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Abstract: Lack of female involvement in ICT field calls for new 

approaches to ICT education.  Serious game is an effective tool for 
learning, so it can be used to motivate and engage female students 
to study Computing. Engagement elements for serious game were 
identified from previous researches and a conceptual model for 
gender-based engagement using serious game was constructed. In 
this paper, the model validation of a low fidelity prototype using 
heuristic evaluation technique for educational game is discussed. 
The heuristic scale was adapted from previous studies, comprise of 
playability and enjoyment constructs. In addition, educational 
elements items are also included. The scale was then validated for 
content validity, and a pilot study with four (5) HCI experts.  
Finally, five (5) experts from HCI, Game and Computer 
Networking subject evaluate the model using this scale. Results of 
the evaluation showed that the model’s constructs have good 

usability, playability, enjoyment. Future work will be to validate 
the model using high fidelity working prototype and user testing.  
 

Keywords: Heuristic evaluation; serious games; game interface 
evaluation; game design.  

I. INTRODUCTION 

There is a lack of female enrolment in Science, 

Technology, Engineering, Math (STEM) courses in higher 
education [1]–[8] such as Computer technologies (CT) 
courses. The number of women graduating from STEM 
courses is lesser than men, but they achieve higher average 
success and performance [9].  STEM careers are increasing 
faster than any other field [8], The related jobs offer very 
good remunerations because the STEM field is essential in 
advancing the benefits of the Fourth Industrial Revolution 
(4IR), including improvements in medical care, access to 
education, and the highest quality of living [7]. To increase 
the number of female enrolment in ICT, there is a need to 
increase female engagement with computing subjects. One 
approach is to use effective technological tools to motivate 
and engage female students, such as using serious games 
[10].  
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Serious games are important technological applications used 
to educate, engage learners, and teach players [11]. 
Moreover, there is growing evidence that games can be used 
to motivate players to explore and engage in CS and digital 
knowledge [3]. Some studies have indicated that digital 
games could facilitate easier access to study and work in  
STEM fields [12]. On the other hand, many researches have 
indicated that the motivation to play  specific kinds of games 
is based on gender preferences [13]–[19]. This is because 
men and women seem to have different motivations to play 
games [18]–[22]. Males and females also have different game 
engagement factors [17], different styles of play [14], [17],  
different learning styles [1], and different types of game 
preferences [13]. Moreover, the nature of their gameplay also 
differs [20]. For most of the game industry’s history, few 

have made any effort to design games especially for girls or  
tried to guess the diversities of games that females would like 
[14], [21], [22]. Also, most educational games with CS 
subject are not interesting to girls teenagers [23], [24]. 

Hence, we studied gender-based engagement factors for 
serious games, which takes into consideration female 
preferences for digital games [25]. Then we construct a 
conceptual model to guide the game’s design and 
development [2]. The resulting model incorporated learning, 
female preferences, and flow state theory elements and 
elaborated further in the next section. Subsequently, a low 
fidelity prototype was developed to validate the model using 
heuristic evaluation, for playability and enjoyment. 

A. Gender-Based Engagement Model for Serious Games 
(GBEM) 

GBEM consists of five components and 20 elements [2], 
[25]. We have refined the model. The element learning 
objective is part of pedagogy, therefore, is represented by 
pedagogy element. The second component is females’ 

preferences, which had ten elements - explore, character 
customization, storyline, social interaction, collaboration, 
challenge, fun, feedback, and control. However, 
collaboration and social interaction concepts are similar, 
hence collaboration element is removed. The third 
component is female's preferences game's genre, which had 
two elements- role-play game, and fantasy. Role-play game 
element belongs to game genre, hence it is removed from 
Female Game element preferences component. Fantasy is 
female's preferences element for digital games, so it is 
removed from female preferred game genre component. The 
other female preferences elements are game storyline, 
challenges, fun, control and feedback.  
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The fourth component is flow states theory elements - 
concentration, clear goal, skill, and immersion. The final, 
refined model has three components with 15 elements: 
learning elements (1), females preferences elements (9), and 
flow state theory elements (4). These three components when 
applied to game design are expected to result in female 
engagement with the game and hence effectiveness of the 
serious game to motivate learners to study computing 
courses. 

This refined model is then used to design a low fidelity 
prototype, and Heuristic evaluation is carried out on the 
prototype using Playability and Enjoyment Heuristics. 

B. Heuristic Evaluation 

Heuristic evaluation (HE) is one of the inspection methods 
used to analyse productivity software [26]. In usability 
analysis, using between three to five experts is recommended 
for heuristic evaluation since five evaluators are sufficient to 
identify most issues in usability [26].  HE has many 
advantages such as being cheap, intuitive, does not force 
advanced planning, and is easy to inspire people to take up 
[26]. A heuristic evaluation can be used in both the design 
and development processes [27], [28], where it can help to 
motivate a creative player experience [27]. General usability 
measurement method in game evaluation is inadequate since 
applications or systems are different compared to games [29]. 
Some researchers believe that video games need their own 
heuristics [29], [30]. Therefore many heuristics for video 
games have been developed [30]–[34]. 

Federoff (2002) created the first heuristic for video game 
by collecting a set of heuristics for games  from a case study 
then she evaluated them with both Nielsen’s heuristic and 

recent game industry guidelines [30].  The outcome is 40 
heuristics categorized into three sets [30]. Federoff’s 

heuristics suffer from shortage of clarity [33], consistency, 
and lack of validation [30]. Moreover, Federoff heuristics 
have difficulties to be used during the design phase [30], [33]. 

Another video games’ heuristic is the Playability Heuristic 
evaluation (PLAY), which has three constructs [35]. This 
heuristic is expected for three types of digital games: the 
first-person shooter, real strategy, and action adventure [34]. 
Desurvire and Wiberg in (2009) constructed their heuristics 
based on a case study with low generality. Moreover, PLAY 
heuristics lack consistency and clarity [30]. Also, some game 
play heuristics in PLAY are not suitable for all game types, 
because each game type has its features, form, and usages 
that should be followed to develop an effective game [33]. 

In general, there is a list of heuristics elements used to 
evaluate any software that concentrates on user interface and 
interaction factors, but no specific heuristic has all the factors 
in an educational computer game (ECG) [33]. Factors like 
educational design and content should be considered in the 
assessment, so there is a need to develop heuristics that focus 
on ECG [36]. 

 

C. Heuristic Evaluation of Educational Games 

Malone created the first Heuristic for educational game in 
the 1980s [37]. However, these heuristics need to identify 
playability concerns [38]. Malone’s heuristics focused on 

what makes the games fun, but forgot to point out what 
makes games educational [39].  

Omar, H., Yusoff, R, and Jaafar (2012) developed a 
heuristic evaluation instrument for educational computer 
games. Playability Heuristic Evaluation for Educational 
Game (PHEG) has five constructs; the interface, educational 
elements, content, Playability, and Multimedia [40]. 
Interface refers to the features of the application interface. 
Educational factors are the features that simplify learning. 
Content refers to game educational content delivered through 
the prototype. Playability means the game has gameplay 
factors.  

On the other hand, enjoyment game flow (EGame Flow) 
by Fu et al. (2009) was introduced to evaluate enjoyment in 
serious games. EGameFlow consists of 8 constructs; 
immersion, autonomy, concentration, goal clarity, challenge, 
feedback, knowledge improvement, and social interaction 
[41]. 

 Enjoyment is an essential element to maintain the quality 
of a game, and the more a player becomes engaged in the 
game, the higher is the game enjoyment and thus the 
engagement [39]. To evaluate the enjoyment of a game, it is 
essential to ascertain whether or not the game captures the 
player’s attention [39] and concentration. Additionally, some 
researchers found a powerful connection between learning 
and flow in serious games [42].  Furthermore, flow has a 
good influence on engagement [39], [42]. Our model 
includes flow state theory and engagement elements. Thus 
EGameFlow is also suitable to be used to evaluate GBEM. 

II. MATERIALS AND METHOD  

Fig. 1 illustrates this research process flow, starting with 
designing the low fidelity prototype based on the game 
model. Next step is creating HE questionnaire by adapting 
from previous researches. Once the questionnaire is 
validated, the evaluation was carried out and results obtained 
are reported in the following section. 

 

 

Fig. 1. Research Process Flow 

A. Designing Low Fidelity Prototype 
 

The design of the low fidelity prototype is based on the 
design model and is shown in Fig. 2. The goal of the game is 
to construct a Wired Local Area Network for a small office in 
a company. The interface language of the low fidelity 
prototype is Arabic because the target sample for the final 
game prototype is Arab female students. The game content is 
adapted from the “Construct Local Area Network” course for 

first-year students in a college in the Republic of Yemen. 
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The prototype is designed as a role-playing game (RPG), 
where a player has to play the game character’s role, centered 

on narrative acting.  
The game story is created to make the game more 

immersive for players. The story theme is based on real-life 
experience of females in Arab society and culture; it is about 
life problems that females usually face in their patriarchal 
society community, university, and working life.  

LANG consists of two levels. Each level has three tasks. 
Level 1, the game player has three (3) missions, which are 

▪  To install an NIC (Network Identification Card) for 
all the office PCs. 
▪ To choose an appropriate network device to connect 
the office PCs. 
▪ To choose a suitable cable to connect the network 
device and all the office PCs. 

 In Level 2, the player has three (3) tasks: 
▪   To connect the office LAN (Local AREA Network) 
with the office Internet, where the player has to choose 
the Internet device (router). 
▪ The network server for the office LAN. 
▪  To connect the office LAN with a server printer. 

 

 

Fig. 2. Example of the low fidelity prototype interface 
design 

B. Instrument 

An adapted questionnaire is the instrument scale for this 
study. Four components from PHEG are adapted for this 
study. The components are Interface (IN) (5 items), 
Educational Element (ED) (3 items), Content (CN) (3 items), 
and Game Play (PL) (5 items).  

Interface (IN) refers to the features of the application’s 

interface.  
Educational elements (ED) mean the features that simplify 

learning. Content (CN) refers to game educational content 
delivered through the prototype. Playability (PL) means the 
game has gameplay elements.  

Two elements from the PLAY are adapted - emotional 
connection and story immersion. Emotional connection 
relates to the emotional relationship between the players and 
their avatar, whereas game story immersion relates to game 

story quality that is designed to make players immersed in the 
game.  

Finally, 22 items are adapted from EGameFlow to measure  
digital game enjoyment [43]. The 22 items are adapted for 

use in our HE questionnaire since the items relate to and can 
measure elements of the game model of this study. All 
constructs and their items is shown in table I.  

The HE questionnaire contains first, the demographic 
information such as expert’s name, current position, 

institution, and years of experience. Second, it contains the 
items for expert evaluation of the low fidelity prototype. 

1. Instrument Validation 

The internal consistency using Cronbach’s alpha and 

content validity were used in this study to check the 
questionnaire reliability and validity since the items of the 
questionnaire were adapted from earlier questionnaires.  

Content validity:  In the content validity, three to five 
experts is recommended for heuristic evaluation since 
five evaluators are enough to identify most usability 
issues, whereas adding more evaluators would decrease 
the benefit-to-cost ratio [26]. Based on that, in this study, 
four experts checked the content validity of the 
questionnaire. All experts are Human-Computer 
Interaction (HCI) experts. The experts’ comments agree 

that the questionnaire items are indeed related to the 
model constructs. Hence the questionnaire is valid for 
further use to evaluate the model. Then, a pilot test was 
carried out to measure the reliability of the questionnaire 
using a sample of undergraduate female students. 
▪ Pilot Study: Thirty-three (33) undergraduate female 
students from a local university’s faculty of Information 
Science and  Technology, were selected for the pilot 
study. The students answered the questionnaire in fifteen 
minutes. The results show that the Cronbach’s alpha 

value of the questionnaire constructs is 0.918, which 
means that the questionnaire is reliable and can, 
therefore, be used for evaluating the low-fidelity 
prototype. Heuristic evaluation was used to validate the 
low-fidelity prototype.  

2. Participants for Heuristic Evaluation 
 

Expert evaluation is a popular method in usability testing 
[26]. Five expert evaluators were invited to evaluate the low 
fidelity prototype in this study.  

A purposive sampling method was used to choose the 
expert sample. Purposive sampling is used when a study 
needs to acquire knowledge from people that have specific 
experience [46].  

Two experts are from Human Computer Interaction (HCI) 
field, one expert on educational content (Computer 
Networking), one game expert (a game developer), and one is 
a gamer. The experts were selected based on a minimum of 
five years of experience. 

3. Procedure 
 

First, the experts were given an invitation letter to be part 
of the evaluation team for the low fidelity prototype in this 
study.  
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Then the experts were asked toset a convenient time for the 
evaluation task, which requires about thirty minutes. 

 Paper-Based interface design was given to the experts 
with description of the entire game progress, from the game’s 

beginning to end. After that, the experts were given a 
questionnaire to evaluate the game based on the low fidelity 
prototype.  

Video and audio recordings were used during the 
evaluation for evidence purposes. 

C. Data analysis 

We used descriptive analysis technique to analyse the 
results of the HE questionnaire. The HE questionnaire 
consists of 4 components and 43 elements. The individual’s 

agreement or otherwise for every element was evaluated in 
terms of “Yes”, “No”, or “Not sure”. Next, the frequency 
rates were calculated. “Not sure” refers to any possibility that 

the expert is not sure about the answer to the statement/item. 
 

Table- I: The Adapted Constructs and Elements of HE Questionnaire  

III. RESULTS AND DISCUSSION 

In this section, the result from the HE is presented and 
discussed together with the experts’ feedback. Table 2. 

Shows the percentage score results from the data analysis. 

Each of the experts responded with either “Yes”, “No” or 

“Not sure” towards the low fidelity prototype interface 

design.  
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Table-II: Low Fidelity Prototype Heuristic Evaluation 
Results 

Component Item Yes No Not sure 

 
IN 

IN1               100   

IN2 80 20  

IN3 100   

IN4 100   

IN5 80 20  

 
 
 

ED 

ED1 100   

ED2 100   

ED3 100   

ED4 100   

ED5 100   

ED6 100   

        
       CN 

CN1 100   

CN2 100   

CN3 100   

        
 
 
 
 
 
       PL 

PL1 100   

PL2 80  20 

PL3 100   

PL4 80 20  

PL5 100   

PL6 100   

PL7 100   

PL8 100   

PL9 100   

PL10 100   

PL11 100   

PL12 100   

PL13 100   
     
 
 
 
      PL 

PL14 100   

PL15 100   

PL16 100   

PL17 100   

PL18 100   

PL19 100   

PL20 100   

PL21 80 20  

PL22 100   

PL23 100   

PL24 80  20 

PL25 100   
PL26   20 
PL27 100   

PL28 100   

PL29 100   

 
Most of the HE elements scored an average of 100%, 

although a few scored 80%. In terms of the Interface (IN), as 

shown in table III, the elements (IN1, IN3, and IN4) four 
experts agreed 100% that these elements have no usability 
problem.  

However, one expert responded with “No” to two elements 
of the Interface (IN2, and IN5). Therefore, the low fidelity 
prototype interface design have no usability issues. In term of 
educational component (ED), all five experts agreed that all 
the elements (ED1, ED2, ED3, ED4, and ED5) in the game 
interface design supported educational elements.  

Regarding game content (CN) elements (CN1, CN2, and 
CN3), all the evaluators agreed that the game design contents 
supported the learning subject -Computer Networking 
Subject curriculum.  

Game Play (PL) component has 29 elements. The experts 
agreed that 24 elements of the game play (PL1..PL3, 
PL5..PL20, PL22, PL23, PL25, and PL27..PL29) are 
applicable and effective elements with a score of 100%, 
while three elements of the game play (PL2, PL24, and PL26) 
received “Not Sure” and two game play elements (PL4,PL21) 
received a “No” from one expert. The feedback and 

comments for the expert, who answered with "No" have been 
taken into consideration. The scores of the four constructs of 
the game play (IN, ED, CN, and PL) were 80%. 

Table –III: Low Fidelity Prototype HE Results Based 
On Items 

Component  No of experts  Item Mark 
IN 4 (IN1,IN2,IN3) Yes 

1 (IN1, IN5) No 

ED 5 (ED1,ED2,ED3,ED4,ED5) Yes 
CN 5 (CN1,CN2,CN3,CN4,CN5) Yes 
PL 4 (PL1,PL3, PL5..PL20, 

PL22, PL23, PL25, and 
PL27..PL29) 

Yes 

1 (PL4,PL24,PL26) Not sure 
1 (PL4,PL21) No 

 
Overall, the results from the HE were very positive, which 

indicate that the low fidelity prototype has most of the 
required educational and enjoyment elements and thus the 
prototype has good usability. The expert’s feedback and 

comments are discussed in the following section and 
summarized in Table IV. 

A. Experts’ Comments and Recommendations  

Four of the five experts gave some suggestions and 
recommendations, which will be considered when 
developing the high-fidelity prototype.  Two experts 
suggested changing the interface design colours with lighter 
colours. One expert suggested adding more storylines 
regarding women’s self-affirmation (self-worth), as well as 
“what career women would like to achieve”.  

Another expert suggested that the game has to provide the 
player with at least two rewards and suggested more 
sub-games. Two experts recommended changing the use of 
the bullet style format MCQs in game’s quizzes table III 

summarized the experts’ suggestions and comments. 
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Table- IV: Experts’ Suggestions and Comment 

IV. CONCLUSION 

This paper has presented a study on heuristic evaluation of 
a serious game low fidelity prototype to validate the game 
gender-based engagement model. A low fidelity prototype 
was designed, then the validity and reliability of an adapted 
HE questionnaire has been done. Results showed that the 
questionnaire was valid and reliable. After that, the heuristic 
evaluation questionnaire was used to evaluate the low fidelity 
prototype. HE method is used to ensure that the future high 
fidelity prototype interface design will not have any usability 
problems. Results from heuristic evaluation showed that the 
model’s constructs have good usability. For future work, high 
fidelity working prototype will be developed addressing all 
experts’ recommendations and comments.  
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