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Abstract: Recent studies have shown that children are not adequately physically active and there is 

a need to increase children’s physical activity. This study describes new opportunities and solutions 

for using existing games and gamification to increase physical activity among children in Sweden. 

We adopted the principles of Tic-Tac-Training to redesign, build, and test a classical multiplayer 

cooperative game, Battleship, to create a PA game that children experience as fun and engaging. 

The low fidelity prototype of the game was developed using an iterative game development life 

cycle and tested with 13 young male children aged 8–11 in a real-world informal setting. A mixed-

method research approach was used to understand the users’ experiences and the impact of the 

Battleship-PA game on behavior change regarding physical activity. Research data were collected 

through audio recordings of interactions, direct observation, and a user experience questionnaire. 

The results of this study indicate both positive and negative feedback that can be used to improve 

the game and user experiences. The results from the unfiltered recordings revealed that both teams 

were competitive, cooperated within their team, and became excited whenever they destroyed 

opponent’s ships or were close to winning. However, the children felt bored and exhausted when 

many gamification tasks were repeated several times in a game session. Direct observation indicated 

that the children enjoyed the physical activities resulting from playing the game. However, 

participants who had not previously played the classical version of Battleship were confused about 

the objectives and concept of the game. The analysis of the user experience questionnaire indicated 

that most children found the game easy to play, motivating, engaging, interactive, fun, cooperative, 

competitive, and visually appealing. Furthermore, most children agreed that the game helped them 

to be physically active and strongly agreed that they enjoyed performing the physical activities in 

the game. Future work is needed to improve the game user interface, gamification elements, and 

prepare additional physical activity tasks for a rewarding experience. 

Keywords: gamification; multiplayer cooperative game; physical activity; active school transport; 

formative evaluation; game architecture 

 

1. Background 

1.1. Physical Activity 

The World Health Organization (WHO) has recommended children and adolescents 

be physically active at least an average of 60 min per day and should engage in intense 

physical activity at least three days per week [1]. However, most children and adolescents 

do not reach these recommendations [2] and miss out on the health benefits of physical 

activity. These benefits include cardiorespiratory and muscular fitness as well as positive 

changes in weight [2]. In general, a healthy lifestyle with continuous adequate physical 

activity decreases the chances of cancer, diabetes, and cardiovascular diseases [3,4]. 
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The WHO ranks physical inactivity as the fourth leading cause of non-communicable 

diseases and argues that physical inactivity is a global pandemic causing major human 

suffering and is responsible for a substantial economic burden in societies worldwide [5]. 

Other data indicate that physical activity has a positive effect on cognitive abilities and 

prosocial behavior [6]. Furthermore, research has shown that healthy habits involving 

physical activity and a healthy lifestyle are more easily adopted during childhood or 

adolescence and are often retained into adulthood [7]. Therefore, improving daily 

physical activity habits is a priority of the WHO’s global plan for increasing physical 

activity [8]. 

1.2. Gamification as a Solution for Increased Physical Activity 

Excessive screen time has been suggested to be a contributing factor to childhood 

inactivity. However, research also recognizes that gamification has great potential for 

children’s motivation and learning. For example, uptake of the augmented reality game 

Pokémon Go has been unprecedented, and the game has motivated players to be more 

physically active. Gamification is defined as the use of game elements (e.g., playing rules, 

scoring, leaderboards, badges, etc.) in non-gaming contexts. Gamification can be used to 

motivate and engage individuals to perform activities that they normally would avoid, 

such as physical activity. Research has shown that games are strong motivators that can 

drive people to perform unappealing activities [9], such as cycling on snowy winter roads, 

[10] and using active transport (AT) instead of motorized transport [11]. Several 

gamification frameworks have been proposed to guide researchers and developers into 

using gamification to solve various problems, including Octalysis [12], MDA [13], and 

Hexad [14]. 

To promote and motivate healthier and more physically active lifestyles, recent 

studies have suggested using gamification to increase physical activity among 

schoolchildren and adolescents. Patricio, Aires, and Medeiros [15] found that gamification 

could motivate overweight adolescents to increase their physical activity in school 

settings, including testing with 65 adolescents aged 15–19. Gamification increased 

participants’ adherence to weight loss programs after a four-week period. Another Irish 

study [16] involved a 24-week intervention to observe if gamification could change 

adolescents’ behavior regarding physical activity. This intervention was designed for 

team and individual competitions using motivation incentives and was shown to change 

adolescent behavior towards physical activity. 

Besides, previous study has shown that applying gamification elements in health and 

fitness applications increased the potential to influence and engage people in regular 

physical activity [17]. Gamification-based physical activity intervention was used to 

analyze the differences between motivational affordances of gamification and feedback 

elements and provided insights into design guidelines for incorporating motivational 

elements according to different age groups in game-based technology [18]. 

Previous study [19] evaluated the usability and effectiveness of the gamification 

application that promotes physical activity and found that there were no significant 

differences between a quantified version of the application and the gamified version 

which offers virtual reward and social comparison. The findings from [19] shows the need 

for further research and reflection to facilitate the understanding of important aspects of 

gamified physical activity to enable the design and development of new ubiquitous game 

elements. Furthermore, additional research, such as this study, will develop deeper 

understanding into the motivational affordances of gamification in physical activity in 

informal education contexts. Regarding users’ experiences in gamification solutions for 

physical activity, previous studies have shown that there was a decrease in enjoyment and 

usefulness of gamification elements with continuous use, which shows that users are 

prone to the novelty effect of gamification application [20].  

Gamification and game-based learning approaches have been applied in training 

programs to prevent obesity in children between 8–12 in age in informal educational 
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settings [21]. A highly satisfactory outcome was obtained for biometric variables, learning 

healthy habits, and user experience [21].  

An international study [22] of 3817 children aged 9–13 from 12 different schools from 

England and Canada explored if a four-week walking competition could increase the 

number of students walking to school. Most of the students reported that walking to 

school made them feel happier, healthier, made more friends, had more time with their 

friends, and could more easily concentrate in class. Julien et al. [23] developed an 

educational collaborative game where students reported their daily physical activity 

during physical education class, recess, and transport home. Their activity was then 

compared to running distances using the same amount of energy as the students had used 

while active. The study revealed that teachers wanted activities in the game tied to the 

school and that it is possible to deploy PA solutions in public schools. 

2. Study Scope, Research Question and Contribution 

This study is inspired by the game Tic-Tac-Training [24] to promote sustainable 

behavior concerning adult active transportation. Tic-Tac-Training is a variation of the 

classical game Tic-Tac-Toe; here, players collaborate in teams competing against other 

teams, instead of having two players as in the classical game. The gameboard in Tic-Tac-

Training has several sizes, and all of them are much larger than the classical 3 × 3 tile game 

board. To claim tiles, users perform a task related to PA or healthy living that could be 

customized, thus allowing the system to be used in several contexts. Battleship-PA was 

inspired to allow hosts to customize tasks and players performing tasks before claiming a 

tile as well as the system architecture. Tic-Tac-Training was designed for competition 

among multiple teams and provided some drive to players to continue gameplay over 

multiple matches. 

An earlier study showed that the competitive approach was not satisfactory or well-

suited for children because they largely desire cooperation, teamwork, and collaboration 

over competition [25]. Tic-Tac-Training was designed and developed for adults in 

workplaces, but children have distinct and peculiar viewpoints about games and what 

motivates them in interesting games. Therefore, it becomes important to reconsider the 

game development approaches and seek better ways to encourage children to be 

physically active. The novelty of this study is focused mainly on adapting an existing 

classical game, Battleship, to allow students and teachers to create tasks that suit their 

orientation of PA. Previous studies have shown the importance of the active involvement 

of end-users in the design and development of digital technologies—especially 

technologies that focus on behavior change [24]. Moreover, the opportunity for teachers 

to create their own tasks in the game, e.g., from the curriculum, makes it more attractive 

to use the game in school contexts when aiming to increase child PA. There is also a need 

to consider other focus areas of the game and technology development to address the 

needs of society, such as health, wellbeing, and climate action by factoring in the 

expectation and needs of end-users. 

The end-user’s experience should be applied in the creation of gamification 

experience and digital solutions for behavior change [24]. As the first step in game 

adaptation, we created a digital version of the Battleship game to understand if it would 

be playable by the students. In a previous intervention in a school setting, we aimed to 

increase physical activity in the form of active school transportation. Assignments 

designed by teachers and connected to the curriculum were used as gamification elements 

to increase the children’s motivation for active school transport as well as increasing 

teachers’ engagement [26,27]. Therefore, in the design phase of the Battleship-PA, we 

wanted to create a game that allowed teachers to create assignments that integrate 

learning activities into the game while also increasing PA. To understand how PA can be 

promoted in formal, informal, and non-formal school settings through gamification, we 

applied here an iterative game development life cycle. This model transforms the classical 

strategy 2-player Battleship game into a multiplayer PA game, Battleship-PA, that 
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features cooperative, teamwork, and collaboration elements. Using a mixed-method 

research approach, we evaluated the first prototype of the Battleship-PA to determine user 

experience and impact.  

The specific research question guiding this study is, what is the user experience and 

impact of the Battleship-PA game to promote motivation for physical activity among 

school-aged children in an informal setting? 

This study is part of a multidisciplinary project “Sustainable Innovations for 

Children Transporting Actively (SICTA).”. Among other things, the SICTA project aims 

to develop novel ideas and ways to apply gamification to increase children´s PA and to 

engage in active school transport. 

2.1. Our Contributions: Initial Design, Development and Implementation of Multiplayer 

Cooperative Game, Battleship-PA, to Promote Active School Transport 

2.1.1. Initiation 

A low fidelity prototype of the Battleship game was developed using an iterative 

game development life cycle (GDLC) [28] and inspired by the Tic-Tac-Training game [24]. 

The GDLC presented in Figure 1 consists of six stages: initiation, pre-production, 

production, testing, beta, and release.  

The battleship game was chosen because of its closely related features with the Tic-

Tac-Toe game used in the previous study and that inspired this study. Similar to the Tic-

Tac-Toe game, Battleship is a two-player strategy game that supports cooperation, 

collaboration, teamwork, and competition. Both games can be tweaked and implemented 

as a multiplayer game. One unique feature of the Battleship game that makes it appealing 

for this intervention is the large size of the game board (10 × 10 grid). More tasks can be 

generated during gameplay with a higher number of grids. These tasks are PA-oriented 

and are meant to allow users to perform PA while playing the game. The Tic-Tac-Training 

game presented in [24] was targeted at adults in workplaces.  

Initiation describes the initial rough idea of the game, pre-production defines the 

idea, and production is the core development of the idea and testing consisting of users 

tested the developed version. After the testing stage evaluates the game, the process goes 

back to pre-production with insights gained from the testing stage. If the game is deemed 

to be sufficiently refined after the testing stage, then the development process proceeds 

into the beta testing stage, thus letting third party users or external testers play the game; 

the game is then released to the public. 

 

Figure 1. Battleship-PA game development life cycle. 

2.1.2. Pre-Production 

This study presents the iterative game development process of Battleship-PA 

followed by gameplay, testing, and formative evaluation in an informal school setting. 

Finally, we apply the Octalysis framework [12] to analyze the implemented features of 

Battleship-PA, including how it connects to the eight core drives of gamification, to 
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examine whether it has the potential to change children’s behavior around PA in the 

future. The lessons learned here synthesize the experiences acquired from the entire 

process and provide valuable information not only for game developers, but also for other 

stakeholders that use persuasive game technology for behavioral changes in children 

regarding their PA.  

2.1.3. Production: Basic Gameplay of Battleship-PA 

This game is a web-based variation of the classical game “Battleship.’’ The goal is to 

encourage schoolchildren´s PA. Battleship-PA gives the players a cooperative and 

competitive experience that extends the basic concepts from the classical version of 

Battleships. In the classical version, two players first place their ships on their own board 

and then take turns guessing where the opponent’s ships are placed on their board. They 

gain points by correctly guessing their opponent’s ship’s placements. The match ends 

when one player has found all the other player’s ships.  

Battleship-PA uses a web-based version. It can have several players, and both teams’ 

ships are placed randomly on their board or may be adjacent to other ships. Figure 2a 

shows the game board when newly created. Teams still score by correctly guessing the 

other team’s ships positions. The team must complete a physical task in order to guess. 

We consider the process of completing the physical task, following certain rules as 

gamification. The process of performing the physical activity (i.e., gamifying the activity) 

while playing the Battleship game is the primary source of gamification in the current 

version of the prototype application. The assignments that the teacher/instructor provided 

in the game during the physical activity is the idea for gamification, mixing learning 

experiences with physical activity in a gamification setting, for example, looking for traffic 

signs on their way to school, or counting the number of steps on their way. All of the 

current and future gamification elements are presented in the discussion section. We 

intend to use the evaluation results and feedback to add additional gamification features. 

Before deciding which tile to guess, teams can hover or click the tile to discover the task 

description, to understand how to perform the task. Figure 2b presents the task popup 

example, and Table 1 shows some examples of physical activity tasks that are gamified in 

the current version of Battleship-PA. Reading is crucial, as the board simply shows an icon 

that might not convey the task’s requirements. Other tasks might have the same icon; 

therefore, reading is important to differentiate tasks with the same icon. The teams do not 

have to take turns, which suggests that one team can guess several times before the other 

team can guess. Therefore, completing tasks faster than the other team is a valid strategy 

to win the match. The process is performed similarly to the classical version—correctly 

guessing all the other team’s ships. The ships are formed by guessing the correct tiles, 

which will be indicated with a green color. Figure 2c shows the difference between ships, 

misses, and unclaimed tiles. Figure 2d presents the winning message, e.g., a case where 

Team 1 has won. 

Table 1. Physical activity tasks that were gamified and implemented in the game for the team and 

individual playing the Battle-PA game. 

Team Tasks Individual Tasks 

Spin around 5 times  

Touch the door as fast as you can  

Touch your feet or as low down as you can  

Stand on one leg for 15 s (right/left)  

Make a line in height order  

Make a line in age order  

Make numbers 1–3 with your bodies  

Take a lap around the room 

Spin around 5 times  

Touch the door as fast as you can  

Win rock paper scissors  

Win rock paper scissors 3 times in a row  

Touch your feet  

Stand up without using your hands  

Stand on one leg for 15 s (right/left)  

Take a lap around the room 

 



Educ. Sci. 2022, 12, 100 6 of 20 
 

 
(a) 

 
(b) 

 
(c) 



Educ. Sci. 2022, 12, 100 7 of 20 
 

 
(d) 

Figure 2. (a) Board when newly created. (b) Task popup example. Upper text: “Take a lap around 

the room”, lower text:” Do you want to take this tile?”. (c) Difference between ships (green tiles), 

misses (red tiles), and unclaimed (cadet blue tiles). (d) Winning message: Team 1 has won! Team 1 

(You)//Points: 18. 

2.1.4. Match and Task Creation 

The welcoming screen presents an interface for users to log in (Figure 3a) and have a 

view of the current state of the game (Figure 3b). Creating a Battleships-ST match is 

simple: All users can create matches by choosing the create match option in the navigation 

bar (Figure 3c) and taking the host role for that particular match. This will create a lobby 

with a six-character code for joining the game, which consists of capital letters and 

randomized numbers; the backend ensures that the code is unique. Users then enter the 

code in the join match option in the navbar and then join one of the two teams in the lobby. 

They can then switch teams before the match has begun (Figure 3d). The host has an 

option to proceed from the team lobby to create tasks for the match while other users are 

still in the lobby. A task is made up of a description and an icon. The description is written 

by the host, and an icon is then chosen from a dropdown menu and then submitted. The 

icon should be linked to the description so that users can easily categorize tasks by simply 

observing the board. For example, for a task with the description “bike to school”, a bike 

icon would be most fitting since the task involves biking. Submitted tasks are placed in 

the task list and can be removed by the host if they wish by clicking the trashcan button 

(Figure 3e). The host can proceed whenever they decide that enough tasks have been 

added. They can then start the match, and the board will then be populated with 

randomly selected tasks from the task list. Since the selection is completely random, some 

tasks might appear more frequently than other tasks, and there is a chance that some tasks 

do not appear at all.  
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Figure 3. (a) Login screen. Lower buttons, login and create user. (b) Overview screen, game: 

[gameID]. (c) Navigation bar with buttons—home, create match and join match. (d) Team lobby. Left 

menu—Task, task description, icon. Right side—created tasks, spin 5 times, touch the door as fast as possible, 

win rock-paper-scissors, win rock-paper-scissors three times in a row. Lower buttons on the right side—

back, next. (e). Task creation, Team 1 and Team 2 with options join Team 1/2. Middle part game code: 

WTRUT1, back and next buttons. 
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2.1.5. Architecture and Implementation 

Battleship follows a client–server architecture model that web-based clients can 

access with a web browser. Figure 4 illustrates the game architecture implemented with 

Angular, NodeJS, Sequelize ORM, and MariaDB technologies. The frontend architecture 

splits features into several angular services that are accessed using the user interface (UI). 

The components are related to the gameboard, e.g., uses board (for general gameplay), 

team, and match services (for general game variables). Similarly, the match creation 

components utilize task, match, auth, and team creation services. The login components 

use the auth service to allow logins and creation of users. The Angular services then 

communicate with the backend managers using a REST API. The backend consists of 

several Sequelize managers that perform various database actions to handle data on users, 

boards, teams, matches, etc. 

The UI client is only optimized and tested on Google Chrome. The game runs on 

other browsers and devices, but the game might not be as visually appealing, and some 

features might not operate properly on other browsers and devices. The frontend UI 

components are presented to the user with dynamic HTML templates, with data provided 

by the angular components. The visuals of HTML templates are styled using CSS style 

sheets. 

 

Figure 4. System architecture based on Angular, NodeJS, Sequelize ORM, and MariaDB. 

2.1.6. Current State of the Game—Low Fidelity Prototype 

The game currently has several features available from the UI for the users. Users can 

create accounts and log in to these accounts. The accounts are very simple and only have 
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a username and an ID. The login component simply checks if the username exists in the 

database. If it does, then the user proceeds to the overview page. The overview page has 

a list of the matches that the user is in. There is also a navigation bar that has three options: 

home, create match, and join match. The home button takes the user back to the overview 

page if the user is not already on the overview page. The join match button opens a field 

with a six-character join code of numbers and capital letters. Submitting a valid code lets 

the user join an existing match and one of the two teams. The create match creates a match, 

a join code, and a lobby for the two teams. The user who created the match has the role of 

host for that match. A host can proceed from the team lobby and create tasks and then 

start the match.  

When a match has started, all users who are in a team that is in that match will enter 

the game board if they are still in the lobby; otherwise, they can join from the overview 

page. The board has 8 × 8 tiles, where each tile has a task that should be performed before 

claiming that tile that could hide a ship. On the board, tiles can be claimed by clicking on 

an unclaimed tile that will open a popup window with a green button; when clicked, this 

will claim the tile. If the claimed tile hides a ship, then the tile will turn green and play an 

explosion sound. If not, the tile will turn red and play a splashing sound. The explosion 

sound will be different depending on if a part of a ship was found or if an entire ship has 

been found from claiming this tile. Hovering over a tile on the game board will also open 

a popup window but this cannot be clicked on because it closes on mouse movement. 

3. Testing: Game Testing and Formative Evaluation Method 

3.1. Playtest—Cool Teknik: Research Context and Participants 

The event “Cool teknik” or in English “Cool tech”, is an event in the city of Skellefteå 

located in northern Sweden where children aged 9–13 years test and learn more about 

emerging technology. During this event, a group of 13 participants tested Battleships. The 

participants were 8–11 years and all males. This event had several stations. Due to time 

restraints, 18 simple physical tasks were prepared in advance with both individual and 

team tasks. Some examples are “spin around 5 times”, “move the door”, and “take a lap 

around the room.”. Due to the time restraints, technical issues, and the fact that our station 

consisted of several tests, only one of the two planned groups could test the Battleship-

PA game. The group that could not participate in testing at this time were a group of 8 

females. The size of the testing group was not ideal according to the classic usability 

testing guideline: The optimal number for medium–large projects is at least 15, but still 

large enough for the ideal number of participants for small projects (n = 7) [29]. It was 

impossible to set up more gameplay sessions with school classes, both because this study 

was conducted over the Swedish summer break and because of the COVID-19 pandemic. 

3.2. Research Method and Data Collection Instruments 

In this mixed-method study comprising of qualitative and quantitative approaches 

[30], we evaluated the user experience and impact of the Battleship-PA game to promote 

motivation, cooperation, collaboration, and behavioral changes towards PA among school 

aged children in an informal setting. 

To collect feedback about the game and its impact, a user experience questionnaire 

was developed comprising four sections on a five-point Likert scale with agreement 

questions: user experience, motivation, audiovisuals, and impact of physical activity. 

Questions in all sections were based on questions from studies researched previously 

[24,31,32]. The user experience is divided into four subsections: general experience, 

feedback adequacy, presence, and social interaction. Each section also includes an open 

field question where participants can motivate their answers and freely comment their 

thoughts about the game. In addition, the user experience section consisted of questions 

about what the participants thought about playing the game and their interaction with 

their team. The motivation section assessed what the participants enjoyed about the game, 
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if they did. The audiovisual section gauged what the participants thought about the looks 

and sounds of the game. The active school transport impact section measured their 

attitude towards active school transportation and if they learned more about active school 

transportation by playing the game.  

3.3. Data Collection Procedure 

The testing and data collection took place in August 2021. The participants were 

divided into four teams and selected one user per team and were helped to set up matches 

with the 18 prepared tasks. During the game, the participants were observed directly and 

provided some insights about the game and the playtest process. As we watched the 

participants, we wrote down each observation in a notebook to avoid missing any data. 

During direct observation, we were focused on how the participants were physically 

active during gameplay and observed motivational behaviors related to cooperation, 

collaboration, competition, and teamplay.  

In addition, voice recordings from two of the teams were recorded and then 

transcribed. After the game had ended the participants anonymously answered a user 

experience and impact questionnaire using Google forms for additional insights about the 

game and the testing process. They completed a questionnaire on their thoughts about the 

Battleship-PA game using a Likert scale: 1—strongly disagree and 5—strongly agree. The 

questionnaire wording was too complex for some participants and needed an explanation 

to help them answer some questions. Their answers are shown in the next sections. 

The user experience and impact questionnaire was presented according to the 

sections of the user experience constructs derived from [24,31,32], motivation constructs 

derived from [24], audiovisuals experience constructs derived from [31], and impact on 

physical activity and active school transport concepts derived from [24]. 

3.4. Reliability and Validity 

The user experience and impact questionnaire were first prepared in the English 

language, administered in the Swedish language, and later translated back to the English 

language before performing statistical analysis. Since the respondents were children, we 

ensured that the questionnaire items were designed to be clear, concise, and simple to 

avoid any confusion. Interaction audio recordings were conducted in Swedish and were 

transcribed into the English language. Both the translation of questionnaire and 

transcription of audio recordings were completed by a Swedish native speaker and 

excellent English speaker based on the Common European Framework of Reference for 

Languages, often referred to as CEFR. Although open-ended options, such as “other” or 

“please specify”, were provided to the respondents, the reliability of the results could be 

affected by questions that might have placed a need to satisfy the researchers by 

respondents answering what is believed to be the accurate answer. 

A measure of reliability, Cronbach’s alpha on subscales user experience (0.85), 

motivation (0.88) and perception about physical activity and active school transport (0.74), 

were relatively high in general [33]. 

3.5. Data Analysis Procedure 

The data obtained through the user experience and impact questionnaire were 

analyzed based on a quantitative research approach using descriptive statistics. The direct 

observation and audio recording data were analyzed using a qualitative data analysis 

approach. Working as a team, we collected our observational notes, grouped the 

observations that refer to common behavior exhibited by the participants, interpreted the 

observations, and prioritized our findings accordingly. For example, we noted 

cooperation when team members show signs of agreement to adopt to a particular game 

strategy.  
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3.6. Ethical Consideration 

Conducting research with children requires paying special attention and following 

due diligence to research ethics. This study was largely guided by the Code of Ethics of 

the World Medical Association (Declaration of Helsinki), even though this study is not 

medically inclined and no personal health related data were collected. All data from the 

event were collected with informed consent from the children’s guardians during the 

event; the children also gave their informed consent to participate. The participants’ 

personal data were anonymized with only ages and genders of their demographic 

information recorded for research purposes. The study was approved by the regional 

ethical committee in Umeå (Dr 2018-10-31 M). 

4. Results 

This section focused on the presentation of the results obtained from the analysis of 

the study data. The results are presented according to analysis of audio recordings, direct 

observations, and the user experience questionnaire to address the specific research 

question guiding this study: what is the user experience and impact of the Battleship-PA 

game to promote motivation for physical activity among school-aged children in an 

informal setting? 

4.1. Playtest: Audio Recording and Direct Observation Results 

Team 2 challenged Team 4, resulting in the second match being Team 1 against Team 

3; the resolution of both matches is shown in Figure 5. While there were some technical 

issues, most participants seemed to enjoy the game and both games were able to be played 

until completion.  

 
(a) 
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(b) 

Figure 5. (a) Finished match of Team 1 vs. Team 3. Top message: Team 2 has won! (b) Finished 

match of Team 2 vs. Team 4. Top message: Team 2 has won! 

Similar observations to the audio recordings were made by directly observing the 

participants during the event. Participants were cooperative within their team. There were 

elements of competition as teams played against the other team. Some were confused by 

the visuals, disappointed by the diversity of the tasks and experienced several crashes 

during testing gameplay. Unlike the recordings, however, some participants enjoyed 

moving around at the start and became tired at the end of the session. Some participants 

also wished to have their own user to play with instead of sharing one with their team. In 

addition, participants that had not already played the classical version of Battleships were 

confused about the objectives and concept of the game. 

4.2. User Experience 

Table 2 presents the descriptive statistics of the opinions of the respondents 

regarding their experience after playing Battleship-PA. Most respondents strongly agreed 

with the general user experience statements. For example, when asked about their opinion 

on whether it was easy to understand how the game worked (1), most of the participants 

agreed (µ = 4.15, σ = 0.89). Similarly, most of the participants indicated that they were 

happy with the game as a whole (3) (µ = 4.46, σ = 0.77) and would play the game again (4) 

(µ = 3.92, σ = 1.25). 

Table 2. General user experience response. 

S/N Statements µ σ 

1 It was easy to understand how the game worked 4.15 0.89 

2 It was clear how close my team was to winning 4.38 0.86 

3 I am happy with the game as a whole 4.46 0.77 

4 I would like to play the game again 3.92 1.25 

Participants’ opinions about the Battleship-PA game are presented in Table 3. The 

participants mostly agreed that their actions had immediate feedback (5) (µ = 4.07, σ = 

0.75) and that completing tasks felt good (6) (µ = 4.61, σ = 0.65).  
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Table 3. Perceived feedback adequacy response. 

S/N Statements µ σ 

5 I received immediate feedback on my actions 4.07 0.75 

6 It felt good to complete tasks in the game 4.61 0.65 

Table 4 describes the participants’ immersion when playing the game. Most felt that 

they concentrated on the game while playing (7) (µ = 4.23, σ = 0.83), which seems on point 

with direct observations and the interaction audio recordings. Most participants felt that 

they had no opinion or did not know if they lost track of time while playing the game (8) 

(µ = 3.61, σ = 0.96). 

Table 4. Presence response. 

S/N Statements µ σ 

7 I was very focused on the game when I played 4.23 0.83 

8 I forgot the time while playing the game 3.61 0.96 

By analyzing Table 5, some insights about the social aspects of the game could be 

found. Most participants strongly agreed they were able to interact (10) (µ = 4.46, σ = 0.66), 

and have fun with their team (11) (µ = 4.53, σ = 0.51). Most participants also felt that the 

game promoted cooperation and competition (9) (µ = 4.23, σ = 0.72).  

Table 5. Social interaction response. 

S/N Statements µ σ 

9 The game promotes cooperation and/or competition among the players 4.23 0.72 

10 I was able to interact with other players during the game 4.46 0.66 

11 I had fun with the other players 4.53 0.51 

4.3. Motivation 

This section measures which aspects of the game motivated the users to play the 

game (Table 6). The motivational statements that focused on competition, collaboratively 

discussing tactics within their team, and performing physical activity during gameplay 

received the strongest agreement from the participants. Particularly, the participants 

strongly agreed that they wanted to play the game because they were able to compete (12) 

(µ = 4.30, σ = 0.75), they liked the opportunity to discuss and plan how their team would 

play, (15) (µ = 4.30, σ = 0.85), it is good for the body to move (17) (µ = 4.30, σ = 1.03), and 

to collaborate with other players (13) (µ = 4.15, σ = 0.68). Most agreed that cooperation, the 

in-game tasks, and the fact that this was part of their “cool technology” event were 

motivating factors to play the game. Only one team had audio while playing so it is not 

surprising that a majority did not know if notifications were a motivational factor because 

sound was the only notification available in this low fidelity version of the game.  

Table 6. Motivation response: I wanted to play the game because…. 

S/N Statements µ  σ 

12 ... we got to compete 4.30 0.75 

13 ... of the collaboration with other players 4.15 0.68 

14 ... of the details of the game 4.07 0.95 

15 ... I liked the opportunity to discuss and plan how my team would play 4.30 0.85 

16 ... of notes in the game (for example, sound effects) 3.69 0.85 

17 … it is good for the body to move 4.30 1.03 

18 ... it was part of “cool technology” 3.76 0.92 
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4.4. Audiovisuals 

This section analyzed participants’ thoughts about the audio and visuals. As 

mentioned in the previous section, only one team had audio and therefore most 

participants did not know if they enjoyed the sound effects and if it enhanced their 

experience. However, the team that did have audio seemed to strongly agree that the 

audio was enjoyable and improved their experience. As for visuals in Table 7, most agreed 

that the game was visually appealing (21) (µ = 3.84, σ = 0.68) and fit the mood of the game 

(22) (µ = 4.38, σ = 0.65).  

Table 7. Perceived audiovisual adequacy response: What do you think of these claims? 

S/N Statements µ σ 

19 I liked the sound effects in the game 3.46 0.87 

20 The game’s sound effects improved my gaming experience 3.38 0.96 

21 I think the game was visually appealing 3.84 0.68 

22 I think the game’s appearance matched the game’s theme 4.38 0.65 

4.5. Impact on Physical Activity and Active School Transport Concepts 

Finally, this section measured what the participants thought about the impact of 

physical activity in the game. In Table 8, most participants agreed that the game helped 

them be physically active (23) (µ = 3.46, σ = 1.05) and strongly agreed that they liked 

performing physical activities in the game (24) (µ = 4.07, σ = 1.18). 

Table 8. Perception about physical activity/active school transport response: What do you think of 

these claims? 

S/N Statements µ σ 

23 The game helped me be physically active 3.46 1.05 

24 I enjoyed performing physical activities in the game 4.07 1.18 

5. Discussion 

There were several evaluations of the gameplay session: participants’ interaction 

audio recordings, the observations, and the questionnaire. The audio recordings revealed 

that the participants were highly competitive and invested in the result of the match. This 

highlights the importance of competition as a motivating factor [9]. However, several 

participants were frustrated or unmotivated by the fact that several tasks had to be 

repeated multiple times. Repetition could be an issue that decreases users’ interest and 

investment in the game. Therefore, it is important to consider what aspects of the game 

felt repetitive and how to avoid/change them or add incentives to motivate the aspects 

that feel repetitive [9] to keep users engaged in the game. Nevertheless, the game is 

intended to be used in a school setting, and the notion of fun and engagement could be 

negotiated. Prior work [34] shows that student engagement is built on behavioral 

engagement, i.e., participation and involvement, emotional engagement in the form of 

positive and negative reactions, as well as cognitive engagement, i.e., level of investment 

in learning.  

Others [35] found that learning is fun when there are choices, relevance, active 

learning, and camaraderie. This was achieved here by developing the tasks of the game 

that challenged the children physically, emotionally, and cognitively, as well as inspiring 

collaborative aspects. This approach allows teachers to create the task in relation to the 

curriculum. This enhances the possibility that activity and learning will occur and could 

encourage schools to use the game.  

Rutberg and Lindqvist [26] found that teacher’s involvement in designing 

assignments during active school transport enhanced student engagement in using active 

transport as well as enhancing teachers’ engagement in participating in the intervention. 
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The recordings also highlighted that the visuals were confusing, and the rules of the game 

were unclear to some participants. While there was not as much frustration as for the 

repetition problem, some participants clearly struggled to comprehend the visuals and 

felt somewhat unmotivated to keep playing. Therefore, having clear progression and rules 

of a game is essential for motivating users to keep user engagement and avoid frustrations 

when playing [9]. From observing the participants during the event, in addition to 

participants being competitive, they seemed to enjoy the collaborative aspect of the game, 

which is also supported by the questionnaire. This signifies the importance of 

collaboration as a motivation for gamification [9,24], which is also important in behavioral 

change [36]. In Table 9, we used the eight core Octalysis framework to highlight the 

required improvement in the future version of the game.  

Table 9. The eight core drives of gamification of Octalysis in the current version of the game and 

improvement ideas based on the eight drives. 

Core 

Drives 
In Battleships Gamification Improvement Ideas 

Accomplis

hment 

Completing tasks or finding 

ships 
Experience points and leveling system. 

Avoidance Avoid losing 
Losing experience or game currency by using 

motorized transport. 

Empower

ment 
Not in this version 

Allow users to upload pictures to use for 

profile pictures. 

Epic 

meaning 
Not in this version Benefits from physical activity. 

Ownership Not in this version 
Individual avatar with items that can be seen 

by other users. 

Scarcity Not in this version 
Set a limit on avatar items, could be time 

availability or a set amount of each item. 

Social 

influence 

Collaboration with team, 

competition against 

opponents 

Chat with other users, add other users to friend 

list and share achievements or avatars to 

others.  

Unpredicta

bility 

Not knowing which tiles are 

ships 
Adding secrets behind some tiles 

The results of the user experience aspects were mostly positive, as the respondents 

mostly agreed with the general user experience constructs, such as the game being easy 

to understand, being happy with the game and would like to play the game again. These 

user experience results were similar to the outcome of an earlier study [21], in which the 

students reported a highly positive experience using games as interventions for increased 

physical activity. In addition, most of the students responded to a positive impact from 

motivational statements that focused on competition, collaboration within their teams, 

and performing physical activity during gameplay, as reported in earlier studies [15,18, 

20,24].  

While the game is playable, there are several features that would drastically improve 

the game. Several points of the Octalysis framework [12] recommend adding features that 

are customizable for all users and are owned by a single user. We could provide users 

with their own customizable avatars and add purchasable items for those avatars. Studies 

have shown that player-avatar identification led to increased motivation, time spent in 

gameplay, and completed game levels [37,38]. These items were bought with game 

currency gained by playing the game. This increases motivations for playing the game. 

Another feature motivating continuous play could be to add a progression system and 

achievements. For example, adding individual levels for users that grow with experience 
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points. This could change by interacting with the game. Certain levels or events would 

grant the user an achievement or milestone. There could also be extra things hidden under 

some of the tiles, e.g., extra experience points or a cosmetic item for avatars. This adds an 

element of surprise for users and might motivate users to perform tasks even if they think 

that they are repetitive [9]. Moreover, adding these motivating features will minimize 

novelty effect, perceived enjoyment, and usefulness of gamification diminishing with use 

[20]. 

Another feature that also would improve motivation would be to add a social system 

for users. Communication was not a problem during the game tests because all 

participants were in the same room; thus, it might become an issue when the users are 

separated. Since each board has 64 tiles, it might be challenging for hosts to come up with 

64 unique tasks. Thus, adding a feature to add common tasks, such as “walking to school” 

or “biking to school”, would probably simplify the match creation process. To show hosts 

how the icons would look on the board when creating tasks, the current dropdown menu 

with text could be replaced with a menu showing the icons visually. More icons could 

also be added to divide tasks more easily into different categories; thus, users would more 

easily understand the task on each tile. The method to choose which tasks are selected 

could also be improved so that each task does not repeat before all created tasks have been 

selected. This makes the tasks feel less repetitive.  

While users might simply enjoy doing tasks and playing the game, it currently does 

not teach them anything about the benefits of daily physical activity. Hence, tools to teach 

users about these benefits and keep track of their current progress and put that into 

perspective might motivate users to continue playing. For example, keeping track of how 

much energy a team or user has used while playing the game and comparing how long 

you could run with that energy or what environmental impact the user or team has had 

by not using motorized transport.  

The audio and visuals of the game could also be improved. We noted several 

confusions regarding the visuals from the observations and the audio recordings. Two of 

the confusions were that users were unsure about their score and which of the two boards 

belonged to their team. It was also unclear when one team had won the match; some 

participants were unsure of the rules of the game. Therefore, the visuals could be updated 

to clarify these aspects and add a way to see how many ships there are left for both teams. 

Additionally, a tutorial for users unfamiliar with the classic game could be added so that 

all users can understand the rules of the game. Another way to clear some of these 

confusions could be to add feedback features that clearly communicate with the user 

when something is performed incorrectly, or something has gone wrong.  

This study has significant value but also several limitations. First, the group size of 

13 people is more than the recommended amount for small user tests [29], but it is also 

too small to draw any general conclusions about the game. Second, the lack of gender 

diversity in the testing group makes the results of the study less generalizable. Third, all 

the participants are from Skellefteå in northern Sweden and around the same age—further 

testing with participants of different ages and from different countries or other parts of 

the country would be needed before any general conclusions can be made.  

6. Conclusions and Future Work 

In conclusion, the web-based game Battleships-PA was presented with its conceptual 

and technical details. The game was designed with inspiration from the game Tic-Tac-

Training. The main purpose of this study was to present the entire game development 

process of a PA game within a non-school context and gain insights from the gameplay 

session on how the game could be improved. By analyzing the answers from the 

questionnaire, the audio recordings, and observing the participants during the session, 

we concluded that the users enjoyed the collaborative and competitive aspects of the game 

but were confused by the visuals of the game. The results indicated their opinion 

regarding the game to improve motivation to be physically active in non-school settings. 
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Children enjoyed collaborating and competing with others as well as completing tasks. 

However, the Octalysis framework suggested several features that could improve the 

game with a focus on long-term user involvement and an increase in clarity of the game 

visuals. Moreover, it is important to have clear visuals and rules or a tutorial so that all 

users can understand the game and thereby reducing the possibility of the novelty effect. 

The results have potential to impact future gamified PA interventions or solutions. The 

school setting is overwhelmed with tasks, and we wanted to create a game that has the 

potential to facilitate learning linked to the curriculum that was easy to use. Therefore, 

this game might also be interesting to researchers or teachers who wish to implement 

learning through gamification and simultaneously encourage PA in school classrooms. 

The architecture of the game might also be useful to developers who want to create web-

based cooperative multiplayer games.  

Future work involves several features that would improve the game and that can be 

implemented as suggested in the discussion section. Additional testing would be required 

to gain more accurate data on the motivational aspects of the game and if it motivates PA. 

This version of the game is still a competition between two teams; therefore, the next 

developmental phase of the game would focus on tweaking the game board to 

accommodate and be played by only one team to encourage collaboration versus 

competition. Additionally, observing how different age groups and more diverse gender 

distributions would react to the game could help determine the best target groups of 

children and ages. Lastly, our future research can use the knowledge gained in this study 

to develop a framework that integrates gamification in persuasive technologies for active 

school transport. In order to improve physical activity for children and adolescents, 

promoting and motivating them to use active transportation daily has been shown to be 

an effective way to increase physical activity [39]. While there are numerous benefits of 

AT as a tool to increase physical activity, only 57% of schoolchildren of the ages 6–15 use 

AT to school during spring and fall in Sweden. Only 47% use AT during the winter [40]. 

Even globally, there is a decrease in AT for children and adolescents, which will likely 

continue unless interventions are made [41,42]. This future research would optimally 

focus on ways to increase AST among children in Sweden. Methods of travel between 

home and school using non-motorized means could be studied to determine if the game 

can motivate long-term usage of active school transport. 
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