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Abstract

We have developed a set of eight design heuristics
known as DEG-7-11 to bridge the gap of existing
playability heuristics, which do not take players’ age-
specific characteristics into account. To validate DEG-7-
11, Heuristic Evaluation has been conducted by
inspecting 15 selected educational games on different
topics with the eight heuristics. A statistically
significant correlation was found between the players
preference ratings of the games and the percentages of
the heuristics followed by the games. This result could
validate the effectiveness of DEG-7-11. An intriguing
observation is that none of the games inspected has
followed the heuristic about gender-based adaptation.
Future research on identifying underlying causes and
remedies for improving the situation is called forth.
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Introduction

Driven by a goal to develop digital educational games
(DEGS) for children aged 7 to 11 to learn basic
knowledge of nutrition, thereby increasing their

awareness of healthy eating, we have reviewed existing
playability heuristics (PHs) with the aim to identify
relevant design guidelines. However, existing PHs
(e.g., Desurvire & Wiberg, 2009; Pinelle, Wong &
Stach, 2008; Sweester & Wyeth, 2005) are primarily
used for entertainment games rather than DEGs and do
not take age-specific characteristics of players into
account. Based on our understanding of the work of
Jean Piaget (Piaget, 1973; see also the review in
Hourcade, 2008) and other scholars (e.g., Hesse &
Cicchetti, 1982; Iskander, Kapila & Karim, 2010), we
are convinced that the cognitive and emotional
development of children aged 7-11 entail specific
design strategies and approaches. Consequently, we
have developed a set of eight heuristics known as DEG-
7-11 (Digital Educational Games for children aged 7 to
11 years) to address the gaps thus identified. The
development of DEG-7-11 has been grounded
empirically in our Pilot Study (Khanana & Law, 2013)
and in our systematic literature review in psychology,
pedagogy and design. Table 1 presents individual
heuristics, which are aimed to be intuitive, thereby
enabling DEG designers to follow.

To validate the effectiveness of DEG-7-11, we have
conducted both empirical and analytic evaluations.
Specifically, we have developed two versions of a DEG
on food groups, which follow fully and partially of the
eight heuristics, respectively. The two game
prototypes have been evaluated with primary school
children aged 7-11. Data of these empirical studies are
being analysed. In this paper, we report the analytic



evaluation study where we have applied the eight
heuristics to a selection of 15 DEGs.

DEG-7-11#1: Instead of setting a goal on
performance, such as scoring, like entertainment
games, for a DEG, a specific learning goal should be
set. Also, the goal should be clear, concise, simple, and
presented early in the DEG.

DEG-7-11#2: Children aged 7-11 should be supported
by instruction when playing a DEG, the instruction
should explain how to get correct answers, but without
relying on text-based manual only.

DEG-7-11#3: One single DEG could suit different
genders so that children can select or create their own
favourite avatar.

DEG-7-11#4: A DEG for children aged 7-11 years
should be relaxing to play by having minimalistic
interfaces, appropriate speed, and no time pressure.

DEG-7-11#5: A DEG should be separated into multi-
levels with initial levels being disguised tutorials,
enabling children to practice new information by
performing similar tasks.

Name II.:ve Rating | Votes
2048 84 9.1 17
Axon 81 8.8 157
Amusix

Flute 72 8.2 1077
7 Moves 69 8 772
Perfect

Balance 3 64 8 245
Color

Traffic 2 64 7.5 1,034
SoloWords | 60 7.5 477
Maths

Workout 2 58 7.1 995
Double

Digits 51 6.5 7851
Word

Mountain 51 6.8 784
USA 50

States 50 6.3 292
Race

Across the 40 4.9 132
Steppe of

Mongolia

Are You

My Blood 33 4.7 476
Type?

Space

Words 33 4.6 337
Defense

Eyeballing | 27 4.1 248

DEG-7-11#6: A game should incorporate reminders or
hints that children can use for recalling information
from their memory.

Table 2: Player-based evaluation of each
game: Player preference (Love It %), and
Overall Quality scores (Rating: from 1 to

10) and Number of players voted (Votes)

DEG-7-11#7: Animations can influence learning for
children aged 7-11 years, especially cartoon-like
animations can enhance imagination and fun, resulting
in playful learning.

DEG-7-11#8: Rewards and punishments should be
provided in the form of in-game feedback interfaces;
they are incentives and can inform children aged 7-11
years about their progress and learning.

Table 1. Eight heuristics of DEG-7-11

Methods

Selection of Games

Nowadays, game reviews and game ratings are
generally used for judging the popularity of games. We
have found a website named Learn4Good?, which
contains free web-based games for children in different
school levels, ranging from kindergarten, elementary,
middle and high schools. It hosts various interactive
learning games on different topics, including
mathematics, science, physics, engineering, puzzles,
hard brain-teasers, and others. In addition, players
can rate a game after playing it with a scale (Figure 1):

Rate this game:

©© Notd Me|19%

#% Lovelt|65% =% Likelt| 16%
T o

Figure 1: The rating scale used in the website Learn4Good
(see footnote 1)

We aimed to validate DEG-7-11 by estimating the
extent to which the designs of existing DEGs for
children aged 7 -11 are consistent with the DEG-7-11
heuristics. Our research assumption is as follows:

The higher the number of the DEG-7-11 heuristics
followed by a DEG, the better its quality and the
higher its player-preference rating are.

To verify this assumption, we have selected the games
with a range of “Love It %" (Table 2), but limited to a
manageable size of 15 games and to those which have
been played and voted by a reasonable number of
players. To minimize biases, all the selected games are
from the category “Educational Games” and run on the
same platform (in this case it is Windows OS). No

! www.learn4good.com/games


http://www.learn4good.com/games/online/nervoussystem.htm
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Figure 2a: Five of 15 selected games (1%

to 5t

specific contents have been targeted. Details of these
DEGs are displayed in Table 2 and Figure 2a, 2b and
2c. In Table 2, the values in the ‘Rating’ column (with
a 10-point quality scale, 1 worst; 10 best) represent
the mean averaged over the number of people who
have played and rated that game (cf. the “Votes”
column). The percentage of ‘Love It %’ of a game
would then be correlated with the percentage of DEG-
7-11 heuristics followed by that game.

Heuristic Evaluation

A typical Heuristic Evaluation proposed by Nielsen
(1994) has been conducted. Accordingly, we have
gone through the games interface with two rounds.
First, we browsed a game in the first round to know its
main goal and its mechanics and to see which features
it has. Then we played the game in much more detail,
checking each game feature to see if it follows or
violates any of the DEG-7-11 heuristics. If a particular
heuristic is followed by the game, 'Y’ (Yes) is assigned;
otherwise, ‘N’ (No) is assigned. For example, the game
named “Axon” is a fast-paced gameplay. The game
requires children to have fast reflexes, and accurate
mouse-clicking on a Protein Sphere which decreases in
size in every second. Its feature violates DEG-7-11#4
(speed and time limit); it is not relaxing to play. In
contrast with the game named “2048"” which has no
speed or time limit, children can use their unlimited-
time and effort to slide the tiles to combine pairs of
identical number tiles to create a tile of the number
2048. As this feature does not violate DEG-7-11#4,
then 'Y’ is assigned to “2048” and ‘N’ is assigned to
“Axon”. The same procedure has been applied to
inspect other features of the 15 selected games by
using each of the eight DEG-7-11 heuristics.

Game

DEG-7-11 heuristics #

Name FoII;)wed
1 [2 [3][4a [5 [6 [7 [8 (%)

2048 Y Y N|[Y Y Y Y Y 87.5

Axon Y Y N|N N N Y Y 50

Amusix Y Y N[N |Y Y Y Y 75

Flute

7 Moves Y Y N|[Y Y N |Y Y 75

Perfect Y Y N|Y Y Y Y Y 87.5

Balance 3

Color N |Y N[N |Y Y Y Y 62.5

Traffic 2

SoloWords | Y Y N[N N Y N Y 50

Maths Y Y N |N N N N Y 37.5

Workout 2

Double Y N N|Y N N N Y 37.5

Digits

Word Y N N |N Y N Y Y 50

Mountain

USA 50 Y Y N|Y N |Y N |Y 62.5

States

Race Y Y N|Y N N |Y N 50

Across the

Steppe of

Mongolia

Are You Y Y N | N N N N |Y 37.5

My Blood

Type?

Space N N N |N Y N N Y 25

Words

Defense

Eyebaling [N [N |[N|Y [N [N [N |Y |25

No. of

games

followed 12|11|0 | 7 7 6 | 8 |14

that

heuristic

% 8073|047 |47 |40 | 53 |93

Table 3: Percentage of the DEG-7-11 heuristics followed by
each of the 15 selected games, as indicated in the column

“Followed (%)". The column of DEG-7-11#3 is highlighted to
show the unique finding.
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Figure 2b: Five of 15 selected games
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Results and Discussions

The results of Heuristic Evaluation are summarized in
Table 3. On average, 54% (SD = 20.4, Range: 25% -
87.5%) of the DEG-7-11 heuristics have been followed
by the 15 selected games.

The research assumption stated above implies a
significant positive correlation between player
preference ratings (measured by the variable ‘Love It’
%) and percentage of the DEG-7-11 heuristics followed
by a game (measured by the variable “Followed %". To
verify this assumption, we have computed the Pearson
correlation coefficient between the two variables. The
parametric test has been used, given that the datasets
are normally distributed as indicated by the output of
Shapiro-Wilk tests.

The result shows that there is a highly significant
correlation between Player Preference ratings and
percentages of DEG-7-11 heuristics followed (N = 15, r
= .753, p<.01). It implies that the higher the nhumber
of DEG-7-11 heuristics is followed when designing a
DEG, it is more likely that the DEG will have a higher
player preference rating.

When computing for each heuristic, 80%, 73%, and
93% of 15 games followed DEG-7-11#1, #2, and #8
respectively. Most DEGs provide “a learning goal”,
“multimodal instruction”, and “reward and punishment
feedback” for their players. A learning goal is the
source of motivation that inspires children to use their
effort to play the game. The multimodal instruction
enables children to explore the games themselves.
Also, reward and punishment feedback is one of the
critical game elements that sustain the player’s
motivation to play the game. Especially, we have
categorized DEG-7-11#1 and DEG-7-11#2 (Table 1) as

essential heuristics in the sense that they must be
followed so that a game can be qualified as a DEG. The
result of our analytic evaluation can demonstrate that
these two heuristics are needed for a DEG design;
without applying them a game will probably have lower
user preference rating.

In addition, it is found that approximately 47%, 47%,
40%, and 53% of the games followed the DEG-7-11
heuristics #4, #5, #6, and #7, respectively. It can be
inferred that the game designers might take into
account the psychological frameworks, including
emotion (Rolls, 2005; Russoniello, O'Brien & Parks
2009), memory (Baddeley, 1999), cued recall (Moult,
2011) and design guidelines such as animation (Scaife
& Rogers, 2005) when creating their DEGs. The games
following the heuristics #4, #5, #6 and #7 are multi-
levels with initial levels serving as disguised tutorials.
The games also incorporate in-game hints to support
children’s gameplay. The games aim to enhance fun by
including cartoon-like animations. Moreover, the games
are designed to be relaxing to play. These results tend
to support the assumption that if a DEG is designed by
following the recommendation heuristics, the game can
get higher player preference.

Interestingly, none of the selected 15 games followed
DEG-7-11#3 (One single DEG could suit different
genders so that children can select or create their own
favourite avatar). According to Boyle and Connolly
(2009), although some guidelines in developing DEGs
specify that new learning materials should aim to be
gender neutral, traditional computer games are still
developed to be more appealing to male than female.
A plausible explanation is that developing DEGs that
are appealing to both genders requires additional level
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Figure 2c: Five of the 15 selected
games (11% - 15%)

of complexity and thus additional resources in terms of
time and effort. Ideally, DEGs should be adaptive or
personalized based on player gender, which is known to
be critical factors influencing the motivation to play
(Sun & Law, 2010)

Here we discuss some issues pertaining to gender-
based adaptation. The awareness of gender
specificities and gender sensitivity in the game sector is
increasing. It is an important step in creating digital
games to meet players’ special needs. Creating DEGs
that are enjoyable and desirable for players of different
ages, genders and other characteristics is challenging.
A novel approach to learning should benefit learners of
both genders (Boyle & Connolly, 2009). Hence, gender-
based adaptation framework on a DEG development
has been proposed by (Chang, Kuo, Kinshuk, Chen, &
Hirose, 2009). The framework especially suits and is
needed in the context of DEGs, where a DEG should
support learning for all students with equal
opportunities. Otherwise, players may mistakenly
perceive that the game is not created for them and
reject it. Accordingly, different game features,
components, and characteristics can be chosen for
female or male players. These adaptation variables are
derived from the literature. One of main variables is
Game Characters and Avatar Preferences; players
should have the chance to select or create their own
favorite avatar. It can not only enhance students’
motivation and learning performance, but also can
improve cost-effectiveness of game development - one
game can be adapted for both genders instead of
different games developed for male and female players.

For the future work, the reasons underlying the non-
compliance with this gender-based heuristic and

appropriate remedies for improving the situation should
further be investigated.

Overall, this analytic evaluation study has validated the
assumption that DEGs, when following the DEG-7-11
heuristics, are likely to be accepted and enjoyed by
their users. However, based only on the player
preference ratings, it is not possible to validate if the
15 games evaluated are educationally effective.

Results of our empirical user-based evaluation with the
two game prototypes will shed light on this issue.

Conclusion

With the increasing use of unconventional educational
interventions (cf. chalk-and-talk in classroom) for
young children, DEGs are promising tools being
developed to promote learning outcome and enjoyment
simultaneously. Game designers or UX professionals in
the field of Human Computer Interaction need to have
guidelines for developing games to ensure quality user
experience as well as better learning outcomes. This
Heuristic Evaluation study reported in this paper has
lent support to the assumption that if game designers
disregard some important features, the games might
have some deficiencies as identified in the above
analysis, leading to its low player preference ratings. In
addition, the results infer that DEG-7-11 can be
effective guidelines for designers to create a successful
DEG.
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