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Executive summary

The achievement of virtual mobility skills is related to inter-personal, inter-cultural and inter-
disciplinary teamwork competence. Thus with certain tasks of the online learning resources
provides by the open virtual mobility project (openVM), learners (teachers, students) are expected
to work collaboratively. Usually, group formation for collaborative course work is based on random
selection or self-selection. Based on existing research in the field of algorithmic learning group
formation, this text will define what is meant by successful group learning activity (the optimization
goal). Before focusing on the openVM needs, the document will highlight the general scientific
findings about important criteria for successful group work. It will become clear that several criteria,
e.g. prior knowledge or motivation, are found to play important roles for the success of learning
groups. In brief, criteria can be optimized to be heterogeneously spread among group members (to
amend each other) of homogeneously (similar). Further the document will explain the modelling of
such criteria as input vectors for the optimization algorithm. This includes nominal, ordinal and
interval scale values. Afterwards, functionality of the existing Moodle plugin mod_groupformation is
presented and specific requirements for the openVM learning hub will be discussed.

Specifically, for the process of defining the matching criteria to be used in the project, the draft will
propose next steps like opinion collection after tasks are known/defined by output 06 as well as the
technical aspects of adapting and integrating the plugin to the VMLH.

What are the objectives of this paper?

e goal of learning group formation and algorithmic optimization

e criteria found relevant in scientific literature

e modeling of criteria as number values to be applicable for optimization algorithms

e current state of the Moodle plugin mod_groupformation (to be used in the project openVM)

e requirements for the openVM learning hub (partly to be delayed until group tasks and
content from output 6 is set)

Who is this paper for?

e Pedagogues and didacticians interested in optimized learning group formation

e Researchers of computer-supported learning group formation to get an overview of existing
approaches

e users of openVM learning hub to read background information about the group formation

What topics are addressed in this paper?

definition of learning group formation, criteria types, personality traits, motivation, prior
knowledge, level of knowledge, mod_groupformation plugin, requirements

f#topenvirtualmobility @openVM erasmus
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1. Aims and Scope

For matching learners in an online course into groups for collaborative tasks, a common pattern is
either to assign them randomly or by self-selection. Both types have disadvantageous effects on
individual learning outcomes from a didactical point of view. Thus, the aim is to find valuable
criteria to be considered in learning group formation for the openVM Learning Hub (VMLH).
The first milestone of this activity was originally aiming for a final set of criteria to be used. During
the project it became clear that the content of the VMLH and thus the collaborative tasks will not
be quickly decided. After the tasks, which are performed by learners, are designed, then the skills
can be defined which have to be represented in the learning groups.
This draft will therefore present the scientific ground knowledge, possibilities and limitations of an
algorithmically optimized learning group formation. The text will

A. define what is meant by successful group learning activity (the optimization goal), it will

B. highlight the general scientific findings about important criteria for successful group work, it

will
C. explain the modelling of such criteria as input vectors for the optimization algorithm, and
finally it will

D. briefly introduce the requirements and functionality of the existing plugin
mod_groupformation to be used with Moodle for VMLH.
Specifically for the process of defining the matching criteria to be used in the project, the draft will
propose next steps like opinion collection after tasks are known/defined by output O6 as well as the
technical aspects of adapting and integrating the plugin to the VMLH.

2. Background and rationale (State of the Art)

When learning groups are formed to work together towards a solution of one or several tasks, the
learning situation is designed for a certain set of learning goals, which are achieved by performing
several steps. These steps are usually defined and didactically pre-planned, but often are not
completely fixed to allow some flexibility in order and chosen approach to problem solving. The
field of research designing such learning scenarios for online collaborative learning is called
computer supported collaborative learning (CSCL) (Amarasinghe et al. 2017). It is focused by Output 6,
which covers the design of the tasks. Together with the tasks the desired learning outcomes and
prerequisites will be delivered.

In all cases, the tasks require a certain combination of prerequisite traits, skills or competencies to
be present to successfully solve the task as a team (Dillenbourg 1999). If all prerequisites are met by
one person, they might solve the task alone without any group work (Michaelsen et al. 1997). If
necessary prerequisites are missing in the group, the task might not be solvable.

Optimization goal

Thus, the goal of optimized learning group formation is to find the best combination of learners per
group that they individually can maximize their learning improvements towards the learning goal
and all learners have the same quality of learning group (Konert et al. 2014).
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Relevant criteria

Concerning the relevant matching criteria, they first can be divided into stable and unstable criteria.
The latter are derived from the task to be performed and may have different values for the same
learner if the task changes (Harrison et al. 2002). For example, level of expertise in the learning
domain can change drastically between tasks (if tasks are of different domains). Still, prior
knowledge is found to be one strong factor for group performance, if mixed heterogeneously in the
learning group (with the intention that learners benefit from each others knowledge) (Horwitz
2005, p. 230). Likewise, number of comments to a task or amount of activity in the learning platform
are unstable criteria, which are easy to measure but hard to proof in their relevance for a task B, in
case evidence has only been found for their positive impact on learning outcomes for task A. Still,
machine learning algorithms are used to investigate such relevance and recommend learning
groups for future tasks based on this (assuming the tasks are of similar kind and target domain)
(Zheng & Pinkwart 2014).

Stable criteria are primarily personality traits, which depend on the learner’s character and not
primarily on the tasks. Examples of such criteria are level of extraversion, team orientation, or
motivational aspects. Literature found their positive impact on learning outcome in several
correlative studies and some experimental studies (e.g. Humphrey et al. 2007, Bell 2007, Nederveen
Pieterse 2011). While the big five personality traits (extraversion, conscientiousness, openness,
neuroticism, and agreeableness) are found to be relevant, among them extraversion and
conscientiousness proved to be significantly relevant for better learning results and better group
coherence, if combined as being heterogeneously represented in a group (Bellhduser et al. 2018).
To optimize the distribution of criteria within a group for best group learning outcome, for each
matching criterion the value per learner is collected and then groups are built by optimally
combining these values. The combination can be done manually, but quickly this task is beyond
human capabilities if more than two criteria have to be considered and more than 20 learners have
to be combined (Konert et al. 2014).

Still, it is not enough to take care of representation of certain characteristics in learning groups, as
for some requirements a similarity among group members is beneficial, and for some others a
maximized heterogeneity. For which criterion the project desired which weighting factor and which
type of matching will be decided later.

Considering more potential criteria, for the goal of improving virtual mobility skills it seems to be
especially important to consider cultural background and language proficiency as stable criteria for
the group formation. Language abilities should match homogeneously within the group, while
cultural background (e.g. measured as country of residence or home organization) could be mixed
heterogeneously within a learning group to maximize cultural knowledge gain and exchange.
Pragmatically, some related work includes as well overlapping in weekly schedules of learners to
allow for synchronous online communication or face-to-face meetups (Cavanaugh 2004). At the
moment it is unclear, whether or not, this is a requirement for the learning hub tasks.

Criteria modeling for algorithmic use

From algorithmic perspective the learning group formation problem is only solvable by
approximation to find near optimal solutions (Henry 2013, Konert et al. 2014). Therefore, several
approaches exist and were discussed (overviews in Konert et al. 2014 or Srba & Bielikova 2014).
Semantic approaches have their strength in considering complex side conditions, but depend on an
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ontology of the target domain and involved entities (learners, tasks, goals). Machine learning
approaches conclude relevant factors by observing former task solving processes and infer
recommendations for future (similar) tasks. Their advantage is the continuous improvement (as
long as tasks and learners do not change) without any needed for a-priori knowledge. Last,
numerical approaches use vector representations of criteria per learner and calculate the near-
optimal combinations at a certain point of time. The criteria values of learners are collected by
guestionnaires, assessment test or by data import and need to be present before first group
formation. Such approaches are beneficial, if learners, tasks, or domain topics change during the
course, but the used matching criteria remain valid. Additionally they build groups of high quality
from first iteration, but are incapable of improving iteratively by considering intermediate group
work results. As the GroupAL algorithm (Konert et al. 2014), underlying the Moodle plugin to be
used within the project, is a numerical approach, some details about criteria types supported and
supported value types are given in the following sections.

Criteria types and vector representation

A criterion to consider is represented per learner by an n-dimensional vector. If the criterion has
only 1 value, the dimensionality is 1. All value types are considered to be interval scale values. It is
recommended to normalize them to the interval of [0,1]. If this is not the case, the algorithm will do
this automatically. If nominal values are desired to be used, they can be transformed to be a
separate criterion vector with one dimension per possible nominal value. If the learner has this
nominal value, the dimension is set to 1, otherwise to 0. If ordinal values are desired to be used,
their order cannot be represented currently, but they can be considered as nominal values.

The algorithm can cope with any fixed number of criteria. Each criterion can be of any fixed
dimensionality (which needs to be same only per criterion among all learners).

Weights are supported to adjust the impact of criteria to the optimization.

Criteria can be considered for optimization as either being as similar as possible for all learners of
one group (homogeneous) or as maximization of the value distance among all group members
(heterogeneous). A mixture of both criteria types in one optimization is possible.

Simulative experiments proved that the overall maximum group performance to be achievable
depends on the value distribution of the cohort of learners and mostly on the targeted group size, if
heterogeneous criteria are used (Konert 2014, p. 141ff). Thus, it is recommended to aim for rather
small group sizes (3-5) and use a limited set of criteria (3-5) among which only 1 or 2 are
heterogeneous.

The relevant criteria for optimal learning performance need to be selected by didactic experts
designing the collaborative tasks. Beside this, the algorithm aims for building as similar qualities of
all groups as possible to prevent one group to be really a “perfect match” while subsequent groups
suffer from declining group formation quality. This is achieved by taking standard deviation of the
calculated fitness value into account and minimizing it. For details about the optimization algorithm
and the matching strategy consider Konert (2014, p. 137ff).
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mod_groupformation characteristics

The plugin mod_groupformation is currently available in version 1.5 for Moodle 3.4. It uses the
GroupAL algorithm with its group-by-group matching approach (without optimization iterations). It
is an activity plugin which can be added in several instances to a course. It currently supports
English and German language (Konert et al. 2017). It is expected that extra translation work by all
partners is needed to provide the plugin in more languages, if desired by the project. The user
interface currently does not allow to enter weights for criteria, but they can be set in the
programming code. Likewise, the calculation of criteria vectors from questionnaire items is directly
encoded into the programming code and needs to be changed there. Still, questionnaires are
dynamically generated based on XML-file definitions which support multi-language translations
easily (but only for the whole installation identically).

Consideration of other criteria than prior knowledge (by self assessment using a percentage slider),
team orientation, motivation for course goal, personality traits (Big 5), and language spoken,
require extra implementation work and testing (see Figure 2 for current state). It has to be
discussed within the openVM project team whether prior knowledge values should be copied from
assessment activities in Moodle (Output 04).

For the plugin to work properly, the cron tasks in Moodle need to be setup; ideally to start each
minute.

Group formation is configured for a fixed size of groups to build (e.g. 5 learners). The formation
process needs to be started manually by a user with course administration rights. The formation is
then done within minutes, depending on the next cycle of cron to start. It is possible by Moodle
settings to ask users for a self-invented pseudonym to be stored in database tables, if needed for
later usage (scientific research, post-tests etc.). Build groups can be edited manually, before
transferring them to Moodle. Afterwards the groups exist as regular Moodle groups. Learners can
access their group members via the activity. More details about the plugin capabilities can be found
at https://moodle.org/plugins/mod groupformation .

Overview - Formation

What is the "groupformation” for?

In this Moodle course the "groupformation” is used to build successful cooperating Project teams. After you
camplete and submit the questionnaire, your appropriate leaming partners will bs determined All details are
kepl confidential

Once the questionnaire is expired, the groups vill be generated considering your data and preferences

Questions, frouble or any suggestions? You can find the plugin developer and scientist under
hitps://github.com/moodiepeers
(created and developed with means for quality improvement of feaching at TU Darmstadt)

The questionnaire is ready for processing.

Options

Consent (opt-in)

I want to participate in the groupformation plugin and agree to submit answers to the questionnaire. The
participation or non-pariicipation has no impact on the grading process (or the credit points)

= The teacher has no direct access to my answers for the group formation (just | am able fo access the
evaluation about my personality as well as the group average).
= My personal data will be deleted when the course ends - latest after 360 days.

| agree to the ferms
Give your consent and click "Next” to begin

Next

Figure 1: mod_groupformation opt-in dialog and explanation to users
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Overview  Cuestiornaire  Evaluafion  Group assignment  ImportiExport

Overview Questionnaire Evaluation Group assignment ImportExport | 1 2 Character 3 4

B - |- |-

| se2 myself 25 someone who is relaxed, handles stress
w

How much do you know about the following topics? I see myself as someone who has few artistic interests. dizagres ® sgr=e
I see myself as someone who tends to be lazy disagree ® | agree
Calculus A 100
I see myself as someone who is outgaing, sociable. dizagres @ | agr=e
Statistics L] El 100 I see myself 25 someone who does 2 thorough job, diszgres o | e
- o i 1 see myself as someone who tends to find fault with . .
Differential equations 0 E 100 o, disagres agree
Mumerical analysis 0 El 100 ! e wh gre: o
a
Discrete algebra 0 El 100 I who has an disagres 9

| see myself as someone who gets n

Previous Next Previous Next

Figure 2: mod_groupformation examples of criteria data collection. left: prior knowledge self-assessment, right: Bigs
personality traits as questionnaire

3. Methodology

Requirement analysis

Current state of the art in learning group formation is investigated and presented with three major
perspectives. First, which criteria can be used and are found to be relevant for high-quality learning
outcomes in group learning with collaborative tasks. Second, how can these criteria be represented
mathematically and be used algorithmically and finally third, which algorithmic approach is used in
the project. The findings are presented to the project partners for discussion and amendments.
Such amendments are stimulated by three guiding questions

A. Which literature about relevant criteria for collaborative group work do you want to add to
be considered in the project?

B. Which literature or study or source about relevant criteria to be represented in groups for
learning VM skills do you want to add?

C. Inyour opinion, by which criteria should the learning groups be build for the open VM
learning tasks? Please indicate for each proposal, whether the criterion should rather be
heterogeneous (different) or rather similar (homogeneous) or rather something else (e.g.
one of each kind) within the groups.

Partners are encouraged to invite external experts, like their organizations didactics center or
pedagogical advisors to contribute to the discussion.

The new insights will be integrated into the document and assist the final decision of criteria to be
considered.

Ethical issues and personal data collection

With the group formation tool, learners are put together in learning groups to communicate via the
openVM LH and work collaboratively on tasks. For optimization a set of criteria will be used which
are supported by literature that they were individually beneficial for better learning outcome
and/or group performance in former learning scenarios. Still, there is no knowledge about the
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benefits with the specific learners using the openVM LH, the specific combination and weighting of
the criteria, and for the specific tasks to improve the VM skills. From an ethical perspective the
algorithmic learning group formation should minimize the chance to expose learners to
disadvantages they would otherwise not have. First, learners are informed about the intention and
what will happen (criteria collection, group formation, group work). Second, learners can choose
whether or not they want to take part in optimized group formation (opt-in). If they decline, they
are matched randomly (see Figure 1). Moreover, learners are informed about contact possibilities
to reach the developer team. The plugin integrates with the Moodle Privacy APl to support
requirements of European General Data Protection Regulation (GDPR) (European Commission,
2018; Moodle Community Team, 2018). Additionally, learners can — at all times during their
participation — download all data stored about them by using a provided button of the plugin.
Likewise, they can request deletion of their personal data. At the end of the online course, personal
data is anonymized (pseudonymized) and extracted from the openVM LH for scientific studies.

As the openVM LH offers only voluntary online learning resources, no credits or marks are given.
Thus, it can be justified to use the promising set of criteria and the optimization by algorithms, as
the potential benefits for learners overweight the potential drawbacks for individual learning
progress.

It is advised by the author of this document, to design a scientific user study with a questionnaire to
be filled by participants. Its data is meant to investigate satisfaction with group members, quality of
group work outcomes, and recommendations for the matching process.

Implementation

The plugin itself exists as a stable version with limited functionality as described above. It is
available in Moodle plugin repository. It is expected that some adjustments have to be done to
improve the applicability for the openVM LH. Such adjustments can be to the matching algorithm,
the criteria to be used and their weighting as well as language support.

At current state it is unclear what are the must-have requirements for the group formation plugin.
Thus the response to this document by project partners as well as the replies to the three questions
are expected to assist in definition of the criteria set to be used.

The implementation is done by agile, iterative implementation based on user-stories. The plugin
code currently exists as a Github repository which will be forked for the project adjustments. Open
Source license GPL will be kept.

4. Intermediate results

The literature research, analysis and discussion revealed the following criteria to be relevant in
general. The list does not contain VM skill specific criteria as the skill set is not yet decided (output
01) and responses to the questions A-C above are not yet collected.

11
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Table 1: first candidate list of criteria to be used for openVM learning group matching (all weighted equally)
Criterion Scale Optimization Data source
goal
prior knowledge Interval heterogeneous self-assessment
level of knowledge | Interval homogeneous self-assessment (mean
value of prior knowledge
fields)
extraversion Interval heterogeneous guestionnaire (big 5 items)
conscientiousness | Interval heterogeneous guestionnaire (big 5 items)
language Nominal (DE, EN, ...) homogeneous guestionnaire (MC)
proficiency
cultural Interval, if distance heterogeneous City name (field) or
background/place | between learners guestionnaire (MC)
of institution Nominal, if asked by
country or organization
name

Group size is not yet decided. The author of the document expects this information to be given by
the designers of the collaborative tasks in Output O6.

An organizational account on Github has been established for openVM project
(https://github.com/openVirtualMobility). Fork of the mod_groupformation will be done when
implantation starts.

In contrast to the project proposal plan of milestones, it is evident that the final set of criteria
cannot be decided a priori before the tasks and intended group work / learning outcomes are
decided. Thus, the final decision needs to be done depending on Output 6 and Output 4 progress.
The decision can then be simplified.

5. Discussion

The investigation and decision of most relevant criteria for learning group formation is a challenging
research topic. While it has been around for some time, a lot of uncertainty still exists about the
impact of certain criteria and the optimization approach to learning outcomes and coherence of the
learning group. It is clear that optimization has an effect compared to pure random grouping. For
the development and enhancement of virtual mobility skills it remains open which criteria exactly
are the best. Thus, within the project a set of criteria (cf. Table 1) is used which is supported by prior
scientific literature to be applicable for learning scenarios in general (without strong dependency on
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learning goals, tasks and scenario). If possible by Moodle integration, the project aims to use the
country of origin and/or language proficiency as criteria as well. Using the existing
mod_groupformation plugin as a basis for further development allows efficient integration into the
process of the MOOC (Output 6). As the MOOC, tasks, and the open virtual mobility skills to be
taught (Output 1) are still not developed yet, it remains a risk for Output 3 how well the learning
group formation can be integrated and how important such cooperative tasks will be in the end.
This will be named more clearly in the service description of the matching tool (03-A2.2).

6. Conclusions

The document described the advantages of collaborative team work with tasks in a learning
scenario to develop certain inter-personal skills, like the ones to be taught for open virtual mobility.
The formation of such learning groups can be optimized to allow higher satisfaction of each group
member with the group constellation and at the same time allows to optimize for better learning
outcomes of everyone. To achieve this, certain personal characteristics need to be collected (by
survey or from Moodle data), will be transformed into criteria vectors and then will be e.g. most
similar (homogeneous) or amending another (heterogeneous) within a learning group to be built
from all participants. Chapter 2 introduced the underlying research findings about relevant criteria,
while chapter 3 outlined the methodology using an existing Moodle plugin (named
mod_groupformation). Chapter 4 described the intermediate findings, mainly the criteria
candidates to be used most probably. A final decision is made for next milestone 03-A2.2 which
describes the final service characteristics of the group formation tool within the open virtual
mobility project.
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