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Modern solutions for problems in “Zatsudai Vol. 10” by Sahei Onishi

BOPERE L R Z A L, RE IR *2, FAES L OZHFZ !
YOSHIHIRA Yoshiharu*!, YASUKI Ryunosuke*!,
MUTAGUCHI Masatora*?, HARAMOTO Hiroshi*!, ABE Toshiyuki*!

L BIRRABE R, *2 BIRIENT IRV E AL
*IFaculty of Education, Ehime University
*?Ehime Prefectural Imabari West High School

(] . BRROMBAFAPEIEOMRE L7z THEED 230805, % 10 BOMBICOWTHEHNT 2.

[¥—7—F] : FfI%H (Wasan, Japanese Mathematics), =F75 DEH (Pythagoras’ Theorem), 2 X7
230 (Quadoratic Equations), #H{L (Similarity), =fkt (Ttigonometric Ratios), sR@if7E (Themed

Research)
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International collaboration to inspire future Scientists: hands-on parasitology activities in the classroom.
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The Weird & Wonderful World of Mosquitoes
They are the world's most dangerous animal. The
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Pesky Parasites
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biology of malaria
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MALT 6 V=T L— FADIWDR AT — D a8l
L, DT 727 =130 - it (R 77) - i -
RS2 5 TS 2 &_owfﬁﬁﬁfw%ﬁf
LTI TR BN EZ TR 2RO T, (Fre

7 https:/vimeo.com/600353274?share=copy)

I) Activity2: S DUEEEDRIAERIFHEZF
B

Activity2 TlduLzW> TRKZ LD H D] iﬁﬁ@ﬂ}(
72T Th DT, BlFEIT & o Tl & MO A7851C
XDHZENEETHD. FAENREE L UCERICE
FRAX L THOHMICK O HEE S Z & HEK
[P QA

MR EAE

FERA RS L OSEBRERE: I (v —LHT720 K 20
o), % —L (~XTHEH 1~ 2 8), Erty b
(% 18, EECHE (& 1 E), RIS

KT N—TT— 27 TlL, SOMERE DR 2 T TV,

MEREDFERER RS A BRARE U7, MEREOE NI O
MO, QNI WNFOES B N~ T T
X, HEEE BIZRYY, GIFOkmIH D Z & a T
B HIREE CRIER LT, TOBKCIIN 6 DU—27 2 —
AW TSIL WA REAELENBDEE T
BRI TE LTl

& Why only female mosquito cause itchy spots

Only adult female (mother)
mosquitoes suck blood.

They need blood to produce
eggs.

Only female mosquitoes can
carry human diseases.

Female

mq]gqql s to work of

!eah or a fem 1e

- Use th

e tweezers to sort
groups jmul d grcups aj Iema(es

6. Activity2 TRULM=7—9 L —F
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) Activityd: %5 ) 7RBOEEL[RBOLEIRZE
fET S

B

Activity3 TIE, WEAME BICHEREOTEIT
TL, FEO~Z VT EBIEETHZ L2 HRE LT
Wb, BIEE T~ T U T RBISETHZ & T, B D
X FAE OB ORI 288 EEiET 5. ZoZ L
B DEGE 2 FFET A T2 DI B 72 BIFED A %
IVTHD.

MEEAE
FERRAEER L OGEERER . « MR ERIEA, BT (100
fFHR LX) BIN—T 215
~ 7 U TIUIN L O DFENFAET D Z & 2 FBRIT
MEEEHEEAZ > THER CRIZE L, A7 T4l
U CTEDIARA IR L AT
~ 7 ) 7 ORI Plasmodium JBDJRH T, B T
JEGe U CHRRAICRIE & 72 D D1, B~ T U 7R
B (P falciparum), —H#E~Z U THEE (Pvivax), I
W~Z U7 (P ovale), WWRE\~Z VU 7 JHH (P
malariae) O 4 FECTHDHZ Lo~ T U T DEERE
Culleton ZAZ13 7 N—7"T41ZV 7 Fv— LT
EHRAEIZDWTIEER 2 DT — 2 v — MW TCHGE
TRALTWSIEAEEM Lz

2. Parasitology Group Work Sheet

1) You will find two glass slides marked “A” and “B”.

Look around the slides using the microscope and draw

any parasites you see.

2) Can you tell which species of malaria parasite is in each
slide?

It is either Plasmodium falciparum or Plasmodium vivax.
A= B=

m. #E

AU RBT DHE T 07T LER1ICEL LA
Y2 —/Vil Y ICHRRELZ EE LT (BE 1~6).
SHIN-GS FlTE D@5t LTI 7 2 e
EIRARDIZTClE7eL, LiR— hORHER L. &
A D LR — M2\ T, [Culleton Parasitology
Report] & U TR B MVERERT: Moodle (& Word
TR Lz (32 3) .31 4D LaR— F O 83


https://vimeo.com/600353274?share=copy
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A ORI 100 5, AR 60 2) 72072, M H DR
1%, AT~ RERfF & L TEERT: Moodle TRl

fELTEY, YHOHFE TR TE 2> T H5T " e ——
SNCHEECES LS L, HET L5 LA— %
B S WWM

INFEEA LT U C I o — LTI R 2 R T TR |
HLTHEo7, L EHNWDZ LI > TRERIZ i ' Y
BIBAR~TH BB LT L, ZOME, B R “~,"54 «
SRR B AL D AERED D IT 100%T/E L o L
7= LEERHST2(FE 7, 8). BHHHAIHON T
THHIZ DWW TS L7 AR A FAm L BG4, CfEti
IZEUL L7z, Z O TOREDN 100%iH L7z &
HEECTH T,

NP DZEIZXT LTI, [Evaluation Sheet] %
WTHEERICUUTOHEBIZOWT T 7 — k& FEifi
L7z, 72— MWW 5 Z0OEBE NG 4
TOHHEIZDOWT Yes THEENH D, LIS A
RO S L CIE LS BN o 72

WE/INHRDOHE 2 4061, EERORE TS
RIPVNREHZ TN E, Tk e THEL
AR REICEX £ Lz, £/, ENRHIUT, 1A
L<BAOVWZLET [FEbbIL ETCHEE
IABENCET-EBEATEBY £ L. AEHITETH
D—ET R T, BLWERHR CFE X E L
EWH a Ay RETEV.

)Ium,,l“ :

1. 5 BIZE/RIALSMUTELI T TTN?
[I—Yes
[J—No
2. HIRTDEFES ML, 4 B ORI EFEATEL
BNESH?
—Yes, a lot
—Yes, a little
[J—Not sure
[1—No
3. AR LEBDL ) RIREEREINETH?
[I—Yes
[1—No
4. R AR, ERRHIUTEX TTIVY,

\ o )
’JJJJ/-'. .

il 3 Y
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Cul leton Parasitology Report] DE%fE& =

Q1. What is a parasite?

+ Parasites is a creature that lives in other animals. They do
host animal’s harm. However, their selves can gain some
benefits. Many parasites are discovered around the world.

+ A parasite is an organism that lives on or in a host
organism and gets its food at the expense of its host.
Ectoparasites drink blood or feed on skin from the host's
body surface. Endoparasites are active in the host's body.

+ A creature that lives on the body surface or inside the
body as a host for other creatures and uses the host to
survive.

+ An animal that lives as a parasite on another animal for

a period or for life absorbing nutrients from that animal.

Q2. Can you name some parasites of humans?

+ Fleas Flea eggs Flea larvae Flea pupae Ticks Mosquitoes
Sand flies Mites Lice
* There are about 200 types of human parasites in the
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world and about 100 in Japan.

+ Caterpillars tapeworms fleas lice mites Japanese
lacertine striped worms Japanese blood sucking worms
and Manson's blood sucking worms

* For example Anisakis Mosquito Malaria.

Q3. Can parasites control the behaviour of their hosts?

* Yes they can. Some parasites can control the behaviour
of their host.

* Yes they can. Cordyceps and hedgehogs etc

* Yes they can. Parasites that parasitism snails can move
the snails to conspicuous areas where birds can see them.
Parasites that parasitism mantises also make the mantis
move towards the water to get out of the mantis.

* Depends on the type. For example, hedge beetles. They
parasitize mantis. So, they can control them. The mantis
that was controlled jump into rivers and lakes. Because

hedge beetles return rivers and lakes to breed.

Q4. Are parasites important?

* Yes parasites are important. It’s because parasites play an
important role in ecosystem. For example, they can control
increasing dominant species. Then parasites make
biological diversity grow.

* Yes they are. In some cases, the host and the parasite have
a cooperative relationship of interest.

* Yes. Important as host-parasite symbiosis can occur.

* Yes they’re. They can pest control. If they do not exist

environment will change a lot.

Q5. Should we eliminate all parasites from the world?

+ Nowe shouldn’t eliminate all parasites. It’s because they
give benefits to people and biological diversity. So, I think
that we should symbiosis with a variety of parasites.

* No we shouldn’t. Some parasites are life-threatening
such as malaria while others help other creatures live
comfortably.

* We should not. Parasites harmful to human that we have
not discovered may have some role to play in nature.
Therefore, we think it is necessary to take measures such
as creating vaccines to prevent infections and other
diseases that are not harmful to humans.

* No we should not. They have a role to pest control. In
addition, they are useful for people. For example, they
contributing to medical care. Furthermore, they have
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become one of the endangered animals. We should protect
them!

FET. Ui RE/NARORE

FR 8 BRAFHRhFRORE

V. £

AHFFED BN IA-0 R ok L C T DL ARG
FIEREZRGUTATN 4 FFE LV BIA L, AR
AN S DD O CTUNTTFHEY DIRFETITH -
7208, VAR LOBE ORIGITTAEZ K& < _HE]
HHDTHoT. FDZ DD Schneider (8150 A
Ty N7V RCHBLIEHEE 077 AXEADIR
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RIS TOIRERR 218 LA Al OBEERICET 58K
A Study on the Educational Use of Generative Al through Classroom Practices in Middle Schools

OFURKH", =BT, @it ™, BRSEE™, mPerEfe, Kiuzss”
MAKI Daisuke™, MITSUMUNE Yuko™, TAKAHASHI Yuki”, MESAKIMika”, MUKO Heiwa?, OHNISHI Yoshihiro™
B HE IR PR, EIRERSHE
*I The Junior high school of Ehime University Faculty of Education, “Ehime University Faculty of Education

[Z#49] ZERK AT (ChatGPT) (%2022 4F- 11 H 30 HIZABR SR, EDOHEBEBIG~OIERICOWTIY, F7E5E6E
HIZRBIFZEDS M TATION TR AR TIE, 2O BB BT 2 BEAEL ORI ED X H 1T
FETE DRI I e A8 U C, Ak Al OZETE O RTREME 2 et L=

BB TOARL AL ZTEH LIzFi & LT, AEOTFEIRY IR ~DREAERK, /74—~ AFEDRE],
Google Apps Script (GAS) ZVEMH L7=ZS3BRIERNT 7'V OB AT T, £, AEOTFEARY —n e LTo
EHE LT, HERTOT A _R— T AH v gy, FEbR COmATHECE SR 21T 7. b0
FHAE U T, BEBSGICIT D40 AL OTEHDBE OB R OVEFEDFEIRIC G- 2 25BZOWC, £
DR E R LTz, ZOREE, B AL OIERIE, FE#EORIm L, BEDEON F, HEOEHEHIC
HETHZENHOLNTIR T2 LinL, ERAL Hidlinss28 % 353 245800y —v L e 0S5 aTREME A2 7R LD
Db, —HEOARE & o TUTZ DR TIE S TOZRUVEERDI BN e o 72,

[F—T— K] AL ChatGPT, 7542, BR}, S50, tHaf, 5GER

I. FREDFTE FUTH-Z DB ONT, TORUE & FREA R LTz
2022 - 11 H 30 HIT—MABH SR AT,

ChatGPT DOEBEBDG COIEMIL, ZRZBBEALEED T I. ARDOAE

WA, L, 2B BBIEICES E T, PERABEIC. 1. HRELR

BT HZ O BARA) 2275 FESCR 2N R 2 FE5RE 72 A (B1- 128 44, 201 128 44) & X5 2023 4F

WFRILETEAT 5 THS. 7 H 7 H~2024 42 H 16 BIZHEEE), B5E, 28,
20237 QIR SN NETEHEERICRT S SRR C4 BRI COFRAIT, %H, BEEICRIL

ARk AT OFIFNCBET DEENR A RTA 42k CHEEROVEOT v r—h e, Sl LR

&, TBRES ISR AN R Gm A GEE LoD, BRE L CTE Google 7 4—A% W=7 v 7r— M2 %

HZSRIRNDIAD 5 2 L NPT 5. B AT ZELY fiti L7z

BLEERN AT RE# D LN TE e e Fop v
H—EROFAITIBNT, EANFRAESCEX 2 U T o1, PR | EAKEE | 3 (BT 164, T 16 40)

VA DNTREE Lo, 7 1y MR A EAREL | T | 3 (BT 164, L7 1640)

WD, AR - A ITHREL, SEROERDidkm AR | BB | P 42 BT 164, KT 16 4)

(BT D ENMETHS. | COIRIEES, 2023) & SRR | BIRER | B2 4R (BT 164, T 164)

HDHE I, BEHGICRBITDAERAT CLFAT &£

D) ORRRNERIAKCOVTRRET 2ERIE 2 mEss

RENWEEZD. 2. 1. () Google Apps Script (GAS) %EFALT-
ARFGETIL, BFESETO AL Z1EM L9648, 58 getmmmy o) (Ras

DFEZLRY —/L & LCORMFHIND, AR BRI CIE, RIS L LT, BRONA S
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1. 2. ERALEROERRIZDLNT

2B XOR3 D71 7T MMERITER LT, R AL
ZAEF U7=. 5/ L7= ChatGPT (D 3—3 3 213 gpt-4.0
Thb. {EkHETLGAS (Google Apps Script) DER#E
BRI 2o T2 b DD, ALAERR LToW T 1 7T LD
MR, EESNT=7" 07T LE254TL, AL
7T =R 57N Al ICEOREE EEINZ, 7
17T AETERR ST,
1. 3. &R Al ORBEMIZDLT
function CopyFromDocToSheet() {

var docId = 'XXXXXXXXXXXXXX'; // Google
Document @ ID #1EE X_CZEZS.
XXXXXXXXXXX
var doc = DocumentApp.openById(docId);

var sheetId =

var selection = doc.getSelection(); //
BEIREFEZ IS
if (!selection) {
Logger.log('No selection.');
return;
}
var elements =
selection.getRangeElements(); // EREFEAN
DILANERE
var text = '";
for (var i = ©; i < elements.length;
i++) {
var element = elements[i].getElement();
if (element.asText) {
text += element.asText().getText();

}
}

var sheet =
SpreadsheetApp .openById(sheetId).getActiv
eSheet();

var lastRow = sheet.getRange("B" +
sheet.getLastRow()) .getNextDataCell(Sprea
dsheetApp.Direction.UP).getRow() + 1; //
B FIDREDITEEIF

var range = sheet.getRange(lastRow, 2);
/] FLLMTZRG

range.setValue(text);

}
2 RF¥arvbhbRTLy Ro—bADERERY 1) T+

// Add a custom menu to the active
document, including a separator and a
sub-menu.
function onOpen(e) {
DocumentApp.getUi()
.createMenu('&ER")
.addItem( '#HER",
.addToUi();

'CopyFromDocToSheet ')

function myFunction() {

// Your code here.

// This is the function that will be
executed when the menu item is clicked.

}
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Al EDRIEERYS
ChatGPT
Thank you for the instructions. What topic would you like to

talk about?

User

Hello.

ChatGPT

Hi there! How's your day going?

User

Today's topic is about World Heritage Site.

ChatGPT
That sounds interesting! Do you have a favorite World Heritage

Site?

User

My favorite heritage site is Machu Picchu.
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ChatGPT
Machu Picchu is amazing! What do you find most fascinating

about it?

User

It is in Inka and Priyanka.

ChatGPT
Actually, Machu Picchu is located in Peru, not Inka and

Priyanka. Would you like to learn more about it?

User

It was made in the 15th century.

ChatGPT
Yes, Machu Picchu was built around the 15th century. What

do you think is the most impressive aspect of its construction?

User

I have a story about Machu Picchu.

ChatGPT
That's fantastic! Would you like to share your story about

Machu Picchu?

User
| went to Machu Picchu four years ago. It was beautiful and

amazing.

ChatGPT
That sounds like an incredible experience! What was your

favorite part about visiting Machu Picchu?

User

Please feedback

ChatGPT
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Using a Digital Game to Provide Experiential Learning for Improved

Understanding and ESD Skills in Science.

Dick MWERA ™, Heiwa MUKO™

Faculty of Education, Ehime University

Abstract.

Experiential learning has been proven to be effective in helping students gain practical and long-
lasting understanding of science concepts. Recognizing this, an activity was done to assess the
effectiveness of a digital game in providing experiential learning to foster students’ improved
understanding of environmental science concepts as well as enhanced ESD skills in science. In the
activity, 9 pre-service teachers solved pollution and energy missions in a purposefully designed
digital game to make a virtual city sustainable. The evaluation conducted before and after engaging
with the game revealed a notable increase in mean performance, rising from 79.19% in the pre-test
to 97.78% in the post-test at t= -5.847, with a corresponding calculated p-value of 0.0004 (p<0.05).
The outcome underscored the efficacy of the game in fostering noticeable improvements in the
academic performance of the participants. Furthermore, participants reported an engagement level of
at least 7 on a scale of 1 to 10 showing that using the game not only captured the interest of the
participants but also kept them actively engaged throughout the activity. This may imply that
providing experiential learning through digital games offers a platform for; immersive learning,
inquiry-based learning, critical thinking, and enhanced students’ environmental consciousness which

is critical in achieving SDGs.

Keywords: ESD Skills, experiential learning, SDGs, prospective science teachers, student's interest, and
performance.

INTRODUCTION

In the face of rampant environmental sustainability challenges, Education for Sustainable
Development (ESD) promises to equip students with relevant skills that promote sustainability by
helping achieve the Sustainable Development Goals (SDGs). Both educators and governments
emphasize the incorporation of ESD in education curricula. However, for science teachers, the main
challenge is how to provide valuable learning experiences that effectively promote scientific
understanding as well as ESD skills, both of which are mostly abstract.

On the nature of science, Louca & Zacharia (2011) describe science as a complex, multifaceted
activity that includes forming and justifying new knowledge to explain natural phenomena. Based on
this, it is believed that students tend to learn better when they assume an active role in constructing
their own knowledge through experiences and interpretation (Roschelle et al., 2001). With this
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background, experiential learning is critical in fostering students’ ability to gather long-
lasting practical knowledge and understanding of science.

In recent years, educators have been trying to find innovative ways of providing students with
experiences through which they can learn. One of these innovative ways is the use of games in
educational settings. Existing literature states that games offer engaging platforms for experiential
learning (Arnab, 2014).

Furthermore, Plass et al. (2020) highlighted that game-based learning helps students (1) acquire
new knowledge and skills about an important subject matter, (2) practice existing knowledge and
skills, (3) develop learning and innovation skills, and/or (4) prepare for future learning. From the
arguments made for the use of games in education, one is compelled to theorize that using games in
science can yield remarkable results considering that science seems to be better learned when
experience and active learning are employed.

Even though there has been extensive research on game-based learning and gamification in
science education, there is a gap in research on game-based learning for environmental education and
ESD skills in science.

To emphasize the need for environmental and ESD in science education, literature reports that
since the dawn of industrialization, the world population has continued to increase exponentially
entailing a corresponding rapid depletion of natural resources such that scientists forecast that if
measures are not taken, humanity will require an equivalent of three planets to satisfy the
requirements for food, water, energy, and other natural resources by the year 2050 (Streilling et al.,
(2020); Goodland, (1995)).

Environmental education in science is fundamental in the attempt to address pressing global
challenges, that range from, pollution, energy, diversity conservations, and many others. For instance,
in describing pollution, Morelli (2011) states that humanity’s inability to fit its activities in the
patterns of nature, is changing planetary systems, and these changes are accompanied by life-
threatening hazards from which there is no escape.

Furthermore, the reliance on non-renewable energy sources has exacerbated environmental
degradation in both developing countries and more so in developed countries. To illustrate this, only
12.4 % of the 20,000,000 population of Malawi has access to electricity (JICA, 2022). With the
remaining 87.6% solely depengigﬁ \ ’ﬁ?nvironmentally damaging sources of energy.

= 4 W

Figure 1. lllegally produced Charcoiz IS ommol sed as an energy sorgé in awi.

On the other hand, in Japan, despite a relatively larger percentage of the population having

access to electricity, fossil fuels still account for 88% of Japan’s total energy supply (IEA, 2021). It

is even more alarming on the global energy stage where studies have revealed that fossils constitute
81% of all the energy produced (IEA, 2021).
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Figure 2. Percentage contribution of different sources to world energy. (Source: IEA, David Bice)
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From these revelations, it is evident that environmental degradation because of pollution and
unsustainable energy sources are sectors that need urgent and vigorous action. Therefore, this study
was designed around fostering game-based learning for both improved scientific understanding and
enhancement of ESD skills in science by focussing on pollution and energy sources. Specifically, this
study sought answers to the following questions:

1. What impact will the game have on participants' understanding of pollution and energy

sources?

2. Can games be effectively used to promote ESD skills in science education?

3. To what extent will the participants be engaged in the activity?

4. What impact will interacting with the game have on participants’ perspectives on the use of

games as a teaching tool in the future?

RESEARCH METHOD

A systematic and structured experimental approach was adopted to draw meaningful
conclusions regarding the educational efficacy of using a game in environmental education science.
This approach was suitable for this study based on arguments by multiple researchers who argue that
when used thoughtfully in education, games may contribute to active learning due to their interactive
and engaging nature. (Gee, (2008); Hamari et al., (2014)). As such, to ascertain the game's impact on
students' performance and engagement, assessments were administered through Google Forms before
and after the game intervention.

A digital environmental educational game simulating a virtual city was developed in Scratch
which is a visual programming language developed by the MIT Media Lab. The game was designed
to be platform-independent and accessible through standard web browsers without the need for
additional installations on various devices including computers, smartphones, and tablets.

In the game, the task was for participants to make the city environmentally sustainable by
solving pollution and energy challenges faced by the city. To successfully play the game, participants
used their: (i) Understanding of science concepts, (ii) Decision-making skills, and (iii) Collaboration
skills. Upon successful completion of the missions in the game, participants would obtain 3 in-game
stars and win the game.

To foster learning, educational concepts were incorporated into the game scenes by integrating

learning points as shown below.
Table 1. Game scenes and learning points.

INTERACTIVE LEARNING
MISSION | GAME SCENE TASK ELEMENTS POINT
Identify Participants Understanding
sources of | clicked on the of sources of
pollution. | elements they various types
understood as of pollution
sources of
pollution.
Pollution
- EB Answer a | Participants Understanding
1, U9 D) BAC DS BHBESIESION? | . .
e eat o quiz on clicked on the of effects of
pollution. | answer they pollution.
deemed correct.
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Sort Participants chose | Participants'
household | whether to sort the | decision-
garbage. | garbage off or not. | making skills.
Answer a | Participants Understanding
quiz on clicked on the of the
pollution. | answer they importance of
deemed correct. sorting
garbage about
B S e conas recycling.
o BETRIHIF— oY g Identify Participants Understanding
- renewable | clicked on the of renewable
5 e ’Tc’ energy icons representing | and non-
- o sources. renewable energy | renewable
sources. energy
8 A oM sources.
S
P - "*;'ﬁff‘;zmgf"ff”‘_ 2 Rank and | Participant ranked Understanding
§ — | n — regulate | the energy sources | of
= = energy ?risei tocr;r;d:ﬁg environmental
+ +| 1 H
Energy A [fr— -~ rem— SOUTEES. en\?ironment. :ij_?:SztOf
& o Par_ticipants decided energy
C— T | —— which and to what
o a-ET extent to utilize the | SOUTCES.
energy sources.
Control Participants Decision-
the total | regulate how making skills.
energy much total energy
A received | to be received by
4 by the the city.
IRILF—RBOHR City

Though the game’s educational content focused on Junior high school science environmental
education, first-year pre-service science teachers at a Japanese public university participated in the
activity. This allowed for the collection of data both on the effectiveness of the game as a teaching
tool as well as the pre-service science teachers’ attitudes on using games when teaching science. For
objectivity, participants used either numbers or letters as their identity throughout the activity.
Participants were partnered by an online random-pair generator accessed at:
https://randomgenerate.io/random-pair-generator to promote participant collaboration.

Before game-play, participants ranked energy sources from best to worst based on their
environmental impact. Participants used this information to solve the energy mission in the game.
During game-play, for each unsuccessful run, participants were able to reset the game multiple times
until the mission was satisfactorily completed.

After the collection of pre-test and post-test responses, descriptive statistics (means and
standard deviations), were used to summarize participants' performance. A Paired sample t-test was
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used to assess the significance of the observed difference between the pre-test and the post-test scores.
Furthermore, determinant questions on both the pre-test and the post-test were visualized using charts
and analysed to determine if there was a shift in the participants’ perceptions after interacting with
the game. Attitude and engagement responses were also analysed to assess the game’s impact on
participants’ attitudes toward the use of games when teaching science.

RESULTS AND DISCUSSION

A face-value comparison of the means from the pre-test and the post-test showed an increase
in the knowledge of the participants in environmental-related concepts from 76.19% to 97.78%. A
decrease in the standard deviation from 10.10 on the pre-test to 6.67 on the post-test was also observed.
This notable enhancement in participants’ performance was directly attributed to the efficacy of the
game. This outcome was in line with a finding by Chen, et al., (2019) that games in education,
contribute to significantly better students’ performance.

MEANS AND STANDARD DEVIATION

120 Trend in Scores
100
80

60

Score (%)

40

20

Pre-test Post-test
Calculated Means

Figure 3. Pre-test and post-test mean comparison.

A paired-sample t-test attested to the statistical significance of the difference between pre-test
and post-test scores at t= -5.847 and a calculated p-value of (t (8) = 0.0004, p < 0.05), an outcome
that was consistent with our prediction.

Furthermore, an assessment of determinant questions on both the pre-test and the post-test
showed an increase in correct responses from 22.2% on the pre-test to 88.9% on the post-test revealing
a shift in students’ conceptions after interacting with the game.

@ ETH. LEMN. Ak, tha, O AR AR, RFD
@ LA, AR BEH. @ @ B AR RTH. 1R

g6.0% KEY.

Correct answer is
represented by the
green pie.

Pre-Test Post-Test
Figure 4. Scores on determinant questions on Pre-test and Post-student.

This is further supported by an observation by Wichaidit & Sumida (2023) that game-based
learning fosters cognitive and intentional conceptual change, during which students extend their
conceptions.
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Before interacting with the game, all participants supported the use of games in teaching
science while in the post-test, about 66.7% of the participants supported the use of games in teaching
science.

Pre-Test Post-Test

Figure 5. Pre-service Teachers' attitude towards using games in teaching.

The shift in participants’ attitudes was incongruent with the predictions and several factors
including participants’ game preferences might have contributed to this shift. This is pointed out by
Van Gaalen, (2022) who states that students’ game preferences must be considered when designing
game-based learning since not every game-based learning strategy fits all students.

A reported 7 on a scale of 1 to 10 level of engagement, revealed the game’s ability to
intrigue and capture participants’ interest throughout the activity.

’ | |
3/(33'3%) 3/(333%)
2 (22.2%)

1(11.1%)

0(0%)  0(0%)  0(0%)  0(0%)  0(0%)  0(0%)

1 2 3 4 5 6 7 8 9 10
Participant engagement level (Points)

Figure 6.Students' engagement level.

This outcome is further supported by results from studies by multiple researchers who
reported that using games in education keeps students engaged (Gee, 2008; Deterding et al., (2011);
Hamari et al., (2014); Glover, (2013)).

Though a remarkable body of knowledge was generated by this study, it wasn’t without
limitations which may undermine the generalisability of its findings. Firstly, the study was conducted
with a group of only 9 participants, and this may impact the generalizability of the findings to a
broader population. As suggested by Hedges & Rhoads (2009), for a study to have a general inference
on the population, the sample size must be a true representation of the population size. Therefore,
future research could benefit from conducting a similar study but with a larger population sample.
Secondly, the researcher’s inability to speak Japanese might have hindered the smooth exchange. In
future research, the use of a real-time translation tool may help foster smooth communication for
thorough explanations of concepts about the study where necessary.

CONCLUSION

Overall results revealed that the game served as an effective tool in; capturing the interest of the
students, promoting students’ participation, enhancing understanding of relatively abstract concepts,
actively engaging the students’ skills in problem solving as well as calling students to action
collaboratively work towards environmental sustainability. This may imply that using such an
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innovative tool in the teaching and learning of science can promote immersive and inquiry-based
learning, and critical thinking as well as promote students’ environmental consciousness for SDGs
achievement. Plass et al. (2020); and Prensky (2001) agree with these findings by their stance that
integrating games into science education provides an interactive and dynamic approach to learning.
These attributes of the game, align with the guidelines of ESD towards attaining the 17 SDG goals
which are (i). To promote concrete actions through the development of interest, understanding,
attitude, and ability to solve problems. (ii). To have a participatory approach that emphasizes
experiences, common sensation, inquiry, and practice, and (iii). To withdraw the willing action of
learners during activities (Kadoya & Goto, 2013). Therefore, teachers must explore ways to
effectively incorporate games and other innovative tools into their teaching arsenal to foster students’
experiential learning in science.
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Appendix 1: Educational Game Pre-Test.
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Appendix 2: Educational Game Post-Test.
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