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Development of Al-based Online Tool to Support
the Habits Formation Process for Carbon Neutral
Behaviors
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ABSTRACT

To sustain carbon-neutral behavior, habit formation is essential. This study
developed an Al-based online tool designed to support the habit formation process
of carbon neutral behavior among elementary school students by integrating Self-
Determination Theory(SDT) and a habit formation model. Following the Design
and Development Research(DDR) methodology through five stages, the developed
tool was applied in a 4th-grade elementary school ethics class and recognized

TS SO 2R for its user-friendliness by both learners and instructors. Furthermore, it was
E2EN 20264048 072 confirmed that the tool’s design elements could be utilized to support behavior
dME 20264 068 30 induction and the habit formation process. This study is meaningful in that it
A 202614 078 082 proposes a way to support the habit formation of carbon-neutral behaviors using
YT 20261058 04d an Al-based tool across both educational settings and daily life.
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Table 1. Carbon Neutral Actions for students

Category Actions
“Turning off unnecessary lights
‘Reducing TV viewing time
-Cutting off standby power for appliances
Energy ‘Reducing digital carbon footprint

-Lowering heating and raising cooling
temperatures
-Using stairs instead of elevators

-Purchasing contents only in reusable containers
-Avoiding over—packaged products

-Buying used goods and Sharing unused items
-Saving water by using a basin or container
-Participating in school uniform sharing
programs

-Eating local and seasonal foods

Consump-—tion

“Walking or using public transportation for
commuting

“Walking for short distances (~3kn round trip)
-Using public transportation for long distances

Transport

‘Reducing the use of plastic bags

-Taking only as much food as needed

-Using reusable cups instead of disposable cups

-Minimizing the use of wet wipes

-Using personal handkerchiefs instead of paper
towels or hand dryers

‘Reducing paper use when printing

-Sorting waste for recycling

Resource
Circulation

‘Understanding the importance of and
protecting

carbon sinks
-Participating in tree—planting campaigns

Carbon Sinks
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Table 2. Research Procedure

Phase Research Activities Results
Action items,
. . . Tool design
Analysis -Literature review 5
elements

and guidelines

Tool flowchart,
Interface design

‘Flowchart design

Design ‘User Interface (UI) design

-1st prototype evelopment
-1st Usability testing (4 experts,
Development | 4 students)

& ‘Revision & refinement Al-based
Usability -2nd prototype velopment online tool
Evaluation | -2nd Usability testing (4 experts,
4 students)
-Final tool development
Implemen— | “Field application (5~7 days)
tation -Student survey (n=43) & . .
. . B Field evaluation
& interview (n=4) |
Field ‘Instructor interview (n=2) results
Evaluation | -Data analysis
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Table 3. Expert Profile for Usability Evaluation

Areas of Expertise
@ Elementary
Education
@ Environment
Education
® Al-Integrated
Education

Highest
Degree

Teaching

Expert | Position .
Experience

E Elem.

Teacher 16 years ®,0 Master’s

Volume 29, Issue 8, 2026
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Areas of Expertise
@ Elementary
Teaching B wieaition Highest
Expert | Position . @ Environment
Experience p Degree
Education
® Al-Integrated
Education
E Elem. ,
B Teacher 15 years [ONE©) Master’s
S Elem. ,
C Teacher 8 years ®,® Master’s
D Elem. . ,
D Teacher 5 years ®,0,3 Bachelor’s
Table 4. Student Profile for Usability Evaluation
Student School Grade Gender
A C Elem. 6th Male
B S Elem. 6th Female
C J Elem. 3rd Male
D J Elem. 2nd Male
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Table 5. Usability Evaluation Questionnaire

Factor

Evaluation Items

Ease
of
Use

u

3

5

6
7
8
9
1

nderstand?

1. Is this tool generally convenient to use?
2. Are the menu and icon functions easy to

. Is screen navigation via the bottom menu clear?

4, Ts the entry process (code/nickname) simple?

. Is recording practice actions straightforward?

. Are the graphics and text easy to read?

. Is the design appealing to elementary students?

. Is the language appropriate for the students' level?
. Does the screen display stably across devices?

0. Can students use it independently without help?
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Factor Evaluation Items

Self-Determination

11. Does the action list support student Autonomy?
12. Does Al feedback provide a sense of Competence?
13. Do the shared features foster Relatedness?

Habit Formation Model

Habit 14, Can students clearly identify executable actions?
15. Does the continuity indicator induce repetition?
16. Do growth elements stimulate practice
motivation?

17. Does class—wide sharing encourage peer
motivation?

18. Are the presented actions easy to perform?

19. Does visual growth provide immediate
satisfaction?

20. Do cumulative rewards make practice enjoyable?

Formation
Strategies

Any suggestions for modifying or
adding functions/designs?

Cronbach’ a .94

Other
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2ol 57} Rofol thgt 15700] 1% AH FEe £ESAAT. 42 E7 A 24 2 A
A o] Tto] Q9 AHA QA+ A7 AAA o] Z(SDT)H &
Table 7. Carbon Neutral Actions for Elementary students T34 molo] Bk 2ol BAS S5 mxsjolch 2 2
Initial items ‘ Final items N Az}, 71 AHA o] Z(SDT)oIM = A4, oA, T
Encrey Aol sheAtel UAiH £715 fushe H4 24 29
Eig:?igf;&i?:ﬁiﬁ;?{ﬁeghts “Turning off unnecessary lights =it hH 53 J4 BhoAM= AE, Y, §hg, BAY
;i;ﬁ:;gceiff standby power for ;/:ri]ptzsrt;rtligseatmg and cooling 9] 4hA 43 17} AAA Q] =S 2L 0l §= oFA
‘Reducing digital carbon footprint | -Reducing digital device usage o2 Hest= 4 242 A= o] AtoA= o]
.cI(J)(())\ﬁ,r?gItlegntl;:rtziri?d rasing FiLIJIslieng stairs instead of elevators aagoe] 2osde] BT Fee] s 94 S A
-Using stairs instead of elevators Yot o At gQloje} weksto], Tto] 9 MA Q
Consumption A2 AAsH )
“Purchasing contents only in o|& LAl AA xS ntHsty] Yo &1 BEA A
iy e aged g oz A, A 39 ANSA WA, B
products A “Using a cup when brushing teeth H B0 FEH o|2F QA4S HIgOoE A9 IY S
uBI’lL:lyslen(;gitl:;dsgoods and Sharing p}ie)guusértlsg over—packaged Assto] 220] 27 WES 59T} o] T 2E 180l
;Soanvtlaniie\fater by using a basin or | -Sharing unused items AR migkat AT 7|6 2810 =7o] EAS w9
-Participating in school uniform af A ALS Basto] MR A-E A FskdTt. of
sharing programs Lo &2 o] IoflA] AT 5 e AFARe] FHAY S viAF
ating local and seasonal foods
. T A Busts] o, AT 2 1H 4ES 59 of
“Walking or using public A4S 245 W9 edAdS SRE5kIT}. ol2fst g S
transportation for commuting Walking or riding a bicycle Az A5 © 22 AA -2 Table 83} 2T}

“Walking for short distances (~3
km round trip)
-Using public transportation for
long distances

~U;ing p)ublic transportation (bus, A, A7) AAHZ L sHEFe] WA S7)& 94lkslr] 9
subwa
! aff 2H&/d, §578, A olekE Al 7HA] 712 A9 &7

FZslofol g2 oulate. WA A4S IR Festof

Resource Circulation

U AA Al EH ZFA1 9] Y=o AASIA}F 5= &
‘Reducing the use of plastic bags d Asazef Adeo] ojs Apalef % = goraLzt ok 8
“Taking only as much food as Toltt. oo whe} = Yol A k57t AldsanA) 5l &
needed _ - = _
Aza] ES AAD MElSLT } 2~ ol & IME
-Using reusable cups instead of ‘Reducing food waste 23 Fes 208 HHehl £ 4 =S U
disposable cups *Carrying and using reusable cups SE=X2 zAl9] defe ¥elst a7t AdstaA}f s
-Minimizing the use of wet wipes | -Carrying and using personal = o= A3 — _ °
-Using personal handkerchiefs handkerchiefs = S7oltt. o] & {8l A oM S]] w=ulE A
instead of paper towels or hand | -Sorting waste for recycling T5to] AH S w2 2 Qlu 2 AA S npxjuto 2 A
dryers
‘Reducing paper use when g2 ERloju et A s o] Qloke A%57ke w71zt
printing Sk Solth3l]. olol il BaFY FEol o AA
-Sorting waste for recycling - N S ~ _
P o 35 21 9ol 7|ofge Az YAhES B}
‘Understanding the importance of | -Participating in tree—planting
and protecting carbon sinks activities Table 8. Design Elements and Guidelines
-Participating in tree—planting ‘Protecting green spaces (flowers
campaigns and trees) Design Elements Design Guidelines References
1.1 Allow learners to Deci &
autonomously select Ryan, 1985;
o x| Holol= Ex Q& 21 117], Wi ¢ %A Autonomy action items that fit their Ryan &
=T -0 e own situations. Deci, 2000
371, A 717] A AlZF Zol7], AT o] §5t7] ol O pree etk
Z5tE|glon, AH| Hololl= oFx|5t w E7]o] & o} A} Self- so that learners can feel Ryan &
. _ B Competence | immediate self-efficacy .
] 6]'7] ; “"]—r‘HiX]- 71 ! 6_]'7] FLEE 4?6}7] %}—EFO] eI Ir]lalflzietfon and achievement during Deci, 2000
Stz it Lok 4 o}-Eoﬂ TH = A o]%—g]q] the practice process.
o vl 9 Aok 5 o328 olgob) 950l 2yl 13 Visually sae how |1y
~ . individual actions Ryan. 1985
1, A Ho}:oﬂ% SAE 27| Eo)7], tF& A A Relatedness | contribute to achieving yRyian & ’
A ALEB7), £42 A ALgal), BelujE A | the goals of the entire | peci 2020

So| BgE9on, 548 Lokt 42 A7) Hols,

SRS WSOl S Y WS XISk Al 7| 22t0l =7 N 43
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Design Elements Design Guidelines References
2.1 P{QYlde a list of Clear, 2018
specific actions.

Cue 2.2 Provide continuous | Clear, 2018;
action cues to help link Fahmi &
existing habits with new | Hidayah,

ones. 2025
Cravi 3.1 Create a positive Clegr,} 2018;
raving lass—wide culture Fitriana,
¢ : 2024
Habit -
For— 4.1 Guide easy and Clear, 2018:
mation simple actions that can | Shnayder—
Response minimize barriers to Adams &
execution. Sekhar, 2021
5.1 Provide immediate
feedback upon Clear, 2018
completion of an action.
Reward 5.2 Allow users to | Clear, 2018;
visually verify their own Fahmi &
progress in practicing Hidayah,
actions. 2025
=4, E B8 AR Psol ALHA 5 FA
oz A7 Qs AT, A, v, Bk v 7HA] 24
7t 714 oz etefjof gha omigitt. A @9l Moo=
Fs= AASH Tte= 9AE 295 ot dekolth
HaFHs A TAAA A S 2= StEAE ¢
off Heet W5 FE2 AAIste o TAE AAET
3t 7|E S| MER TS AAT £ UALE AEH
P& Aes AFTH15] ez 992 F5S Yy
o g ko] sfal A2 Zlo g vte Hefolnt. o]of g5
A7 &35 s T 919 S A A R3S 24521,
2459 9E0] Y Ul sfeiHoR LAXES o
24 A3 5715 Bskect. wee Wse Aue golal
A pres Weolo22]. WES AW u e AL A
s3] i3l 25 ee) WY 453 A Bl BE 4
0 ged BES SR tiso R BAS BE ¥ o
27+ AP b Wo|TH3)]. B4EY WE AR 5
22149 w=ue Aokl BELE AR S, Al
o) A3 o] ol RE AZHOR Y 4 YES Bk

43 7 5% % defso] 2

431 8%

S5y Y5 &8 YN B st =7 A
2 93] SEES Figure 13} o] A o] BEE
£ opgAe] A 25 715 0] A2 HolE 2 HE Y 54
of sgel 1A lolel2E AF WAL WAOR s
et
AN .

Login
Entering
Class code
and nickname

J

¥

Green Practice
Recording
Carbon neutral actions

~

[ 4

&

Green Fill
Saving and accumulating
individual practice data

Green Growth
Automatically
aggregating class data

Figure 1. Flowchart

4.3.2 UE|H o] A

79| QlEjHo]A(Figure 2)& 7Here AA| AH& vt

oz, shgA A 9 23 wojx|e} wl

22 47 wolx), 22 A Ho|x, 22 7|g Wl 30

Az 4=

T

Login

Class settings

Nutrients
Collected

My Badges

N E—

[ [orsmpractios ] )

Carbon neutral

Action Items

Green Growth

Our Class Tree

Class Badge

Board

N

Figure 2. Interface
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Table 9. Design Guidelines for Interface

Page Functions Design Guidelines
) Class code 3.1
Login -
Nickname 1.1
Carbon neutral
Green Action Items L1, 21,41
Practice ;
Done (Praise Messages) 1.2,1.3,5.1
Daily Streak 1.2,2.2,5.1,5.2
Green Nutrients Collected 1.2,1.3,2.2,5.1, 5.2
My Badges 1.1,2.2,4.1,5.2
Our Class Tree 1.2,1.3,3.1,5.1,5.2
Green
Growth Class Badge Board L1 13, 2'15’ %2’ 3141,

Note. The numbers represent the Design Guidelines listed in Table 8.

4.4 AT 7% 229l £

4.4.1 AH874 B7t

AEjlo]A A W&-2 vig oz 7 et T2 EEQ] A

24 HYrte = 28 AAEY o 1 A= Table 103}
2.

ARE ol &4 Axh, 1A B2t tiRRe] F&olA A
27t} skt o BE W 4.004 ol 2 AE
Tt 22 oAM= e 2] ol 4.50%] ol
2 FAEo], =9 MRkl AR 22F Holido] 3
Aoz PrE Qg2 Slotnt. thet =51o) tjaielof] ¢
S 22 1A HrtolA & AT 2 gt 37582 % Ve
2 ZHo| Hlaf goidog @A F o, 23t HrtoA=

A&7} 4.5074, stEAF 4.008 2.2 7= STt

Table 10. Results of Prototype Usability Evaluation

Ist 2nd
Micasuies Expert | Learner | Expert | Learner
m=4) | =4 | =4) | (=4
Mean | Mean | Mean | Mean
Ease of Use
1. Overall Ease of Use 4.25 4.25 4.75 5.00
2. Ease of Understanding 400 400 475 475
Menus/Icons
3. Ease of Navigation 4.50 4.50 475 475
4. Simplicity of Login Procedure | 4.50 5.00 4.75 5.00
5. Simplicity of Recording 475 450 475 475

Process
6. Readability of Images/Text 4.00 4.50 4.75 4.75
7. Aesthetic Appeal of Design 3.75 3.75 4.50 4.00

8. Level Appropriateness 4.00 4.25 4.75 5.00
9. System Stability 4.25 4.50 4.75 5.00
10. Autonomous Use without

; 4.75 4.75 4.75 5.00
Assistance

Habit Formation Strategies — Self Determination

11. Autonomy 4.50 4.25 4.50 5.00

12. Competence 3.50 3.75 4.25 4.50

13. Relatedness 4.50 4.25 4.50 4.25
Habit Formation Strategies — Habit Formation Model

14. Cues for Action List 4.75 475 475 475

15. Cues for Sequential Practice | 4.00 4.50 4.50 4.25

16. Desire for Continued

4775 4.00 4.50 4.25

Practice

17. Desire for Class—wide 375 45 475 425

Practice : : . .

18. Ease of Action 4.50 4.50 4.50 4.50

19. Immediate Reward 4.25 4.50 4.50 4.50

20. Enjoyable Reward 4.50 4.75 4.75 4.75
Total Mean 4.29 4.38 4.64 4.65
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.
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Table 11. Usability Evaluation Feedback and Improvements

1st Expert/User Feedback

Improvements

- Screen not optimized for tablet
environments.

- Implemented responsive
web design for multi—device
optimization.

- Simple design fails to trigger user
interest.

- Redesigned with an attractive
interface for elementary students.

- Praise message windows are not
prominent enough.

- Repositioned to center and
increased window size.

- User nicknames should be
included in praise messages.

- Integrated user nicknames into
personalized praise messages.

- Praise message content is too
generic.

- Integrated API to provide
context—aware encouraging
messages.

- The tool's flowchart lacks logical
consistency.

- Revised flow: ‘Action —
Nutrient — Tree’

- User nickname should be
displayed after logging in.

- Displayed nickname at the top
of the screen post—login.

- Lack of intuitiveness in
displaying consecutive practice.

- Created a dedicated block to
emphasize the 'Streak’ indicator.

- Practice actions are not specific
enough.

- Replaced with concrete phrases.

- Ambiguous visual changes in the
tree's growth stages.

- Enhanced images and clarified
distinct design changes for each
stage.

- Need to provide status of class—
wide goal achievement.

- Visualized class goal progress for
improved readability.

2nd Expert/User Feedback Improvements

- Reorganized and repositioned
images for each growth stage
correctly.

- Images for each growth stage are
incorrectly placed.

* Difficult to ensure data reliability
due to repeated clicks on the
completion button.

- Set the completion button to
activate only once per day to
ensure data integrity.

» Reward function for consecutive
practice (streak) is not
functioning.

- Activated a reward system upon
achieving 7 consecutive days of
practice.
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Table 12. Student Survey after Field Application
Measures (I;/EZ;) SD
Usability
1. Overall Ease of Use 4.53 0.767
2. Ease of Understanding Menus/Icons 4.30 0.832
3. Ease of Navigation 4.49 0.883
4. Simplicity of Login Procedure 4.58 0.663
5. Simplicity of Recording Process 4.47 0.735
6. Readability of Images/Text 4.49 0.736
7. Aesthetic Appeal of Design 4.49 0.798
8. Level Appropriateness 4.58 0.731
9. System Stability 4.56 0.666
10. Autonomous Use without Assistance 4.51 0.827
Habit Formation Strategies — Self Determination
11. Autonomy 4.33 0.892
12. Competence 4.26 0.954
13. Relatedness 4.23 1.07
Habit Formation Strategies — Habit Formation Model

14. Cues for Action List 4.26 0.928
15. Cues for Sequential Practice 3.95 1.23
16. Desire for Continued Practice 4.19 0.982
17. Desire for Class—wide Practice 4.12 1.12
18. Ease of Action 4.44 0.796
19. Immediate Reward 4.12 1.10
20. Enjoyable Reward 3.95 1.29

Total Mean 4.34 0.87
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