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Abstract. Collaboration platforms and online forums often employ gamification
in order to produce a better end-user experience. However, designing for gamified
elements can be challenging, especially in the education context of learning platforms: In order to support online learning activities, one must carefully deliberate
which type of activities can be enhanced with gamified design. In this paper, we
investigate the effect of gamification in relation to activities on a collaborative online platform. Specifically, we use the partial least squares path modelling method
to determine the effect of gamification in relation to three different collaborative
learning activities: 1) seeking help, 2) helping other students, and 3) receiving help.
According to our analysis, gamification has a positive impact on students engaging
in beneficial collaborative behaviour, such as asking questions and helping others
by answering. Furthermore, gamification has an indirect impact on performance,
which was measured by the students receiving help on the platform.
Keywords: gamification · computer-supported collaborative learning · student
engagement · path modelling

1

Introduction

Collaborative learning is a learning method where students have a symmetry of action,
knowledge and status, and have a low division of labor [11]. Computer-supported
collaborative learning (CSCL) facilitates the interaction with software tools and increases
the potential for creative activities and social interaction [47]. Furthermore, CSCL is an
approach used in online environments such as Massive Open Online Courses (MOOCs)
to provide mutual learning opportunities, often implemented through a discussion forum
as a part of a ‘social learning’ strategy [16].
However, in order for the students to benefit from the collaboration, they first have to
be engaged as users of the platform. In recent studies, it has been shown that students
can be guided towards educational goals like collaboration by using gamification [35],
which is the intentional use of game elements for a gameful experience of non-game
tasks and contexts [9,27,45]. Furthermore, gamification approaches have had success
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in engaging users of online programs [30] and engaging students in online discussions
[12].
Points, badges, and leaderboards are one of the most often used gamification elements
[45] and are being used in successful online collaboration platforms, such as Stack
Overflow and Quora. The elements have faced critique for being rather simple and overused [34], with authors calling for more holistic design of gamified systems [7,8,34].
However, according to earlier research [32] those gamification elements have had an
impact on performance, if not on motivation. Our research goal is to further explore the
connection between users engaging in collaborative behaviour and the most commonly
used gamification features of online collaboration forums.
To realize our goals, we explored a previously collected survey dataset [29] from
an introduction to programming course using the Partial Least Squares Path Modelling
(PLS-PM) research method [20], which has also been used in previous gamification
research [3,22]. We used the method to create a path model to evaluate hypotheses
between students engaging with gamification features, other engagement behaviours,
and collaborative outcomes.
In the next section, we review theory and present our hypotheses. In Section 3, we
present the research context and data analysis. In Section 4, we present our findings. The
paper concludes with Section 5.

2
2.1

Theory and hypotheses
Gamification in collaborative learning

Collaborative learning fosters the development of critical thinking through interactions
such as discussion, clarification of ideas, and evaluation of others’ ideas in both traditional
classroom and online programs [14,19]. To stimulate engagement and influence the
learners’ activities within the collaborative learning, gamification has been considered
as one possible approach through the inclusion of game-like features such as points
and badges, in non-game contexts [30]. However, Looyestrn et al. [30, p. 1] point out
that ”engagement in online programs is difficult to maintain” and performs a systematic
review to understand “Are gamification strategies effective in increasing engagement
in online programs?”. In the review, [30] examined a variety of forms of gamification:
leader boards, badges, points and rewards, and commonly in combination. The authors
claim that leader boards as a gamification feature are particularly effective compared
to extrinsic rewards such as badges and points which tend to wear off after a short
period of novelty. The study concludes that gamification can increase engagement
and downstream behaviors, and enhance related outcomes (e.g. health behaviour and
academic performance) in online programs. Other authors, for example, Ding et al. [12],
applied a gamification approach and conducted two trial studies in the online discussion
tool, gEchoLu. The study concludes, gamification is still in its infancy stage and students
may have limited experiences with it. For gamification to be successful, i) every game
element of gamification should be meaningful to students; ii) instructors should serve as
facilitator.
Fundamentally, gamification aims to improve both user engagement and user experience [9]. The different empirical studies concerning the effect of gamification were
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examined in a literature review by Hamari et al. [21], where the authors create a framework for examining the users’ motivational affordances, along with psychological and
behavioral outcomes of gamification. The study by Hamari et al. [21] stresses the role of
context in which gamification is being applied, and also users’ qualities. The authors state
that many previous studies do not take into account the complexity of the phenomena
they observe: Gamification can be effective, but the effects are ”greatly dependent on the
context in which gamification is being implemented.”

2.2

Engagement and online discussion

Student engagement is often defined by three components: behavioural, as evidenced
through active engagement in learning tasks; cognitive, as evidenced through learning;
and emotional, as evidenced through the level of interest [1]. Of these, the most commonly used within online learning environments (and the easiest to capture at scale) is the
behavioural component, as indicated by a broad spectrum of online actions [37]. More
focused research has looked at how students engage in discussion forums. Once seen as
an extra to learning activities, forums are increasingly being recognised as an important
part of a ‘social learning’ approach, and are used by MOOCs such as Futurelearn to
support learning steps [16]. Participation in forums can be shown to lead to improved
learning outcomes [40], with both student-student and instructor-student communication
being important [13].

2.3

Research model and hypotheses

In this section, we present our research model and then present our list of hypotheses.
Our research model is based on four constructs, which are all based on behavioural
engagement [1] with different platform features. The constructs are based on engagement
with (1) gamification features, (2) asking questions, and (3) answering questions. We
define performance as the number of times the forum user has received help. The survey
is not based on a pre-published instrument but does have similarities to engagement
measures used by Shin [46]. The research model and the hypotheses are presented
visually in Fig. 1 and the hypotheses with their rationale are listed as follows.
Gamification has been shown to increase engagement with online platforms [45,30]
and in MOOCs [18,48]. From this, we derive hypotheses H1 and H2 that forum users
engaging with gamification features has an impact on increasing behavioural engagement
with collaborative features, operationalized as initiating and responding to discussions.
H1. Engaging with gamification features positively influences asking questions on the
platform.
H2. Engaging with gamification features positively influences answering questions on
the platform.
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Participation in course forums has been shown to lead to improved learning outcomes
[40] and increased collaboration [29,30]. In this study, we evaluate if the increased
collaborative activity on the forum increases collaborative outcomes, defined as instances
of received help on the forum (H3a, H3b). Furthermore, we evaluate if the impact of
gamification on outcomes (H4) is mediated by collaborative activity in the form of asking
or answering questions.
H3a. Asking questions and seeking for answers on the platform has a positive influence
on receiving help on the platform.
H3b. Answering questions on the platform has a positive influence on receiving help on
the platform.
H4. Engaging with gamification features indirectly increases the chances of positive
collaborative outcomes, or receiving help on the forum.

Fig. 1. Research model.

3

Research context and methods

The study was conducted for the duration of a fourteen week long introduction to
programming course that had 249 participating students, four assistants helping with the
exercises and one lecturer ultimately responsible for the course. Most of the participants
were first year university students. The course had weekly two-hour lectures, exercises
of the same duration and weekly assignments that had to be returned through an online
grading system. The grading depended on the return of the weekly exercises, one larger
exercise project, and a final exam. Additionally, lecture or online activity was rewarded
with activity bonus points.
The course has online support materials like a programming guide, lecture notes, and
video lectures. This year an online asynchronous collaboration system with gamification
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elements was added to the course 3 . The use of the system was taught on the introductory
lecture of the course and the assistants also encouraged its use over questions by email,
in order to have other participants to the course benefit from the discussion.
The discussion system’s primary feature is the possibility for participants to post
questions or issues regarding the course and for others to participate in discussions.
The somewhat novel element that separates this discussion system from basic online
forums is the aspect of gamification. The system recognizes and rewards people who
constructively contribute with answers, comments or just ask good questions. Other
users of the systems can upvote or downvote content of the system, further rewarding
and encouraging other contributors. The users can also publicly show the points and
achievement badges collected in the system. In essence, the system is much like Stack
Overflow.
An earlier study analyzed the same course’s student behaviour from a social network
analysis perspective [29] using recorded system interactions. The study also collected a
survey about user’s engagement behaviour, which could benefit from further in-depth
analysis, which we present in this paper. The students were surveyed about their use of
the system, including how often they had engaged with gamification features, asking
and answering questions, and from how many other students they had received help. In
the survey, 73 users replied, 61 of whom had used the Q2A discussion system and 12
students who hadn’t.
Survey items are presented in Table 1. Survey items in categories GAM, ANS, ASK
asked ”how often” and answers were on a five-step Likert scale of ”never” to ”more than
once per day.” Survey item REC1 asked ”how many” on a scale of one to five, with one
denoting one and six denoting more than five. Engaging with the gamification system’s
features is operationalized by asking participants how involved they were with checking
up their points status and voting, which is essentially like awarding points to other users.
The archival nature of the data imposed some limitations on how the constructs were
operationalized, such as measuring some constructs with only one variable and not
having more diverse variables for the ”engaging with gamification” construct.

3.1

Data analysis

We analyzed the research model with a path modelling approach. Path modelling allows
specifying a visual research model with multiple theory-based constructs and defining
paths between them that represent hypotheses of variable or construct relationships [20].
We selected the PLS-PM statistical modelling method with non-parametric bootstrapping
to cope with slight non-normality of the observed variables and low sample size (for a
path modelling approach) [20,23,24]. Furthermore, PLS-PM is an appropriate method to
use because of the limited sample size, the research is based on secondary or archival
data, and the path model includes formatively measured constructs [44]. We applied the
SmartPLS 3 software package for data analysis [39]. Our sample size was 61, which is
enough for PLS-PM both according to the rule of thumb of having 10 times per largest
number of paths from independent variable going into a dependent variable [20] and
3

http://www.question2answer.org
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Table 1. Survey items
Engaging with gamification
features
GAM1. During the weeks I worked on the
course, I checked my point and
badge status.
GAM2. During the weeks I worked on
the course, I voted on other users’
questions and comments.

Asking questions

Answering questions
During the weeks I worked on the
ANS1.
course, I answered questions (on
the QETA system).

Received help
REC1. On the QETA platform, I received
help from this many users.

ASK1.

ASK2.

During the weeks I worked on the
course, I searched for and read useful message threads.
During the weeks I worked on the
course, I asked questions on the
platform.

using a power analysis guidelines adapted by Hair et al. [20] from [4] at 5% significance
level.

Specifying and validating the measurement model
In our model, we used both reflective and formative constructs [20]. This causes some
considerations, as not all validity measures apply to formative constructs [20]. Assessing
convergent and discriminant validity using criteria similar to those associated with
reflective measurement models is not meaningful when formative indicators and their
weights are involved [2,20]. For formative and reflective constructs we validated the (1)
measurement reliability and (2) model structure. For reflective constructs, we additionally
validated the (3) discriminant validity. Furthermore, we assessed nomological validity,
according to which the relationships between the constructs in the path model, sufficiently
well-known through prior research, should be strong and significant [26]. The survey was
not based on existing measurement scales or instruments, which is its main weakness,
but after assessment, we decided that it is of sufficient nomological quality to proceed
with analysis.
The measurement reliability was assessed with composite reliability (CR) and average variance extracted (AVE) indicating convergent validity. The measurement reliabilities are reported in Table 2. All of the convergent validity metrics were greater than the
thresholds recommended in literature (CR > 0.7; AVE > 0.5) [17,24]. Some constructs
are composed of only one variable because of the archival nature of the data, which
prevents the evaluation of their convergent validity. The fields where evaluation was
not possible are marked with N/A. However, other quality metrics were high enough
that we proceeded with analysis. Furthermore, single variable constructs are possible
in PLS-PM, especially in cases where the variable is a concrete, observable item, even
though their use decreases construct reliability [20]. It should be noted that because of
this issue the data should be considered only an initial, exploratory investigation instead
of full-fledged theory testing.
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Table 2. Measurement reliabilities
Loading t-value p-value Mean SD
Gamification
GAM1.
GAM2.

0.907
0.934

27.819 ***
51.364 ***

1.590 0.875
1.721 0.889

Asking questions
ASK1.
ASK2.

0.946
0.534

28.115 ***
2.216 *

2.705 0.554
1.492 0.617

Answering questions
ANS1.
1

N/A

N/A

1.377 0.705

Received help
REC1.

N/A

N/A

3.492 1.743

AVE CR
0.917 0.847

0.728 0.591

N/A N/A
N/A N/A

1

*) Statistically significant at p<0.05, **) Statistically significant at p<0.01, ***) Statistically significant at p<0.001

We analyzed the structure of the measurement model, where applicable, by significance and weight of factor loadings, and for cross-loadings between the latent factors.
All loadings in the outer model (measurement model) were significant and varying from
acceptable .534 to good .946, indicating valid model structure.
We assessed discriminant validity of the measurement model, firstly, by the square
root of AVE (i.e. Fornel-Larcker criterion [17]), where all of the AVE square roots should
be greater than the squared latent variable correlations. Secondly, we verified that all
item loadings exceed cross-loadings [24]. The results indicate good discriminant validity
of the measurement model. We did not use the heterotrait-monotrait ratio of correlations
(HTMT) method, as the use of some of the validity methods is still unclear for formative
or single variable constructs [20].
Validating the structural model
We used a bootstrapping method to evaluate the coefficients for their significance [5],
which is the recommended method for PLS-PM [20]. The bootstrap sample size was
n = 61, and resampling was performed 5000 times, which are parameters following
best practises in literature and are sufficient to evaluate the model [20,24]. We tested and
validated the quality of the structural model representing our hypotheses by evaluating
(1) collinearity issues and overall fit, (2) explanatory power, and (3) path significances.
We assessed the collinearity and the model fit in order to validate the structural model
and identify misspecification problems. VIF (variance inflation factor) of the latent
constructs did not indicate collinearity issues with values clearly between recommended
values (0.2 < VIF < 5) [20]. Because of the hypothesis testing objective of the paper,
we further assessed the overall fit of the structural model to the data in order to analyze
whether the model was specified correctly. For that purpose, we used the standardized
root mean square residual quality metric (SRMR < .08) [24] to evaluate estimation
error and misspecification of the model [20]. In our case, the model fit of SRMR = .106
indicates that serious misspecification of the structural model does not occur.
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The R2 for the latent variables in the path model varies from ”answering” = 0.53 to
”received help” = 0.35, which range from substantial to moderate according to guidelines
interpreted by Henseler et al. [25] from [2], indicating acceptable explanatory power
of the inner path model structure. If a good proportion of the variance is explained, the
explanatory power of the model can be high regardless of the relatively low sample size
[38].
We present the path significances and hypotheses testing results in the next section.

4

Findings

We analyzed direct and indirect effects in the model, which are defined by hypothesis one
to four and summarized Table 3. The path model could account for 36% of the variance in
receiving help, 34% of the variance in asking questions, and 54% in answering questions.
The model shows that engaging with gamification features has a strong influence on
engaging both in asking and answering behaviour (H1 and H2). Furthermore, engaging
in asking behaviour affects receiving help (H3a). Engaging in answering behaviour does
not increase the chances of receiving help on the platform (H3b).
In order to test H4, we evaluated the mediation effects following a process by Zhao
et al. [49], which is also proposed by Hair et al. [20] for use with PLS-PM. First, we
established that a minimum of one of the mediating effects is significant, with a path from
the gamification (GAM) construct to the received help (REC) through asking questions
(ASK), as displayed in Table 3. The second mediating effect through answering questions
(ANS) is not significant. Furthermore, the direct effect of GAM on REC is not significant
(β = 0.237, p = 0.054). After testing for and excluding direct and alternative mediating
effects, we conclude that GAM has an indirect effect on REC through only one construct,
ASK, and is fully mediated by it (H4). The path coefficient β and significance p presented
for H4 is the specific indirect effect through the ASK construct. To summarize, engaging
with gamification has an impact on receiving help only when it affects asking questions
behaviour.
Table 3. Effects and hypothesis support
Hypothesis Path
H1.
H2.
H3a.
H3b.
H4.

Gamification → Asking
Gamification → Answering
Asking → Received help
Answering → Received help
Gamification → Asking
→ Received help

Effect (β) t-value p-value Supported
0.585
0.731
0.626
-0.236

5.047
11.499
5.248
1.514

***
***
***
n

Yes
Yes
Yes
No

0.367

4.008

***

Yes

n) not significant, *) Statistically significant at p<0.05, **) Statistically significant at p<0.01, ***) Statistically significant
at p<0.001
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Discussion and conclusion

In this paper, we explored the connection between students engaging with gamification
features and engaging in computer-supported cooperative learning. The results indicate
that engaging with gamification is positively associated both with desired behaviour
and positive outcomes on the collaborative discussion platform. Previous research has
established that gamification can increase engagement with software systems [36,45,30]
and activity in online discussion [12]. In this study, we additionally demonstrate that
gamification increases engagement and this is connected to participants receiving help
in the forum. To summarize, students asking for help receive it and students who do not
need help are engaged in providing answers, with the activities supported by gamification
features.
The connection between gamification and increased collaboration in forum-based
CSCL systems suggests that asynchronous discussion systems structured in the manner
of Stack Overflow provide a valuable addition to courses on technical subjects. Here our
findings match the findings in other contexts on social learning, including the studies
by Ferguson et al. [16] on social learning in MOOCs and Romero et al. [40] on online
discussion forums. Furthermore, our findings imply that gamification is not only a useful
feature in supporting engagement in online learning environments [30], but can also
support beneficial outcomes, such as increased collaboration. Our research provides
some insight into mechanisms that can foster greater collaboration and social learning
opportunities. This is of value because gamification is a desirable feature in MOOC
platforms [28], but one that can be misunderstood or misapplied [10,15]. By providing
new evidence on how gamification affects phenomena present in collaborative and social
learning, the findings of this study can assist in the design of future social learning
features in MOOCs and other online educational environments.
Our main contribution to state of the art is confirming a connection between engaging
with a gamification system and collaborative outcomes. While this study did not explore
the underlying causes of effective gamification, the forum system follows design reflections found essential in other studies: 1) intrinsic integration, where the gamification
system (e.g. content voting and points) should be an intrinsic part of main activities [8];
2) facilitation [12]; and 3) generally supporting Deci and Ryan’s [6] self-determination
theory’s competence, relatedness, and autonomy factors from an education perspective
[41]. The connection between self-determination theory and the design of the case study
are discussed further in [29].
Another contribution of our study is confirming the findings by Mekler et al. [32]
using a different research method and a new context, providing evidence on the effectiveness of points in the context of CSCL. While not a replication study, it is still valuable,
as more authors are calling for important findings in education research and beyond to be
replicated [31,33], and more in the wild studies to be implemented on gamification [42].
Mekler et al. did take their study to a more advanced level by also exploring the effects
of gamification elements at an individual level and including motivation, as defined in
Deci and Ryan’s self-determination theory [43], in addition to performance.
While we provide new additions to the scientific body of knowledge on gamification,
engagement and CSCL, we acknowledge some limitations. The main limitation is that
the model has minor imperfections because of the use of archival data and this has also
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limited the number and granularity of constructs in our research model. However, the
constructs and our hypotheses were solidly based on earlier literature, and the results
supported the hypotheses. As future work, we agree with earlier publications [32,42]
that point out the need for more in the wild studies with detailed, theory-driven models
that include motivation-based constructs that provide more understanding to connections
between diverse types of gamification, motivation, and outcomes.
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