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ABSTRACT
This paper focuses on the impact of conscientiousness, agreeable-
ness, and ability for the formation of heterogeneous learning groups
in supporting lifelong learning. It presents a study in which partici-
pants assigned learners to groups to investigate whether these, and
more importantly, how they use learner personality and ability in
group formation and inspire future algorithms.

CCS CONCEPTS
• Human-centered computing → Collaborative and social
computing.
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1 INTRODUCTION
Learning is seen as a continuous process which starts from birth
and terminates at death. According to the Commission of the Eu-
ropean Communities [8], lifelong learning is de�ned as all forms
of voluntary or self-motivated learning undertaken by adults after
their initial education and training. Lifelong learning encompasses
continuing education and professional development programs for
self-sustainability, competitiveness and employability. The aim is
to support individuals to remain relevant in the �eld, since it is
not possible to acquire all the required knowledge during the tra-
ditional school years. With the emergence of technology, lifelong
learning has no barrier on how we receive and gather information,
collaborate and communicate with others. According to Laal [25],
lifelong learning is diverse, adapted to individuals and available
throughout life unlike traditional learning. Lifelong learning is of-
ten not teacher lead in contrast to traditional classroom learning,
but individual learners can collaborate with others to enhance their
understanding and skills.

Traditionally, teachers have been the leading source of knowl-
edge transmissions in the learning environment. As technology
becomes more advanced, the opportunity provided by e-learning
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becomes a factor in facilitating collaborative learning. These op-
portunities are accompanied by approaches that emphasize the
learner as the main agent of learning. Learners in this situation
come together to make learning socially interactive rather than a
transmission of pre-packaged lectures [16]. When learners engage
in online collaborative learning, it may help to induce positive a�ect
by providing an opportunity for active participation in achieving
the learning objectives within the group [4]. Collaborative learning
is a situation where two or more learners come together to facilitate
learning [11]. The aim is to provide learning activities that give
learners opportunities to interact, share and process information. A
collaboration paradigm promotes problem-solving, critical thinking
and facilitates the development of interaction between learners [49]
and promotes an overall participation of all learners [5].

The collaborative environment enables teachers to be facilita-
tors who assist in generating and sharing learning content, and
not to control the delivery and pace of learning [42]. Teachers en-
sure that the core concepts and practices of the subject domain are
fully integrated, and are also responsible for creating the environ-
ment through which e�ective collaboration can be possible [40].
A learner can engage in discussions in which they construct and
share the understanding of content through di�erent methods [21].
This is inspired by the Zone of Proximal Development by Vygot-
sky [47]. Vygotsky believes that any learning encounters have a
previous history, and he emphasized the importance of learning
through interactions with others rather than individual work. Sup-
porting Vygotsky is the cognitive developmental theory of Piaget
[41] which noted that the cognitive development is a progressive
transformation of mental developments caused by biological ad-
vancement and those acquired within the environment. In a social
learning system also, Bandura [2] noted that new patterns of be-
haviour can be acquired through direct experience or by observing
the behaviour of others. The interaction within the online learning
environment may induce positive changes in learners’ a�ective
state.

This paper investigates automatic group formation, to improve
the e�ectiveness of collaboration in supporting the learning process
within and beyond the walls of educational system. In particular
it investigates to what extent learners’ conscientiousness, agree-
ableness and ability should inform group formation and in which
way.

2 RELATEDWORK
2.1 Online Collaboration
Online collaboration, just like a conventional group, is formed when
two or more people interact and in�uence each other’s discussion
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for the purpose of learning and understanding learning contents
completely [11, 12]. In an online collaboration, the discussion is
central to learning. It operates in an environment that may be
asynchronous and is independent of place. Through collaborations,
learning is simpli�ed, because members will strive to motivate
and support one another through discussion and elaboration on
learning activities. The theory of online collaborative learning by
Harasim [17] believed that learners solve problems collaboratively
through discourse rather than recite what they think is the right
answer. The social environment in�uences the learning process
[27] and enables learning to be achieved through the process of
observational learning [3]. The social learning theory of Bandura
[2] emphasizes the role of environmental in�uence in learning. It
is imperative that learners with the same cognitive characteristics
be matched together to promote learning and foster e�ective team
performance [1].

2.2 Group Formation
Bringing learners together to form a group in terms of ability and
experience has been found to have a positive e�ect on performance
[33]. Group roles are largely dependent on learner’s personality and
experience [36]. Nazzaro and Strazzabosco [36] observed that some
learners are shy, some are impatient while some are con�dent, but
what matters in a group is communication among members of the
group. According to Sherif and Sherif [43], groups are constituted
to provide individuals with mutual support and the opportunity to
solve di�cult problems. Groups are also formed to bring together
di�erent characteristics of individuals [11]. The aim is to have a
good blend of learners who would share ideas to achieve optimal
learning outcomes [14]. Moreland et al. [35] regard group compo-
sition as a cause that can in�uence other aspects of group life, for
instance, group structure, dynamics and performance. The study by
Vrioni [46] shows that group learning provides an opportunity for
negotiation which creates an environment necessary for learning.
Moreland et al. [35] believe that if a group is e�ectively created, an
ideal group can be formed where learners can work together for
the optimal satisfaction of a set of learning objectives. A study by
Odo et al. [39] advocated for learners’ a�ective state being taking
into account when forming collaborative groups.

2.3 Heterogeneous Groups
For groups to be heterogeneous, a distribution is needed of learners
over the groups which provides diversity, for example in age, gender,
abilities, skills, cultural background, personality traits, etc, rather
than the same characteristics being together in one group [48].
According to Houldsworth and Mathews [18], group performance
is in�uenced by the degree of heterogeneity in formation. They
found that diverse groups perform more consistently. However,
they noted that most groups possess certain elements of process
loss as well as aspects of process gain which often tend to balance
each other out as the group progresses. Considering the hetero-
geneous aspect of group composition, a study by Moreland [34]
suggested that age, gender, and cultural background should be
considered as the most important demographic factors for group
formation. Supporting [34] are studies by Jackson et al. [19] and
Lai [26], which maintained that group composition, with respect

to gender and ability, is an important factor. Also, a study by Davis
[9] suggested a random selection to exploit heterogeneity, to have a
mix of males and females, verbal and quiet, the cynical and the op-
timistic learners in a group. Cen et al. [7] found that heterogeneous
groups with a diversity of skills and genders bene�t more from
collaborative learning than homogeneous groups. Several studies
have been conducted on personality in group formation [15, 45].

Learners felt that in addition to ability, other learner characteris-
tics such as personality needed to be considered. Based on this work,
we decided to investigate alternative solutions to group formation
using computational methods. We conducted a systematic literature
review on group formation for collaborative learning [37] which
investigated which learner characteristics are used in (automatic)
group formation, and what algorithms are used to do the group
formation. We found that the reviewed papers did not speci�cally
consider which learner characteristics are important when forming
a group, but tended to focus on a particular characteristic for group
formation. Learning characteristics used included gender, learning
style, interests, ability, knowledge, and personality. A variety of
methods were used for automatic group formation (see [38] for de-
tails). The reviewed papers did not base their algorithms on studies
with humans, nor did they evaluate the algorithms with humans.
The work in this paper extends the related work by investigating
in more detail which combinations of learner characteristics to use,
and in which way, based on a study with learners.

2.4 Personality and Collaboration
Personality traits are habitual patterns of behavior, thought, and
emotion that are relatively stable over time, di�er across individ-
uals, are consistent over situations, and in�uence behavior [24].
A good combination of personality traits may harness individual
strengths andmanage the weaknesses toward a common goal. Good
and bad personality traits within a team may o�set one another
and build on each other and lead to synergies. Personality traits
are an important aspect in group formation because, when person-
ality di�erences are ignored, a team may not perform e�ectively.
The theory in [13] supported team formation and describes how
individual personalities interact at the group level. Individuals that
di�er in their personality traits exert various in�uences on group
behaviour. This is supported by Lykourentzou et al. [29] who de-
�ned balanced groups as consisting of individuals with compatible
personalities. The Myers Briggs Type Indicator is one tool to iden-
tify individual personality type, related to the communication and
interaction within a group [20]. Personality traits in�uence the way
individuals perceive, plan, and execute any activities [6]. Another
type of personality model that exists is the so-called Big-�ve. This
model distinguishes �ve distinct personality dimensions: agreeable-
ness, conscientiousness, extroversion, neuroticism and openness to
experience [22]. Understanding personality types when forming a
collaborative group may be helpful to appreciate that people are
di�erent, with values, special strengths and qualities, and should
be treated with care and respect. Personality traits are important
determinants of human behaviour [22] and may therefore impact
collaboration. McGivney et al. [32] noted that a combination of
di�erent personalities impacts group performance and interaction.
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3 STUDY: USER-AS-WIZARD
The related work and our own earlier qualitative work [30] (we
conducted a survey and focus groups) indicated that teachers and
students felt personality traits and ability need to be considered
in group formation. However, these studies only provide peoples
perceptions on what they consider important, and do not show
what people actually do when forming groups, assuming that the
learner characteristics are known to them. This study investigates
actual group formation. Many personality traits exist; here we focus
on just two of these, namely conscientiousness and agreeableness,
both of which seem relevant to collaboration. The intention is to
repeat the study with other personality traits in future.

3.1 Design
This study used the user-as-wizard method [30], in which partici-
pants took the part of the adaptive system and had to assign learners
to groups1. Twenty four participants took part in the study, all were
students with experience of group learning (10 undergraduates
and 14 postgraduates; 6 of the postgraduates had also worked as
teaching assistants and been involved in forming groups of stu-
dents to work together in a project). They were presented with 12
learners and their individual learner characteristics and told that
these learners di�ered in personality and ability. They were asked
to put these learners into groups, in such a way that the groups
would work well together2.

All learners had common English male names, selected to avoid
any in�uence of gender, ethnicity or religion. Three learner charac-
teristics were used: ability (high, low, average), conscientiousness
(high, low, and average), and agreeableness (high, low, average).
Validated stories of personality traits of �ctitious learners [10] were
used to illustrate the personality traits (four stories depicting high
and low levels of conscientiousness and agreeableness). These sto-
ries were shown by Smith et al. [10] to reliably convey personality
types, so we can be con�dent that the participants will interpret
the personality traits correctly.

Table 1 shows the learner characteristics and personality stories
used and ability levels. We will use the following abbreviations:
ABLE = ability, CONS = conscientiousness, AGR = agreeableness.
Each participant �rst assigned the 12 learners to 3 groups of 4
learners, next to 4 groups of 3 learners, and �nally to 2 groups of 6
learners.

Whilst the literature and our previous work indicates that per-
sonality and ability are perceived to matter when forming groups,
we wanted to better understand how these characteristics are used
when forming groups, in order to be able to produce an algorithm
for doing this automatically. So, we were not just interested in
whether learner characteristics matter, but particularly in how they
matter. Hence, we investigated the following overarching research
questions:
RQ1 Is conscientiousness considered in group formation, and if

so how?
1Using this method for this purpose has limitations. These and the rationale for doing
this anyway will be discussed in the paper conclusions.
2The instruction to participants was generic on purpose. We did not ask them to make
a high performing group, as they may have disregarded the learning outcomes for the
other groups. We did not ask them to make well-balanced groups with approximately
equal conditions

RQ2 Is agreeableness considered in group formation, and if so
how?

RQ3 Is ability considered in group formation, and if so how?
For each of these three learner characteristics (CHAR), we are

interested to know:
(1) Are highCHAR learners distributed evenly across the groups?
(2) Are lowCHAR learners distributed evenly across the groups?
(3) Are individual groups balanced on CHAR, so is the number

of low and high CHAR learners the same?
(4) Is CHAR cohesion in individual groups considered?

This results in research questions RQ1.1�RQ1.4, RQ2.1�RQ2.4, and
RQ3.1�RQ3.4.

Regarding even distributions, given there are 3 high CONS and 4
high ABLE learners, an even distribution for high CONS and high
ABLE means when creating:

• 3 groups of 4: 1 high CONS learner per group; at least 1 high
ABLE learner per group

• 4 groups of 3: 1 high ABLE learner per group; no more than
1 high CONS learner per group

• 2 groups of 6: 2 high ABLE learner per group; no more than
2 high CONS learners per group

The high CONS case is similar for low CONS, high AGR, and low
AGR; and the high ABLE case is similar to the low ABLE case.

Regarding cohesiveness, we believe that a group has better cohe-
sion when the standard deviation of the group’s CHAR is smaller.
We calculate the standard deviation by coding high CHAR as 2,
medium 1, and low 0. This for example means that a group of 3
high and 1 low CHAR learners has worse cohesion than a group of
2 high, 1 medium, and 1 low CHAR learners, which has worse co-
hesion than a group of 1 high, 1 low, and 2 medium CHAR learners.

Table 1: Learner characteristics and personality stories used
Personality trait Stories

Conscientiousness

High Charles, George, Kenneth. For example: Charles is al-
ways prepared. He gets tasks done right away, paying
attention to detail. He makes plans and sticks to them
and carries them out. He completes tasks successfully,
doing things according to a plan. He is exacting in his
work; he �nishes what he starts.

Low David, Henry, Larry. For example: David procrastinates
and wastes his time. He �nds it di�cult to get down to
work. He does just enough work to get by and often
doesn‘t see things through, leaving them un�nished.
He shirks his duties and messes things up. He doesn‘t
put his mind on the task at hand and needs a push to
get started.

Medium Anthony, Brian, Edward, Frank, Ian, James

Agreeableness

High Anthony, Edward, Ian. For example: Anthony has a
good word for everyone, believing that they have good
intentions. He respects others and accepts people as
they are. He makes people feel at ease. He is concerned
about others, and trusts what they say. He sympathizes
with others‘ feelings and treats everyone equally. He is
easy to satisfy.

Low Brian, Frank, James. For example: Brian has a sharp
tongue and cuts others to pieces. He suspects hidden
motives in people. He holds grudges and gets back at
others. He insults and contradicts people, believing he
is better than them. He makes demands on others and
is out for his own personal gain.

Medium Charles, David, George, Henry, Kenneth, Larry

Ability
High Anthony, Brian, George, Henry
Low Charles, David, Ian, James
Average Edward, Frank, Kenneth, Larry
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3.2 Results

Table 2: Personalities traits combined when forming collab-
orative groups (Conscientiousness and Agreeableness)

Conscientiousness Agreeableness Group
High Low High Low 1 2 3 4

3 groups of 4 learners

1 1 1 1 15 10 8
1 1 2 - 7 1 -
1 - 1 2 - 7 2
1 2 - 1 - 2 3
1 1 - 2 2 - 3
1 - 2 1 - 1 -
2 1 - 1 - 3 -
1 2 1 - - - 5
- 1 3 - - - 1
- 1 2 1 - - 2

4 groups of 3 learners

1 1 - 1 9 6 - 4
1 - 1 1 2 7 6 -
- 1 2 - 3 2 - -
1 1 1 - 8 - 3 4
- - 1 2 2 3 2 1
3 - - - - 2 - -
- - 2 1 - 2 - 1
1 - 2 - - 1 4 -
1 - - 2 - 1 - 2
- 1 1 1 - - 4 5
2 1 - - - - 2 -
1 2 - - - - 3 2
- 2 - 1 - - - 5
- 2 1 - - - - 1

2 groups of 6 learners
2 2 1 1 7 2
1 2 2 1 3 -
1 2 1 2 8 1
1 1 2 2 2 7
1 1 1 3 3 -
2 1 2 1 1 8
2 1 1 2 - 3
2 2 2 - - 3

Table 3: Learner ability combined when forming groups
Ability Group

High Low Average 1 2 3 4

3 groups of 4 learners

1 2 1 11 1 4
2 2 - 4 6 -
2 1 1 9 11 -
1 1 2 - 4 11
2 - 2 - 1 1
- 1 3 - - 5
1 - 3 - - 1
- - 4 - - 1
- 2 2 - 1 1

4 groups of 3 learners

1 1 1 9 17 10 11
1 2 - 6 1 3 1
2 1 - 4 - 1 3
- 2 1 4 - - 3
- 1 2 1 - 3 1
2 - 1 - 4 - -
1 - 2 - 2 7 5

2 groups of 6 learners

2 2 2 13 13
2 3 1 3 6
2 1 3 6 3
1 4 1 2 -
3 - 3 - 2

Tables 2 and 3 show the groups created in terms of personality
traits and ability respectively. For example, Table 2 shows that when
allocating the learners to 3 groups of 4 learners, 15 participants put
a high CONS, low CONS, high AGR, and low AGR learner in the
�rst group they created.

RQ1 Is conscientiousness considered in group formation? Partici-
pants clearly took CONS into account.

(1) 3 groups of 4. Regarding RQ1.1, only 3 groups (out of 72)
were created that did not contain a high CONS learner, show-
ing participants distributed the 3 high CONS learners quite
evenly over the groups. Regarding RQ1.2, only 10 groups did
not contain a low CONS learner, so also low CONS learners
tended to be distributed, but given the higher number of
groups without a low CONS learner, it seems participants
felt it was more important that a group contained a high
CONS learner than that the low CONS learners were evenly
distributed. Regarding RQ1.3, there was no balance of CONS
in 26 groups, so balance does not seem to be an important
consideration for CONS. Regarding RQ1.4, all groups created
had good CONS cohesion; there were no groups combining
3 high with 1 low CONS, or 2 high with 2 low CONS.

(2) 4 groups of 3. Regarding RQ1.1, only 4 groups (out of 96) were
created that contained more than one high CONS learner,
again showing that participants tried to distribute these
evenly. Regarding RQ1.2, there were 11 groups with more
than one low CONS, again showing that high CONS was
deemed more important than low CONS when balancing
groups. Regarding RQ1.3, only 27 groups were balanced, so
balance does not seem an important consideration for CONS.
Regarding RQ1.4, with a group of 3, the worst cohesiveness
is when 2 high CONS are combined with 1 low CONS, or
the other way around. This only happened in 7 groups, so
cohesiveness was �ne.

(3) 2 groups of 6. Regarding RQ1.1 and RQ1.2, only groups were
created that contained at least one high and one low CONS
learner. This con�rms that high and low CONS learners
were distributed evenly over the groups. Regarding RQ1.3
and RQ1.4, half the participants allocated 2 high and 2 low
CONS to the same group, seemingly trying to fully balance
out the CONS levels across groups, now this now longer had
a big impact on CONS cohesion (as the group size meant
there were 2 medium CONS learners in those groups as well).

So overall, CONS was considered, and in particular high CONS
learners are distributed evenly. CONS cohesion is important, and
CONS balance is only considered when it does not impact CONS
cohesion. The impact of CONS on group formation is not surprising,
because as noted by [28], conscientiousness helps one to ensure
and maintain harmonious relationships with others in the group.
This is because conscientious people are usually well organized,
prudent, thorough, neat and achievement oriented [31].

RQ2 Is agreeableness considered in group formation? AGR is clearly
less considered than CONS when forming groups.

(1) 3 groups of 4. Regarding RQ2.1, 13 groups (out of 72) did
not contain a high AGR learner, showing that participants
paid more attention to evenly distributing high CONS across
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groups than high AGR. Regarding RQ2.2, 16 groups did not
contain a low AGR learner. Regarding RQ2.3, only 31 groups
were balanced on AGR. Regarding RQ2.4, all groups created
had good AGR cohesion; there were no groups combining 3
high with 1 low AGR, or 2 high with 2 low AGR.

(2) 4 groups of 3. Regarding RQ2.1, despite there not being enough
high AGR learners to allocate even one to each group, in 13
groups more than one high AGR leaner was allocated. This
provides evidence that many participants were not trying
to evenly distribute high AGR learners across groups. Re-
garding RQ2.3, they were also not trying to balance out AGR
within groups, as none of these groups with two high AGR
learners was allocated two low AGR learners. Regarding
RQ2.2, 9 groups contained more than one low AGR leaner,
so low AGR learners were slightly more evenly distributed
than high AGR ones. Regarding RQ2.4, there were 10 groups
combining 2 high AGR with 1 low AGR or the other way
around, so cohesion is not as good as for CONS, but still �ne.

(3) 2 groups of 6. Regarding RQ2.1 and RQ2.2, all groups con-
tained at least one high AGR learner, and only 3 groups (out
of 48) did not contain a low AGR learner. So, in this case,
there is more evidence of evenly distributing high AGR learn-
ers than low AGR ones. Regarding RQ2.3, only 18 groups
contained the same number of high and low AGR learners, so
there is less evidence of balancing than for CONS. Regarding
RQ2.4, only 3 groups had bad cohesion, combining 3 low
with 1 high AGR learners.

Overall, there is some evidence of AGR being considered, but clearly
it is considered less than CONS. Balancing the AGR in a group does
not seem to be a consideration, but there is some evidence that
ARG cohesion matters. For AGR, cohesion seems to matter more
than evenly distributing high and low AGR learners, though there
is some evidence of the latter as well. Considering AGR in group
formation is supported by the result of Lun and Bond [28] who
noted that agreeable persons are more socially accommodating and
thus achieve a higher level of relationship harmony with the others
in the group.

RQ3 Is ability considered in group formation? ABLE is considered
when forming groups, but less so than one may have expected.

(1) 3 groups of 4. Regarding RQ3.1, despite there being more high
ABLE learners than groups, there were still 6 groups without
a high ABLE leaner. Similarly, regarding RQ3.2, there were
still 4 groups that did not contain a low ABLE learner and
many groups with 2 low ABLE learners. So, participants
did not tend to evenly divide high and low ABLE learners
across groups. Regarding RQ3.3, most groups tended to be
as balanced on ability as possible (given there are 4 high and
4 low ABLE learners and only 3 groups, many groups had to
have 2 of one type and 1 of the other). Regarding RQ3.4, there
were no groups containing 3 high or 3 low ABLE learners,
and cohesiveness was generally �ne.

(2) 4 groups of 3. Regarding RQ3.1, given there were 4 high ABLE
learners, one could have been allocated to each group. In 16
groups (out of 96) this did not happen. Comparing this to
the results for CONS, in the case when there were as many
high CONS learners as groups (3 groups of 4), clearly more

e�ort was taken to evenly divide the high CONS learners.
Regarding RQ3.2, 18 groups did not contain a low ABLE
learner. This result is quite similar to that for CONS. Regard-
ing RQ3.3, only about half the groups (47) were balanced on
ABLE, so this was less of a concern than it seems to have
been for the smaller groups. Regarding RQ3.4, there were
19 groups containing 2 low and 1 high ABLE learner or the
other way around, so cohesiveness was not that good.

(3) 2 groups of 6. Regarding RQ3.1, only 4 groups did not contain
exactly two high ABLE learners, showing that participants
allocated the high ABLE learners evenly over the groups. In
contrast, regarding RQ3.2, 22 groups did not contain exactly
two low ABLE learners, showing that evenly distributing
low ABLE learners was deemed less important. Regarding
RQ3.3, most people (13 out of 24) balanced ABLE, allocated
2 low and 2 high ABLE learners to each group. Regarding
RQ3.4, only 2 groups had very bad cohesiveness, containing
4 low, 1 high and 1 average ABLE learners.

Overall, there is evidence of ABLE being taken into account, but
not necessarily as expected. High and low ABLE learners were not
distributed as evenly as could have been possible, and participants
seem to have cared more about evenly distributing the high CONS
learners than the high ABLE learners. However, the groups were
quite similar in average ability, and the most frequently created
groups were balanced on ability. Cohesiveness was an issue for the
smallest (size 3) groups, where balance seems to have been more
important, but was good for the larger groups. Most groups created
combined low, average and high ABLE learners, which is in line
with a study of Kardanova and Ivanova [23] who suggested that
there needs to be a combination of low, average and high learners’
ability to maintain good performance.

4 CONCLUSIONS
The success or failure of group collaboration depends on how well
individual learners can work together toward a common goals. This
paper has investigated the impact of personality (conscientiousness
and agreeableness) and ability on actual behaviour when forming
groups. The study showed that personality and ability are taken
into account for group formation and, most importantly, provided
insights on how they should be taken into account, which can be
used in the design of an algorithm that adapts group formation to
learner characteristics. Automated group formation is important
particularly in a settingwhere there is no human teacher involved or
where one human teacher is dealing with many learners. With the
advance of lifelong learning, there is a move away from traditional
classrooms and from teacher-led learning. Lifelong learners are
motivated to keep learning and keep collaborating with others
in order to be current in their professional lives. This continuous
collaborative learning process will be easier when there is e�ective
automatic group formation.

One limitation of this work is that participants were asked to
form �ctional groups, so did not get feedback on how well these
groups ended up performing. The work in this paper provides
initial insights for the algorithm, but further studies are needed
to investigate the impact of adaptive group formation on learner
motivation and achievement.
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A second limitation is that the use of the User-as-Wizard ap-
proach presumes that participants are good at the task the system
is supposed to perform, so that the behaviour of participants can
be used as a basis for an algorithm. Our participants were students,
and one could query whether they have enough experience to be
able to make good groups, and whether it would have been better to
use teachers (though some of our sample were in fact also teaching
assistants). Our earlier qualitative studies had shown that students
and teachers had very similar views on group formation. There
is also not much evidence that teachers are better at this task (in
fact in our earlier focus groups, students complained that teachers
often got groupings wrong). The learners used in this study had
more recent experience of what it is like to work in groups than
teachers would have3. However, this does not mean the learners
are necessarily good at this task. We did make the task easier for
the participants than it normally would be for teachers, in that we
provided detailed information on each learner in terms of their
ability and personality, whilst teachers often may lack in particular
the latter.

Whilst the User-as-Wizard method has this limitation, it was
hard to conceive of a better way of gaining the insights we needed.
An alternative method would have been to assign real learners to
groups, and measure group collaboration and learning outcomes.
However, this would be extremely di�cult to do in a controlled way.
Learners vary onmany di�erent characteristics (even in personality,
the most popular Five Factor Model distinguishes �ve traits), so
trying to investigate the in�uence of individual traits as well as
other characteristics (e.g. ability, gender, ethnicity) with real learn-
ers is di�cult. One possibility would be to �nd 12 learners who
varied in exactly the way required for the study, whilst being equal
on all other characteristics (such as gender, ethnicity, and other
personality traits), which would be hard. We would also require
multiple sets of such learners, to investigate the impact of di�erent
groupings. Another possibility would be use a very large set of
learners, allocate them to groups randomly, and use data analytics
to determine the characteristics of the groups that performed best.
However, the quantity of learners required would be enormous, and
there could also be an in�uence of the learning task. On balance,
using the User-as-Wizard seems a good approach to investigate
which learner characteristics learners feel matter, and in which
way. This narrows down the learner characteristics we ought to
consider in future studies with real learners, making it more feasible
to conduct such studies. Based on the results of this study improved
hypotheses can be formulated, and tested with more participants
including teachers.

Another possible limitation is the potential task complexity for
study participants. The algorithms previously used for group for-
mation are commonly based on �nding constraint satisfaction so-
lutions [37], which can be considered as a complex task even for
computers. When letting this task be performed by humans, it
is possible that they found it too hard to focus on multiple char-
acteristics (constraints) at once, which may result in them only

3We did not measure the extent of this experience, which would be good to do in
future studies of this kind. However, collaborative group work is used a lot in UK
computing science programmes, including the classes the students were enrolled in,
so the students would have had plenty of experience.

considering other characteristics as secondary or not at all. How-
ever, participants did not complain about the task being too di�cult,
and the characteristics participants focused on, and the commonali-
ties in their approaches, still provide valuable insights. The concern
about task complexity is the reason why we only considered two
personality traits in this study.

Future work will also include studies on other personality traits,
more detailed analysis on the interaction between characteristics,
and studies evaluating the impact of an adaptive group formation
algorithm on the motivation and performance of learner groups
and individual learners.

A system that performs automated group formation will also
require the relevant learner characteristics, such as learner per-
sonality. This paper did not discuss how such characteristics can
be obtained. For example, there are many ways to detect learner
personality; see [44] for a review and for a very easy method to
obtain learner personality using personality scales.
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