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Abstract: To promote the United Nations’ Sustainable Development Goals (SDGs), public awareness
of the importance and urgency of sustainable development should be raised by providing relevant
education programs. Although game-based learning has been confirmed to be one of the most
effective routes to deepen public understanding of the SDGs and sustainable development in general,
games for comprehensive sustainable development-based courses have yet to be popularized. Thus,
we developed a game-based learning approach that delivers comprehensive conceptual information
on SDGs. Based on Kolb’s theory of experiential learning, students understood the relevance of
the SDGs by playing a board game designed to simulate the real world, including national and
international policies. Furthermore, considering the suspension of in-person learning and shifts to
digital instruction caused by the ongoing COVID-19 pandemic, a digital version of the board game
was created to compare the effects of digital and non-digital game-based learning. A comprehensive
sustainable development evaluation questionnaire was developed and optimized using the fuzzy
Delphi method to assess the participants” knowledge of and attitudes toward the SDGs. Our results
reveal that the digital and non-digital board game both improve students” knowledge and attitude
toward sustainable development. However, the digital board game was more effective than the
non-digital board game.

Keywords: sustainable development goals; sustainable development education; game-based learning;
digital game-based learning

1. Introduction
1.1. Sustainable Development Goals

The Industrial Revolution has improved production efficiency and driven economic
development and globalization. With these advances, serious economic, social, and en-
vironmental problems have also emerged. Therefore, the United Nations formulated the
Sustainable Development Goals (SDGs) in 2015. The 17 objectives encompass environmen-
tal, social, and economic aspects that are intended to guide countries and regions around
the world in building a world with the following characteristics: sufficient energy; abun-
dant natural resources; equity for all; and no poverty, hunger, discrimination, violence, or
exploitation. In this world, the disadvantaged can lead a smooth life and are respected, and
humans and nature live in harmonious coexistence. The climate is pleasant and suitable
for the existence of all living beings [1]. The SDGs have gained widespread attention, and
many international organizations [2—4] have launched collaborative programs. Further-
more, various countries have successively proposed policies for local development [5,6],
demonstrating a shared commitment to realizing the SDGs.

However, the promotion of sustainable development extends beyond state obligations;
it is the right and responsibility of all citizens. In this regard, successful promotion is
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possible only with the concerted efforts of citizens, societies, states, and the international
community. To make people aware of the criticalness and urgency of sustainable develop-
ment and to make them work together to seek long-term peace and prosperity for human
beings and the Earth, education is the key. Education can raise public awareness of and
change attitudes toward sustainable development issues, thereby fostering sustainable
development-related values and behaviors. Education is also the key to improving people’s
skills in resolving environmental and development issues [7]. Education inspires problem
awareness and leads to preplanning based on systematic thinking, thereby facilitating the
making of responsible decisions and actions.

Because sustainable development is a highly complex issue concerned with balancing
environmental, social, and economic aspects, the 17 SDGs should not be treated separately;
they are interrelated [8]. Complex interdisciplinary concepts and knowledge must be ac-
quired to foster a comprehensive understanding of the SDGs and the practice of sustainable
development. For citizens to become practitioners and promoters of SDGs, education on
sustainable development should be universally provided, thereby enabling learners to
transform and reshape the world [9].

To disseminate information on the SDGs, teachers should develop an instructional
method to promote engagement as well as focused and spontaneous participation in learn-
ing. Conventional teaching methods fail to stimulate learning motivation [10]. Motivating
learners to actively engage in learning has become a major challenge in sustainable de-
velopment education. Game-based learning can augment the fun of learning, encourage
participation and spontaneity, and enhance concentration [11]. This learning strategy helps
students hone their planning and problem-solving skills and sparks creativity and strength-
ens intrinsic learning motivation [12], thereby mitigating the problem of passive learning
common in conventional teaching and effectively improving learning outcomes [13]. Thus,
game-based learning is considered a highly effective mode of learning [14]. Accordingly, it
should be incorporated into sustainable development education [15].

1.2. Game-Based Learning

In game-based learning, knowledge or concepts are integrated into games from which
learners naturally acquire relevant concepts or knowledge [16]. A similar concept, seri-
ous games, refers to games designed for more than entertainment; they are intended to
help learners develop new skills and knowledge. Such games touch on serious issues in
education, medicine, military affairs, and corporate training [17]. Following advances in
information technology, digital devices such as computers and smartphones have become
ubiquitous. Their integration into our everyday lives has inspired teachers and researchers
in relevant fields to combine education and information technology in the form of digital
game-based learning.

These terms commonly emphasize the integration of entertainment and learning.
Education, training, and the propagation of ideas are realized through games and the
playfulness and dynamism that attract learners. To avoid terminological confusion, in this
paper, game-based learning encompasses all learning methods with these characteristics.
Digital game-based learning refers to game-based learning employing computers, cell
phones, and other technologies as the game medium. Non-digital game-based learning
refers to the conventional form of game-based learning in which technologies are not
typically used.

Numerous studies have confirmed that game-based learning can enhance public
knowledge on social issues, change attitudes toward sustainable development and related
subjects [18-21], increase motivation and facilitate different kinds of learning [16], and
equip learners with the complex, cross-disciplinary concepts and knowledge necessary
for the practice of sustainable development [22-26]. Based on its various advantages,
game-based learning should be integrated into education [15] to deliver knowledge on
comprehensive sustainable development to the public. However, themes in game-based
learning relating to sustainable development education primarily focus on the environ-
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ment [27] or emphasize one particular goal, precluding the full understanding of all aspects
of sustainable development [28].

To conduct an in-depth evaluation on games used in sustainable development ed-
ucation, sustainable development-themed games reviewed by Liarakou et al. [29], dos
Santos et al. [30], and Stanitsas et al. [28] were sorted. After duplicates were removed,
156 games remained, of which only 35 covered all three aspects of sustainability. Because
some games were launched over 20 years ago, some of them are no longer accessible. In
some cases, URLs to web pages listing relevant information had been removed. Few games
for comprehensive sustainable development education are freely accessible to the public.
Moreover, they are typically flawed; for instance, their settings may deviate considerably
from reality. The evaluation methods may also be questionable, as exemplified by the
following examples of digital game-based learning.

Through the SAMBA Role Play [31] game, Boissau et al. demonstrated to northern
Vietnamese farmers the difference in outcomes of planting upland rice versus cash crops.
Wooden cubes of a particular color simulated a particular type of land use, such as forests,
rice paddies, and cash crops. The participants were requested to allocate their land, labor,
and capital. Through the game mechanism, the farmers understood the environmental
damage caused by riverside deforestation. However, given the small sample size (N = 10),
no quantitative analysis was performed.

Chappin et al. [18] incorporated conditions similar to those in Catan Scenarios: Oil
Springs into Settlers of Catan, a popular board game. Through the simulation of the effects
of petroleum extraction, including the economic benefits and environmental pollution it
brings, public understanding of sustainability problems, including externalities, resource
dependence, and the tragedy of the commons, was deepened. The objective was to inspire
changes in public attitudes and behavior regarding sustainable development. Through
qualitative analysis, the researchers confirmed that learners’ attitudes toward sustainability
underwent shifts after the acquisition of sustainability knowledge, which, in turn, affected
their sustainability-related behavior. However, due to an overemphasis on the effects of
oil extraction in that study, the value of renewable energy appears to be overshadowed by
cheaper and more powerful nonrenewable energy sources [32].

In the LSD board game [33], the effects assigned to various tiles are used to implement
sustainable development in a community, with the aim of making learners aware of issues
concerning urban development and environmental protection and changing their attitudes
accordingly. Torres et al. mentioned that tests conducted on the game were not designed
to demonstrate its effectiveness but were instead intended to reveal its strengths and
weaknesses and promote improvement. Thus, although the researchers recorded the
test-related data, they did not publish them in their study.

Examples of digital game-based learning are presented as follows. Through simu-
lation, Stop Disasters! [34] teaches learners about the potential risks of disasters such as
tsunamis, hurricanes, wildfires, earthquakes, and floods and disseminates knowledge on
disaster prevention, monitoring, and mitigation strategies. Pereira et al. reported that
a focus on wildfire scenarios promoted the development of knowledge on wildfire pre-
vention. Moreover, most of the learners considered the game enjoyable. According to
Stanitsas et al. [28], however, Stop Disasters! covers only two aspects of the SDGs: society
and the environment. The game is less comprehensive in this regard; specifically, the
learning themes address only SDG 9 (industry, innovation, and infrastructure), SDG 11
(sustainable cities and communities), and SDG 13 (climate action).

In Enercity [19], learners are instructed to deploy measures for energy conservation,
carbon reduction, and fossil fuel reduction. At the same time, they must determine how
to generate more electricity to promote global economic development. The game endows
learners with an awareness of the necessary balance between economy, energy, and envi-
ronment. Through questionnaire analysis, Knol et al. observed that compared with those
of the nonparticipants in the Enercity game, the game participants exhibited significant
improvements in attitudes and behaviors regarding energy efficiency issues. However,
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Soekarjo et al. [35] argued that because Knol et al. investigated only the posttest differences
between the experimental and control groups, the results reported for game-attributed
attitude changes may not be accurate or fully reflective of reality. Therefore, Soekarjo
et al. reevaluated Enercity with an experimental group playing the game and a control
group learning the same content through a PowerPoint file. The researchers conducted
analyses of both a pretest and posttest on changes in the learners’ knowledge and attitudes.
Contrary to expectations, changes in the experimental group did not differ significantly
from those of the control group. Furthermore, improvements in micro-level attitude were
more substantial in the control group than in the experimental group.

In Irrigania, an irrigation simulation game developed by Seibert et al. [36], learners
assume the role of farmers and irrigate their fields with rainwater, river water, or ground-
water. Although water resources bring farmers profits, the excessive exploitation of water
resources results in considerable reductions in both water level and profits. Learners must
conceive means for balancing the moderate use of resources and the protection of personal
interests. Knowledge on the tragedy of the commons was acquired, as was knowledge on
the various effects and consequences of using diverse water resources. Ertsen et al. noted
that Seibert et al. did not publish game-related data. Moreover, the identical initial values
of upstream and downstream farmers deviated from reality [37].

The flaws in the reviewed studies and games were noncomprehensive (Stop Disasters!),
leading to a lack of definitively evaluated results due to the absence of quantitative analysis
(SAMBA Role Play and LSD) and game settings divergent from reality (Catan Scenarios:
Oil Springs and Irrigania). Thus, a self-developed game was employed in the present study.

We followed Kolb’s experience learning theory in developing a game-based learning
approach that delivers comprehensive information on SDGs. In consideration of the on-
going COVID-19 pandemic and its impediment to traditional learning, we developed
a digital version of the game and compared the effects of non-digital and digital game-
based learning. The role of the teacher was different in the non-digital and digital game.
For the non-digital version of the game, teachers gave a tutorial and led discussion and
interaction. For the digital game, students watched a video tutorial and teachers monitored
the game-playing process from behind the scenes, giving students the freedom to lead
the activity.

2. Methods

To deliver knowledge on the SDGs and related concepts, a non-digital board game
with the 17 SDGs as its themes was developed based on the experiential learning theory.
According to the themes, rules, and artistic style of the non-digital game, a digital version
was produced. Moreover, a questionnaire was designed to evaluate learners” knowledge
and attitudes toward the SDGs. Its reliability and validity were improved through the
fuzzy Delphi method.

2.1. Development of the Non-Digital Version of the Game

Kolb’s experiential learning theory encourages students to learn actively and to hone
skills such as critical thinking and reflection by examining their own feelings, thoughts, and
experiences. In the present context, experiential learning aims to prompt the cultivation
of knowledge on sustainable development and motivate relevant behaviors [38]. Sustain-
able development education should center on equipping students with skills relating to
communication, innovation, and critical thinking. Experiential learning enables students to
learn to communicate and collaborate with others, acquire valuable interpersonal skills,
and solve complex problems [39].

The design of the SDG-themed board game cards simulated the real world; the cards’
content and graphics were designed and classified according to the 5Ps of the SDGs, namely
people, prosperity, planet, peace, and partnership. The 2018 Environmental Performance
Index [40] and Countryeconomy.com (accessed on 12 January 2020) [41] were also referred
to. As aresult, five values were determined for the national roles, namely people, prosperity,
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planet, governance, and partnership; ten national roles were designed that encompass
developed, undeveloped, and developing countries.

Herein, students assumed the role of national leader. With SDG implementation as
the main task, they participated in collaboration, discussion, and research, analyzing the
adoption of various cross-domain policies on the game cards. The game allowed learners
to undergo the experiential learning cycle proposed by Kolb: the processes of concrete
experience, reflective observation, abstract conceptualization, and active experimentation
(Figure 1).

Concrete Experience

( feeling )

Reflective
Observation

( watching )

Active
Experimentation
( implementation )

Formation and Transformation of
examination of real SDGs169 details
into text content

Abstract Conceptualization

( thinking )
Figure 1. Experiential learning cycle.

2.1.1. Concrete Experience

According to Kolb, experience is the origin of learning and knowledge acquisition.
Thus, to promote learning, individuals should be completely immersed in the stage of
concrete experience. However, if sustainable development is taught only through the
traditional lecture method, learners can hardly gain relevant experience in memorization
and recitation.

A virtual game world was designed to encompass countries in various conditions.
Specifically, five indexes on the economic, social, environmental, governance, and diplo-
matic conditions of each country were established. Learners were requested to play the
countries’ leaders and lead their countries to implement the SDGs assigned to them.

2.1.2. Reflective Observation

In the stage of reflective observation, learners were asked to review their experience in
playing the game, ponde its meaning, consider the actions taken to solve the problem, and
share and discuss national policy development with other students through a simulated
national policy meeting. Various development cards (Figure 2), diplomacy cards (Figure 3),
and event cards (Figure 4) were designed for the game. The development, diplomacy,
and event cards were designed to (1) use 5Ps as the framework; (2) correspond with the
implication of one of the 17 SDGs.

The development cards represented the process a country undergoes during its de-
velopment. The development cards covered national policies regarding river rectification,
education, the construction of thermal power plants, and artificial intelligence research.
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HFEF B EE 1T —— Establishment of social welfare institutions
ERFA » Citizen literacy
Wit BRERE - 18 'Hi?-ﬁ.%%?} — 1 Implement social protection measures
e and help the socially underprivileged
. .

#maE ; 12311—1— Corresponding to SDG goals 1, 2, 3, and 11

KAE PR : e
H®>600 AM>a00 — 1 })Jse rleszlcge%f‘s‘
MEFEEALA © 107T Geop € = ; 200

SNETRATIEE = R & D Effect:
HEFRBR - R & D cost: 10 dollars;
H®+400 - AI2+100 People +400,
fEgit &+500 » Governance +100,

Social harmony +500

Figure 2. Development cards (Figure 2 presents a development card representing the establishment
of social welfare institutions and indicating correspondence with Goal 1, 2, 3, and 11.).

I EE-911 %H 9/11 Terrorist Attack

o MBEE & »  Conditions to trigger: none
xMRYR Effect of trigger:
gﬁggg + 82100 - $1%-400 - . Prosperity 200, Governance —100; People —400;
4T W 200 - FILE 300 Partnership -200;

Global economy -200, Social harmony -300

Figure 3. Diplomacy cards (Figure 3 presents a diplomacy card representing the occurrence of the
9/11 terrorist attack.).

’{ggg;ﬁ@gg_ﬁﬂi 3% ~ SARS » Infectious Disease Outbreaks (SARS, Pneumonia)
EE:
& X
e %@ B~
.
¥ ¢
e R EHIRAE © RN Conditions to trigger: none
AR - Effect of trigger:
%;;4-11530 BR-100 - #&-200- _ Prosperity —150; Governance —100; People -200;
i SRAE 200 ~ FI3HES-100 « ~ Planet +100;
| [ ZRBRIZ +200 ‘ World economy —200; Social harmony -100;
B Natural environment +200

Figure 4. Event cards. (Figure 4 presents an event card representing outbreaks of infectious diseases
such as SARS and pneumonia.).
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Designed according to themes of international conventions or world conferences, the
diplomacy cards addressed international or diplomatic policies formulated through the
signing of international agreements on trade, carbon emissions, human rights, war, and the
illegal waste trade.

Moreover, event cards are randomly triggered in the game. The 23 event cards were
designed to correspond to the 17 SDGs. Events that shocked the world taking place
since the start of the industrial revolution and involving the planet, people, or prosperity
were chosen, such as the air pollution disaster in the Meuse Valley in 1930, the industrial
wastewater pollution causing Minamata disease in Japan in 1956, the Chernobyl nuclear
accident in 1980, the SARS coronavirus outbreak in 2003, the financial crisis in 2008, and
the Gulf of Mexico oil spill in 2010. During the game, event cards covering both natural
and manmade calamities such as large-scale natural disasters, extreme climate, infectious
disease outbreaks, and marine oil spills were randomly triggered.

These cards represented simulations of national and diplomatic policy implementation
as well as occurrences of disasters or accidents in the real world. The use of these policy
cards affected both national and global values on the economy, society, environment,
governance systems, and diplomatic relations. In reflecting on the reasons for variations in
these values, learners understood the SDGs” impacts on both a national and global scale.

2.1.3. Abstract Conceptualization

The stage of abstract conceptualization emphasized the integration of new and old
concepts, thereby creating new dimensions of thought. Thus, on each of the policy and event
cards, relevant concepts were textually or graphically presented to enhance understanding.
Learners synthesized the information presented on a card by comparing the effects of a
card on the aspects of economy, society, environment, governance systems, and diplomatic
relations in the countries considered.

2.1.4. Active Experimentation

The stage of active experimentation emphasized practical learning. Learners con-
ducted experimental simulations during the game. According to the experience and
knowledge acquired in the previous session, they adjusted the corresponding national
policies and competed and collaborated with other countries in a timely manner. Thus,
under national and global development, the various aspects of each country were balanced.

2.2. Development of the Digital Board Game
A digital version of the board game was developed based on the mechanism, proce-
dures, and art style of the non-digital game (Figure 5).

Zero Hunger
HENE REER _ -
Task presentation: Ensure that the people have access to sufficient,

& 4 hygienic, and nutritionally balanced food Eliminate all forms of
malnutrition. Promote food transformation programs. Make good

4
U / use of food and reduce waste.
S n

ARANNUNE - FEHEAY  AVAR -

Conditions of national achievement | Conditions of global achievement

BEaEen upasnn | b o |

BT oo | Eman o i Prosperity > 1000,

W > 900 EREE > 800

g ok People > 900, g;z%icgggm}’ >1000, Global
B > 500. ,

e Planet > 600, Global economy > 800

Governance > 900, Partnership > 500

Figure 5. Task options page of the digital version of the game. (Figure 5 presents the goal options
page of the digital version of the game. From the 17 goals, the learner can freely select the goals to
achieve in the current game session.).
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The digital version of the game differed from the non-digital version in its multimedia
effects; background music, sound effects, and animation were used to present the teaching
material. When the values of the countries changed or emergencies occurred, sound effects
and animations of thunder and birdsongs were employed to deepen learners’ impression
of the consequences of these events. Moreover, to simulate the real world, the non-digital
game was designed to have greater complexity; therefore, learners must understand the
values held by their countries and the rationale for scoring before making a move. The
digital version also allowed learners to formulate rules in advance in the software. The
system automatically adjusted the countries” data and scores in response to the policies
implemented by learners.

2.3. Questionnaire Design

To understand learners’ experience of the game and determine whether their percep-
tions of and attitudes toward SDGs changed, a questionnaire was developed to address
the 17 SDGs and serve as a reference for the future promotion of sustainable development
education. To enhance the reliability of the questionnaire, the fuzzy Delphi method was
used for verification. We referred to the calculation procedures of Chen et al. [42]. The steps
are listed as follows.

Step 1: Formulate a questionnaire by referring to the 17 SDGs.

Step 2: Invite 10 experts in relevant fields to evaluate the questionnaire. The experts
scored each item on a 5-point Likert scale with three interval values, namely the most
optimistic awareness value, the most conservative awareness value, and the optimal
awareness value.

Step 3: Sort the evaluation values (Appendix A Table Al). Exclude extreme values
(those outside two standard deviations from the mean). Calculate the maximum (Oiu),
minimum (O} ), and geometric mean (O}y) of the most optimistic awareness value, as well
as the maximum (C{;), minimum (Cj ), and geometric mean (Cj,) of the most conservative
awareness value.

Step 4: For each item, establish the respective triangular fuzzy numbers of its op-

timistic awareness value, O' = ( U ’L,O;A), and its conservative awareness value,

C' = (Cu €y Ch)-

Step 5: Use the overlapping area of the double triangular fuzzy numbers to deter-
mine whether expert consensus is reached. The possible states of the gray area are listed
as follows.

1. A nongray area: No overlap between the triangular fuzzy numbers of the most
optimistic and most conservative awareness values are observable; expert consensus
is established. The formula for G/, the expert consensus value of an evaluation item,
is G' = (Ci, + O} /2.

2. A gray area exists, but the experts’ opinions are less divergent. The gray area value
Z! is less than M', the interval of the geometric mean between the most optimistic
and most conservative awareness values, suggesting that regardless of the fuzzy area
between the experts” opinions, the difference between the opinions of the experts
presenting extreme values and those of the other experts is moderate. The formula for
G, the expert consensus value of the evaluation item, is expressed as follows:

Fuzzy set Fi(Xj) = [ {min [Ci(Xj),Oi(Xj)]}dx
G' = {X;|max up: (xj) }

3. A gray area exists, and the divergence in expert opinions is considerable. A gray area
value Z' is greater than the interval of the geometric mean, M, between the most
optimistic and most conservative awareness values. Thus, the item should be revised
and re-evaluated. Repeat Steps 1 to 4 until all items converge.
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3. Experimental Process and Analysis of Results
3.1. Experimental Process

The participants, 225 Taiwanese students aged 10 to 17 years, were divided into two
groups to play the non-digital and digital versions of the game (1 = 95 and 130, respectively).
As displayed in Table 1, the experimental process comprised four stages. In the first stage,
the questionnaire was administered as a pretest. In the second stage, the digital group
viewed a video as an introduction to SDGs and the game, whereas the non-digital group
received a PowerPoint lecture on the same information. The game was played in the
third stage. The digital group played the game on a computer. Each participant was
assigned to a computer. As for the non-digital group, the students were divided into
groups of approximately six and played the game using cards and other props. In the
fourth stage, the questionnaire was administered as a posttest, and the pretest—posttest
differences in the students’ perception, knowledge, and attitude regarding SDGs were
examined. Furthermore, the students’ opinions on game feel were collected. The entire
experiment lasted 80 min.

Table 1. Experiment duration.

Experimental Stage Non-Digital Teaching Digital Teaching Duration

Duration (Min) (Min)
Pretest 10 10
Introduction to sustainable
. . 30 10
development and game instructions
Gaming 30 50
Posttest 10 10

To compare the differences more clearly between digital and non-digital learning, in
the course using the digital version, students watched an instructional video and played
the game on their personal computer, without teachers’ tutorial or explanation.

3.2. Experimental Analysis

The pretest and posttest scores were organized into interaction graphs and are pre-
sented in Figures 6-8. Moreover, the questionnaire results were submitted to a paired
sample t-test, and the test results were organized according to the categories of perception,
knowledge, and attitude, as presented in Tables 2—4. Interaction graphs (Figures 6-8) re-
vealed that both the digital and non-digital versions of the game resulted in improvements
to perception, knowledge, and attitude regarding SDGs. Overall, the participants expressed
that the game allowed them to become more familiar with the SDGs.

Perception interaction

3
2.5 //

Pretest Posttest

m— Digital Nondigital

Figure 6. Perception interaction graph.
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Knowledge interaction

Pretest Posttest

e Digital Nondigital

Figure 7. Knowledge interaction graph.

Attitude interaction

4.6
4.5
4.4
4.3
4.2

w w w
~ 00 W

Pretest Posttest
m— Digital * Nondigital

Figure 8. Attitude interaction graph.

Table 2 presents the results of the paired sample t-test for the perception difference
between the non-digital and digital board game groups. Significant differences in percep-
tion between the pretest and posttest in the following groups were observed: primary
school (p <0.001, d = —1.082), junior high school (p < 0.001, d = —2.533), and senior
high school (p =0.006, d = —0.646) using the non-digital version, and primary school
(p <0.001, d = —0.964) and senior high school (p = 0.004, d = —1.455) using the digital
version. Figure 6 depicts no significant perception progress differences between digital and
non-digital groups after treatment.

Table 3 presents the results of the paired sample ¢-test for the knowledge difference
between the non-digital and digital board game groups. A significant difference in knowl-
edge between the pretest and posttest in the following groups were observed: senior high
school (p < 0.001, d = —1.160) used the non-digital version and primary school (p < 0.001,
d = —1.307) and senior high school (p < 0.001, d = —1.731) used the digital version. Figure 7
depicts no progress differences in the knowledge interaction before treatment. Moreover,
the difference between the digital and non-digital groups in the posttest was significant.
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Table 2. T-test results for the perception difference between the non-digital and digital board
games groups.

Degrees of t-Test Effect Size
Pretest Posttest Freedom Result 4 @
Standard Standard
Mean Deviation Mean Deviation
Primary 1.380 0.535 2.380 1.193 44 ~5173 <0.001 ~1.082
school
Non-digital R K
board Jur;“}’fo};lgh 1.710 0.463 3.480 0.873 20 ~8.556 <0.001 2533
game group
Senior high 59, 0.825 3.070 0.651 28 ~2.985 0.006 —0.646
school
Primary 2.180 0.991 3.160 1.041 72 —6.501 <0.001 —0.964
school
Digital board  Junior high , 4, 0.588 3.180 0.853 21 ~1.702 0.104 —0.491
game group school
Seniorhigh /5 0.683 3.960 0.957 15 ~3416 0.004 ~1.455
school
Table 3. T-test for knowledge difference between the non-digital and digital board game groups.
Degrees of t-Test Effect Size
Pretest Posttest Freedom Result p @
Standard Standard
Mean Deviation Mean Deviation
Primary 3.641 0.331 3.586 0.414 44 0.636 0.528 0.147
school
Non-digital o
board ]ur;%rogigh 3.714 0.357 3.667 0.426 20 0.484 0.634 0.120
game group ——
Senior high 5 597 0.306 4.042 0.457 28 ~11.669 <0.001 ~1.160
school
Primary 3.795 0.048 4250 0.490 72 —6.324 <0.001 ~1.307
school
Digital board  Junior high ;g 0.351 3.713 0.325 21 0.562 0.580 0.166
game group school
Senior high 5 ¢35 0.401 4.497 0.363 15 —4.99 <0.001 ~1.731
school
Table 4. T-test results for attitude difference between the non-digital and digital board game groups.
Degrees of t-Test Effect Size
Pretest Posttest Freedom Result P (d)
Standard Standard
Mean Deviation Mean Deviation
Primary 3.717 0.566 3.867 0.661 44 ~1.138 0.261 —0.244
school
Non-digital R )
board ]m:c(}’l‘:;gh 4179 0.662 4393 0.528 20 ~1.353 0.191 —0.357
game group e———
enior hig 4267 0.491 4241 0475 28 1.000 0.326 0.054
school
Primary 4.062 0.613 4318 0.555 7 ~3.001 0.004 0438
school
Digital board ~ Junior high 5 o5, 0.683 4.148 0.544 21 1324 0.200 ~0.369
game group school
Senior high 547 0.493 6.531 0.584 15 ~15.752 <0.001 —3.671

school
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Table 4 presents the results of the paired sample t-test for the attitude difference be-
tween the non-digital and digital board game groups. Significant differences in attitude
between the pretest and posttest were observed in the primary school group (p = 0.004,
d = —0.438) and senior high school group (p < 0.001, d = —3.671) using the digital version.
Figure 8 depicts no progress differences in the attitude interaction before treatment. More-
over, the difference between digital and non-digital groups in the posttest was significant.

Finally, we conducted a two-way analysis of variance (ANOVA) on whether the board
game version (non-digital or digital) and learners” age affected game feel. As can be seen
in Table 5, both the board game version (F (1, 200) = 4.986, p = 0.027, n_p"(2) = 0.024) and
learners’ age (F (2, 200) = 6.368, p = 0.002, n_p"(2) = 0.060) significantly affected game
feel; learners’ age affected game feel for the digital and non-digital version in game-based
learning, and younger learners held a higher preference for the digital version of the
educational game.

Table 5. ANOVA on the affect of board game version (non-digital or digital) and age on game feel.

Source of Variance SS Df MS F p ;
A Board game version 3.006 1 3.006 4.986 0.027 0.024
B Age 7.680 2 3.840 6.368 0.002 0.060
A xB 27.486 2 13.743 22.791 <0.001 0.186
Error 120.597 200 0.603
Sum 152.454 205

After the experiment was completed, learners spontaneously stayed and shared their
throughts and feelings. Their feedback was categorized into three categories, namely
“knowledge and ideas”, “operation issues”, and “game feel”, as presented in Table 6.

Learners using the non-digital version gave more feedback in the “knowledge and
ideas” category, and their feedback was more in-depth. In our view, the reason for this
lies in the non-digital gaming process in which learners shared experiences with other
players, increasing their reflections; learners were given sufficient time to think about
the knowledge and ideas the game intended to deliver [43]. Therefore, learners using
the non-digital version could generally respond in ways that involved a more profound
understanding of the goals behind the game and the SDGs.

In the category of “operation issues” feedback, learners using the digital version
expressed that the game pace was too fast, which probably prevented them from making
the best decisions. In contrast, learners using the non-digital version expressed that the
game was somewhat complicated, probably because, in the digital version, the game rules
were programmed into the system and players did not have to manage them [44], whereas
players of the non-digital version of the game had to understand all the rules and calculate
the scores by hand [45].

In the “game feel” category, most of the feedback was given by players of the dig-
ital version. They generally liked the multimedia effects, such as the sound effects and
animations, and better appreciated the fun of the game, which was mentioned less often
by players of the non-digital version. This difference is attributable to the digital version
presenting teaching materials via lively multimedia, including music, images, and anima-
tions, immersing learners in the learning process and enhancing their interest, impression,
and memory of the content while decreasing their cognitive load [46]. Consequently,
feedback from participants in the digital version most often mentioned the impact of the
multimedia effects.
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Table 6. Participants’ feedback.

Digital Version

Non-Digital Version

I'learned that sustainable development requires efforts from every country
and citizen. After all, one incident will affect the whole world through the
butterfly effect. It will be hard to achieve sustainable development goals
only by the effort of a few people.

A.  When Ibegan to fill out the pretest questionnaire, I only had a vague idea The game demonstrates the human mindset of seeking economic develop-
about sustainable development. After playing the board game, I came to ment by abruptly abandoning nature. Such a view is quite realistic, but it’s
see its varied aspects. imperative to change it.

Knowledge and ideas B. It invites reflection on the importance of sustainability. I learned that During the activity, I was reminqed of the status quo of the worlc!. Some
one really needs to take care of many different aspects to achieve good countries are extremely rich and it’s easier for them to achieve their goals.
national governance. But, in the end, they still failed because global goals remained unachieved,

C.  Ithinkit’s quite fun, and I got to know more about sustainable development. which is actually the same as the status quo of our world.

In the game, it was hard enough to attain a balance between Prosperity and
the Planet, not to mention how hard this is in actual society.

The activity was quite fun. The combination of the board game with the
SDGs made me understand the content better. The connection with real life
was really surprising to me.

A.  The transition scenes in the game passed so fast that I couldn’t make good

Operation issues decisions. Still, the game was quite fun, and I was especially delighted to The scale of the game is quite large, and the rules are a bit complex.
see my resources increase.

A.  For me, it was a nice game to play, and its sound effects make it even more
fun to play.

Game feel B.  The entire game design was well-conceived. Also, the video and graphics The game design was quite creative as well.
were quite refined, and the sounds were well-made.

C.  The game itself is very meaningful as well as vivid and fun.
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Moreover, the participants generally indicated that their game experience was excel-
lent; they felt a strong sense of achievement in seeing the improvement of their countries’
economic, social, and environmental indexes. The game deepened their understanding of
sustainable development and presented the opportunity for a profound reflection on the
importance of sustainable development.

As displayed in Table 6, most participants in the digital group enjoyed the use of the
multimedia effects (e.g., sound effects and animation). The non-digital group held that
the game allowed for the creation of associations and correspondence with the real world.
Participants’ feedback is organized in Table 6.

4. Conclusions
4.1. Discussion

Considering the scarcity of freely accessible games designed for comprehensive sus-
tainable development education, we sought to promote SDG implementation through a
self-developed game with SDGs as the theme and the experiential learning theory as its
basis. The intent was to leverage the advantages of game-based learning to trigger the
participants’ motivation to learn about the SDGs [11], enhance their understanding of social
issues [47], and thus, change their attitudes toward sustainable development issues [18].

Amid the ongoing COVID-19 pandemic, many schools have been compelled to sus-
pend classes or switch to remote learning. We developed a digital version of the game in con-
sideration of the fact that digital game-based learning is not spatiotemporally constrained.
The aim was to allow learners interested in SDGs easy access to relevant information any-
time and anywhere. Through the game development process and the examination of the
learning outcomes, recommendations for game designers and educators were formulated.

Game-based learning changed the learners’ perception, knowledge, and attitude
regarding SDGs. This game, in combination with the accompanying questionnaire, con-
stitutes an ideal tool for promoting understanding of the SDGs and influencing public
opinion on sustainable development. According to the present design and instructional
processes, the following recommendations are advanced:

(1)  Alonger amount of time should be allocated for introducing the non-digital version
of the game to learners than for introducing the digital version.

The digital version of the game allowed players to program game rules. The non-
digital version, which had a slower rhythm, precluded this operation [43]. Learners in the
non-digital group must thoroughly understand the rules. Moreover, during the game, they
must calculate their own scores. These procedures made the non-digital version of the
game more time consuming than the digital version.

(2) Teachers should avoid asserting too much control over the gameplay process.

Teachers should appropriately manage the gaming speed as well as provide direction
for discussion and thinking. Excessive intervention and playing the leader in game-related
exchanges, discussions, and interactions are inappropriate. The instructional method
generally used by most teachers in Taiwan consists in directly instilling information in
students instead of guiding them in active learning. Moreover, direct conversation or
activities with teachers is a source of considerable stress and anxiety for Taiwanese students
in general [48], negating the advantage of game-based learning in engaging students in
active learning. In a game environment in which students play the lead, students may be
more motivated and willing to speak, thereby enhancing their learning outcomes through
peer communication and exchanges.

(8) Scaffolding should be used to assist digital game-based learning.

In general, players of the digital version of the game encounter greater challenges
in engaging in communication and exchange with their peers [43]. They cannot discuss
with their peers or ask for advice in a timely manner should their lack of prior knowledge
prevent them from understanding the perspectives presented in the game. Scaffolding
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can be used to overcome these problems by assisting participants in creating connections
between abstract concepts and concrete issues, thus facilitating problem-solving.

4.2. Limitations

Given the varying levels of emphasis placed on sustainable development issues in the
included schools, the present study participants differed in terms of their prior knowledge
of and attitudes toward sustainable development. Therefore, the experimental results
might contain errors. However, sustainable development education has been incorporated
into the curriculum of most schools in Taiwan; among all the schools in our experiment,
only one junior high school that implemented digital game-based learning had not taught
sustainable development lessons, placing students on a relatively even footing in terms of
their background knowledge of sustainable development.

4.3. Conclusions

Herein, a game for comprehensive SDG education was developed. Given the ongoing
COVID-19 pandemic, a digital version of the game was developed to enable participation
free of spatiotemporal constraints. Overall, game-based learning improved the learners’
perception, knowledge, and attitude regarding SDGs. Notably, a slight difference between
the digital and non-digital groups to the extent of improvement between the pretest and
posttest scores was detected. Most of the participants in the digital group outperformed
the students in the non-digital group. To further compare the learning effects obtained in
using the digital versus non-digital game media, the meaning behind this difference should
be explored, and the differences between the modes of game-based learning through the
digital and non-digital versions of the game should be examined.

4.4. Future Research

After the game was played, due to constraints of the school curricular arrangement,
the present study could not conduct further follow-up learning activities such as facilitation,
coaching, design, debriefing, reflection, and additional educational assignments. However,
we believe that a well-facilitated debriefing session could help learners understand the
varied positions and opinions of others and make reflections, thereby deepening social
learning and the understanding of complex systems and enhancing learning at a deeper
level [49].
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Appendix A

Table A1. Questionnaire evaluation and values of expert opinions.

Goal Level

Dimension
Level

Item
Code

Item

Corresponding

Goal

Mean

Minimum

Maximum

Range of Two Standard Deviations

Gray Area
Verification
Value

Convergence

Expert
Consensus
Value

Conservatism
Value

Optimism
Value

Optimal
Value

Conservatism
Value

Optimism
Value

Conservatism
Value

Optimism
Value

Conservatism
Value

Optimism

Value

Optimal
Value

M;

Evaluation of
the effect of
game-based
learning on
awareness of
and attitude
toward SDGs

A. Basic
needs

Al

Eradication of poverty is the
primary objective of
the SDGs.

2.80

4.90

4.20

43

55

2.7

5.7

1.00

2.10

TURE

3.85

A2

War is the main cause of
famine and poverty.

270

4.70

4.00

3.8

5.6

22

58

0.00

2.00

TURE

3.70

A3

Improving public health and
people’s opportunities to live
a good life contribute to
sustainable development.

2.70

4.40

4.00

05 4.9

3.1

5.7

20

6.0

0.00

170

TURE

3.55

A4

Guaranteeing every child
access to quality education
paves the path to practicing
sustainable development.

2.90

4.90

4.20

43

55

27

1.00

2.00

TURE

3.90

A5

Realizing gender equality and
encouraging women to
participate in public affairs
are crucial for implementing
sustainable development.

2.60

4.70

4.10

0.6 4.6

3.8

22

6.0

1.00

2.10

TURE

3.65

A6

Eliminating inequality and
discrimination is irrelevant to
the SDGs.

10.16

2.60

4.60

4.00

3.6

5.6

20

6.0

0.00

2.00

TURE

3.60

B. Economic
development

B1

Companies pursuing the
sustainable development
model can reap benefits in the
long term.

9.12

240

4.30

5.6

24

5.0

1.00

1.90

TURE

B2

Workforce productivity can
be increased through
sustainable economic growth,
which contributes to
economic and industrial
growth and promotes
everyone having a good job.

2.80

4.70

4.40

5.6

57

0.00

1.90

TURE

B3

Economic development should
be the priority of cities valuing
sustainable development.

11

290

4.80

4.10

4.0

5.6

27

5.5

1.00

1.90

TURE

3.85

B4

Governments should actively
relocate polluting factories to
industrial parks and establish
green standards for products
and clean production.

9.12

2.50

4.70

3.70

07 4.3

3.8

24

5.0

0.00

2.20

TURE

3.60

C. Environ-
mental
sustainability

C1

Regarding the use of natural
resources, human needs
should be prioritized.

2.80

4.90

4.20

43

5.5

3.0

54

2.00

2.10

TURE

3.85

2

1 think everyone should be
allowed to use as much water
as they wish, according to
their habits.

240

4.30

0.6 4.2

2.7

59

5.5

1.00

1.90

TURE
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Table Al. Cont.

Goal Level

Dimension
Level

Item
Code

Ttem

Corresponding
Goal

Mean

Minimum

Maximum

Range of Two Standard Deviations

Gray Area
Verification
Value

Convergence

Expert
Consensus
Value

Conservatism
Value

Optimism
Value

Optimal
Value

Conservatism
Value

Optimism
Value

Conservatism
Value

Optimism
Value

Conservatism

Optimism

Value

Optimal
Value

N

M;

C3

I believe that using more
natural resources than
necessary will not threaten
the health and welfare of
future generations.

7.12

3.00

4.90

4.40

45

43

5.5

3.4

54

1.00

1.90

TURE

3.66

C4

Human activities for
economic development are
not a cause of climate change.

8.13

2.90

4.80

4.30

4.1

4.0

5.6

3.0

5.6

1.00

1.90

TURE

3.85

Land reclamation is an
effective means to acquire land
and has been implemented on a
large scale in countries such as
the Netherlands and Japan.
Taiwan should follow
their example.

210

4.20

3.40

0.1

43

3.0

54

0.00

2.10

TURE

3.15

Cé

Faced with extreme climates,
all humans should have the
ability to recover from
disasters and make related
adjustments and adaptations.

11.13

2.70

4.80

3.90

4.2

4.0

5.6

25

53

1.00

2.10

TURE

3.75

D. Global
partnerships

D1

Respect for other cultures is
irrelevant to
sustainable development.

10.16

4.50

0.5

3.2

5.8

53

1.00

TURE

3.35

D2

All countries should
cooperate to implement the
United Nations’ SDGs.

17

2.80

4.70

4.10

4.5

3.8

5.6

24

5.8

0.00

1.90

TURE

3.75

D3

Everyone is responsible for
creating a sustainable future
which is healthy, diverse, and
productive and has the right
to enjoy it.

ALL

2.70

4.80

3.90

3.6

4.0

5.6

2.8

5.0

2.00

2.10

TURE

3.75

D4

Both the Charter of the
United Nations and the
principles of international law
endow a country with the
right to exploit its own
resources. Therefore, the
international community
should not boycott a country
that cuts down its forests for
economic development.

15.17

2.70

4.50

3.80

0.8

4.6

3.2

5.8

0.00

1.80

TURE

3.60

D5

Fair trade is an effective
means to promoting
sustainable development.

10.12

2.60

4.60

4.10

0.8

44

59

27

5.5

0.00

2.00

TURE

E. Attitudes
toward
sustainability

El

We should strive to promote
ideas of sustainable
development.

ALL

290

4.80

4.20

0.9

49

4.0

5.6

27

57

1.00

1.90

TURE

3.85

E2

Sustainable development
includes reflection on and
rejection of traditional
production process.

ALL

2.60

4.50

3.80

4.2

29

6.1

3.0

4.6

1.00

1.90

TURE

3.52

Our actions today are necessary
for ensuring the happiness of
future generations.

ALL

5.00

4.70

2.6

4.6

5.0

3.8

5.6

1.00

1.40

TURE

4.30

E4

Everyone should learn about
the SDGs.

ALL

2.90

4.80

4.40

0.9

4.9

4.0

5.6

3.1

5.7

1.00

1.90

TURE

3.85
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Table Al. Cont.
Gray Area Expert
Dimension Item Corresponding Mean Minimum Maximum Range of Two Standard Deviations Verification Consensus
Goal Level Level Code Item Goal Value Convergence Value
Conservatism Optimism Optimal Conservatism Optimism Conservatism Optimism Conservatism Optimism Optimal z. M.
Value Value Value Value Value Value Value Value Value Value 4 t
F1 1 think this game is fun. 322 5.33 4.67 2 4 4 5 13 5.1 39 6.7 3.1 6.3 0.00 211 TURE 4.28
F2 When playing the game, I 3.11 5.33 4.44 2 4 4 5 13 5.0 3.9 6.7 28 6.0 0.00 222 TURE 4.22
was very focused.
F3 W given the chance, [would 322 533 467 1 5 4 5 11 53 37 7.0 26 67 100 211 TURE 428
play the game again.
F. Game feel
F4 [earned a lot through 3.44 522 489 3 4 4 5 21 47 40 64 33 65 000 178 TURE 433
this game.
After the game, I might
change my attitude toward
F5 life in my daily living for the 3.44 5.44 4.89 3 5 4 5 2.1 47 42 6.7 29 6.9 1.00 2.00 TURE 444

sake of sustainable
development.
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