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Abstract—This paper discusses the effect of a gamified learning system for
students of the master course on Web Design and Programming performed at
the Faculty of Organization and Informatics. A new set of usability metrics was
derived from web-based learning usability, user experience and instructional
design literature and incorporated into the questionnaire which consists of three
main categories: Usability, Educational Usability and User Experience. The
main contribution of this paper is the development and validation of a question-
naire for measuring the usability of a gamified e-learning course from students’
perspective. Usability practitioners can use the developed metrics with confi-
dence when evaluating the design of a gamified e-learning course in order to
improve students’ engagement and motivation.
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1 Introduction

The gamification as an emerging technology was first mentioned in an edition of
Gartner Hype Cycles that predicts how technology or its application will evolve over
time. In 2011, it predicted that fifty percent of Fortune Global 1000 organization
would implement gamification in learning and/or hiring process by the end of 2017
[34]. In the Gartner’s 2015 Hype Cycle the gamification was not mentioned within
the part of digital technology. It was moved to the category of digital marketing as
one of its tools [17]. The term gamification was coined in 2002 by Nick Pelling. His
idea was to create commercial electronic devices (in-flight video, ATM machines,
mobile phones, etc.) that will be enjoyable to use [37]. Soon, the benefits of gaming
features have been recognized and they reached other areas (e.g. web applications).
The gamification has also appeared in educational contexts where game elements are
used to engage students and to improve their experience in learning [6, 14, 15].

The online methods of teaching and learning are not as effective as it would have
been expected, and often result with higher dropout rates, as well as with lower en-
gagement of students. However, since the teachers constantly search for new instruc-
tional approaches, it is considered that the gamification of e-learning content will
bring the needed knowledge leap. Although the e-learning has brought immediate
feedbacks, flexible space, time, pace of study and easy access to materials [4], the
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learning experience needs to be customized nowadays. On the one hand, the research
of five popular learning management systems (LMS) (Moodle, Edmodo, Blackboard
Learn, Schoology and Canvas) has shown that the gaming experience mostly depends
on the instructor and his usage of a variety of the LMS features, and much less on the
LMS gamification features [8]. On the other hand, if a gamified design fails to meet
learners’ expectations and if it doesn’t fulfil their needs there is a high possibility they
would avoid using it again.

Based on the findings presented above, this paper aims to develop and validate the
questionnaire for measuring the usability of a gamified e-learning course from stu-
dents’ perspective. Furthermore, it is expected that the obtained results will reveal
some possible shortcomings of the gamified e-learning course that could be resolved
in the next iteration of the course development. Also, this study fills the gap of the
empirical research on the evaluation of usability and user experience in gamified
learning environments.

The next section provides the review of the literature regarding the usability and
gamification in educational contexts. The research methodology is presented in Sec-
tion 3 of this paper. The results of the questionnaire conducted in the context of high-
er education are presented in Section 4. The final comments are revealed in Section 5.

2 Literature review

A learner-centred design (LCD) should engage students and prove their motivation
for further interaction with e-learning courses [8, 47]. During the learner-centred
course design process [46], different types of learning strategies, experiences in learn-
ing and the triggers of motivation should not be put aside [3, 48]. Furthermore, stu-
dents will refuse to use an e-learning environment if it takes them too long to learn its
functionality, or if the environment is slow and visually unpleasant [12]. Gamification
design has therefore appeared as a solution for growing learners’ needs to offer a
more satisfying learning experience [51] by stimulating learners’ motivation and
engagement towards learning as gamers have towards playing games [9].

The literature offers many definitions of the term gamification. The creator of the
term [37] suggested the following: “applying game-like accelerated user interface
design to make electronic transactions both enjoyable and fast”. The simplest defini-
tion is “the use of game design elements in a non-game context” [13]. However, [16]
the definition highlights the role of a user “the use of game elements in design in non-
game environments to influence user engagement”. Furthermore, the International
Organization for Standardization [28] described the usability as “the extent to which a
product can be used by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use”. The effectiveness is meas-
ured “by the extent to which the intended goals of use are achieved”, the efficiency
can be expressed by “the resources such as time, money or mental effort that have to
be expended to achieve the intended goals™ and the satisfaction means “the extent to
which the user finds the use of the product acceptable” [7].
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Previously introduced concepts of gamification and usability form a game usability
which is described as “the degree to which a player is able to learn, control, and un-
derstand a game” [39]. The usability should be assessed through game interface, game
mechanics and gameplay during game development according to [18]. Some studies
reported that a gameplay as a core activity of a game seriously affects user experience
if it is not challenging and enjoyable [33, 36]. Although, the focus is on a gameplay,
an interface is the interaction layer between the user and the gaming experience.
Therefore, the ease of use and the understandability of a game interface yields to
overall game usability which is confirmed by [42]. The same authors reported the
results from companies that have declared they would give less attention to game
mechanics during usability activities, because they consider the focus should be on
the user interface and playability to achieve important goals for game usability. In
opposite, the game mechanics yield to overall game’s dynamic by making the chal-
lenging and satisfying experience for the user [27].

Overall, a good gamification design means that users have a special connection
with the interface which inspires them to learn more, to feel the autonomy (i.e. free
will) and the accomplishment, to feel free to explore, to have social interactions, but
in the same time that they are provided with visually appealing graphic elements [35].
Users will relate to a certain software product if they feel they have the ability to ac-
complish the satisfying goal (see [20]). The research from [6] confirmed that the gam-
ified courses are more motivating for students than traditional e-learning courses.
Also, [35] found a significant relation between the gamified content and students’
perceived understanding and the engagement in the course. On the one hand, [44]
claimed that most respondents highly agreed that preferable activities were those
which were providing instant feedback and correction, that is also confirmed within
the study of [38] about fostering learners’ engagement with proper feedback. On the
other hand, there are also studies that report examples of the unsuccessful effects of
gamification on students’ performance and attitudes in learning environment [16, 31,
49].

Various attempts on researching the implementation of gamification (or some ele-
ments of it) in various courses and the effects that it had on student’s attitude and
achievement [6, 8, 16, 35] have been noticed within our literature review. However,
there were only few attempts to evaluate the usability of gamified systems [44, 47,
50]. This research is filling the gap by following the suggestion from [24] to evaluate
the student’s experience as well as the usability, because the system, in ideal case,
should be used intuitively without any manuals. Furthermore, [44] proposes three
criteria (Usability, Educational Usability and User Experience) based on [24] for
evaluating the gamified learning environment and suggests the research of their inter-
relationships. The research concept is developed by following their recommendations
and scientific principles and presented in the next section.
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3 Research methodology

This study used a questionnaire to measure the usability of a gamified e-learning
course from students’ perspective. The initial step in questionnaire development is to
determine the purpose, objectives, research questions and hypothesis according to
[41]. The content validity of the original 38-item questionnaire is analysed during the
pilot study. Items are modified, added or removed according to their relevance for the
domain of a gamified e-learning system. The final iteration of the questionnaire in-
cludes the analysis of reliability and the construct validity.

3.1 Development of hypotheses

As mentioned above, this study utilized a questionnaire to investigate students’
perspective in three defined categories — Usability, Educational Usability and User
Experience, in order to encompass rather complex nature of measuring usability of a
gamified course. In cases where end-users (in this case students) are involved in the
evaluation and optimization of a software the user-based methods have higher validity
than the expert methods because they are based on methodological approach [30]. The
following hypotheses were set (see Fig. 1):

* HI1: Usability (US) significantly influences Educational Usability (EU). Stu-
dents spend more time working for a gamified course than for a non-gamified, be-
cause they stated it had been more motivating, interesting and easier to learn [6,
35]. According to [47], the usability of a gamified e-learning system can signifi-
cantly impact students’ learning in two ways — positive, students achieve their
learning goals easily through the interface or negative, students spend substantial
amount of time on understanding how the system works which distracts them from
learning.

* H2: Usability (US) significantly influences User Experience (UX). It is neces-
sary to meet students’ needs regarding the functionality, aesthetics and intuitive-
ness of the learning systems [12] and due to the fact that the students’ experience
and their behaviour are directly influenced by the technology they use [24].

¢ H3: User Experience (UX) significantly influences Educational Usability (EU).
Gamified learning content should enhance student’s learning experience resulting
with the increased lecture attendance, online participation, proactive behaviour,
better scores in different assignments [6, 16, 44]. Also, the same authors noticed
some side-effects of the gamified online courses such as: less class activity, poorly
done written assignments, caring only about acquiring points rather than
knowledge, etc. Further research can focus on the observed issues in order to iden-
tify more possible limitations of a gamified e-learning environment on students’
learning experience.
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Fig. 1. Hypothesized model for a gamified course

3.2  Development of the questionnaire

Three main criteria were identified to be appropriate for the evaluation of the cho-
sen gamified e-learning system from the students’ perspective. The first criterion is
the Usability which according to [28] has three sub-criteria as effectiveness, efficien-
cy and satisfaction. Efficiency as metrics is not further considered here, because au-
thors of this paper do not have direct access to the e-learning course. Nevertheless, the
quantitative efficiency measures as task success, time-on-task and many more will be
studied in future researches, especially in relation to qualitative measures that have
been used here. The learning environment is considered as a digital product through
which students perform their daily tasks, therefore it would be advisable to evaluate it
through standard usability measures [44]. Besides the usability point of view, the e-
learning system as a teaching and learning support must also be observed through
educational lenses [47] and emotional experiences [24]. Therefore, the following two
criteria were introduced: Educational Usability (EU) and User Experience (UX).

Both terms, Educational Usability and User Experience yield to wider context of
conventional usability. The first term “stresses learning-specific use and the relation-
ship of the content to objectives, learning processes and outcomes” [24], and the se-
cond, is associated with users’ perception, emotions, preferences — the complete expe-
rience before, during and after the interaction with the system [24, 44].

In fact, research studies [24, 44] proposed their evaluation frameworks to be
adapted and applied on different educational contexts. The evaluation criteria and the
related items in the questionnaire were adapted and synthesized from the following
researches (see Appendix for details):

¢ Usability (US) [6, 8, 50];
¢ Educational Usability (EU) [8, 24, 44];
¢ User Experience (UX) [8, 24, 44].

Previously cited literature was selected according to two criteria: (1) evaluation of
the digital learning environment from the perspective of users or experts; and (2) use
of a questionnaire as a method for data collection. The questionnaire was adapted to
the specific context of a gamified e-learning course which means that neither all cate-
gories nor the criteria from the literature are taken into consideration.
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Conclusively, this questionnaire is the integration of the evaluated gamified e-
learning system as a product of students’ interaction with their educational environ-
ment, and as a process of acquiring knowledge through experiences.

Preliminary Scale. After the items are selected from the relevant literature, a small
sample of users review and test the questionnaire before carrying out a large-scale
questionnaire [45]. Therefore, a pilot study was conducted with three HCI experts to
test it and deliver their observations. Their suggestions were on the syntax and appro-
priateness of the individual items under each criterion concerning the research do-
main. The experts concluded that it is not necessary to add additional items. As a
result of the experts’ feedbacks, the final 38-item questionnaire with five-point Likert
scale was compiled.

4 The analysis and results

The questionnaire, based on a five-point Likert scale, investigated the view of stu-
dents on Usability, Educational Usability and User Experience of a gamified course in
learning management system they use. It was administered to the students of Infor-
matics in Croatia, in June 2017.

4.1 Data collection

The questionnaire included 38 statements about students’ perception of a gamified
e-learning course implemented in Moodle LMS platform. Only students who gained
the right to be evaluated and graded at the end of the semester were invited to fill in
the questionnaire. A total of 58 students participated in the research. Most students
who filled in the questionnaire are third year students (98,3%), and only one student
(1,7%) is in the second year of study. The youngest respondent was 21 years of age
while the oldest was 48 years old. The median age of respondents was 22 years.
Summarized demographic characteristics using descriptive statistics are presented in
Table 1. The calculations were made in R version 3.4.0 [40].

Table 1. Demographic characteristics of respondents

Characteristic Category Frequency Percentage
Male 46 79,3
Gender
Female 12 20,7
Previous experience in gamified e-learning Yes 17 29,3
systems No 41 70,7
21 27 46,6
22 18 31
23 7 12,1
Age
24 4 6,9
27 1 1,7
48 1 1,7

46 http://www.i-jet.org



Paper—~Usability Metrics for Gamified E-learning Course: A Multilevel Approach

4.2 The evaluation of the measurement model

The measurement model had a predetermined factor structure based on theoretical
grounds. The Partial Least Square Structural Equation Modelling (PLS-SEM) has
shown to be the most appropriate for Confirmatory Factor Analysis (CFA) using
SmartPLS software [1]. The CFA is used to examine the validity and suitability of the
items for each construct [29].

The analysis in SmartPLS 3.2.7 (Student edition) [43] revealed certain outer load-
ing values for which maintaining recommendations from [25] were followed. The
measurement loadings between .40 and .70 should be reconsidered before the elimina-
tion. In a case where the elimination of a certain indicator increases the composite
reliability (CR) the value can be discarded or reconsidered in terms of theoretical
perspectives [22]. To eliminate low outer loadings, a total of three iterations were
made based on the defined criteria which resulted in omitting nine indicators. The cut-
off value for this study is .60, because the CR values are higher than suggested .70
[23]. In the first iteration, ER2, FE4, EM1 and NEI1 indicators were eliminated be-
cause their outer loadings were under the value of 0.4. Afterwards, in the second itera-
tion, the value of the FE3 decreased and had to be eliminated together with the indica-
tors SO4, SA7 and SOI. Although, the value of the indicator ER1 is close to the
threshold of .60, it belongs to the group of questions that target the system error
recognition, diagnosis and recovery which are not fully implemented in the Moodle
course that was evaluated. The results of the final iteration are shown in Table 2.

Also, the measurement model was evaluated through internal consistency
(Cronbach’s alpha, Composite reliability — CR), convergent validity (average variance
extracted — AVE) and discriminant validity (heterotrait-monotrait ratio of correlations
— HTMT). As mentioned before, the CR should be above .70. Furthermore, cut-off
point of .70 is acceptable for the Cronbach’s alpha (CA) [19]. As can be seen in Table
2, the CA and CR values exceeded the recommended threshold which points to estab-
lished internal consistency reliability of used measures. Also, each construct retained
more than three items through the deletion process [23]. The final questionnaire
statements are presented in Appendix.

The validity assessment of the reflective measurement model in this study is fo-
cused on the convergent and discriminant validity. The AVE values should be bigger
than .50 concerning convergent validity [23]. It is proposed to use the heterotrait-
monotrait ratio of correlations (HTMT) instead of the Fornell-Larcker criterion and
cross-loadings for the discriminant validity assessment due to their lack of sensitivity,
i.e. they require heterogenous loading patterns and high sample sizes [25]. The sug-
gested cut-off value is less than .90 for the inter-construct correlations [21]. Accord-
ing to Table 3 the discriminant validity is established.

Overall model fit of CFA. After the theoretical model is verified by Structural
Equation Model (SEM), it is necessary to perform the evaluation of the overall model
fit. [23] recommend reporting at least one fitness index from each category of model
fit (absolute fit, incremental fit and parsimonious fit).
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Table 2. Results summary for reflective measurement model

First iteration | Final iteration First iteration | Final iteration
Construct: Usability Construct: User Experience
AVE = 616 AVE = .642 AVE = 481 AVE = .621
CR =.957 CR =.996 CR=.914 CR =.936
CA =951 CA =953 CA =.890 CA =923
Indicators Loadings Indicators Loadings

SA1 .862 .868 EM1 .001 Omitted
SA2 815 .824 EM2 775 782
SA3 197 .804 EM3 746 751
SA4 723 723 EM4 .843 .864
SAS 832 .833 EM5 775 792
SA6 789 779 EM6 813 .819
SA7 543 Omitted SO1 591 Omitted
SA8 795 786 SO2 773 744
SA9 789 785 SO3 .801 187
SA10 127 731 S04 523 Omitted
EF1 825 .829 NE1 292 Omitted
EF2 .851 .852 NE2 .868 .882
EF3 735 137 NE3 .646 .646
EF4 .851 .853

Construct: Educational Usability
AVE = .390 AVE = 537

CR = .859 CR =.890
CA = 817 CA = 856
Indicators Loadings

CL1 .616 .660
CL2 .675 714
CL3 781 798
CL4 738 740
CL5 739 764
ER1 598 Omitted
ER2 225 Omitted
FE1 815 780
FE2 .652 .662
FE3 502 Omitted
FE4 .056 Omitted

Table 3. HTMT results

HTMT Usability Educational Usability User Experience
Usability
Educational Usability .880
User Experience 836 .868
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Not all the GFI and AGFI values exceed the threshold of .90, but they still meet the
requirement of .80 [26]. Only the AGFI value of the Usability construct doesn’t
achieve the required level, but it’s close to it. Besides, [32] explained that sample size
affects the GFI and AGFI to reach the threshold. In general, other fit indices show
relatively good model fit. The various model fit indices and the recommended level of
acceptance [5] calculated in IBM SPSS Amos for Windows, version 20 [2] are report-
ed in Table 4.

Table 4. Overall model fit

o Educational .
N;::;:X()f L::[e’i ;Ifctc_ Usability Usability User Experience
Index values
Chi-Square Smligtiz’rthe 576‘452 1‘432 29'53 !
(p-value > .05) (p=.195) (p=.592) (p=.718)
RMSEA RMSEA < .08 .000 .000 .000
GFI GFI> .90 .848 963 .930
AGFI AGFI> .90 757 .884 .873
CFI CFI>.90 1.000 1.000 1.000
Chisq/df Chisq/df < 3.0 990 (df=57) .826 (df=9) .821 (df=25)

Notes. Goodness of Fit Index (GFI), the Adjusted Goodness of Fit Index (AGFI), the Root Mean Square
Error of Approximation (RMSEA), the Comparative Fit Index (CFI), Chi-square/degrees of freedom
(Chisq/df).

4.3 The evaluation of the structural model

The procedure from [23] was followed to empirically confirm the concept of the
path model. First, the examination of the predictor constructs for variance inflation
factor (VIF) showed that values are below the suggested value 5, which means that
there is no collinearity among variables. The Educational Usability and the User Ex-
perience are constructs of interest considering that the perception of a gamified course
is examined. The coefficient of determination (R?) is evaluated in this structural mod-
el. [23] claim that R squared values mostly depend on the research context, but [10]
proposed the following value rules: above .67 are high values, between .33 and .67
are moderate, also values between .19 and .33 are weak, and all values below .19 are
unacceptable. The calculated predictive relevance (Q2) values of EU (.342) and UX
(.352) based on the blindfolding technique showed medium to large predictive rele-
vance for the named constructs according to [23] (see Table 5).

Table 5. R Square and Q Square of the endogenous latent variables

Constructs R? Results Q’ Results
EU 717 High 342 Medium
UXx .640 Moderate 352 Large
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Path coefficients results in Table 6 showed that the Usability (US) has high bearing
on User Experience (UX), and low on Educational Usability (EU). Although, total
effects calculations showed that the Usability has a bit stronger effect on the Educa-
tional Usability (0.814) than on the User Experience (0.800). The analysis of outer
weights of specific items in the Educational Usability showed that students gain a
sense of accomplishment and autonomy by attending a gamified course. They consid-
er that tasks were more easily achievable to them in this kind of course. Also, students
were regularly provided with the feedback on the assessment results and their pro-
gress. Considering the items from the User Experience, students agree that a gamified
course is interesting and acceptable form of learning. All relationships in structural
model are significant (see Table 6), confirming the defined hypotheses about the con-
struct relationships. Furthermore, the effect size (%) below .15 indicates small effect
on the endogenous construct, from .15 to .35 moderate, and above .35 large [11]. The
reported f* values in the Table 6 indicate moderate to large impact of predictor on an
endogenous construct.

Table 6. Significance testing results of the structural model path coefficients

Hypothesis Path Patcl;ecnotesrfﬁ- inEZfefeicfzt) va{;es P-values Results
H1 US — EU 504 324 3.112 .002 Accepted*
H2 US — UX .800 1.775 15.330 .000 Accepted**
H3 UX — EU .388 192 2.432 .015 Accepted*

Notes. Significant at p**<0.01, p*<0.05

5 Conclusion

Although the gamification is mostly recognized in terms of the corporate training
environments, its impact on the blended learning will, at some point, become una-
voidable according to the researched literature. There are various definitions of gami-
fication and usability which highly depend on the context of use. However, game
elements are mostly used in different contexts as influential factors on users’ motiva-
tion and engagement.

The multilevel framework developed for the purpose of this research consists of
three constructs (Usability, Educational Usability and User Experience) that are re-
cently used in the literature for the evaluation of a gamified software. The framework
includes only the elements considered relevant for this field of research.

The research results confirmed that the Usability is indeed a significant predictor of
the Educational Usability and the User Experience. In addition, it was shown that the
User Experience also predicts Educational Usability.

However, there are a few limitations to be noted. First, the option "not applicable"
was not included in the questionnaire which could influence the interpretation and the
analysis of the results. Secondly, various new terms and meanings could be interpret-
ed differently by different students.
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In the end, the data obtained from the evaluation results can be used to adapt the e-
learning course according to students’ needs. Also, the questionnaire findings can be
used as a good practice example for other gamified courses in the e-learning context.

In conclusion, it should be mentioned that traditional learning cannot be fully re-
placed by games in all contexts, because gamification is usually not a cheap process
and it requires a thorough development process and great human efforts.

6 Appendix

Item Usability Ref.
SA1 The utilized game design elements were useful to motivate me to use the gamified [50]

e-learning course.

SA2 |Using the gamified e-learning course was a worthwhile experience. [50]
SA3  |The full story presented in the gamified e-learning course is meaningful. [50]
SA4  |The gamified e-learning course provides me a meaningful feedback. [8]
SAS |l enjoyed the experience of using the gamified e-learning course. [50]

I found earning game achievements (badges, points, rewards, etc.) increased my

SA6 . : . . [50]

enjoyment of using the gamified e-learning course.

SA8 |Trying to earn game achievements had a positive effect on my behaviour. [50]

The game achievements (badges, points, rewards, etc.) motivated me to participate

SA9 . [6, 50]

more than I would have done otherwise.

SA10 |Time passed quickly for me during the task performance. [50]
EF1  |The gamified e-learning course improved my understanding of the course material. [50]
EF2 (I performed my tasks better because the e-learning course is gamified. [6]

This gamified e-learning course required more work than other courses, but it was
EF3 : [6]
not difficult to learn from.
I used this gamified e-learning course more often than other courses because it is
EF4 . [6,51]
gamified.
Educational usability

CLI Goals were clearly set out. Objectives and expected outcomes for learning were [24]

clear.

CL2 The gamified e-learning course provided me clear goals about what I should do (8]

next.
The gamified e-learning course divided the tasks in such a way that they were

CL3 . [8]

achievable to me.

CL4 |The gamified e-learning course provided me a sense of accomplishment. [8]
CLS5 |The gamified e-learning course gave me a feeling of autonomy. [8]
FEl |Prompt feedback on assessment and progress was provided. [24, 44]
FE2 |Guidance was provided about the tasks and construction of knowledge going on. [24, 44]

User experience

EM2 |Gamified e-learning course triggered positive emotions in me. [8]

EM3 |The gamified e-learning course provided me a feeling of purpose. [8]
The tasks within the gamified e-learning course are motivating to learn more about

EM4 . . [44]

web design and programming.

EMS5 |Gamified e-learning course is interesting and an acceptable form of learning. [24]
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EM6 |This way of learning web design and programming is exciting. [24]

sO2 The gamified e-learning course provided me a feeling of relatedness to other stu- (8]
dents.

SO3  |This gamified course provided me the opportunity to cooperate with other users. [8]

NE2  |This gamified learning environment is stimulating to me. [24]

NE3 |A sense of security is achieved in this gamified course. [24]
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