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Abstract: In the pedagogical process, a serious game acts as a method of teaching and upbringing,
the transfer of accumulated experience and knowledge. In this paper, we describe an interactive
serious programming game based on game-based learning for teaching JavaScript programming
in an introductory course at university. The game was developed by adopting the gamification
pattern-based approach. The game is based on visualizations of different types of algorithms, which are
interpreted in the context of city life. The game encourages interactivity and pursues deeper learning
of programming concepts. The results of the evaluation of the game using pre-test and post-test
knowledge assessment, the Technology Acceptance Model (TAM), and the Technology-Enhanced
Training Effectiveness Model (TETEM) are presented.

Keywords: serious game; gamification; game-based learning; programming teaching; sustainability
teaching; mobile app

1. Introduction

Ubiquitous learning is an emerging educational paradigm that is based on digital content,
mobile devices, smart environments, and wireless communication to provide teaching-learning
experiences to learners at anytime, anywhere, and in any way [1]. Ubiquitous learning allows students
tobreak beyond the traditional classroom-based setting of formal education and to interact with different
computing devices and digital technologies in a blended way. An important enabler of ubiquitous
learning is serious games, i.e., games whose primary purpose transcends pure entertainment [2].
Specifically, educational serious games primarily aim at education rather than entertainment [3].
They have been shown to promote critical thinking and strategic and logical skills in computer-supported
learning environments [4].

In pedagogy, serious games are used as an attractive way to transfer experience and knowledge to a
learner [5]. The implementation of serious games as a part of teaching curricula leads to the gamification
of education and instruction, which is considered to be appealing and engaging among the learners [6,7].
Gamification is designed to make the necessary routine fascinating, whether it is the study of a large
amount of information, but at the same time leaving the person in his/her reality, by himself/herself,
allowing him/her to improve the skills necessary for this particular subject. The game and game
technologies in pedagogical practice depend on the creation of certain conditions for achieving goals,
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the modeling of a special game reality with its internal laws (role-playing games, business games,
organizational activity games, etc.). Games complement traditional forms of education and contribute
to the activation of the learning process and the successful implementation of collaboration-based
learning [8] in practice. Unlike in traditional teaching resources and digital media, educational games
provide a virtual space for learners, in which learners can practice and actively engage in the subject of
learning without being subject to the stress typically associated with formal learning [9].

Games have a strong emotional impact on students and can help form many skills and abilities: first
of all, communication skills, the ability to work in a group, to make decisions, and to take responsibility
for oneself. Serious games combined with other educational technologies increase the effectiveness of
programming education. Recent studies claim that learning outcomes and learner engagement are
improved when using digital game-based learning versus traditional teaching methods [10]. In contrast
to entertainment-only games in general, pedagogy-oriented games have an essential feature—a clearly
defined goal of teaching and corresponding pedagogical results that can be substantiated, singled out
in an explicit form, and are characterized by an educational and cognitive orientation [11]. The reasons
why students love computer games can be summarized as follows:

e computer games represent fantasy and follow a simple principle: win or lose with instant
results [12];

e games use aesthetic modeling and recognizable features to grab the learner’s attention with visual
feedback [13];

e games are an interactive environment and provide complete immersion in it [14];

e games open up different ways to solve problems [15].

The multi-aspectual nature of computer games creates an opportunity to develop creativity,
technical skills, and collaborative work experience [16]. Moreover, they have been demonstrated to
positively affect students” learning outcomes [17,18].

Several studies claim that students usually prefer playing a serious game over traditional
pedagogical methods in several areas of science, technology, engineering, and mathematics (STEM)
education (see, e.g., [19] for a comprehensive case study for mathematics). Certain qualities of
educational games can help increase student interest: a challenge that encourages the learner to explore a
specific topic and bring knowledge and skills to perfection because only in this case can one go to the next
level. In particular, programming education for non-STEM students should use enjoyable game-based
tools to overcome their anxiety, increase their engagement and motivation [20,21], and support
computational thinking [22]. There is no single definition of serious games. The disagreements and
discrepancies among definitions of serious games lead educators, tutors, and mentors into confusion
when they try to figure out which games should be used for effective teaching. The general point of
view is that:

e alearning model is built into such games;
e they have content that the process of playing the game teaches;
e learning assessment can occur within the gameplay itself or outside it.

Educational serious games provide educational materials, by choosing which, the student
himself/herself chooses the pace of learning. In most educational serious games, the cognitive and
visual load of students is realized through the computer (or smartphone) screen. The game is an
interface in which one or more loads are constantly increasing, each time increasing the level of
difficulty and thus keeping the participants in suspense. In some games, there are high cognitive
loads, since during the game the student must understand how the storyline develops and analyze
the situation [23]. Such examples of mobile app-based serious games for education include math
games [24], musical games for preschool children [25], digital games for teaching young children about
programming [26], a gamified informatics course [27], improving children’s procedural abstraction
thinking skills in Scratch [28], a collaborative gamified quiz [29], game for fighting child obesity [30],
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or a serious game for carers of dementia patients [31]. For a systematic review of open educational
games, see [32,33]. Each game is characterized primarily by a specific game context (the inner “world”
of the game), which is built and maintained using special means, and assumes the presence of a set of
positions and roles of the participants and, therefore, a controlled communication system, as well as
special mechanisms that allow for generating game actions.

Our goal is to design, implement and launch an application designed for mobile devices,
which will simultaneously visualize: the course of action of an algorithm (input data, change of data
state, output data) and the source code responsible for these changes. The contribution of this paper is
as follows: (1) providing a design of a mobile app implementing a serious game aimed at teaching
how to solve common algorithmic problems in the JavaScript programming language, and (2) the
evaluation of the game using the Technology Acceptance Model (TAM) and Technology-Enhanced
Training Effectiveness Model (TETEM).

The organization of the remaining sections of this paper is as follows. Section 2 discusses the
pedagogical and methodological backgrounds. Section 3 describes the game scenario, the design of
gamification, and the implementation of the app. Section 4 presents the evaluation results. Section 5
presents the discussion. Finally, Section 6 presents conclusions and discusses future work.

2. Pedagogical and Methodological Backgrounds

In the traditional model of teaching programming at university [34], the leading role in the lecture
belongs to the teacher. From him/her is required not only good knowledge of the training material
but also the ability to put it to the audience: to present it in an interesting, figurative, and clear way.
The most common way to visualize lectures is to prepare demonstration materials (presentations in MS
PowerPoint). Using MS PowerPoint presentation materials allows for visually presenting the studied
material in the form of static text or graphic information. Interest in the subject increases if, along with
the systematic presentation of the material, including in the discipline program, the lecturer shows
his understanding of the perspective on the development of the subject, shares the experience of his
scientific developments, and can refer to the history and reasons that prompted the study of this or a
different phenomenon.

The methodological backgrounds for the application of serious games for education are
Game-Based Learning (GBL) [35,36], simulation gaming [37], and mobile microlearning [38]. Here,
mobile microlearning means that the educational content is created for the small screens of smartphones,
and is structured in small, self-contained bits of knowledge, which can be assimilated by students
in no more than five minutes. The digitalization of information directly affects and modifies human
mental activity in the process of education. The problem of the influence of a computer on human
mental activity can be considered based on three main approaches established in psychology [39]:
substitution theory, complement theory, and transformation theory. Substitution theory identifies the
work of a computer program with the process of human mental activity. Complement theory is based
on the theory of thinking, according to which a computer significantly increases a person’s ability to
process and perceive information. Transformation theory claims that the computer transforms human
mental activity, and contributes to the emergence of new forms of mediation. The interactivity of a
program is its ability to conduct a “dialogue” with the user, i.e., to respond to user-entered requests or
commands. A feature of human-machine interaction is its belonging to a special type of communication
called interaction. Interaction involves not only the exchange of information between the participants
in the communication but also their joint activity. The system immediately reacts to commands and user
requests (feedback), and allows the latter to determine and, if necessary, adjust their further actions.

Current approaches to enriching the traditional lecture with elements of entertainment and
games include embedding computation in physical objects like cubes, etc. [40], developing tangible
interfaces for teaching children about robot programming [41], or gamified quizzes and puzzles [42].
However, these games usually focus on young school children and teens, whereas they are considered
as too simplistic by young adults such as university students. Our novelty is the development of a



Computers 2020, 9, 102 4 0f 18

serious game for mobile devices, which is aimed at teaching university students how to solve common
algorithmic problems in the JavaScript programming language, while simultaneously visualizing:
the course of action of an algorithm (input data, change of data state, output data) and the source code
responsible for these changes.

3. Materials and Methods

3.1. Pedagogical Models

In this paper, we have adopted a model of game-based learning from [43] (see Figure 1).
When developing an interactive game, we followed the guidelines for integrating gamified learning in
the classroom [44] as follows. First, we clearly define the pedagogical objectives, which are to acquaint
the students with introductory concepts in programming. Next, we determine the technological
competency of our target students. Finally, we identify the content to teach.

Input Process Outcome

Instructional

content )
Learning

Debriefing
outcomes

Game
characteristics

Figure 1. Model of game-based learning (adapted from [34]).

Our pedagogical model of the learning process based on the serious game (Figure 2) is based on 5
key elements, which interact in achieving a sustainable serious outcome while keeping the students
engaged and motivated. The model starts with the element representing the pedagogical aims, i.e.,
the learning of the JavaScript (JS) programming language. Other elements such as adaptive learning [45]
are used to support the achievement of this aim. Adaptive learning ensures the adaptiveness of learning
through feedback, which constructs an individual learning path for each learner. As a result, gaps in
knowledge are closed and the difficult topics are encouraged to be repeated for rooting the acquired
knowledge. At the same time, adaptive learning ensures that the well-understood topics can be covered
faster and without unnecessary repetition. Game mechanics are used to support such reinforcement of
desired learning behavior in an engaging and motivating way. The effectiveness of the pedagogical
process is evaluated using the TAM and TETEM, which allow for evaluating the effectiveness of the
game-based learning process. Finally, in line with the current trends for interdisciplinarity and woke
pedagogy [46], the digital game is placed within the context of ecology and sustainability issues,
which promotes and encourages green thinking [47] to raise awareness of societal issues and provide
diversity in education that transcends the direct needs of the programmer profession. Furthermore,
the game, which can be played remotely and anytime on a smart user device (smartphone), fits well
into the concept of 21st century online education [48], which is going to dominate the landscape of
education in the post-COVID-19 world.

3.2. Design of Game Scenarios and Game Implementation

The game was developed by adopting the gamification pattern-based approach [49]. The designed
interactive game has four major structural blocks: an authorization block (entering the game, choosing a
topic), a game mechanics block (instructions, game rules), a learning block (user interface), and a game
situation assessment block (analysis and evaluation). A schematic representation of the game flow is
given in Figure 3.
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Figure 2. The pedagogical model of the learning process-based on serious game. TAM is Technology
Acceptance Model. TETEM is Technology-Enhanced Training Effectiveness Model.
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Figure 3. Schematic representation of the game flow. O is the start of the game. © is the end of the game.
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The story of the game is based on environmental awareness of ecological problems occurring in
everyday life, while the direct (not-serious) aim is the prevention of city pollution in daily activities.
The user acts as a commercial advisor having to solve puzzles to build an industrial quarter for the
city to start generating income while avoiding excessive pollution, which decreases the game score.
Successful implementation of programming-related tasks allows for increasing city revenue and the
game score. The game is available online at http://algo-js.usz.edu.pl/.

3.3. Gamification of Programming Algorithms

Many studies [50,51] claim that problems in programming education arise due to the complexity of
abstractions and concepts of programming such as variables, arrays, functions, or loops. To overcome
this barrier for learning programming, the principles of visual programming, which focus on the use
of visual abstractions corresponding to programming abstractions [52], are adopted. The selection
of topics follows the list of suggested topics of an undergraduate computer science course by ACM
Computing Curricula [53].

The concepts that our system supports are common programming algorithms: linear algorithms,
branching (conditional) algorithms, iterative algorithms, search and sorting algorithms, recursion,
tree raversal, and graph algorithms. We describe the gamification of these algorithms in more detail in
the following subsections.

3.3.1. Linear Algorithm

Linear algorithms are algorithms which do not involve branching, i.e., there are no conditional
statements. Examples of such algorithms are recipes, which describe how to complete a task by
executing several steps. The case for such an algorithm is finding an exit through a maze of streets in a
city. The idea is represented by the following image from the game’s interface (Figure 4). Each command
is evaluated and visualized in a loop. The algorithm finishes the execution if: the client is found (or the
exit is reached), or the car object makes an invalid move. The visualization includes showing the truck
position with a rotation related to the last command. Each step of a truck should be visualized as well.
Several levels could be implemented. The difficulty of the task is managed through the maze complexity.
The introductory level includes only one command and a very simple maze. Additional levels include
using an increasing number of commands. In the highest levels, a maze is generated randomly, so that
a student has to make a correct algorithm in one go.

Figure 4. Illustration of a linear style algorithm by finding an exit through a maze of streets in a city.
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3.3.2. Branching (Conditional) Algorithms

Branching refers to conditional statements, conditional expressions, and conditional constructs,
which are dedicated to performing some computations or actions depending on the evaluation of
the programmer-specified Boolean condition. To solve the task, a student has to write conditional
statements including equals, not equals, less than, more than, less than or equal, and more than or
equal, which are visualized as turning decisions at each city intersection (Figure 5). To reach the aim,
the branching conditions must be written correctly.

Figure 5. Illustration of a conditional algorithm—finding a correct route in the city streets.

A student will have to implement a function that will be tested with several sets of input data.
Each command except the conditional statement is evaluated and visualized in a loop. The algorithm
finishes if all test cases were successfully executed, or there was a mistake in a test case. There are
three containers of different sizes and the task is to sort out several types of color-coded waste
(green—bio, blue—plastic, red—construction waste, etc.) trucks to the appropriate waste dumps.
Visualization includes moving a person to a container and dropping an item. Each step of a person’s
movement is visualized as well.

3.3.3. Iterative Sum Algorithm

A simple summation task which does not include arrays could be formulated like this: given a
number n, find the sum of digits in all numbers from 1 to n. The sum algorithm normally involves a
variable where the sum is accumulated (sometimes called an accumulator) and a loop that iterates
within a given interval. The general case for such an algorithm is has an increasing number of objects
which are moved to a container of a specific type and the sum of the objects in the container is displayed.
The narrative of this case is that there are several parking places and the parking place number denotes
how many cars it can contain. The task is to calculate the sum of the cars which could be placed in a
given number of parking places.

Each command is evaluated and visualized in a loop. If the sum variable is equal to the previous
sum plus the expected number of trucks, then the animation should start moving trucks to the big
waste depot. The algorithm finishes if all trucks are moved to the empty waste deposit place, or there
is a mistake and the sum variable is not equal to any possible combination. Visualization includes
moving trucks to the waste deposit lot and showing the value of the sum variable.



Computers 2020, 9, 102 8 of 18

3.3.4. Iterative Search Algorithm

The simple search task is to find a specific value of a specific item in a given range of values.
In this case, we could use the waste truck scenario. Given the array of random truck numbers assigned
to waste deposit places, we need to find a maximum (or a minimum) number of trucks in a waste
depot (Figure 6). A student will have to implement the minimum or maximum finding functions.
That function receives an array of numbers called trucks which has to be investigated and the minimum
or the maximum number of cars is found.

Figure 6. Illustration of an iterative search algorithm—finding the correct waste deposit lot.

Each command is evaluated and visualized in a loop. Each item from the cars array is evaluated
against the current min or max variable. The algorithm finishes if the loop finishes successfully and
the min/max value is found, or there is a mistake in the provided solution and the min/max value is
not found. The visualization includes comparing the current state of the truck array to the minimum
or maximum value found before that iteration.

3.3.5. Iterative Sorting Algorithm

Sorting consists of ordering a list of objects according to the value of a specified property. We start
familiarizing the student with this concept from the simplest (and less efficient) algorithm called bubble
sort. In this case, we could use the building scenario. Given a set of city buildings, we need to sort
them according to their heights (number of floors) as larger buildings pollute more.

A student will have to implement the building sorting function. That function receives an array
of heights called buildings which have to be sorted in increasing order (see Figure 7). Each command
is evaluated and visualized in a nested loop. The users’ data array is investigated in each iteration,
and if there is a change in an array, then the animation of swapping two players starts. The algorithm
finishes if the loop finishes successfully and the data are sorted in increasing order, or there is a mistake
and the returned data do not match the sorted data. Variations of the implemented algorithm may
include changing the sorting direction.

The recursion is implemented by using functions that call themselves from within their code.
The Fibonacci recursive algorithm, which generates the Fibonacci number sequence, is used to visualize
the recursion. The task for this scenario is to implement a function that takes one parameter (1) and
returns the corresponding Fibonacci number. The scenario narrative includes trucks and waste deposit
places. The idea is that every newly built waste depot should be able to contain the waste trucks from
the waste deposit places built before. A student has to implement the Fibonacci sequence calculation
function. The calls to the Fibonacci function are visualized as a call stack. Numbers are visualized as
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trucks that appear after the result of the function call is returned. The algorithm finishes if all test cases
were successfully executed, or there was a mistake in a test case.

Figure 7. Illustration of sorting algorithm using the building ordering scenario (the higher building is a
more polluting building).

3.3.6. Recursion

3.3.7. Tree Traversal Algorithms

Traversal is visiting all the nodes of a tree data structure and executing the associated actions.
Generally, we traverse a tree to find and access an item stored in the tree data structure. To visualize
tree traversal algorithms, we use the city maze scenario. The maze is organized as a tree that has
several levels. Given the picture, the student will have to create a tree data structure and to implement
the chosen tree traversal algorithm. Thus, the picture needs to be transformed into a tree. The city
maze root node is a maze itself. It has two children—greenery and structures. Greenery contains
parks, lakes, and fields. Structures contain buildings, roads, and parking places. Each node has a title,
coordinates, and children. A student needs to create a tree data structure and construct the specific tree
of a given city maze. Initially, the game app shows a semi-hidden maze (a semi-transparent layer is
shown over the maze). According to the data structure and the tree construction code created by a
student, the app opens specified tiles. The task will be completed if all tiles are opened.

3.3.8. Graphs—Shortest Pathfinding Algorithm

A graph is an abstract data type used to model a set of connections. To find the shortest path,
the city maze needs to be transformed into a weighted graph with the weights corresponding to the
distance between intersections. The most important/well known algorithm to find the shortest path
in a weighted graph is Dijkstra’s algorithm. The task is to find an exit through the maze of streets
in a city. That image needs to be transformed into a graph. The game narrative is a truck driving
through the city to get some building materials or to pick up waste. To solve this task, a student needs
to create a graph structure. For that purpose, the street intersections need to be named and visualized
in a city street maze. According to the graph created by a student, the game visualizes the connections
as lines and numbers assigned to these connections as weights. The connections are drawn in a green
color if the connections exist in the reference graph. Otherwise, the student graph connections will be
drawn in red. The app draws the weights in a green color if the weights are accurate compared to the
reference graph. Otherwise, the student graph weights will be drawn in red.
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3.4. Evaluation Measures

To assess the effectiveness of the game in teaching the introductory concepts and the construct of
programming logic and thinking, a pre-test and the post-test were performed and analyzed. All tests
were created by computer science teachers. Each test (pre-test and post-test) included the same topics
of programming and covered the same content of materials and degree of complexity.

The pre-test assessment was done before the start of the course to find the knowledge of
programming constructs and abstractions among students before the course, while the post-test was
taken by the students after the course. Each group was given 10 exercises to solve within a time limit
of 90 min. After the end of the course, the students were given a post-test, which was delivered in the
same way as the pre-test. Finally, the overall assessment was done by comparing the evaluation scores
obtained during the pre-test and post-test to find the improvement in the student knowledge.

To validate the developed game, a survey was conducted using the Technology Acceptance Model
(TAM) [54]. The TAM was already used for evaluating the use of gamification for serious purposes [55].
The questionnaire had 10 questions that address five elements (two questions per each element of
the TAM) to validate: perceived usefulness (PU), perceived ease of use (PEU), attitude towards use
(ATU), intention to use (IU), and perceived enjoyment (PE) as an external factor. PU evaluates how
useful gamification is for improving professional competencies. PEU is an indicator that measures
users’ behavioral attitudes towards the ease of technology use. ATU is the degree to which a student
perceived desirable feelings related to the use of a serious game for learning. IU measures the intention
to use a serious game for learning. PE evaluates the hedonic enjoyment of students while using the
serious game. Each item is assessed with a 7-point Likert-type scale from 1 (strongly disagree) to 7
(strongly agree). For the evaluation of the internal consistency of survey results, we use Cronbach’s
alpha, which verifies the reliability of the measurement scale used.

We also adopted the Technology-Enhanced Training Effectiveness Model (TETEM), which was
created to analyze the adoption of virtual worlds in organizational training [56], but later adopted
to evaluate the effects of gamification [57]. The model evaluates experience with videogames (EVG),
attitudes toward game-based learning (AGBL), control valence (CV), and gamified valence (GV),
and can be used to assess the relationship between gamification and training. EGV refers to the amount
of time spent playing different games, and identification with gaming culture. Valence refers to the
anticipation of gain from learning, which in turn influences student reactions, outcomes, and the degree
of knowledge transfer. Each item is assessed with a 5-point Likert-type scale from 1 (strongly disagree)
to 5 (strongly agree).

The results of the survey are evaluated using statistical testing (Shapiro-Wilk normality test,
Mann-Whitney U test) and correlation analysis (Pearson correlation coefficient). The Shapiro-Wilk
normality test is used to test the hypothesis that the data are normally distributed. The Mann-Whitney
U test is a nonparametric test commonly used to compare outcomes between two independent groups.

Pearson correlation is a statistical measure that assesses the linear correlation between two
variables. We used it to check the relationship between the elements of the TAM and TETEM.

4. Results

4.1. Participants and Educational Setting

The participants consisted of 54 undergraduate students at Kaunas University of Technology
(Lithuania). The sample was 83.4% male and 16.6% female (mean age = 19.43, SD = 1.17). The survey
was approved by the Institutional Review Board at the Faculty of Informatics, Kaunas University
of Technology. All participants voluntarily agreed to take part in the survey. Answers were fully
anonymous, and no personal data were collected, while only aggregate information was later used.

Based on the prior academic results, the participants were randomly split into two groups
(game group and control group) to maintain academic balance. Both groups attended a traditionally
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delivered (with PowerPoint-based lectures) programming course, but the game group was introduced
to the game and encouraged to play it.

For the TAM survey, we used the original TAM questionnaire as in [58]. For the TETEM survey,
we used the questionnaire presented in [59], in which we only replaced “video games” with “computer
games”, and “work training” with “programming training”.

4.2. Results of Performance Evaluation

The results of the pre-test evaluation were explored using skewness and kurtosis values,
which satisfied the normality requirement, suggesting that any diversity in the students” background
knowledge originated from a normally distributed population. To support this assumption, a Shapiro-Wilk
normality test was performed to examine the distribution of scores achieved by students. The results
indicated that the scores may have been normally distributed (W = 0.9263, p-value = 0.2158; W = 0.9366,
p-value = 0.2267, for both groups, respectively).

In our case, the Mann-Whitney U test was used to compare the background knowledge between
students from both groups, showing that there was not a statistically significant difference (p = 0.08)
between students from the game group (M = 6.56, SD = 1.24) and the control group (M = 6.65, SD = 1.38)
in the pre-test evaluation. The control group achieved slightly better results than the game group
in the pre-test evaluation. In the post-test, there was a statistically significant (p < 0.001) difference
between students from the experimental (M = 8.41, SD = 1.29) and control (M = 7.62, SD = 1.16) groups
according to the Mann-Whitney U test (Figure 8).

I Control group (pre-test)
I Control group (post-test)
N Game group (pre-test)
I Game group (post-test)

>k k ok

Evaluation grade

Pre-test Post-test

Figure 8. Summary of pre-test and post-test evaluation of game group and control group. ***—statistically
significant (p < 0.001). n.s.—not significant (p > 0.5).

Moreover, the game group has a learning gain (MD = 1.855) greater than the control group
(MD = 0.969) between the two evaluations, while the statistical significance of this difference was
confirmed by the Mann-Whitney U test (p < 0.001). The results are summarized visually in Figure 9.
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I Change in control group
[ Change in game group

3.5

Change in evaluation grade

Control Game

Figure 9. Change in evaluation scores of the game group and control group between pre-test and
post-test. ***—statistically significant (p < 0.001).

4.3. TAM

For the evaluation of the internal consistency of TAM responses, we use Cronbach’s «, which is
equal to 0.89. Note that o« > 0.80 is considered good.

Pearson correlation was calculated to check the relationship between the analyzed TAM elements
(see Figure 10). A positive correlation was observed between PEU and PU (R = 0.516, p < 0.001),
between PU and ATU (R = 0.798, p < 0.001), between PU and IU (R = 0.417, p < 0.01), and between
ATU and IU (R = 0.446, p < 0.01).

Perceived usefulness (PU) 0.7982

Perceived ease of use (PEU) 1 M 0.01711 | 0.01943

Attitude towards use (ATU) ULV 0.01412 1 0.09901

Intention to use (IU) 0.01711 1 0.03963

Figure 10. Pearson correlations between the elements of the TAM.
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4.4. TETEM

For the evaluation of the internal consistency of TETEM responses, we use Cronbach’s alpha.
The result is o« = 0.96. Note that « > 0.80 is considered good.

Pearson correlation was calculated to check the relationship between the analyzed TETEM
elements (see Figure 11). The statistically significant correlation was noticed between EVG and GV
(R=10.60; p < 0.001), and AGBL and GV (R = -0.38, p < 0.01). The results of the survey support
the claim that a gamified learning experience leads to higher valence, which provides for a causal
relationship between the use of gamification and the learning outcomes.

Experience -0.08492 -0.2879 0.8
06

Attitudes -0.08492 -0.3886 0.2404
0.4
10.2

Gamified valence -0.3886 0.0908
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Figure 11. Pearson correlation between the elements of the TETEM.

5. Discussion

Game-based learning is a process both unpredictable and difficult to manage. Its course is
affected by some factors, which are very difficult to calculate, and even more so to assess their mutual
influences. However, the systematic and purposeful use of game methods can give certain results,
both in changing the basic qualities of a person and in the effectiveness of educational activities. So,
we can discuss gamification as a new way of organizing training, which has a huge pedagogical
potential. Inherent mechanics of gamification allow you to run the very highest level activity, which is
the root cause, the source of the child’s activity, which has a creative character [59], with how to
stimulate subjective activity, but does not remove a learner from the reality.

Elements of gamification make the standard university course more interesting. For example,
game mechanics can motivate a student to do homework and solve tests, and if the topic is too complex,
then simple programming examples with gamification will help to better understand and learn the
material for the future. A large programming course, in which students risk getting lost, can be
supplemented with a serious game—such a tool provides an incentive for the student to complete
the course. Incentive badges or points for different actions when completing practical programming
tasks will motivate the student to pass the course on time. Among other things, game mechanics
make the learning activities themselves more attractive, which was confirmed by the results of the
TETEM survey (item “gamification valence”). This study is the first study that had adopted the TETEM
questionnaire for evaluating a serious game for teaching programming.

On the other hand, the TAM model is well known and has been used for evaluating games
several times. Wang et al. [60] used the TAM to evaluate a mobile game, which supported students
in learning color mixing in design education. They found a significant correlation between PEU
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and PU, between PU and ATU, and between ATU and IU. Onashoga et al. [61] developed a 3D
game-based learning approach for increasing awareness of phishing attacks. The study has found
that all relationships between PEU, PU, ATU, and actual usage of the system (AUOS) were significant
and positive. Giannakoulas and Xinogalos [62] developed an educational game for teaching simple
programming concepts to primary school children. They used the TAM to evaluate the game but
did not perform an analysis of relationships between the TAM concepts. Therefore, our results of
evaluating the developed game using the TAM model are largely in agreement with the results achieved
by other studies.

Thus, the main principle of gamification is to ensure that constant, measurable feedback from
the student is received, which provides the possibility of dynamic adjustment of his/her learning
behavior to achieve adaptive learning, and, as a result, the rapid development of all the functionalities
of the serious game application and the gradual mastering of educational material. The latter aspect
is especially relevant in the era of COVID-19 lockdowns, which have disrupted the usual flow of
teaching in schools and universities, while current modes of remote learning, which were hastily
enacted, lack feedback mechanisms to monitor the learning process effectively, raising new challenges
for educators and serious game designers [63,64]. The mobile game, such as the one presented in
this paper, can be used to sustain student-student and student-teacher ties in the learning process
by putting the student in the learning-oriented gaming community. The emergence of educational
serious games also changes the pedagogical position of the teacher and creates conditions for the
development of new modes of remote education for the COVID-19 world. These new modes based
on mobile applications, including mobile games, can be used to bridge the digital divide in teaching
information technologies [65]. However, the usefulness of a serious game for improving the learning
performance among disenfranchised groups of learners still requires further research.

The adoption of serious games also has limitations. Our approach is limited to a single course
in the programming study curriculum at the university level. Developing games for a different
study course (especially for a course attended by non-technologically oriented students) may require
adopting a different set of solutions. Designing a game for school or high school students also may
require adjustment of the pedagogical model. Finally, when evaluating our game, we followed a
closed-world assumption, as the students did not use any games for learning in other courses. If a
serious game-based learning approach were adopted more widely, for example, at the study program
level, and the students would use the games in many courses, and the attractiveness of a serious game
as an educational tool per se may decrease.

Following our experience of using the game in the teaching process, we outline the following
limitations of the application of serious games in education as follows. External rewards, such as
points, are certainly necessary, but the internal motivation of students to study is more important [66].
The student must clearly understand that it is the educational achievements for which the awards
(badges, points, etc.) are given. There is a risk that gamification can undermine behavior psychologically
as some students may focus solely on receiving awards rather than on the educational process itself.

6. Conclusions

In this paper, we described the use of our developed interactive mobile application as a serious
game for learning how to solve common algorithmic problems in the JavaScript programming language.
The game was validated using the TAM and TETEM. The results of the TETEM survey supported our
assumption that gamified learning experience leads to higher valence, which supports the positive
relationship between the use of gamification and the learning outcomes. On the other hand, the TAM
survey revealed positive relationships between perceived usefulness (PU) and perceived ease of use
(PEU), as well as between attitude towards use (ATU) and intention to use (IU), which support the use
of gamification as a tool for improving professional competencies, and the student intention to use the
developed serious game for learning.



Computers 2020, 9, 102 15 of 18

Future work will focus on the repurposing of our approach for other fields of education beyond
programming and computer science.
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