows learners to monitor
and adapt learning if progress deviates from the goals standards, i.e., qualities or
properties of an ideal product (Winne, 2004), and make long-term changes in their
motivations, beliefs, and strategies for the future (Panadero, 2017).

In this model, a set of processes designated by the acronym COPES Conditions ,
Operations , Products, Evaluations, Standards) represents the core component of
learning. Contrary to other models, the set of COPES processes intervene within
each phase above mentioned.

» Conditions refer to the resources available to a person (cognitive conditions)
and the constraints inherent to the task or environment (task conditions). Cog-
nitive conditions represent the set of learners' (meta)cognitive knowledge (e.g.,
domain knowledge, knowledge of study tactics and strategies), attitudes, and
dispositions coming from past learning experiences and personality. Tasks
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