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Abstract: Previous studies indicated that game elements may make players have joyful
experience but some research indicated that players’ learning performance may not be as good as
what was expected. This might be due to the fact that poor user interface presented in serious
games hindered students’ learning performance. Therefore, designers should not only consider
game elements, but also take into account interface elements. However, there is a lack of such
studies that pay attention to both game elements and interface elements when developing serious
games. To this end, this study aims to investigate how interface elements and game elements are
considered in the design of serious games. A peer assessment approach is applied to achieve this
aim. The results from the peer assessment indicated that designers generally tended to focus on
game elements and paid less attention to interface elements. Furthermore, all game elements
were similarly considered but interface elements were not equally treated. In particular,
designers seemed to ignore the importance of error prevention and recovery from errors.
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1. Introduction

Over the past decades, digital games have become very popular. Among various types of games, serious
games are widely accepted as effective learning tools, which can be applied for inquiry, multitasking,
collaboration, creativity problem-solving, and decision-making (David and Watson, 2010, Gee, 2003).
This may be due to the fact that serious games provide a joyful environment, which contains multiple
game elements, including storyline, game play, artistic/graphics, and sound/special effects, Al. The
significance of these game elements is described in Table 1.

Table 1: Game Elements

Game Elements Significance

Storyline To facilitate players to develop a quick understanding of
unexplored virtual worlds (Park, 2010; Busselle and Bilandzic,
2008)

Gameplay To use rules to ensure that all players take same paths and make
them feel excited about playing the game (Prensky, 2001).

Artistic/Graphic To improve display characteristics to attract players (Prensky,
2001)

Sound/special effects, | To affect players’ task performance and stress response (Hébert et
al., 2005; North and Hargreaves, 1999)

Al To provide players with feedback so that they can know their
current status (Dobrev, 2012)

The game elements presented in Table 1 may make players have joyful experience but players’ learning
performance may not be as good as what we expected. For instance, Schrader and Bastiaens (2012)
indicated that some serious games decreased students’ learning performance. This might be due to the
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fact that user interface is not properly presented in the serious games so that some learners may need to
spend additional time learning how to play these serious games. In other words, only taking into account
game elements is not sufficient and there is also a need to consider usability guidelines.

Usability is widely used in system design and the aim of usability refers to making systems easier to use,
pleasant to use, and matching them more closely to users’ requirements (Nielsen, 1994). A number of
usability guidelines can be applied to evaluate usability (e.g., Shneiderman’s Eight Golden Rules of
Interface Design, Norman’s Design Principles and Nielsen’s Heuristics). Among these usability
guidelines, Nielsen’s heuristics (Table 2) were first formally described in presentations in the
Human—Computer Interaction conference through papers published by Nielson and Molich (1990).
Since then, they have refined the heuristics based on a factor analysis of 249 usability problems to
derive a revised set of heuristics with maximum explanatory power. Such heuristics are most commonly
used because they can be used effectively by novices and experts alike and can be performed at any
stages of the development lifecycle (Nielsen, 1994). In particular, recent studies attempted to
incorporate Nielsen’s heuristics into the interface design of serious games. For example, Hsieh, Su,
Chen and Chen (2015) took a user-centered design approach to develop a Robot-based Learning
Companion based on Nielsen’s heuristics. Additionally, Mei, Ku and Chen (2015) used Nielsen’s
heuristics to develop problem-solving games that can accommodate learners’ gaming experience.

The aforementioned studies suggested that incorporating Nielsen’s heuristics into the interface design
of serious games is feasible. Therefore, designers should not only consider game elements, but also
take into account interface elements. However, there is a lack of such studies that pay attention to both
game elements and interface elements when developing digital games, especially serious games. To this
end, the study presented in this paper aims to investigate how interface elements and game elements are
considered in the design of serious games. A peer assessment approach is applied to investigate game elements
and interface elements provided by serious games and relationships between game elements and
interface elements are also examined in this study.

Table 2: Nielsen’s ten heuristics (1994)

Heuristics

Explanations

H1: Visibility of system status

The system should always keep user informed about what is going
on by providing appropriate feedback within reasonable time

H2: Match between system and
the real world

The system should speak the user’s language, with words, phrases
and concepts familiar to the user, rather than system-oriented
terms. Follow real-world conventions, making information appear
in a natural and logical order

H3: User control and freedom

Users should be free to develop their own strategies, select and
sequence tasks, and undo and redo activities that they have done,
rather than having the system do these for them

H4: Consistency and standards

Users should not have to wonder whether different words,
situations, or actions mean the same thing and the system should
follow platform conventions

H5: Error prevention

Even better than good error messages is a careful design, which
prevents a problem from occurring in the first place

H6: Recognition rather than
recall

Make objects, actions, and options visible. The users should not
have to remember information from one part of the dialogue to
another. Instructions for use of the system should be visible or
easily retrievable whenever appropriate

H7: Flexibility and efficiency
of use

Allow users to tailor frequent actions. Provide alternative means of
access and operation for users who differ from the ‘‘average’’ user
(e.g., physical or cognitive ability, culture, language, etc.)

H8: Aesthetic and minimalist
design

Dialogues should not contain information that is irrelevant or rarely
needed. Every extra unit of information in a dialogue competes
with the relevant units of information and diminishes their relative
visibility
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H9: Help wusers recognize, | Error messages should precisely indicate the problem and
diagnose and recover from | constructively suggest a solution. They should be expressed in
errors plain language

H10: Help and documentation | Even though it is better if the system can be used without
documentation, it may be necessary to provide help and
documentation. Any such information should be easy to search,
focused on the user’s task, list concrete steps to be carried out, and
not be too large

2. Methodology
2.1.1 Participants

A total of 41 individuals participated in this study. Participants were students from the some universities
in Taiwan, aged between 22 and 25 years old, and they volunteered to take part in the study. These
participants were randomly assigned into seven groups, each of which included five or six individuals.
A request was issued to learners in lectures, and further by email, making clear the nature of our study
and their participation. All participants had sufficient computing skills to act as designers to design
serious games in this study.

2.1.2 Experimental Procedure

During the experiment, each group was requested to design a serious game with the Game Maker,
which was chosen because it has been used as a rapid development tool in several studies (e.g.,
Moreno-Ger et al., 2007). Moreover, the Game Maker takes an object-oriented and event-driven
approach (Overmars, 2004) so it may be easy to use for most designers. The experimental procedure
was divided into two steps: (1) preliminary training and (2) peer assessment (Figure 1). The details are
described below.

Main Assessment

Preliminary Training

Introduction to

Nielsen Heuristics Game Demonstration

Introduction to
Game Elements

Q&A

Assessment
The use of
Game Maker

Figure 1. The experimental procedure
2.1.3 Preliminary Training
In order to ensure that every participant has proper domain knowledge, the participants were provided
with preliminary training sessions, which covered three topics. Table 3 describes the details of each

topic. Regardless of the topics, the participants needed to do some exercises in the end of each session
so that they could review what they had learnt in each session.
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Table 3: The preliminary training procedure

Topics Learning Objectives Length

Introduction to | The participants should have a basic | Three 60-minute sessions
Nielsen’s heuristics | understanding of how to use Nielsen’s
heuristics to assess usability

The Design of Game | The participants should develop skills of | Two 60-minute sessions

Elements how to incorporate various game elements
The Use of the | The participants needed to know how to use | Nine 60-minute sessions
Game Maker tools and logics provided by the Game

Maker

2.1.4 Peer Assessment

The assessment covered two parts. One was related to game elements while the other was concerned
with user interface. During the peer assessment, each group was required to demonstrate serious games
developed by them in front of remaining six groups. Additionally, they needed to present how they
incorporated the game elements and interface elements into their serious games. Such demonstration
and presentation took 20 minutes or so. Finally, there was a five-minute Q&A session, where the
participants needed to answer questions raised by the other groups.

After listening to the demonstration and presentation and the answers to the questions, the other groups
started to make assessment. More specifically, the other groups needed to fill out a mark sheet for each
group. The first part of the mark sheet included five items, which were committed to assess whether the
the game elements were properly implemented, i.e.,, G1: Storyline, G2: Game Play, G3:
Acrtistic/Graphics, G4: Sound/Special effects, G5: Artificial Intelligence. The second part included 10
items, which were committed to evaluate whether user interface was properly designed based on
Nielsen's ten heuristics. To facilitate assessment, detailed criteria were produced according to each item.
Finally, the first part contained 18 criteria while the second part included 31 criteria. Irrespective of the
number of criteria in each part, 20 points were assigned to each item in the first part while 10 points
were given to each item in the second part. By doing so, the perfect score of each part is 100.
Additionally, the higher the score was given, the more the design matches with the criteria, and vice
versa.

2.1.5 Data Analysis

In this study, the independent variables are interface elements and game elements and the dependent
variables are the scores obtained from each interface element and each game element. An independent
t test was applied to identify differences between interface elements and game elements. Furthermore,
an ANalysis Of VAriance (ANOVA), suitable to test the significant differences of three or more
categories (Stephen & Hornby, 1997), was applied to analyze differences among interface elements and
among game elements. By doing so, the interface elements and game elements that designers paid the
most attention and those that designers paid the least attention could be identified. Additionally,
Pearson’s correlations were also applied to analyze relationships between the scores from game
elements and those from interface elements so that the associations between these two types of elements
could also be discovered.

3. Results and Discussion

Table 4 describes the mean values and standard deviations of the scores from game elements and those
from interface elements. We further used an independent t test to analyze their significant difference.
The results indicated that a significant difference (t(40)=2.421, p<.05) existed between the scores from
game elements (Mean = 71.81, SD=17.73) and those from interface elements (Mean = 60.14,
SD=13.17). In other words, designers tended to pay more attention to game elements than interface
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elements when they developed serious games. We further analyze how each game element (Section 3.1)
and each interface element (Section 3.2) were implemented in serious games and how game elements
are associated with interface elements (Section 3.3).

Table 4: The mean and standard deviation of game and interface
Game Elements Interface Elements
Mean 71.81 60.14
SD 17.73 13.17
Significance t(40) = -2.421*

Keys: "p<.05 “p<.01

3.1 The evaluation of game elements

The results from the ANOVA indicated that no significant differences exist among scores obtained
from each game element (F(4)=.38, p>.05). This finding suggested that all game elements were almost
equally taken into account when designers developed their serious games (Mean = 14.36, SD=0.89).
This might be due to the fact that serious games became very popular in recent years (Johnson,
Vilhjalmsson, and Marsella, 2005). Accordingly, designers could have a clear understanding of all
game elements so that most of them could effectively integrate these elements into the design of serious
games.

Even though there was no significant difference, we still found some interesting results (Table 5). More
specifically, the highest score and the lowest standard deviation (Mean=15.59, SD=2.10) were found in
G2 while the lowest score and the highest standard deviation (Mean=13.46, SD=6.48) were
demonstrated in G4. In other words, most of designers paid attention to G2, which refers to Gameplay,
including game rules and the compatibility of the game. This finding revealed that most of the designers
considered Gameplay as an important factor in the design of serious games. On the other hand, not all of
designers were concerned with G4, which refers to Sound/Special effects. This finding implied that not
all of designers thought that Sound/Special effects were essential for the design of serious games. In
particular, one group totally ignored the Sound and Special effects and obtained zero score for this game
element. In other words, designers had diverse views towards the Sound and Special effects presented
in serious games.

Table 5: The score from each game element
Gl G2 G3 G4 G5
Mean 14.76 15.59 14.44 13.46 13.56
SD 3.25 2.10 2.98 6.48 2.70

3.2 The Assessment of Interface elements

One difference between the game elements and interface elements is that a similar level of attention was
paid to the former while different levels of attention were given to the latter. More specifically, the
results from the ANOVA indicated that there was a significant difference among scores obtained from
each interface element (F(9)=10.63, p=.000). The results from the post-hoc analyses indicated that the
scores from H5 and H9 were significantly lower than those from H2, H3, H4, H6, H7, and H8. In other
words, designers paid more attention to H2 (match between system and the real world), H3 (user control
and freedom), H4 (consistency and standards), H6 (recognition rather than recall), H7 (flexibility and
efficiency of use), and H8 (aesthetic and minimalist design), among which H4 received the most
attention. Conversely, they ignored H5 (Error prevention) and H9 (Help users recognize, diagnose, and
recover from errors) and H 9 was received the least attention.

The other difference lied within the fact that the score of each interface element was low (Mean = 6.01,

SD=1.65). In particular, the scores given for H5 and H9 were lower than the mean value (Table 6).
Additionally, high SDs existed in these two interface elements. These findings suggested that designers
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not only tended to ignore H5 and H9, but had diverse opinions for the assessment of these two interface
elements. This might be because H5 and H9 are concerned with the reduction of errors that users may
make. However, such errors need to be identified by field works. The lack of evidence from the field
works may make designers have difficulties in knowing errors that users may make and helping them
recover from such errors. This might be the reason why these two interface elements were ignored by
the designers.

Table 6: The score from each interface element

H1 H2 H3 H4 H5 H6 H7 H38 H9 H10

Mean 6.17 7.11 7.16 7.96 3.69 7.12 6.88 7.35 3.13 4.22

SD 1.09 0.81 1.58 0.98 1.95 1.34 1.14 1.25 1.03 1.91

3.3 Game VS. Interface

Pearson correlations were applied to analyze relationships between each game element and interface
element (Table 7). As shown in Table 7, positive relationships existed between H4 and G1 (r=0.80,
p<0.05), between H7 and G2 (r=0.78, p<0.05), and between H8 and G3 (r=0.76, p<0.05). The positive
relationship between H4 (Consistency and standards) and G1 (Storyline) suggest that user interface
designed in a consistent way can make players immerse in the storyline of the serious game. This might
be owing to the fact that the coherence of the storyline of a serious game could be clearly and easily
demonstrated in consistent user interface. Accordingly, such coherence could increase the immersions
of the players.

Table 7: Pearson correlation between game and interface
r H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Gl 42 .60 A1 .80* .34 .20 .69 .35 14 .04
G2 21 .29 .65 .63 73 .58 J78* .63 .09 -.02
G3 -.04 -.23 .60 .63 41 .29 .69 76% -.07 -42
G4 -.01 .01 -.01 71 27 -.10 71 .34 .07 -.16
G5 -13 -.08 .34 73 42 10 74 .57 10 -.30

Keys: "p<.05 " p<.01

Regarding the relationship between H7 (Flexibility and efficiency of use) and G2 (Game Play), the
former refers to flexible manipulation and efficiency of use while the latter refers to the experience of
players reaching the game’s objectives (Papaloukas, Patriarcheas and Xenos, 2011). Therefore, this
finding suggested that players could smoothly pursue the game’s objectives when they were allowed to
play the game in more efficient and flexible way. Regarding the relationships between H8 (Aesthetic
and minimalist design) and G3 (Artistic/Graphics), both elements are concerned with the prettiness of
user interface. This may be the reason why a positive relationship existed between these two elements.
In other words, they were related to each other.

In summary, the interface design of serious games is closely associated with the entertainment of
serious games. Therefore, designers may need to take into account both game elements and interface
elements to improve players’ gaming experience.

4. Conclusions

This study used a peer assessment approach to investigate how designers perceived the importance of
interface elements and game elements in the design of serious games. Figure 2 summarizes the findings
of this study. As shown in Figure 2, the results of this study indicated that designers generally tended to
focus on game elements and paid less attention to interface elements. Furthermore, each game element
was similarly considered though G2 (Game Play) was paid the most attention. On the other hand, each
interface element was not equally treated. More specifically, designers were more concerned with H2
(Match between System and the Real World), H3 (User Control and Freedom), H4 (Consistency and
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Standards), H6 (Recognition rather than Recall), H7 (Flexibility and Efficiency of use), and H8
(Aesthetic and Minimalist design). However, they seemed to take less notice of H5 (Error Prevention)
and H9 (Help users Recognize, Diagnose and Recover from errors). In other words, they might ignore
the importance of error prevention and recovery from error. These findings implied that future works
should examine how to help designers develop a deep understanding of the importance of interface
elements so that they could know how to design usable user interface for serious games. The ultimate
goal is that players are able to know how to initiate serious games effectively so that their learning
performance can be enhanced. In spite of the fact that the findings from this study provide the
aforementioned guidance, this is an exploratory study, which included a small sample. Thus, there is a
need to consider a larger sample to provide additional evidence in the future. The other limitation is that
this study only takes into account Nielsen’s heuristics. Thus, it is necessary for further studies to
consider other usability guideline, e.g. Shneiderman's “Eight Golden Rules of Interface Design”
(Schneiderman, 1986).

Designers

Game Elements Nielsen Heuristics

(G2) (H5, H9)
Gl H4
G2 H7
G3 HS

Figure 2. The Summary of the Findings
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