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Abstract: The new technology developments that are emerging on the market demand re-skilling
and updating competencies thus enabling people to adapt to new expectations in the 21st century
workplace and life. Therefore, the education system should also prepare learners for lifelong
learning through development of 21st century skills. Recent research on mathematics education also
shows that for many students, math is not considered an easy subject and students are facing
difficulties in developing logical thinking and problem solving skills. This paper introduces “Count
With Me!”, a novel educational computer based video game that teaches maths concepts. An
investigation on how the game supports the development of learners’ 21st century skills such as
problem solving, self-directed learning, knowledge building and digital literacy is presented. The
results of a case study in a 3rd level educational institution show that the large majority of students
that took part in the case study acquired 21st century skills. 96.97% of students believed that the
Count With Me! game helped them to develop their problem solving skills. 82.82% of students liked
self-pacing themselves through the game based educational material. 78.78% of students agreed that
the maths game has improved their knowledge and 81.81% of students were satisfied with their
achievements in the game.

Keywords: maths education,21st century skills, game based learning

Introduction

The overwhelming number of children who play video games almost every day is driving the growth of
game-based learning market. This is due to the fact that educational games can engage children in the classroom and
encourage them to get involved in live projects or real-time activities so that they can learn by experimenting (Ravipati
2017). The game-based learning pedagogy also boosts learners’ confidence in STEM subjects, increases their interest
in complex topics and helps teachers to deal with disengagement of young people from STEM. Currently increasing
number of students are exposed to game-based learning (EI Mawas 2014) in their formal, non-formal and in-formal
education and this trend is expected to continue. It is expected that K-12 game-based learning market to grow at a
compound annual growth rate of nearly 28 percent during the period 2017-2021 (TechNavio 2017).

Recent research on mathematics education shows that for many students, math is not considered an easy
subject and students are facing difficulties in developing logical thinking and problem solving skills. But research has
also proved that mixing up technology in the learning and teaching process can be beneficial. From engaging students
to assisting them with the visualization of complex problems, game-based learning is a good fit for math students
(Cortez 2017). Results have shown that students develop more positive attitudes toward learning maths through
computer math gaming (Kim and Chang 2010), cognitive skills (Oei and Patterson 2013), problem-solving and
algebra skills (Abramovich 2010), strategic and reasoning (Bottino et al. 2007) and geometry skills (Yang et al. 2010).

The vast majority of the research on mathematics education focuses on how to transfer the best the maths
concepts to the learners and to develop the learner’s capability to apply the concepts in a given context. However, to
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our knowledge, no studies have investigated how educational math video games support the development of the 21
century skills such as digital literacy, communication, collaboration, critical thinking, problem solving, decision
making and creativity. The new technology developments that are emerging on the market at a growing speed demand
re-skilling and updating competencies thus enabling people of all ages to adapt to new expectations in the 21 century
workplace and life. Therefore, the education process should also prepare learners for lifelong learning (EI Mawas et
al. 2017) through development of 21% century skills.

This paper presents the recent development of the Count With Me!, a 3D immersive computer-based video
game that introduces learners to basic counting concepts including: addition, multiplication, factorials, permutations
and combinations. Count With Me!, involves real world, easy to understand, practical examples with feedback from a
teacher avatar. A research study on 1% year undergraduate students enrolled into a computing degree at National
College of Ireland was carried out, evaluating the learner experience when interacting with the game. In particular,
how the game supported the development of the 21 century skills such as problem solving, self-directed learning,
knowledge building and digital literacy have been analysed through a survey. Learner engagement and satisfaction
have also been analysed.

Among the most important findings include the fact that the large majority of students that took part in the
case study acquired 21st century skills. 96.97% of students believed that the Count With Me! game helped them to
develop their problem solving skills. And 78.78% of students have agreed that the maths game has improved their
knowledge and.

Another positive outcome was that the students found the game enjoyable and would like to have access to
such educational games more often as part of the other modules they are studying.

The paper is organized as follows. Next section introduces the theoretical background of the study and
describes current research work on educational games developed for maths. The following section gives an overview
of the Count With Me! maths game design methodology, followed by a description of the case study methodology and
results analysis. Last section concludes the paper, and presents future perspectives.

Background

The maths subject plays a significant role within the field of Computer Science and Information Technology
(IT) and it continues to be a challenging subject for many students. Therefore, new pedagogical strategies are required
to be designed and implemented when teaching Mathematics. The use of technology in the formal and informal
education can improve the learning experience and performance. Flipped classroom (Bradford, Muntean, and Pathak
2014), 3D interactive educational games (EI Mawas et al. 2018), (Bogusevschi el al. 2018), EEG sensor-based
personalisation (Ghergulescu et al. 2014) Learning Management Systems (Loiseau et. al., 2015) (EI Mawas et al.
2015) virtual labs (August et al. 2016), enhanced learning experiences through augmented and virtual reality (Cai et
al. 2017), learner Quality of Experience based adaptation ( Muntean et al. 2006), (Muntean et al. 2007), adaptive and
personalised educational multimedia (Moldovan et al, 2011), are some of the technology enhanced teaching
methodologies that have been applied in STEM education.

As this research introduces a 3D immersive computer-based video game for teaching maths, some recent
research papers in this domain are discussed next.

Computer based educational games have been proposed for teaching maths concepts at all levels from
primary schools to college level. Monkey Tales (Derboven et al. 2016) is an educational math game designed for
primary school level to be used in the school and at home that stimulates children to practice math in a fun way. The
effectiveness of the game was analysed though a study that involved 88 second grade pupils divided into three groups.
One group played the game for a period of three weeks, the second group solved similar math exercises on paper and
a third group received no assignment. When results were compared, the children who played the game provided
significantly more correct answers and were able to solve the test faster than the group without assignment.

Knowledge Battle (Hieftje et al. 2017) is a tablet-based educational math video game designed for first grade
students. Knowledge Battle extends beyond most conventional math video games as it encourages the player to
exercise and master skills built upon core standards for mathematics through practice and repetitive play. Once a
particular mathematics skill has been mastered, a new level is unlocked for the player. A case study that involved 134
first grade students was run to determine the impact of the game through standardised assessments. The results have
shown that Knowledge Battle did improve math skills, in particular among those with lower pre-game math skills.

Math Quest (Shafie and Fatimah 2011) is an educational math video game that aimed to introduce
supplementary Maths material to 9-12 years old primary school children. A story based approach is used to give a task
to be solved that depends highly on the ability to perform mathematics. A usability evaluation was carried out on 20



students that provided feedback on the game. The special features highlighted by the respondents are: the lesson is
easy to learn because of the step by step workings, the language is easy to understand, and the flexibility of the module.

Math-City (Polycarpou et al. 2010) provides an engaging city-simulation environment in which students can
build and maintain a city with residential, commercial, and industrial buildings, as well as renewable and non-
renewable power sources. A small amount of money is given to the player to start to build the city. The players can
answer different mathematics questions on fractions’ addition and subtraction, multiplication and division, and
problem solving in order to earn additional money. Ten mathematics teachers tested the game and answered a
questionnaire in a pilot study. The feedback from the teachers was encouraging and motivated researchers for further
improvement of the educational game in the future.

An analysis of these games show that the game aim is to teach certain mathematics concepts and develop
mainly problem solving skills (see Table 1). However, a larger set of 21% century skills (not just problem solving)
such as digital literacy, communication, collaboration, critical thinking, decision making and creativity are expected
to be mastered by the new generation of youth. To our knowledge, no studies have investigated how educational math
video games support the development of the 21st century skills. This paper seeks to investigate the support provided
by the proposed Counts With Me! game in terms of both learning and 21% century skills.

Math game Target Math concepts Evaluation of 21st century
skills acquisition

Monkey Tales Primary school students | General math concepts Problem solve learning

Knowledge Battle First grade students Common Core Standards for Problem solve learning
Mathematics

Math Quest 9-12 years old primary Basic Facts, Problem Solving, none

school students Reading Comprehension

Math-City K-12 Fractions’ addition and none
subtraction, multiplication and
division, and problem solving

Table 1. Analysis of the investigated Maths games.

Count With Me! Game Description and Design Methodology

Count With Me!, is a 3D immersive interactive computer-based video game developed with the aid of two
math lecturers based on both the syllabus of the Irish leaving certification curriculum for Maths (K-12 level) and the
Introduction to Mathematics module descriptor part of the first year of the BSc in Computing undergraduate degree
at National College of Ireland. The game teaches the counting principles in particular addition, multiplication,
factorials, permutations and combinations. The reason for these choice of topics covered is the fact that students find
it difficult to grasp the concept and it would be very easy to explain these concepts in a “game” environment. The
game style chosen was a “visual novel” style, that mostly consists of static graphics, minimal gameplay and an
interactive story. It would also suit the objective of teaching the math syllabus as it involves giving a lot of information,
explaining concepts without interrupting the flow of the game. During the gameplay the player takes a role of a student
in a class and a teacher avatar brings the player to different real life scenarios and talks to the student describing the
tasks to be solved but also introducing the math concepts.

The flow of the game is illustrated in Figure 1. First, the player is brought to a scene that presents a real life
scenario and asked to do a mini game that involves a task linked into the mathematical concept to be covered. For
example, Scene 1, the player is placed in a classroom where some fruits and cakes are hidden. The task is to collect
all the fruits and cakes. Once the player completes the mini game they are prompted with a multi choice question that
is related to the task they just completed. If the question is answered correct the avatar teacher explains the
mathematical concept (e.g. addition). Next, one more question on the same mathematical concept is presented to the
player that aims to check information recall. Once the player answers correct this question too, the game progresses
to the next scene and the next mini game covering another mathematical concept (e.g. Scene 2 Match the hats and
glasses, covering the multiplication principle). This cycle is repeated until all the mathematical concepts have been
covered. Feedback is also provided to the student for each question answered correct through a brief explanation of
the answer. Otherwise, if incorrect answer was chosen, the player is allowed to try again to answer the question.

Table 2 briefly presents the mini-games and the associated math concepts. These types of mini games have
been chosen as they help the player to understand the basic of a math concept through a real-world example.
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Figure 1. Count With Me! Game flow.

No. | Mini game Description Math concepts
1 Fruit and There are fruits and cakes scattered in the scene of the game, the Addition
cakes player must find them and click on them
2 Hats and There are two types of glasses and three types of hats, the player Multiplication
glasses must do all the possible combinations of the hats and glasses. There
are 6 total combinations that the player must drag the hats to the
boxes underneath the glasses.
3 Pizza The player must choose the toppings for their pizza, the topping Combinations
toppings choices are presented on screen as an option of 3, then 3 again and
then 2. The player must click one of the topping choices each time.
4 Painting The player has three colour paints, pink, blue and green and two Permutations
objects objects a fence and a door. The player must exhaust all the possible
combinations, without doing the same combination twice. There are
6 total permutations. There is a chart on the top left of the screen
that shows the previous matches the player has done.
5 Numbers on | There are some numbers scattered on the chalk board, The player Factorial Function
chalk board must drag them into the boxes and put them in the right order

For clarification purpose, the hats and glasses mini-game related to the multiplication concept is illustrated
next. Figure 2 shows the mini game activity the player has to complete: mix and match hats and glasses. If a correct
hat-glasses combination is created, the hat will stay in the box. If the match is incorrect the hat will return to its original

position.

Table 2. Mini-games description.

Figure 2. Hats and glasses mini-game.




Once the hat and glasses mini game was completed, the multiplication principle is explained by the avatar
teacher using the hats and glasses as exemplification purpose (see Figure 3). Then, the player has to answer one more
question (recall question) related to the multiplication concept before having the avatar teacher explanation of the
correct answer (Figure 4). The aim of this question is to reinforce the player understanding of the presented concept.

The mul ates ave N o rdered Pairs.
multiple | Youc e rted hats
&

Figure 4. The recall question in the hats and glasses mini-game.

Case Study

The goal of the research study was to investigate the 21% century skills development through the Count With
Me! game used to teach counting principles to 1% year undergraduate students enrolled into a computing degree at
National College of Ireland. This section presents the evaluation methodology applied, case study set-up and results
analysis of the collected data.

Research Methodology

The evaluation included a group of undergraduate students that were asked to play the Count With Me! game
at home, before the in class teaching sessions that covered the counting principles. A total of 33 students of age 18-21
years from the National College of Ireland (NCI) located in Dublin, Ireland took part in the case study. 82% of students
were male and 18% female. Researchers from the National College of Ireland prepared the availability of the game to
students and helped to perform the case study. Prior to running the case study, the ethics approval was obtained from
the NCI Ethics Committee and all required forms were provided to the students, including informed consent form,
informed assent form, plain language statement and data management plan. These documents include a detailed
description of the case study scenario, as well as information on study purpose, data processing and analysis,
participant identity protection, etc. The flow of the evaluation is illustrated in Figure 5 that presents in details the steps
followed by the researchers. It can be seen that prior to beginning the evaluation, the consent forms signed by students
were collected. Then, the students were introduced to the research case study and asked to review and sign the assent
form. The students played the game at home. In the next class session, they were asked to answer a survey assessing
their experience with the game.
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Figure 5. Evaluation steps.

Survey

QL. | can apply problem solving approach.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q2. The Maths Game has helped me to develop my
problem solving skills.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q3. I am comfortable to explain the counting concepts
to others.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q4. 1 am willing to consider a wide range of learning
resources.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q5. | can embed the new knowledge by applying it to
solve problems.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q6. The Maths Game has not improved my addition
principle, multiplication principle, factorials,
permutations and combinations.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q7. | can link theory to practice.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q8. The use of computer based educational game
interferes with my ability to accomplish the required
course work.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q9. 1 will play the Maths Game again during revision

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q10. The game based learning environment is suitable
for me to learn Maths concepts.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q11. The Educational Game is more engaging than
traditional classroom teaching.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q12. 1 liked solving quizzes during the game play.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q13. | liked the explanation provided in the game after
the game quiz was answered.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q14. 1 would like educational games to be used in
other modules.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q15. | feel that Maths Game enhanced my experience
in this module.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q16. | dislike self-pacing myself through the game
based study material.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q17. Educational games are more effective than
traditional face-to-face lectures.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q18. | felt motivated to learn about counting topics
when using playing the Maths Game.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Q19. I am satisfied with my achievements in the Maths
Game.

5- always, 4- often, 3- sometimes, 2-

rarely, 1- never

Table 3. Survey questions.

The case study investigated through a survey consisting of 19 questions, how the game supports the
development of the learner 21% skills, in particular, problem solving, self-directed learning, knowledge building,
digital literacy. Learner satisfaction with the game, and their engagement were also investigated. Table 3 presents the
questions answered by the students.



Results Analysis

Problem Solving Skills in using the Count With Me! game was investigated and evaluated by questions Q1,
Q2 and Q5 from the survey. The "problem solving skills" were analysed in terms of number of Rarely / Never answers.
The overall students’ perception on their "problem solving skills" was great (see Figure 6). Only 7.08% of students
thought that the game rarely or never helped them to improve their problem solve skills. This is because the game
required students to solve a number of real problems in the mini-games associated mathematical concepts. Q2 was the
most explicit question regarding the problem solving skills. 96.97% of students believed that the Count With Me!
game helped them to develop their problem solving skills.

Problem Solving Skills Self - Directed Learning

3.03% 4.05% 10.10%
7.07%

5 -always m 5 - always

m 4 - often m 4 - often

B 3 - sometimes = 3 - sometimes
2 - rarely 2 - rarely

m1-never ' ® 1-never

Figure 6. Students answers on the problem solving skills questions (left side) and on the Self - Directed Learning
questions (right side).

Self - Directed Learning in using the Count With Me! game was investigated and evaluated by questions Q4,
Q10 and Q16 from the survey in terms of number of rarely / never answers. The overall self - directed learning skill
of students was very good (see Figure 6). 17.17% of students thought that the game did not enhance their self-directed
learning. This is because students were asked to play the game at home before the class session. The game gave them
the freedom to learn on their own pace and time. They were also allowed to play the game how often they want. Q16
was the most explicit question on self — directed learning. Only 24.24% of students disliked self-pacing themselves
through the game based educational material.

Knowledge Building Skills Digital Literacy

7.58%

m 5 - always m 5 - always

m 4 - often m 4 - often

9.85% '
® 3 - sometimes
2 - rarely
u 1 - never

Figure 7. Students answers on the knowledge building skills questions (left side) and the learning environment
related questions (right side).

= 3 - sometimes
2 -rarely

m 1 -never

Knowledge Building Skills in using the Count With Me! game was investigated and evaluated by questions
Q3, Q6, Q7 and Q12 from the survey. The knowledge acquisition skills were analysed in terms of number of Rarely /
Never answers. The overall knowledge building skills of students was good (see Figure 7). 18.94% of students did not
consider that the game has improved their knowledge building skills. Q6 was the most explicit question about the



knowledge building skills. 21.21% of students agreed that the maths game has not improved their addition principle,
multiplication principle, factorials, permutations and combinations.

Digital Literacy in using the Count With Me! game was investigated and evaluated by questions Q8, Q9, Q11
and Q13 in the survey. The learning environment was analysed in terms of number of Rarely / Never answers. The
overall learning environment of students was good (see Figure 7). Q11 was the most explicit question about the digital
literacy. 66.66% of students were confident with the game and thought that it is more engaging than traditional
classroom teaching.

Learner’s Satisfaction in using the Count With Me! game was investigated and evaluated in terms of support
of information acquisition and how the game was perceived by students. Questions Q14, Q15 and Q19 from the survey
were analysed. The analysis investigated if the game enhances their learning experience, their motivation to use
computer game-based learning for other math topics or other subjects. The perception and satisfaction was analysed
in terms of number of rarely / never answers. The overall perception and satisfaction of students was great (see Figure
8). Only 18.18% of students were not positive regarding their experience with the game.

Perception and Satisfaction £
ngagement

4.55%

m 5 -always m 5 - always

= 4 -often m 4 - often

3 -sometimes 3 - sometimes

2 -rarely 2 -rarely

B 1-never m1-never

Figure 8. Students answers on the perception and satisfaction questions (left side) and the engagement questions
(right side).

Q19 was the most explicit question about the game’s perception and satisfaction. 81.81% of students
expressed that they were satisfied with their learning achievements though the use of the game.

Engagement in using the Count With Me! game was investigated and evaluated by questions Q17 and Q18
from the survey. The overall engagement of students was good (see Figure 8). Q17 was the most explicit question
about the game’s engagement. 69.69% of students considered that educational games are more effective than
traditional face-to-face lectures.

Conclusions

This research study addresses the problem of motivating, engaging, and improving learning experience of
students in the Maths topics. A novel interactive 3D educational video game (Count With Me!) was designed and
tested with first year undergraduate students from the National College of Ireland. The game supports knowledge
acquisition on counting principles such as addition, multiplication, combinations, permutations, and factorial function
through direct experience, active recall, real life exercises and fun. The game design methodology of the proposed
educational game was described in this paper. An analysis of the results collected through a survey in a preliminary
case study conducted on a group of 33 students was also presented. An investigation on the development of learners’
21% century skills such as problem solving, self-directed learning, knowledge building and digital literacy through the
use of the proposed game was done. The analysis of the survey results shows that a large majority of students acquired
21% century skills. 96.97% of students believed that the Count With Me! game helped them to develop their problem
solving skills. 75.76% of students liked self-pacing themselves through the game based educational material. 78.79%
of students agreed that the maths game has improved their knowledge on addition principle, multiplication principle,
factorials, permutations and combinations. 81.82% of students were satisfied with their achievements in the game.
69.69% of students considered that the educational game is more effective than traditional face-to-face lectures. In
addition to the survey presented in this paper, a pre-test and a post-test was run in order to evaluate the learning impact



of the games on the students. Pre/Post test results analysis will be the subject of a future publication. Future work will
aim to expand the research study on the Count With Me! game and apply it in different cohorts that have the same
Math courses in the National College of Ireland in order to assess the game benefits as well as to do a gender analysis.
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