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Abstract

We look at group work from a self-determination theory perspective and argue that
internalized motivation, also known as autonomous motivation, is the best condition for
productive collaboration. A perceived sense of autonomy plays an important role herein. In
collaborative projects, this autonomy is determined by: 1) the characteristics of the project, such
as choices given and the relevance of the task, and; 2) the openness and acceptance of the group.
Group dysfunction, or the fear of it, impedes autonomy, even if the task context is fully autonomy
supportive. Means of uncovering the functioning of group members, through group self-
evaluation, could reduce dysfunction or lower the fear of it. Using a full scale intrinsic motivation
inventory, we measured the impact of group self-evaluation on the quality of motivation over a 4-
year period with a total of 355 participants in a collaborative learning project in high schools
(K11). We show that, compared to the control population, students exhibit a much more
internalized motivation profile, with effect sizes in the range of medium to large for the different
parameters. We conclude that group self-evaluation primes students for autonomous motivation.
We suggest that the procedure should be applied systematically in substantial collaborative

projects.



This study approaches collaborative learning in small groups from a Self-Determination
Theory perspective (Ryan & Deci, 2000a, 2000b). It takes the point of view that when students
operate from autonomous motivation, when they are self-determined, they are more likely to take
on a collaborative learning (or working) attitude. In this introduction we first describe
collaborative learning and the ways in which collaborative effort can be stimulated, with special
attention to group evaluation. Then we give a brief description of Self-Determination Theory and
how perceived self-control, autonomy, contributes to autonomous motivation and how this, as a
consequence, can promote collaborative effort. Finally, we describe the context of the study, high

school education, and we formulate the experimental question.

Collaborative Learning and Transactive Dialogue

Collaborative efforts touches many aspects of daily life, whether it is children who play,
people at work, community activities, sporting events or cultural manifestations. It also occurs in
scholarly education, either implicitly, as a result of students’ self-regulated learning initiatives, or
explicitly, as in collaborative learning tasks. With collaborative we refer here to “the use of a self-
contained task and with the focus on joint activity with the object of creating shared
understanding” (p177, Tolmie, et al., 2010). The strength of collaborative effort lies in the creation
of conditions that lead to co-construction of meaning, a process that is mediated by constructive
conflict, also referred to as constructive transactive dialogue or shared cognition (Blatchford et al.,
2003, 2006; Garrison & Akyol, 2015; Tolmie et al., 2010; Van den Bossche et al., 2006). Indeed,
when students were asked about the main arguments for why collaboration had contributed to the
success and enjoyment of their project, their unambiguous answer was: sharing. They expressed
this in two fashions, sharing in the sense of comfort, sharing workload, skills and responsibilities,
and in the sense of co-construction, developing shared knowledge through the exchange of

thoughts and opinions (Kramer & Kusurkar, 2017).

Group Beliefs, Task Authenticity and Constructive Transactive Dialogue

Whether or not group members engage in constructive dialogues, and to what extent,

depends on a number of factors, including their perceptions of the interpersonal context of the



group. Four beliefs (group-beliefs) have been identified that influence group working:
psychological safety (inclusive group ethos, trust), cohesion (stay on task together), potency
(collective efficacy or collective competence) and interdependence (crucial information comes
from other group members) (Van den Bossche et al., 2006). For instance, when students are able
to make unique contributions to a task or when the task is complex, they exhibit less social loafing
(Harkins & Petty, 1982). Social loafing is the phenomenon that participants put less effort, less
engagement, into a group task compared to an individual task. Besides group beliefs, engagement
also depends on whether students identify with the task; they must perceive the task as complex
and relevant and not as “busy work”. The authenticity of the task, that is, group projects that
resemble real-life situations, is a determining factor in this (Asgari & Dall'Alba, 2011; Barab et
al., 2000; Blumenfeld et al., 1991; Larmer & Mergendoller, 2010; Scager et al., 2016; Visser et al.,
2017). In companies, identification with the task seems to be determined by the recognition of a
“shared purpose” (Adler et al., 2011). It is fair to say that the necessary interplay between social
and cognitive skills receives little attention in education, either in the construction of tasks, is it
really necessary to work in groups (Larmer & Mergendoller, 2010), or in the support of
collaborative tasks, what can teachers do to steer students to positive group beliefs (Blatchford et

al., 2003; Dijkstra et al., 2016).

Collaboration Steered by Teacher Interventions

What follows is that bringing people together around a task is a prerequisite but not a
guarantee of collaborative effort (Chang & Brickman, 2018). Johnson et al. (1998) therefore
formulated five key elements, referred to as “internal dynamics”, which make collaboration work.
These five elements overlap with factors that determine the aforementioned group beliefs. The
elements are positive interdependence, individual accountability, face-to-face promotive
interaction, employment of social skills and group processing. Individual accountability means
that group members are responsible for their contribution to the group activity and for their
acquired knowledge. It implies that individual performance is assessed and the results are fed back
to the group and/or linked to an individual grade. The need for individual accountability is based
on the findings that some people work better, or harder, when their input is also recognized

outside the group (Slavin, 1996). Collective contexts that provide a great deal of information about



individual contributions are perceived as more important to individuals than contexts that provide
less information (or none) (Karau & Williams, 1993), hence this may explain why students may
make a greater effort. Moreover, students may find it unfair if non-productive members share the
group grade (Freeman & McKenzie, 2002). Anticipating unfairness may have a negative effect on

engagement in subsequent collaborative tasks.

In order to promote collaboration, instructors may give students separate resources (jigsaw
approach) (Mesch, 1991) and complementary roles thereby creating interdependence. Teachers
may use individual tests to check if students had learned from their peers and use these test results
in the calculation of the group grade (element of individual accountability). Teachers may also
eavesdrop on groups and intervene if group members are not supporting each other. They may
give instructions about problem solving techniques, and show how to communicate one’s
knowledge with peers or challenge students to reason their conclusions. Teachers must teach
leadership, trust-building, decision-making and conflict-management skills (element of social
skills). Finally, teachers must ensure that students take time to engage in group processing. They
must observe how members have participated in stream-lining the learning process, how they have
alerted group members of unskilled and inappropriate actions and what actions have been
undertaken to improve the group work (Johnson & Johnson, 2009). Collectively, group
functioning instructions and individual tests are generally appreciated by staff and students and
they facilitate collaborative effort, reduce social loafing, steer towards positive group-beliefs both
in academic (Chapman & van Auken, 2001; Gillies, 2004; Kao, 2013; Mello, 1993: Slavin, 1996;
Strong & Anderson, 1990) and in professional settings (Salas, 2008).

Collaboration Steered by Group Self-Evaluation

There are however limits to what a teacher can do and should do. For instance, individual
testing is hardly feasible when the tasks are complex, open ended, and requiring different skills
that are impossible to measure individually (Strong & Anderson, 1990). Also, with respect to
monitoring and correcting group functioning, in numerous occasions students will spent more time
working on their task out of class than in class. Moreover, we repeatedly observed, as bystanders

in evaluation sessions at school, that teachers have biased views of group functioning. Indeed



several studies revealed that teachers differentiate their behaviors towards individual students
based on their expectancies of those students (Domen et al., 2019; Harris & Rosenthal, 1985). This
is an undesirable situation for collaborative projects because it may force students, who now have
the unique opportunity to express themselves differently, to resume the role they have been
“assigned” in traditional class teaching. Finally, too much teacher involvement and too many
instructions to make collaboration work contradicts a fundamental characteristic of collaborative
learning namely that ownership and control of the learning should be given to the students
(Blatchford, 2003). Importantly students at the end of high school or at the beginning of
University are quite familiar with behaviors that lead, and do not lead, to productive collaborative
efforts. The ground rules for group functioning that they propose (Kramer & Kusurkar, 2017) are
not short of what educators and psychologists have produced (for instance, Gillies, 2004).
Although there is an undeniable role for group training (Salas, 2008), it is our opinion that whether
students employ this knowledge, and even stick to ground rules they have proposed themselves, is
largely determined by the importance they see in the learning task, the responsibilities they are

given (Scager et al., 2016) and the way collaborative effort is evaluated.

As an alternative to the teacher-based interventions described above, group self-evaluation
can be applied. In this evaluation, also known as group "auto-rating" (Brown, 1995) or "self-
assessment" (Conway, 1993), group members either give an overall judgment of individual
contributions, holistic approach, or they measure individual contribution against a set of rules,
category-based approach (Brown, 1995; Conway, 1993; Lejk & Wyvill, 2001a). The evaluation
reports are then converted into individual weighting factors (IWF) which, when multiplied by the
group grade, result in an individual grade. Group self-evaluation, when applied during and at the
end of a collaborative task, addresses two elements of the internal dynamics mentioned previously
(Johnson et al. , 1998), namely individual responsibility and group processing. Like for teacher-b

ased evaluation, group self-evaluation encourages individual accountability because it is a way
of uncovering individual contributions to the group effort. Self-evaluation may also influence
group beliefs, it may lead to enhanced psychological safety and cohesion. Group self-evaluation
does not go without a flaw, especially as a result of overly generous (to others) or overly self-

promoting students. Numerous studies have therefore considered mathematical strategies to better



ensure the fairness of peer evaluation by limiting possible excesses in individual assessment
(Goldfinch, 1994; Ko, 2013; Neus, 2011; Spatar, 2014). The overall results of these studies
suggest that group self-evaluation works well and that the beneficial effect on group functioning
more than compensates for any problems that may occur (Forsell et al., 2020; Freeman &

McKenzie, 2002; Kaufman et al., 2000; O’Neill et al., 2018; Weaver & Esposto, 2012).

Research on the impact of group self-evaluation has focused primarily on the need for
individual accountability and the sense of fairness experienced by staff and students (citations
above). As for secondary or higher education, few studies deal with the potential beneficial effects
on collaborative learning. Three studies report an increase in student engagement (Kench et al.
2009; Mello, 1993; Weaver & Esposto, 2012) and one study reports that self-evaluation
encourages equal contributions by group members and controls free-rides (Freeman & cKenzie,
2002). An additional benefit of self-evaluation is that it gives students a good opportunity for self-

control, a sense of autonomy, the subject of this report.

Self-Determination Theory, Autonomy, and Collaborative Attitude.

From the perspective of Self-Determination Theory, self-control is important because it leads
to a greater degree of perceived autonomy (Ryan & Deci, 2000a, 2000b) and this impacts on the
quality of motivation. Briefly, the Self-Determination Theory posits that the motivation for
undertaking an activity in a self-determined fashion (with high volition) requires the fulfillment of
three basic psychological needs, which are: a perceived sense of autonomy, competence and
relatedness. Here, autonomy refers to the need for choice and the need to feel ownership for one's
behavior, also expressed as a sense of agency and perceived internal causality (De Charms, 1968;
Deci & Ryan, 1985). Autonomy should not be confused with independence. The need for
competence is generally understood as being the consequence of an inner necessity to produce
desired outcomes, to experience a sense of usefulness and personal causation (Deci & Ryan, 1980;
White, 1959). Lastly, the need for relatedness pertains to the feeling of belonging to a group of
friends or peers. The need for relatedness with significant others originates from studies dealing with
interpersonal attachments, also known as identification with peers (Baumeister & Leary, 1995; Reis,

1994). Autonomy has a special status among the three psychological needs because it is the vehicle



through which the organization of personality proceeds and through which other psychological needs
are actualized. Environments that warrant fulfillment of these needs are therefore said to be
autonomy-supportive (Deci et al., 1994; Kusurkar et al., 2011; Kusurkar & Croiset, 2015; Reeve &
Jang, 2006). The theory further posits that depending on the level of satisfaction or frustration of
needs, motivation occurs in different qualities, ranging from amotivation, externally-regulated to
intrinsic motivation (see figure S1, “Taxonomy of Human Motivation”, supplemental material)
(Ryan & Deci, 2000a, 2000b). External regulation can be further divided in two categories, where
people work under external or internal pressure (controlled motivation, non-self-determined) or
where people have identified or integrated the importance of the task (autonomous motivation, self-
determined). The more people internalize their motivation the more they are self-determined and, as
a consequence, self-regulated (Zimmerman, 1990 & 2008). Internalization leads to a sense of
wellness because of the integration of need satisfaction with goal setting (high level of congruence)

(Ryan, 1995).

Important for collaborative learning, autonomous motivation is more conducive to the
employment of adaptive interpersonal skills and mastery-oriented learning (Deci et al., 1981;
Chapter 9, p216, Ryan & Deci, 2017; described in “Relationship Motivation Mini-Theory” of
Self-Determination Theory, chapter 12, p293, Ryan & Deci, 2017; Vansteenkiste et al., 2004). An
important adaptive interpersonal skill is perspective taking. This is the ability of group members to
try to understand each other's thoughts and motives (Hoever et al., 2012). In mastery orientation,
also known as learning goal-orientation (Smither et al., 2005), students are more inclined to want
to understand the learning material, to get an inclusive picture. Thus, they will be more attentive to
the input of other members, they will be more sensitive to feedback (from peers or instructors).
We take the position that when group members are open to thoughts and motives of group
members and adopt a masterly-oriented learning attitude, they also have a priori more positive
group beliefs and will be more likely to engage in constructive transactive dialogue. Giving
autonomy to the group members, expressed by students as “self-control” (Scager et al, 2016), is
the main consideration why we chose to test the impact of a self-evaluation procedure in our

collaborative projects. We distinguish two sentiments of autonomy in a group: the first deals with



the freedom of choices offered by the learning task, to what extent is the task autonomy
supportive. Collaborative learning tasks are generally considered autonomy-supportive because
they fulfill the three needs of autonomy, competence and relatedness. Moreover, in collaborative
learning tasks, there may be an additional sense of collective competence, where students are
confident in the outcome of the task because they feel supported by the competencies of the group
members (Kramer & Kursurkar, 2017). The second sentiment of autonomy deals with group
beliefs, to what extent is the group internal culture autonomy supportive? A key point in our
argument is that the dysfunction of one member, for instance a free rider or a non-accepting
dominant member, effectively removes control of group functioning from all members, even when
the learning task is intended to provide students with a great deal of self-control. This perceived
lack of control, as well as the possible anticipation of non-collaborative behavior, deprives
members of perceived autonomy and thus has a negative effect on autonomous motivation and
therefore may have negative consequences on how students operate in the group and how they
experience the normally autonomy-supportive learning task (Aggarwal & O'Brien, 2008;
described in “Relationship Motivation Theory”, Theorem VI, Chapter 12, p311, Ryan & Deci,
2017). A loss of autonomy can also lead to a loss of collective competence; students lack the need
for sharing that is necessary to complete a complex task. We hypothesized that when students are
given the opportunity to evaluate their group, against criteria they have set themselves, it may not
only reduce the risk of non-collaborative behavior (Williams et al., 1981) but it may also relieve
some of the anxiety that it may cause. Both effects give the group more control over their
functioning and should lead to a better learning experience. When students feel they have some
control over the way their contribution is recognized and if they have some control over the way
the contribution of other members is recognized, they feel more autonomous. In short, self-
evaluation may stimulate adaptive interpersonal skills, may stimulate a collaborative attitude,

through the intermediate of perceived autonomy.

A Modified Group Self-Evaluation procedure

The self-evaluation procedure that is the subject of this study is based on a category
approach, but differs from those previously discussed (Brown, 1995; Conway, 1993; Lejk &
Wyvill, 2001a, 2001b), and from other online group-evaluation applications (O’Neill et al., 2018;
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Freeman & McKenzie, 2002), in that students define their own rules, a minimum of five and a
maximum of seven. Rules are discussed with the teachers, and teachers may give hints about
characteristics of effective groups to spark discussion, but they are not imposed on the group. In
addition, we did not attempt to correct the assessment of overly generous or self-promoting
students, but created a second coefficient that reflects the coherence of the group evaluation. We
reasoned that realistic self-evaluation is a good measure of the extent to which a group member is
mindful of his or her functioning in the group. The research project was conducted at a secondary
school, at K11 level with an average age 16.5 years, as part of a larger study program exploring
how to make the transition from school to university better. One of the problems students indicate
in surveys in the first year at our university is the high degree of self-regulation, which many say
they cannot handle. What we are studying is whether or not school students are able to perform a
complex task in groups on their own, that is, without constant input from teachers. The way the
students handle self-evaluation, the quality of their motivation, and the final product of their group
project, are measures that give a good impression of their self-regulatory abilities. These results

can play into the analysis of the problems that students express in the first year.

Research Question

The question we ask in this study is whether group self-evaluation impacts positively on
the quality of motivation. The primary hypothesis is that there is no significant difference in the
quality of student motivation when implementing a group self-evaluation procedure. The
secondary hypothesis is that the tested parameters have significant differences and self-evaluation
has an impact on the quality of motivation. We tested the self-evaluation procedure in a high stake
collaborative learning task, lasting one semester, of which the result contributes to the diploma of
the final year (baccalauréat). As teachers, we think it is important that the test ground has a high
reality value. In both control and experimental classes, we measured motivation with a full scale
Intrinsic Motivation Inventory (IMI). This multiscale survey measures the extent to which
students: were interested or enjoyed the task, valued or found the task useful, experienced choices,
felt competent, felt pressure or tension, made an effort and found the task important, and

experienced a sense of relatedness with group members (Ryan & Deci, 2000a, 2000b).



Methods

Participants Characteristics, Ethics and Assignment

The participants were students at secondary schools with an average age of M = 16.25, SD
=0.5. The population comprised 53.8% women and 46.2% men. They were in their 2" year (K11)
of preparation of the “scientific baccalauréat” a diploma equivalent of an American High School
diploma or an English GCE A-levels. Students prepare this diploma for three years at a “Lycée”.
In total, 355 participants were involved separated over 12 classes: 7 control classes (n = 224,
without intervention) and 5 experimental classes (n = 131, with whom we carried out a group self-

evaluation procedure) (table 1).

The studies have been reviewed and approved by the presiding officers of the schools and

the Rectorat de I’ Académie de Bordeaux, the governing body of the school inspection.

We studied the effect of the self-evaluation procedure in 3 different secondary schools over
a period of 4 years. School 1 contributed from the beginning, 2015, school 2 joined in 2016 and
school 3 in 2017 (table 1). The assignment of schools and of the classes involved was entirely
determined by the willingness of biology and physics teachers to participate in the experimental
study. The choice of K11 was dictated by the fact that this year of study included a high-stakes
collaborative learning project. There were no other assignment- or selection criteria. The overall
academic performances varied slightly between the schools. We were able to collect data from
2016 to 2018 and there were significant differences between student performances of the three
schools, F(2,246) = 12.331, p <0.01. A Tukey post-hoc revealed that semester grades of school 1
were significantly better than those of school 2 and 3 (p <0.01), and school 2 and 3 were equal (p
=.089) (see table S3 in online supplemental material). We pursued the study over a period of 4
years for the following reasons: 1) to ensure that we had control and experimental conditions in
each school (rotation scheme) so as to reduce possible confounding effects from predominant
school cultures; 2) to have enough sample size for discerning significant effects; and 3) to measure
how reliable the impact of the group self-evaluation procedure is on the student’s perception of the

project (can we repeat the same findings with time). As for student’s academic performance, the

11
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use of a rotation scheme evened out the school differences described above. We obtained a similar
control and experimental population. Over the period of 2016-2018, the semester grades (on a
scale of 20) of 136 participants that had finished the semester in the control classes (M = 13.30,
SD = 2.19) were similar to the 113 participants in the experimental classes (M = 13.35, SD =
1.96), 1(247) =-0.193, p = .424. We had no access to results of 2015. Given the imposed
restrictions, we qualify the rotation scheme “as good as possible”. It has, however, one important
advantage in that it reduces cross-talk between classes. Giving the impossibility to mask the
experimental procedure, if we randomly divided classes into two, to obtain control and
experimental groups, students' perceptions of the collaborative project would be strongly

influenced by what they hear from their classmates.

Table 1. School Rotation Scheme With the Numbers of Students and Accompanying Teachers Involved in

Control and Experimental classes.

Year | Control condition Experimental condition

Teachers B6, P4 (34 students) Teachers! Ul, B1, P1 (14 students)
2015
Teachers B7, P5 (29 students)

SCHOOL 1 | 2016 | Teachers! Ul, B1, P1 (36 students)

2017 | Teachers Ul, B5, P4 (22 students) | Teachers® Ul, B3, P7 (30 students)

2018 | Teachers® Ul, B3, P7 (34 students)

SCHOOL 2 | 2015

2016 Teachers Ul, B2, P2 (32 students)

2017 | Teachers? Ul, B2, P6 (34 students)

2018 Teachers® Ul, B2, P6 (31 students)

SCHOOL 3 | 2015

2016

2017 | Teachers* Ul, B4, P3 (35 students)

2018 Teachers* Ul, B4, P3 (24 students)

Note. Identical Teacher Teams Are Indicated With * %3 4. B, Biology; P, Physics; U, University Teacher.
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Description of the Collaborative Learning Project (TPE)

The collaborative project, named “Travail Personnel Encadré” (TPE), or “Supervised
Personal Project”, was designed and planned in the French national curriculum by the Ministry of
National Education (Ministére de I’Education Nationale) with the intention to give students the
opportunity to work autonomously in small groups on a project of their choice (chosen from a
large list of social themes formulated in the government instructions) with an additional
requirement that they had to integrate biology with one other discipline (physics, chemistry,
mathematics or social sciences). According to the instructions of the Ministry the project is meant
to be autonomy-supportive and serves to prepare students for a more self-regulating learning style
that would be necessary to succeed in higher education. The TPE is a high stakes collaborative
project because the project-grade is part of the diploma they obtain at the end of the 3rd (K12)

year (“scientific baccalauréat™).

The project groups can be described as “student project groups” with the characteristics of: low
authority differentiation, moderate temporal stability (one semester), and, at the onset, member
interchangeability and a lack of skill differentiation (Hollenbeck et al., 2012). Students were asked
to form groups of 2 to 4 students by personal choice (students sought their partners, groups were not
allocated by the school). A large majority of groups (86%) consisted of 3 members. Groups worked
on their project throughout the autumn semester, corresponding to 15 weeks, with formal work
sessions of 2 hours held in computer-cluster rooms each week. These dedicated work sessions were
accompanied by one biology and one physics teacher of the school. These teachers provided the
necessary cognitive scaffolding in scheduled bi-weekly get-togethers with the groups, in which
questions were asked and suggestions given (scheduled tutorship). The first tutorial typically dealt
with which societal issue was being studied (examples are pollution, mobility, global heating,
urbanization, hygiene and infection, food supply for a growing world population, nutrition and,
health), what was the problematic, and how did the students approach it? At a later stage teachers
assisted in discussing and validating the integration with one of the other disciplines. The tutorial
sessions took the form of structured debriefings (Eddy et al., 2013). Important discussion topics to
promote group work in all but the first tutorial were; (a) reflection and self-explanation; (b) data

verification, feedback, and information sharing; and (c¢) goal-setting/action planning and d) task
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delegation (Eddy et al., 2013). The work sessions offered enough time to also respond to questions

that arose in the groups (in addition to the planned get-togethers).

The above described conditions were identical for control and experimental classes.
Additional activities for the experimental classes are discussed in the next section (“Experimental
Intervention”). For most of the classes involved in this study, the university teacher (IJK) participated
in both control and experimental conditions and was available for group questions and was involved
in the scheduled tutorship. This way the university teacher became a systemic independent-variable
and this should eliminate possible bias in the perception of the project between control and
experimental classes. The set of accompanying teachers is referred to as the “teacher-team” (see table
1). Lastly, we mention that project groups were encouraged to seek expert support outside the class
room, for instance from other teachers, university laboratories, companies or learned societies. The
groups prepared a written report (printed or in pdf format) and they prepared an oral presentation.

Both products were graded by yet another pair of biology and physics teachers.

Experimental Intervention

Group Self-Evaluation Procedure in Brief

The group self-evaluation procedure employed in the experimental classes qualifies as an
“informational external-intervention” (Deci & Ryan, 1980, 1985; described in Chapter 6, p130,
Ryan & Deci, 2017). It is an experimental manipulation without randomization (American
Psychology Association, 2020). The intervention comprised four elements: (a) A brief instruction
about the many challenges of collaborative projects and about the Intrinsic Motivation Inventory
at the end of term, (b) the drafting of team-functioning rules (“ground rules”), (c) a progress
evaluation with a group self-evaluation at midterm and, (d) a group self-evaluation at the end of
term. The control classes did not receive this information and the groups were not evaluated.
However, they were informed of our goal to measure participants' subjective experiences after task

participation with a full-scale IMIL.

1. A Brief Instruction About the Many Challenges of Collaborative Projects
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The university teacher (IJK) gave a 15 minute presentation in the first tutorial session
about group functioning and its major challenges: achieving the task, constructing and maintaining
group effort and taking into account the individual needs of group members (Asgari & Dall'Alba,
2011). They were also informed that task delegation should take into account the different
personalities within the group; taking benefit of social, cerebral or extrovert traits. Finally, the
students were informed about group dynamics in which the emphasis was placed on possible
disruptions that may occur within the group when: making strategic decisions (direction of the
project), co-constructing knowledge (constructive conflict), delegating necessary tasks, controlling
time limits or when members do not comply with the ground rules (Tuckman & Jensen, 1977; Van
den Bossche et al., 2006). (Information about the brief instruction can be found in online

supporting material, slides “collaborative learning: group working”)

Start of Project: Setting the Ground Rules

In the first tutorial session, students were given time to form groups, discuss their project and prepare
a set of 5 to 7 ground rules. These numbers were chosen for two reasons: firstly, in prior experiences
students spontaneously came up with 5 rules and, secondly, this number allows for a nuanced, less
subjective, evaluation of the group members. Students hardly ever came up with 8 rules and more
rules would unnecessarily complicate the evaluation. The ground rules are converted into questions

(see figure 1a) and are fed into a web-based self-evaluation application.

Figure 1. One example of Ground Rules Formulated by Students and Two Examples of Group Functioning
Reports, “Dashboard”, after Midterm Self-Evaluation.



16

Ghita group self-evalution
a i A i below meets above expectation
1) he/she is open to and accepts criticism & tips | expectation I e | (exceptional) |
: : below meets above expectation
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save and end survey
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group  engagement coherence engagement coherence engagement group  engagement coherence engagement coherence engagement
member (scale0.8-1.2) (scale 0-2) (scale0.8-1.2) (scale 0-2) coefficient member (scale 0.8-1.2) (scale 0-2) (scale0.8-1.2) (scale0-2) coefficient
ghita 1.14 1.62 0.97 kang 147 1.79 1.09
jadh 1.19 1.71 1.01 louise 1.15 ol 1.07
1.175 1.625 1.070 1.572
julie 1.16 1.31 1.01 zahra 112 1.79 1.05
hicham 1.18 1.86 1.01 pierre 0.84 1.00 0.79
| mid-term progress check list (scale 0-7)” 6 I | mid-term progress check list (scale 0-7)” 7 I
|fairness of treatment (scale 0-2) ” 2 I | fairness of treatment (scale 0-2) “ 2 |
comments: productive and coherent group, Julie underestimates herself, comments: three productive members, one important disaccord (pierre)
which explains her lower individual coherence

Note. a) The ground rules produced by the students are converted into questions in a web-based application. Group
members vote on their own compliance with the rules and that of the other members. We typically offer three levels
of compliance (below expectation, satisfactory or above expectation).

Note. b) The report informs the groups about how well their members adhere to the rules (“individual engagement”),
which serves as a measure of engagement in the collaborative effort, and it informs to what extent the opinion about
themselves correspond with that of other members (“individual coherence”). The report also reveals the “average
engagement” and “average coherence” of the group. The “individual engagement coefficient” represents the
individual engagement relative to the average group-engagement and it determines the individual project grade
(coefficient x project grade). The two reports show an example of a productive and coherent (dashboard-1) and a
productive but not coherent group (dashboard-2), where three members carry the workload (adhere to the rules) of a
team of four.

Our reasoning for creating the ground rules themselves is that students understand their own criteria
better than those prescribed by the teacher, the criteria are more likely to be appropriate for the
collaborative task in question and groups that establish forward-looking agreements about how they
want to work together were shown to be more focused and motivated to implement self-corrections
or make adjustments to team processes (DeChurch & Haas, 2008). The process normally took 30

minutes.
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3. Midterm: Progress Report and First Group Self-Evaluation.

The midterm structured progress-survey (after-action review) comprised a list of 9 questions
dealing with the title and the problematic of the project, whether the group had reached the level
of task-delegation, whether they had found external experts and had thought of an experiment to
enrich their project (optional). They were also asked to provide examples of pertinent documents
and websites that they had consulted for their research. Lastly, the groups were asked whether they
felt fairly treated by the project-associated teachers. Information about the midterm progress

survey can be found in online supporting material, table S1)

In the self-evaluation procedure, group members qualify their own compliance with the ground
rules and that of other group members. Students could tick three boxes for each ground rule: below
expectation, satisfactory or above expectation (figure 1a). Teachers could set coefficients for these
qualifications and we had chosen 0.8, 1.0 and 1.2 respectively. This meant that students who did
not comply with the ground rules at all, would only get 80% of the project grade. Exceptionally
compliant students, could rise to 120%. The individual engagement is calculated by the number of
points divided by the number of ground rules. Values are in between 0.8 and 1.2. We thought it
wise to restrict the scale to abovementioned limits because the aim was neither to punish, nor to
glorify certain group members (Cheng & Warren, 2000; Kilic & Cakan, 2006). The auto-
evaluation procedure was meant to give students a sense of agency with respect to the functioning
of the group and to give each other insight in a most objective way. Inter-rater coherence was
calculated by comparing self- with other member evaluations. The difference is 0 (same
appreciation), 1 (difference of only one level of the scale) or 2 points (difference between below
satisfaction and above expectation for the same rule). The application counts the differences and
divides them by the number of ground rules. Individual coherence values are presented as 2 minus

the delta value. The same applies for the calculation of the “group average coherence”.

The programme creates a report, (“dashboard-1 and -2” in figure 1b) of the self-evaluation
procedure that informs staff and students about compliance with the ground rules (“individual
engagement”’) and about the coherence of the respective evaluations (“individual coherence”).

Rather than correcting for inter-rater disagreement we informed the students about the coherence
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of their evaluation and, in case of disagreement, whether this was due to over- or under
appreciation of their own performance (Leik & Wyvill, 2001b; Neus, 2011). Coherence is
important because groups can only repair dysfunctioning if all members agree on their
functioning. The report also shows an “individual engagement coefficient” which is the equivalent
of an individual weighting factor (IWF). It is simply measured as the “individual engagement”
divided by “average group engagement”. The mid-term evaluation was informative. Its purpose
was to familiarize the students with the application (how to access the site and how to vote), to
make them aware of how their votes were translated into scores of group functioning, and to
inform them about how they functioned in the eyes of their groupmates. The instructors informed
their groups about the meaning of the results and were open to questions and suggestions when
asked by the groups. In addition to familiarizing group members with the evaluation procedure,
there is evidence that a mid-term evaluation with individual feedback has a positive effect on

cooperation (Archer-Kath et al., 1994).

4. End of Term: Second Group Self-Evaluation.

The group self-evaluation procedure was repeated at the end of term, at the time students
formally submitted their written report. This self-evaluation was given a grade: the “individual
engagement coefficient” was used for the calculation of the individual project grades (coefficient x

group grade = individual grade).

Measures

In order to answer our research question, whether the group self-evaluation procedure
impacts on the quality of motivation, we asked students to complete a paper-version of a full scale
Intrinsic Motivation Inventory (IMI) when they handed in their project reports (Deci et al., 1994;
McAuley et al., 1989). The survey was anonymous and students were informed that participation
was voluntary and that taking part or not had no impact on their project grades. All students had
participated in the survey. There were 1.69% incomplete submissions (6 participants), which were
omitted in data processing. The IMI is a multidimensional scale survey intended to measure the

subjective experiences of participants following task participation (Ryan, 1982). Various iterations
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of the IMI have been in use for more than 30 years, with well-established validity and subscale
reliability across tasks, conditions, and settings (McAuley et al., 1989). The original questionnaire,
developed by Ryan and Deci, and relevant literature can be retrieved from the Self Determination

Theory website (http://selfdeterminationtheory.org/intrinsic-motivation-inventory/). The scale has

seven primary subscales, detailed below, that can be mixed and matched to suit research needs.
Our french anchor points for the rating scale were: Pas de tout d’accord / pas d’accord / plutot

pas d’accord / indifférent / plutot d’accord / d’accord / tout a fait d’accord.

Although referred to as the IMI, the survey measures more than just intrinsic motivation; it covers
a range of criteria that indicate whether or not students adopted a self-determined learning
approach (autonomous or internalized regulation of behavior). For a brief explanation of
regulation of behavior we refer to figure S1 “taxonomy of human motivation” and its caption in
the online supplemental material. The survey probes the perception of “choice”, a key predictor of
perceived autonomy and thus of autonomous (self-determined) regulation. It also measures 2)
“interest/enjoyment”, a self-report measure of intrinsic motivation, 3) perceived “competence” a
measure of competence, 4) “effort/importance”, predictor of competence and autonomous
motivation, 5) “pressure/tension” negative predictor of autonomy and of intrinsic motivation, 6)
“value/usefulness”, measure of relatedness to the subject and a predictor of autonomous
motivation and, 7) relatedness, a measure of social relatedness. The questions were adapted for the
TPE project, which means that they were specifically related to the project, and translated into
French with the help of a French biology teacher. In order to verify whether the questions of the
French version resembled the original meaning, one of the members of the Language Department
at the University of Bordeaux translated them back into English. Three questions had to be
rephrased until agreement was obtained. This is a best practice procedure prescribed for cross-
cultural use of self-report questionnaires (Beaton et al., 2000). (See Table S2 in online

supplemental material for the French version of the IMI.)

The data from the IMI were collected as shown in Table S2 in online supplemental material.
Values greater than 4 (for interest/enjoyment, perceived competence, effort/importance, perceived

choice, value/usefulness and relatedness) are considered as positive predictors of self-


http://selfdeterminationtheory.org/intrinsic-motivation-inventory/
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determination. Pressure/tension is a negative predictor of autonomous motivation and the value

should be below 4 if students felt self-determined.

Statistics and data analysis

Psychometrics

The validity of the IMI had been established previously (McAuley et al., 1989). With
respect to internal consistency, a subscale reliability analysis was applied and we obtained good
reliability for all subscales, with Cronbach alpha values within the range of 0.811 to 0.886 which

corresponds to robust/reliable.

Analytical Strategy for Impact of Experimental Intervention

The impact of the self-evaluation procedure (also referred to as the “experimental
intervention”) was analyzed in different ways. The statistical analyses were performed with the
3.5.1 version of the R software (R Core Team, 2018), completed with the "car" 3.5.1 and the
"mosaic" 3.5.3 packages. We started by accumulating the average scores of the IMI subscales of
all control and all experimental classes over a period of 4 years. In first instance, we used a one
way multivariate analysis of variance (MANOVA) to see if there were significant differences in
the way the two student populations, control versus experimental, appreciated the collaborative
project. This was followed by Student’s unpaired t tests to analyze which specific subscales of the
IMI were significantly different between control and experimental classes. We applied Hedges'
calculations (g-value) to estimate the effect sizes of the intervention on the outcome of each of the
IMI subscales (Stangroom, 2018). Effects size is qualified as large when the g-value is 0.8 or
more, medium when it is in between 0.2 and 0.8 and small when it is 0.2 or less. In addition to
looking at differences in mean values of the survey results, we also examined whether the
intervention had an effect on the distribution of variance of the IMI results. We considered this a
good way to see how homogeneous the project experience was. To do this we compared variance
between control and experimental classes and employed a Brown-Forsythe test calculate possible

significance (function “Levene” test on R project).



In order to verify the possible interaction between the intervention and other factors, such
as the contribution of years, schools and teachers to the students’ perception of the collaborative
project, we used a model III two-way-analysis of variances (ANOVA). By interactions we mean
other factors that can modulate the effect (in direction or magnitude) of the experimental
intervention on IMI scores. For instance, school-culture (which is an ensemble of teacher and
student attitudes towards collaborative projects) may amplify or diminish the impact of the
procedure on students’ perception of the project. Likewise, important political events may play a
role in how students perceive the project and this would mean that the impact varies from year to
year. In the case we did not observe significant interactions, a model II two-way ANOVA was
performed. When significant interactions between the intervention and another factor were found
(school, year or teacher team) or when we observed a significant effect of the intervention on the
IMI score, the corresponding post-hoc pairwise comparisons were analyzed with a Tukey HSD

test.

Confidentiality

In both control and experimental groups, at the onset of the TPE project, students were
informed by the University teacher (IJK) about the exchange programme between institutions and
about the purpose of the study, namely to find out how they perceived the collaborative learning
project. As mentioned earlier, participation in the IMI was voluntary and anonymous. They were

also informed that the information, on a collective level, could be used for a scientific publication.

Results

Group Self-Evaluation Significantly Raised the Quality of Motivation

We wanted to examine whether group self-evaluation had an impact on how students perceived an
autonomy-supporting collaborative learning task (TPE). For this purpose, we used a full scale
Intrinsic Motivation Inventory. Despite the pedagogical and didactical intentions that had laid the

foundation for the collaborative learning project (TPE), we were surprised to see that the IMI

21



22

scores of the control classes revealed that not all students perceived the project as intended (table
2).

Table 2. Response Scores for Each Subscale of the Intrinsic Motivation Inventory in Classes Without (Co)
and With Group Self-Evaluation (Exp)

interest choice value competence relatedness effort pressure
enjoyment usefulness tension
co &Xp. | co &Xp. co &sp. | co &XP. co &Xp. co &xp. | co &Xp.

x | 471 541 | 490 | 590 4.73 556 | 4.85 st 589 |6.29 596 | 629 |3.92 3.49

SD | 0.993 0.824 | 1.387 | 1.096 | 1.353 | 1.080 | 0.952 | 0.0824 | 1.329 | 0.942 | 1.083 | 0.926 | 1.695 | 1.385

Significance of differences between the variance of control and experimental classes (Brown-Forsythe test)

p=.08164 p=.00108*** [ p=.00063*** | p=.16590 p=.00422%%% [ p= 01958*** | p=.00321***

Whereas the mean values are above the middle (or neutral) point of the Likert scale, some 25% of
the students had nevertheless not perceived much “choice”, “value/usefulness” and
“interest/enjoyment”. For pressure/tension, nearly half the population had selected values above
the middle point. As examples, whereas the project really offers lots of choice, the students hardly
perceive it as such (M =4.90, SD = 1.387). The project was meant to prepare students for a more
self-regulated learning attitude for the University but they saw little value or usefulness in the
exercise M =4.73, SD = 1.353) and they only moderately enjoyed the project (M =4.71, SD =

0.993).

The perception was considerably better in the experimental classes where we used the group self-
evaluation procedure. When accumulating the results of all control (7 classes, n = 224) and
experimental classes (5 classes, n = 131), we observed important increases in the outcome of the
IMI with the exception of “pressure/tension”, which was reduced (table 2, row 3). We performed a
one-way multivariate analysis of variance and revealed that indeed there were significant
differences between control and experimental classes, F(7,336) =9.75, p <.01; Pillai = 0.169. We
employed student’s unpaired t tests, to analyze which specific IMI subscales were significantly

different because of the intervention and showed that all subscales were concerned.



Table 3. Effect Size of Group Self-Evaluation on the Response Scores of the Intrinsic Motivation Inventory

IMI subscale Effect size

(Hedge's g)

Interest/Pleasure (+) .805

Choice (+) .692

Value/Usefulness | (+) .688

Competence (+) .575

Relatedness (+) .389

Effort/Importance | (+) .302

Pressure/Tension | (-) .248

Note. Positive Hedge’s g values indicate an increase in the values for the experimental classes, and
negative values indicate a decrease for the experimental classes.

Besides significant differences in mean values we also noted a systematic reduction in standard
deviation (SD) values of the IMI scales from the experimental classes (table 2, row 4). We
therefore calculated the significance of differences in variance for each subscale with the Brown-
Forsythe test. We observed a significant reduction in variance in the experimental classes for
subscales “choice” (p <.01), “value/usefulness” (p < .01), “relatedness” (p < .01), “effort” (p =
.020) and “pressure/tension” (p <.01), but not “interest/enjoyment” (p = .08) and “competence” (p
=.17) (table 2, row 6). These results imply that the students had a more homogeneous

appreciation of the collaborative project under the condition of self-evaluation (exp).

We next applied Hedges' calculations to estimate the effect size and found large and medium

99 ¢¢

effects for all subscales, with “interest/enjoyment”, “choice” and “value/usefulness” ranking in the

top 3 (table 3).
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Analysis of Interaction with Teacher-Team Paired Classes Only

We conducted several statistical analyses to determine what other factors, besides the
experimental intervention, could possibly influence the results of the IMI survey. We began by
examining the possible influence of the composition of the teaching team (consisting of a biology,
physics, and university teacher). To measure this, we compared the IMI results of control and
experimental classes supervised by the same teacher teams (paired classes, shown as teachers %%
% in Table 1). The total number of subjects decreased significantly, with 139 control and 99
experimental students distributed among 4 sets of supervising teacher teams (for numbers see
Table 4, columns “teacher-teams paired classes”). With these reduced numbers, using Student t
tests with Welch correction, we still observed significant changes in responses between the control

and experimental classes with the exception of “relatedness”, where ¢ (225.3) = 0.98, p = .33.

We next set out to find to what extent teacher-teams influence the amplitude of the impact
of the intervention. We employed model III ANOVA tests, and observed significant differences.
There was a significant experimental intervention/teacher-team interaction for
"interest/enjoyment", F(3,220) = 5.02, p <.01. A Tukey post-hoc test revealed that this concerned
teacher-teams 2 and 4, where the procedure has a significant stronger positive impact on

“interest/enjoyment” (p = .03). Significant interactions were also found for "competence",

Table 4. Student Numbers in Full and Reduced Data Sets Used for the Analyses of Possible Interactions
Between the Experimental Intervention and Teachers, Years, or Schools

All Years and Teacher-Team Year School
Classes Paired Classes

control exp control | exp control | exp control | exp

224 131 36 14 | Team1 63 14 2015 155 44 School 1
34 31 | Team2 36 32 2016 34 63 School 2
34 30 | Team3 91 30 2017 35 24 School 3
35 24 | Team4 34 55 2018
139 99 | Total 224 131 | Total 224 131 | Total

"effort/importance" and "value/usefulness" with p < .04 for each analysis. A Tukey post-hoc test

revealed that this concerned team 4, where the procedure has a significant stronger positive impact
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on these three subscales (p <.03). We note that in these type IIl ANOV As we lose all significant
effects of the intervention except for its negative effect on “pressure/tension”. This loss may be
explained both by the decrease in the sample size and by the relatively low power of type III

analyses for the study of main effects of factors.

Analysis of Interaction with Year and School

In order to verify if year and school could possibly explain the differences in outcomes of
the IMI, we studied possible interactions in a similar fashion as described above. We found no
significant interactions between "intervention" and "year" for any of the subscales (p > .34 for
each of the 7 subscales in a two-way model III ANOVA). We next verified if this still holds true
with a more powerful model I ANOVA (Langsrud, 2003). Although there are significant
variations of IMI scores between the years for each subscale (p <.02), with the exception of
"effort/importance", we still discerned a significant impact of the experimental intervention for all
the subscales except "effort/importance", where F(1, 337) =3.35, p=.07 (type Il ANOVA).
When applying the same analysis for the interaction between the intervention and school, we
observed significant interactions with “effort/importance” and “choice”, meaning that the
amplitude of the impact of the self-evaluation procedure is school-dependent for these two
subscales. In this two-way model III ANOVA analysis we lost significance for the impact of the
intervention on the IMI scores of “relatedness” (the dataset is much reduced). We also found
significant differences in the IMI scores of the schools with respect to “value/usefulness” and

“relatedness”; again, all schools were not equal.

Conclusion and Discussion

Our data show that not all students necessarily perceive a collaborative-learning task,
which in principle should satisfy the necessary psychological needs, as autonomy-supportive.
Some 25% of the students had not perceived much “choice”, “value/usefulness” and
“interest/enjoyment” and 50% experienced considerable “pressure/tension”. In particular, the
perceived lack of choice is remarkable in a task that offers an awful lot of choices. The

participants had a significantly better perception of the collaborative project when we applied a
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group self-evaluation procedure in which members set their own ground rules and evaluate
themselves against those rules. We observed a large positive effect on “interest/enjoyment”, a

29 <¢ 29 ¢¢ 29 ¢¢

medium positive effect on “choice”, “value/usefulness”, “competence”, “relatedness” and
“effort/importance” and a medium negative effect on “pressure/tension”. In addition, we observed
a much more homogeneous appreciation of the collaborative project, the distribution of variance
was significantly reduced for “choice”, “value/usefulness”, “relatedness” and “pressure/tension”.
However, all schools and teacher-teams were not equal, the amplitude of student responses to the
intervention varied between schools and between teacher-teams (the two are naturally connected).

SN b1

In particular, students’ perceived “interest/enjoyment”, “competence”, “effort/importance” and
“value/usefulness” were teacher-team sensitive. Moreover, when controlling for teacher-teams we
lost a significant impact of the self-evaluation procedure on “relatedness” and when controlling for
schools we lost significant impact on “effort/importance” and “relatedness”. This loss can be
explained in part by low numbers of students in each group but also by the observation that these
two subscales already had very high values in the control classes. There simply was very little
room to improve. Collectively, the tested parameters have significant differences between control

and experimental classes and we can refute our primary hypothesis. We therefore conclude that

group self-evaluation steered students towards a more autonomous motivation.

From the perspective of Self-Determination Theory, we explain the positive effect of group self-
evaluation through a greater perception of autonomy. Although the perception of autonomy has
been much studied in individual learning tasks, it is also important in group projects. Indeed, in
addition to the student-instructor or student-task relationship, a second factor, the sense of control
within the group, comes into play here. The collaborative learning task may in itself offer many
choices, and the instructor may leave the group much freedom, group members will not
experience these choices and this freedom, or experience them less, if they are dominated by one
or more group members or if they are confronted with free riders. The same is true of a lack of
individual accountability; it deprives participants of control over how their contributions are
valued. Group self-evaluation gives group members a greater sense of agency, a greater sense of
autonomy. Our finding that the distribution of variance in the survey results was significantly

reduced in the experimental classes, also for the subscale "choice" which is a key predictor of
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perceived autonomy, indicates that not all participants are equally sensitive to the potential
problem of control. We explain this result by assuming that the group self-evaluation procedure
eliminated a priori strong negative feelings about collaborative learning only in a subpopulation of

the students.
Implications for Practice

We believe that, in the interest of students, group self-evaluation should be applied in a
collaborative learning task, or a sequence of tasks in the same group, that takes 20 hours of work
or more. From a pedagogical point of view, dealing with students’ values and attitudes, the gain is
important because students with positive collaborative experiences, another important output
besides task achievement (Hackman & Morris, 1975), are more likely to wholeheartedly engage in
new opportunities, at school, university or at the work floor. Given the important didactic value of
group learning, be it cooperative or collaborative (Johnson et al., 1998; Johnson & Johnson, 2009;
Slavin, 1996), positive experiences can have a significant impact on students’ longer term personal

growth and well-being (Ryan & Deci, 2000a, 2000b).

As mentioned earlier, our procedure does not correct for over- or under-rating group
members, but adds a second coefficient indicating the degree of coherence between self- and peer
assessment. We note that much of the problem of over- or under-rating in our classes was resolved
after the formative self-evaluation at midterm. The evaluation-report informed students the reason
for incoherence, which member was concerned, and in almost all cases this was corrected in the
second self-evaluation at the end of term. This correction may in part be the consequence that
students wish not to penalize themselves or others in a summative setting (Sridharan et al., 2019).
In addition, there is evidence that a midterm evaluation with individual feedback has a positive
effect on team internal dynamics; students may have taken on a different attitude (Archer-Kath et
al., 1994; Gabelica et al., 2012). We also note that although we encourage students to vote
confidentially and the procedure provides opportunity for confidential voting, some groups take a
collective approach and agree to rate all members equally. We do not see this as a problem. We
foresee that when the self-evaluation procedure is applied in a number of collaborative projects,

with different groups and for a number of years, personality traits could be distinguished. “Group
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leaders” would be characterized as those who regularly, and with a high degree of coherence,
received high marks for their compliance with the ground rules. The self-evaluations may also
reveal problematic individuals, where compliance is weak and linked to incoherent group
appreciation. We recently discovered that a similar approach is taken in SPARKplus (for Self and
Peer Assessment Resource Kit) at the University of Technology Sydney, Australia. Their self-
evaluation report reveals two similar evaluation factors; an individual weighting coefficient, which
they name the Relative Performance Factor (RPF) and a coherence coefficient, which they name
the Self-Assessment Peer-Assessment factor (SAPA) (Freeman & McKenzie, 2002; SPARKplus,

n.d.). To our knowledge, SPARKplus has not been subjected to studies on student motivation.

In an ideal situation, group self-evaluation reports could form part of an apprentice
portfolio (for instance in a section about “transferable skills”). Within the constraints of an
educational environment, with its obligation to evaluate and qualify (quantify) knowledge and
skills, a group self-evaluation procedure probably exercises the least external control. As such it
sets the conditions that are favorable for productive collaborative efforts and mastery goal-
orientation (working for personal growth and not for a grade). Lastly, the procedure has been
applied, but not tested for its impact, in collaborative projects at two universities where students
created collective science-writing blogs. The IMI scores were very high (Kramer & Kusurkar,
2017), students had operated in an intrinsically motivated fashion. Also, till date, for
approximately 168 groups involving 623 school- and university students, only three complaints
have been received about unfair judgement by peers. This can be interpreted as yet another

measure of its autonomy-supportive quality.

Signs from literature that the quality of motivation may affect team effectiveness

Numerous studies on team effectiveness deal with procedure-oriented interventions: how to
enforce specific teamwork skills and behavioral engagement. These are primarily about goal-oriented
issues such as group reflexivity and after-action reviews (collectively referred to as feedback)
(Kluger & DeNisi 1996; Smither et al 2005, London & Mone, 2015). Group reactive planning
(Marks, et al., 2001), an essential determinant of group effectiveness (DeChurch & Haas, 2008),

depends on how procedure-oriented interventions are processed by group members (Smither et al.,
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2005). This processing seems to be determined by at least two personality traits; the first concerns
goal orientation and the second perception of autonomy. Smither et al. (2005) observed a wide
variation in the way individuals process feedback. To explain this, they proposed that feedback works
best for recipients with high self-efficacy and a "learning" goal-orientation. Learning goal-orientation
includes goals related to a mastery approach; eager to learn for personal development and to make
the group work better (Deci et al., 1981; Chapter 9, p216, Ryan & Deci, 2017; described in
"Relationship Motivation Mini-Theory" of Self-Determination Theory, Chapter 12, p293, Ryan &
Deci, 2017; Vansteenkiste et al., 2004). Feedback works less for recipients who focus on managing
others' impressions of them (Smither et al., 2005). In this case, we are dealing with performance goal-
orientation (VanSteenkiste et al., 2004). The second personality trait associated with a positive effect
of feedback is that the recipient has a sense of control over the desired improvement (Maurer &
Palmer, 1999). The sense of control depends on the context, what choices are given to group
members. It follows that group reactivity is likely to be greater in autonomy-supportive contexts
associated with mastery goal-orientation. These motivational constructs link the quality of motivation

to group effectiveness.

Limitations and Issues for Future Research

The study has shortcomings, both with respect to the control of independent variables and the
number of students involved. For instance, there remains the possibility that the higher scores of
the IMI can be explained by a non-random selection of the student populations (control versus
experimental). It is possible that the experimental classes consisted of more self-determined and
academically more capable students. We have two arguments against these possibilities: firstly,
the chance of repeatedly selecting biased populations over a period 4 years must be rather small,
and secondly, the overall control and experimental population for the years 2016 to 2018 had
similar semester grades. The observed effects could also be explained by the novelty of the
intervention. Moreover, the students receive more attention from the teacher in the experimental
classes and this, as a form of reward, may lead to a more favorable evaluation of the group project.
Indeed, during the interventions at schools, some students express their gratitude that a university
teacher is participating in their school project. This gratitude was expressed both in control and

experimental classes. The question is what “meaningful” alternative activity can you apply in the
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control classes that should have no effect on the internalization of motivation? Suggestions are
welcome. Also, we studied the self-evaluation procedure in a single academic environment,
students at secondary schools. Moreover, we did not study how exactly the procedure changes the
constructive transactive dialogue. We also were not in the position to measure the impact on group
performance because we could not assist in the grading of the projects of our classes and we
therefore could not verify the grading arguments. In any case, objectively measuring group
performance can be difficult with complex tasks such as open-ended projects, with a wide range of
subjects and multiple possible approaches. We are currently assessing to what extent students
appreciate fairness of assessment and to what extent the self-evaluation contributes to this fairness.

We also seek to study whether or not group self-evaluation had changed students’ group beliefs.
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self determination theory of Ryan RM & Deci EL

Figure caption: Self Determination Theory distinguishes between behavior that is motivated by
autonomous reasons and controlled reasons. Three qualities of motivation are identified (from
right to left): 1) intrinsic, 2) extrinsic and 3) amotivation (Ryan & Deci, 2000a, 2000b). Intrinsic
motivation occurs when an activity has inherent satisfaction, it offers enjoyment and it is
interesting in its own right. The enjoyment procures vitality and people can sustain such
activities for a long time. Extrinsic motivation comes in two forms: behavior driven by
autonomous motivation, also known as self-determined, or behavior driven by controlled
motivation. In the case of autonomous motivation, the activity as such is not necessarily
enjoyable, but it has full personal endorsement or the goal has a strong personal value. The
activity fits in a long term plan such as preparing for a job or maintaining good health. The
internalization of regulation can occur at the level of integration of values and objectives, which
means that what you are actually doing and what you would like to do are fully integrated, or at

the level of identification, where there is agreement but not more. Controlled motivation pertains



to feeling pressured to behave in a certain way or to pursue a certain goal. In the case of
introjection, the pressure comes from within, a matter of ego-involvement, living up to a certain
image of oneself, like keeping up the reputation of being smart or beautiful. External regulation
refers to the engagement in an activity or pursuing goals in order to meet external demands such
as pressure from the family, superiors or peers. In the case of amotivation, there is no regulation,
the person does not feel concerned, he/she has no relation with the activity. Boredom in class
may be a manifestation of amotivation. Controlled regulation means that participation in an
activity will cease as soon as the pressure drops, for instance when the teacher has gone or the
peers are no longer watching. This is not the case with autonomously regulated behavior, the
activity continues until the task or the objective is reasonably achieved. Numerous studies have
revealed that autonomous regulation is associated with concentration, persistence, good time
management, and deep learning. In contrast, controlled motivation predicted outcomes such as
maladaptive coping strategies, test anxiety, superficial learning, and school dropout. These
results have been obtained across age groups (i.e., from elementary to high school) and across
cultures (Ryan & Connell, 1989; Ryan & Deci, 2017). With respect to vitality, autonomously
motivated behavior in pursuit of intrinsic goals (self-acceptance, working for the community,
personal growth) is associated with satisfaction of three psychological needs, namely a sense of
autonomy (agency), competence (feeling capable) and relatedness (belonging to a social
community). In controlled motivation, there is a tendency to sacrifice any of these needs for the
sake of a career, a celebrity status or other extrinsic goals (goals of action that extend beyond
those inherent in the activity itself). The neglect of psychological needs, in the pursuit of

extrinsic goals, is emotionally expensive.

Intrinsic and autonomous motivation are associated with an internal perceived locus of causality.
What this means is that, for a specific task or challenge, people see choices, identify
opportunities for self-control and take initiatives to bring the activity to a good end. These people
approach the task with an autonomous causality-orientation (Deci & Ryan, 1985, causality mini-
theory, Chapter 9, Ryan & Deci, 2017). Extrinsic motivation is associated with an external
perceived locus of causality. Here people approach the task or challenge with a controlled
causality-orientation and they predominantly see restrictions in the activity, they focus on
external control and often provide just enough effort to come out unscathed. In the context of

collaborative projects, social loafers may fit into this category (Aggarwal & O’Brien, 2008). In



the case of amotivation, the locus of causality is impersonal. Impersonal causality-orientation
means that members fully orient toward obstacles to goal attainment, seek no affinity with the
task and feel no control over the outcome. From a collaborative project perspective, free riders
may fit into this category. Importantly, none of these features are fixed personality traits,
motivations and orientations may change from activity to activity, they are situation-dependent

(Vallerand, 1997).
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- defining the task

- making a plan

- allocation work & resources

- controlling quality & tempo of work
- checking performance against plan

i - adjusting plan

Challenges for
collaborative

individual :
needs projects

- attending to personal issues/problems
- recognizing & using individual abilities
- valuing individuals

- setting standards - training/helping team members

- maintaining discipline

- building team spirit

- provide sense of purpose

- appointing roles

- ensuring communication within team

from John Adair J. Effective team building. Aldeshot: Gower (1986)



Different personalities, different roles
within the team

different personnalities, different roles within the team

thinker type

- | have to work things out first
action person - | am introvert and prefer to work alone first
| have to get on with things before | act in the team
| am extrovert - | am not a very good communicator
| may seem bossy

social or people person

- | am aware of how and sensitive to
peoples behaviour in the team

- | enjoy being part of team

- | take pleasure in communication with the team

reflect on the role that would suit you best in the team, taking into
account your personality traits



Deliberate planning
_Contingency planning (backup plans)

<.

a&,% forming

Reactive planning
Q storming (adjustments) Tea m
performing ‘ d
evelopment
team dynamics
norming Sta ge S

Forming: group membership, which orientation to choose for the task, individual pursuit
of knowledge ("information foraging"), deliberate planning and contingency planning
Storming: gathering knowledge for co-construction (sharing) and new delegation of tasks:
possible source of dispute, mistrust and emotional reaction to the demands of the task,
reactive planning (adjustments, most important element of team effectiveness)

Norming: Establish constructive dialogue ("constructive conflict"), build trust, reconsider
team rules and culture, strengthen cohesion.

Performing: trust grows, the team works to get the job done.

The duration and intensity of the different phases vary between teams and tasks.

Adapted from Tuckman B. (1965). Developmental sequence in small groups. Psych Bull 6,384-399. Bossche et al
(2006). Social and cognitive factors driving teamwork in collaborative learning environments. Small Group Research
37(5), 490-521; DeChurch & Haas. (2008). Examining team planning through an episodic lens. Effects of deliberate,
contingency, and reactive planning on team effectiveness. Small Group Research, 39(5), 542-568.



An effective group-led debrief approach should
include the following five features

1. allow group members to reflect independently and anonymously
(for psychological safety and to avoid being influenced by the
most vocal team member)

2. ensure all group members provide input to enhance their sense of
ownership and capture all perspectives;

3. focus attention on group work and not just taskwork, because
teamwork also drives team effectiveness and groups tend not to
discuss it;

4. guide the group to discuss divergent or high priority needs early in
the debrief and not simply areas of agreement or comfortable
topics

5. lead the group to the formation of future-looking action plans and
agreements (reactive planning).

Eddy, E. R., Tannenbaum, S. I., & Mathieu, J. E. (2013). Helping teams to help themselves:
Comparing two team-led debriefing methods. Personnel Psychology, 66, 975—1008.



the group self-evaluation procedure

- At the start of the course:

Define the ground rules (the rules of operation for the
team).

- Midway through the course:

a) interview with the teacher to check the progress
of the project

b) self-evaluation of the team's functioning (to what
extent do the members respect the rules of conduct)

- At the end of the project:
a) self-evaluation of the team's functioning
b) complete a motivation survey (IMl).



example of a self-assessment page

Eb‘ (mid-term and final)

The group | leiden colorectal Does he/she adhere to the

The member 2 sneleen=eer proposed rules of conduct

student completed the assigned task in time (respect Disappointing [hiltlriotl Excellent
deadlines)

student listened to the opinions of others Disappointing Lol Excellent

S even g roun d student joined the discussion (in sessions/on web) pisappointing TR - ..
rules set by
the group

student provided constructive criticism Disappointing ULEECCl Excellent
student assured an equal distribution of tasks Disappointing EEECCl Excellent

student assisted others with difficult tasks Disappointing LRI Excellent

student informed the team about difficulties with his/her Disappointing [l Excellent
tasks

[ z Save and end survey

-return to previous page -data are saved
-data are kept but can still be modified  -if you made an error you must ask
the instructor by email to reset
your entry




Instruction to students at the start of the project

To function well as a group, you will define your
own ground rules (rules of functioning of the
group), a minimum of 5 and a maximum of 7



Nom de I'équipe/théme de projet:

Membres | Nom mettez les noms en ordre prénom
alphabétique du nom de famille

B WIN =

Activité A « établir les regles de base »
Remplir collectivement, au début du projet

Pour faire fonctionner une équipe quel est, selon vous, le comportement productif ou utile ?

1 étre al’écoute de 'autre

These are examples!




Table S1. Mid-term progress report

Name of the team :

Mid-term progress report (to be filled out by accompanying teacher) YES NO

1 Do you have a problematic i.e. what is the question that you are going to work on?

Title of the project: (0] 0]

2 Do you have a project plan?

List the project plan: (0] (0]

3 Do you have written documents of the plan and has this document been consulted by all group
members?

Proof of written document: (o) (0]

4 is there a task delegation and, if so, who takes care of what?

If yes, what is the task delegation (task per group member) : (0] (0]

5 Is your project bi-disciplinary, which other discipline is involved besides biology?

Describe the second discipline: (0] 0]

6 Has the group contacted experts inside or outside the school?

-Name(s) of school teacher(s) you have contacted with expert knowledge on the (o) (o)
subject proposed :

-Name(s) of external experts you have contacted (University laboratories, companies
or learned societies:

7 What kind of documents have you consulted for your research?

Write down examples of books, multimedia resources or other: (o) (o)

Optional: have you thought of an experiment for your project

Description of proposed experiment:

Count the number of YES circles ticked Zyes
To be filled in by the students YES NO
Do you have the impression that all groups in the class receive equal attention from (0] (0]
the accompanying teachers?
Does your group get enough attention and support from the accompanying (0] (0]

teachers?

Do you have any comments or suggestions?




Table S2. IMI school project

The questions are regrouped by subscale for the sole purpose of giving insight in how quantitative data were obtained
for each subscale. Questions with (R) are calculated as 8 minus the box number ticked. Questions are presented to
students in the order of 1, 8, 14, 19, 24, 31, 2, 9, etc. An example of calculation is shown below the table.

1 (pas de tout d’accord) -- 2 -- 3 (plutot pas d’accord) -- 4 (indifférent) -- 5 (plutét d’accord) -- 6 — 7 (tout a fait d’accord)

L'intérét/plaisir 1|2 (3|4|5 (6|7

J’ai beaucoup aimé le projet de TPE

La réalisation d’un rapport a été amusante a faire

Je trouve que ce projet TPE a été ennuyeux (R)

Ce projet n'a pas du tout retenu mon attention (R)

Je dirais que ce projet de TPE a été tres intéressant

J'ai trouvé agréable |'écriture du rapport

N[O |W|IN|FL

Pendant que je travaillais sur ce projet, je pensais a quel point j’appréciais cette activité

La compétence pergue 1]2 3(14]|5 6|7

(o]

Je pense que je suis assez bon a la réalisation de ce rapport

9 Comparativement aux autres éléves, je pense avoir bien réussi dans ce projet

10 | Apres avoir travaillé sur notre sujet pendant un certain temps, je commengais a me sentir
compétent(e)

11 | Je suis satisfait de ma performance a cette tache

12 | Je me trouve assez doué pour cette activité

13 | Ce fut une activité que je ne pouvais pas bien faire (R)

Effort/importance de 'activité 1|2 3(4]|5 6|7

14 | J'ai mis beaucoup d'efforts dans ce projet de TPE

15 | Je n’ai pas fait de mon mieux pour réussir cette activité (R)

16 | Jaifait des efforts pour réussir dans cette activité

17 | Je n’ai pas mis beaucoup d'énergie dans le projet de TPE (R)

18 | Il était important pour moi de bien faire cette tache

Pression/tension 1|2 (3|4|5 (6|7

19 | La réalisation de ce rapport ne m’a pas rendu nerveux (R)

20 | Je me sentais trés tendue tout en travaillant sur ce projet TPE

21 | Je me sentais trés détendu en faisant ce travail (R)

22 | Jétais anxieux en travaillant a cette tache

23 | Je me sentais sous pression en faisant ce travail

1 (pas de tout d’accord) -- 2 -- 3 (plutot pas d’accord) -- 4 (indifférent) -- 5 (plutét d’accord) -- 6 — 7 (tout a fait d’accord)

Le choix pergu 1|12 (3|4|5 (6|7

24 | Je sentais que j'avais le choix de faire cette activité

25 | Jaile sentiment qu’on m’a imposé cette tache, ce n’était pas mon propre choix (R)

26 | Je pensais que je n’ai pas vraiment eu le choix de faire cette tdche a ma fagon (R)

27 | Je sentais que je n’avais pas d’autre choix que de faire cette tache (R)

28 | J'aicontribué au projet de TPE parce que je n’avais pas le choix (R)

29 | Jaicontribué au projet de TPE parce que je I'ai voulu

30 | Jai contribué au projet de TPE parce que j'y ai été contraint (R)

La valeur/I'utilité de I'activité 1|2 (3|4|5 (6|7

31 | Jecrois que le projet de TPE pourrait présenter un certain intérét pour moi

32 | Je pense que faire cette activité est utile pour mieux comprendre comment les disciplines
s’entremélent

33 | je pense que cette activité est importante afin d'étre mieux préparé pour I'enseignement
supérieur

34 | Je serais prét a le faire de nouveau, car le TPE avait un certain intérét pour moi

35 | Je pense que faire cette activité pourrait m’aider a mieux travailler en équipe

36 | Je crois que faire cette activité pourrait étre bénéfique pour moi

37 | Je pense que cela est une activité importante d'apprentissage

L’appartenance au groupe 1|2 3|14|5 6|7

38 | Je me sentais vraiment a I'écart du groupe (R)

39 | Je doute vraiment que ce groupe et moi pourrions étre amis (R)

40 | Je sentais que je pouvais vraiment faire confiance au groupe

41 | Je voudrais avoir I'opportunité de travailler avec ce groupe plus souvent

42 | Je préférerais ne pas retravailler avec ce groupe a I'avenir (R)

43 | Jaieul'impression que je ne pouvais pas faire confiance a ce groupe (R)

44 | |l est probable que ce groupe et moi pourrions devenir amis si nous travaillons ensemble
davantage

45 | Je me sens proche des membres du groupe




1 (pas de tout d’accord) -- 2 -- 3 (plutot pas d’accord) -- 4 (indifférent) -- 5 (plutét d’accord) -- 6 — 7 (tout a fait

d’accord)
L'intérét/plaisir 112 (3|4 6 | 7 | score
J'ai beaucoup aimé le projet de TPE 5
La réalisation d’un rapport a été amusante a faire X 4
Je trouve que ce projet TPE a été ennuyeux (R) X 5
Ce projet n'a pas du tout retenu mon attention (R) X 6
Je dirais que ce projet de TPE a été tres intéressant X 5
J'ai trouvé agréable I'écriture du rapport X 4
Pendant que je travaillais sur ce projet, je pensais a quel point j’appréciais cette activité X 6
Mean value of score 5.0
IMI replies
participant 1 2 3 4 5 6 7 8 S 10 1
SUBSCALE A [j'2i beaucoup 2imé le proj 1 5 4 6 4 4 4 4 5 7 2
INTEREST [z réalisation d'un rapport 2 5 5 6 5 5 3 4 5 5 1
= 3 6 6 5 6 7 4 2 7 7 2
4 6 6 2 6 7 6 1 7 6 6
5 6 6 7 5 7 4 5 5 6 2
6 4 4 5 4 4 2 5 1 4 2
3is 3 quel point j'apprécia 7 4 4 7 2 2 2 4 3 5 1
mean sia’ s00 5437 457’ 514 357 357 471 571 229 64
SUBSCALE B [jz penzeq 8 5 4 3 3 4 4 2 4 6 1
COMPETENC|compa S 5 4 5 4 3 4 4 4 6 5
10 6 4 7 4 5 5 3 4 7 6
11 6 6 4 7 5 6 3 6 7 7
12 5 5 4 4 3 5 3 3 6 4
vais pas bien faire 13 6 4 7 2 7 6 5 7 6 7
550 450 500 400 450 500 333 467 633 500 6C

Below the original English questions of IMI.

Interest/enjoyment

| enjoyed doing this activity very much

This activity was fun to do.

| thought this was a boring activity.

This activity did not hold my attention at all.

I would describe this activity as very interesting.

I thought this activity was quite enjoyable.

| found the task very interesting

While | was doing this activity, | was thinking about how much | enjoyed it

Perceived Competence

I think | am pretty good at this task

I think | did pretty well at this activity, compared to other students.

After working at this activity for a while, | felt pretty competent.

| am satisfied with my performance at this task.

| was pretty skilled at this activity.

This was an activity that | couldn’t do very well.

Effort/Importance

| put a lot of effort into this.

| didn’t try very hard to do well at this activity

| tried very hard on this activity

It was important to me to do well at this task

I didn’t put much energy into this

Pressure/tension

| did not feel nervous at all while doing this.

| felt very tense while doing this activity

| was very relaxed in doing these..

| was anxious while working on this task.

| felt pressured while doing these..

Perceived choice

| felt it was my choice to do the task.




| felt like it was not my own choice to do this task.

| felt | was doing what | wanted to do while | was working on this task

| didn’t really have a choice about doing this task.

| felt like | had to do this job.

I did this activity because | had no choice.

I did this activity because | wanted to.

I did this activity because | had to.

value/usefulness

| believe this activity could be of some value to me.

| think that doing this activity is useful for ..........

| think this is important to do because it can .........

I would be willing to do this again because it has some value to me.

I think doing this activity could help me to ...........

I believe doing this activity could be beneficial to me.

| think this is an important learning activity.

Relatedness (belonging to)

| felt really distant to this person

| really doubt that this person and | would ever be friends

| felt like | could really trust this person.

I would like a chance to interact with this person more often.

I would really prefer not to interact with this person in the future

I do not feel like | could really trust this person

It is likely that this person and | could become friends if we interacted a lot

| feel close to this person




Table S3. Average Semester Grades of All Classes and All Years

School 1 (2016-2018)

School (2016-2018)

School 3 (2017-2018)

n

M

SD

n

M

SD

n

M

SD

Semester
grade

95

14.09

1.74

103

13.09

1.46

57

12.50

1.79
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