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 Student learning motivation in Natural and Social Sciences 

(IPAS) in elementary schools remains low because of 

teacher-centered learning and limited media. This study 

aimed to develop Nest Boardgame, a physical STEM 

(Science, Technology, Engineering, and Mathematics) 

board game on Harmony in Ecosystems, and to test its 

feasibility for supporting learning motivation. This research 

and development (R&D) study used the ADDIE model with 

31 fifth-grade students. Instruments included needs 

questionnaires, expert validation sheets, teacher and student 

response questionnaires, STEM-based Student Worksheets 

(LKPD), and ARCS (Attention, Relevance, Confidence, 

Satisfaction) motivation questionnaires. Nest Boardgame 

was rated very valid by language experts (92.5%), material 

experts (96.2%), and media experts (91.9%). In the small- 

and large-scale trials, student responses were 90.63% and 

90.16%, teacher responses 80.56% and 86.11%, and 

worksheet achievement 84.37% and 78.85%. In the large-

scale trial, effectiveness was measured by changes in ARCS 

motivation scores after a short simulation and a full game 

increased significantly (Wilcoxon, p < 0.001; normalized 

gain (N-Gain) of 0.36, moderate). The novelty lies in the 

integrating STEM into the game mechanism, each round 

requires a specific STEM domain while simulating the food 

chain, energy transfer, and natural events. This medium is 

valid, practical, and quite effective. 
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1. Introduction 

Twenty-first-century learning requires students to possess critical reasoning, the 

ability to connect scientific theory to real-world contexts, mastery of information 

and communication technology (ICT), and teamwork skills. Achieving these 

competencies requires a comprehensive learning methodology that supports both 

knowledge acquisition and skill development (Sapitri et al., 2022). In practice, 
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however, IPAS instruction in schools often still relies on lectures and rote 

memorization, which does not optimally foster students' critical thinking and 

problem-solving (Indrawati et al., 2025). This gap calls for a shift toward learning 

models that respond better to the needs of the modern era. The Science, Technology, 

Engineering, and Mathematics (STEM) approach integrates four disciplines to train 

students to think logically, creatively, and practically when solving real-world 

problems (Supriyatna et al., 2025). It is considered highly contextual because it has 

been shown to improve students' readiness to face the complexity of 21st-century 

challenges (Patras et al., 2024). One topic in Grade V, Phase C IPAS that suits the 

STEM approach well is Harmony in Ecosystems, which discusses the reciprocal 

relationship between living things and their habitats. A deep understanding of this 

topic is expected to foster students' concern and commitment to environmental 

balance (Rosmawati et al., 2024). Therefore, STEM does not merely address the 

limitations of traditional science teaching but also provides a foundation for 

preparing a generation that is responsive to the dynamics of the 21st century. 

Although STEM is conceptually relevant, its application to the Harmony in 

Ecosystems topic still faces obstacles, not only in understanding the material but 

also in students' low learning motivation (Rahmawati & Adanti, 2023). 

Observations and interviews at SD Negeri 008 Samarinda Ilir showed that 

instruction was still monotonous and teacher-centered, so students tended to be less 

enthusiastic and had difficulty understanding ecosystem material. This is in line 

with previous research showing that prolonged monotonous lectures cause learning 

fatigue, declining interest, and negative emotions such as boredom and tiredness, 

leaving students without a strong drive to learn and unable to achieve optimal 

outcomes (Mutia et al., 2025). The media used were limited to textbooks, YouTube 

videos, posters, and simple teaching aids, and 71.88% of students needed more 

innovative learning media. 

This condition confirms that the scarcity of teaching aids, in both availability and 

creativity of presentation, is a dominant factor suppressing students' learning 

motivation (UA Sari et al., 2025). Increasing learning motivation can be linked to 

the four components of the ARCS model (Attention, Relevance, Confidence, 

Satisfaction) proposed by Keller, as cited in Darmansyah (2023), namely focused 

attention, relevant material, self-confidence, and learning satisfaction. These 

components require teaching media that are engaging, interactive, and appropriate 

to students' psychological characteristics. Elementary school students are generally 

still in the concrete operational stage of Piaget's cognitive theory, in which scientific 

phenomena are more easily grasped through concrete objects, hands-on experience, 

and games (Susanto et al., 2024). Therefore, concrete media that are fun and 

participatory are essential for ecosystem learning in elementary schools. Physical 

board games meet this need because the boards, cards, and tokens involve touch 

and movement, not just sight and hearing (Wibawanto, 2024). In digital games, 

components are displayed on a screen, whereas in the Nest Boardgame, students 

place organisms, manage energy tokens, and play cards directly, allowing them to 

experience STEM concepts through hands-on activities. Furthermore, teacher 

interviews indicated that internet access hinders consistent use of digital media, 

whereas board games are not dependent on technological devices. The need for 
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concrete media also aligns with the Merdeka Curriculum, which encourages 

teachers and prospective teachers to understand the curriculum's direction and to 

develop adaptive instructional media  (Yanuar & Sari, 2025; Zahra et al., 2025). 

Previous studies have shown that modern learning media such as animations, 

interactive slides, and digital educational games can increase student motivation 

more effectively than conventional lectures (Maharani et al., 2024). However, these 

studies have focused mainly on software or digital tools and have rarely addressed 

physical teaching media integrated with a STEM framework. For example, 

Suhartini and Haerani (2022) tested a STEM-oriented e-module on the East 

Kalimantan tropical rainforest ecosystem, but it was a digital product without an 

interactive physical game. Meanwhile, Rusnah et al. (2024) used a communicative 

ecosystem board game for elementary students but did not incorporate the STEM 

approach into its components. Thus, the research gap lies in the lack of no 

ecosystem learning media in the form of physical games have been found that 

integrate the four STEM elements into the game mechanics and whose impact on 

motivation is examined in each aspect of ARCS. This literature gap underlies the 

urgency of developing teaching media that combine the strengths of interactive 

physical board games with an integrated STEM framework to maximize student 

motivation on ecosystem material at the elementary level. 

Based on this gap, Nest Boardgame was developed as a STEM-based learning 

medium for the Harmony in Ecosystems topic in elementary schools. The term 

“Nest” refers to a nest or shelter for living things, representing the 

interconnectedness of ecosystem components. A board game is not merely a 

learning aid but a tool that can facilitate analytical and collaborative learning 

experiences and increase students' motivation and active involvement (Nilasari et 

al., 2026). Nest Boardgame integrates all four STEM elements into its game 

mechanics. Science is reflected in understanding ecosystem concepts and 

relationships among living things; Technology is realized through the systematic 

design of interactive learning media; Engineering is integrated through developing 

game strategies based on habitat conditions, energy, and ecosystem dynamics; and 

Mathematics is applied in scoring, energy management, and decision-making based 

on points earned during play. The novelty of this research lies in the integration of 

STEM as a requirement in the game flow, rather than as additional material or visual 

complements, so that students apply STEM concepts during play. Therefore, Nest 

Boardgame offers a more interactive learning experience through a physical game 

that integrates ecosystem concepts contextually, so students can directly understand 

the relationships among ecosystem components through an enjoyable play 

experience. 

This study used a research and development (R&D) method with the ADDIE 

model, which comprises the analysis, design, development, implementation, and 

evaluation stages. The results are expected to increase student learning motivation, 

provide an innovative alternative learning medium for teachers and schools, and 

enrich research on STEM-based learning media at the elementary level. Based on 

this description, this study aims to (1) develop a STEM-based Nest Board Game on 

the topic of “Harmony in Ecosystems” for fifth-grade elementary school students; 
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(2) to test its validity based on expert evaluation and its practicality based on teacher 

and student feedback as well as student achievement on the worksheets; and (3) to 

analyze improvements in students’ learning motivation in terms of attention, 

relevance, confidence, and satisfaction (ARCS). 

 

2. Methodology 

 

This study applied the Research and Development (R&D) approach and adopted 

the ADDIE model, which consists of five systematic stages: analysis, design, 

development, implementation, and evaluation (Mawarni & Hendriyani, 2021) . The 

model was selected because it covers all design phases comprehensively, from 

needs mapping to final assessment, ensuring that product development is structured, 

measurable, and planned (Nugroho et al., 2024). Data were collected at SD Negeri 

008 Samarinda Ilir, East Kalimantan, in the 2025/2026 academic year. The subjects 

were 3 material validators, 2 language validators, 3 media validators, 1 fifth-grade 

teacher, and 31 fifth-grade students. The effectiveness of the media was measured 

using a one-group pretest-posttest design, which was also used in a study of pop-

up book media for fifth-grade IPAS learning (Permatasari et al., 2026) . 

 

Instruments 

 

Data were collected using five groups of structured instruments aligned with the 

ADDIE flow: (1) needs questionnaires for teachers and students and a teacher 

interview guide in the analysis stage; (2) validation sheets for media design, 

material content, and language experts in the development stage; (3) a student 

learning motivation questionnaire developed from the four dimensions of the ARCS 

framework (Attention, Relevance, Confidence, Satisfaction); (4) teacher and student 

response questionnaires in the implementation stage; and (5) STEM-oriented 

Student Worksheets (LKPD) in the evaluation stage. The distribution of dimensions 

and the number of items for each instrument are summarized in Table 1. 

 

Table 1. Summary of Research Instruments 

Instrument Usage Stage 
Number of 

Aspects 

Number of Items 

Teacher Needs 

Analysis 

Questionnaire 

Analysis 7 

 

16 

Student Needs 

Analysis 

Questionnaire 

Analysis 

 
5 

 

17 

Teacher Interview 

Guidelines 

Analysis 

 
6 

 

20 

Expert Validation 

Sheet (Media, 

Material, 

Language) 

Development 3 

 

 

29 (14,7,8) 

 

Learning 

Motivation 
Implementation 4 

 

24 
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Questionnaire 

(ARCS) 

Teacher Response 

Questionnaire 
Implementation 7 

 

18 

Student Response 

Questionnaire 
Implementation 4 

 

8 

STEM-Based 

Student 

Worksheets 

Evaluation 4 

 

12 

 

The teacher needs questionnaire combined a checklist, short-answer items, open-

ended questions, and an attitude scale. The student needs questionnaire used a four-

point Likert scale combined with several checklist items, while the teacher 

interview guide contained open-ended questions to gather more comprehensive 

information. The expert validation sheets (material, media, and language) used a 

five-point Likert scale (5 = Very Good, 4 = Good, 3 = Fair, 2 = Poor, 1 = Very 

Poor) (Effendi et al., 2021 . In contrast, the teacher and student response 

questionnaires and the ARCS motivation questionnaire used a four-point Likert 

scale (4 = Strongly Agree, 3 = Agree, 2 = Disagree, 1 = Strongly Disagree) 

(Erinsyah et al., 2024). The ARCS motivation questionnaire consisted of 24 

statements, 6 for each ARCS dimension, with items 5, 11, 17, and 22 written as 

negative statements (reversed items). The STEM-based LKPD comprised 12 essay 

questions representing the four STEM domains to evaluate students' active 

engagement. The researcher scored the answers with a 0–2 rubric: a score of 2 for 

correct, complete answers consistent with scientific concepts or the play 

experience; 1 for partially correct or incomplete answers; and 0 for incorrect, 

irrelevant, or blank answers. Thus, the maximum LKPD score was 24 points. 

Assessment of written answers on STEM-based worksheets using a graded 

analytical rubric was also carried out in other studies, although with a scoring scale 

of 1–3 (Flamonia et al., 2026). The LKPD grid is presented in Table 2. 

 

Table 2. STEM-Based LKPD Grid 

No STEM aspects Indicator 
Item 

Number 
Number of Items 

1 Science 

Identifying biotic and abiotic 

components; constructing food 

chains; analyzing the impact of 

natural events ( event cards ) on 

organisms; explaining the transfer 

of energy between trophic levels 

 

 

 

 

 

1-4 

4 

2 Technology 

Identify the function of the card 

system as a game controller; apply 

the results of reading system 

instructions to determine the next 

step. 

 

 

 

 

5-6 
2 

3 Engineering 

Designing organism placement 

strategies; correcting strategies 

when card disruptions occur; 

evaluating differences in early and 

late game strategies. 

 

 

 

7-9 

3 
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Data Collection 

 

In the analysis stage, data were collected through observations, teacher interviews, 

and questionnaires for teachers and students to identify learning conditions, 

problems, and the need for learning media on the Harmony in Ecosystems topic 

(Aliifah et al., 2023; WN Sari & Fajrie, 2023). The design stage included designing 

Nest Boardgame, namely drafting the game rules, component storyboards (boards, 

cards, pawns, tokens, and guidebooks), and integrating the STEM approach into the 

game mechanics. In the development stage, the product was built according to the 

design and then validated by eight validators (three media experts, three material 

experts, and two language experts) to assess its appearance, content, and language. 

The validation results served as the basis for revisions before the trials. The 

implementation stage consisted of two trials with 31 fifth-grade students. The 

small-scale trial involved four students as players to obtain initial practicality data 

through student and teacher response questionnaires and to identify technical 

problems for revision. The game was guided by another student as a referee, who 

only supervised the game and did not complete the LKPD, motivation 

questionnaire, or response questionnaire. 

 

The large-scale trial involved the remaining 27 students, including the student who 

had served as the referee in the small-scale trial. They were divided into seven 

groups of four students, and one group lacking a member was completed by a 

student who had already played in another group. The four students from the small-

scale trial no longer played but served as referees who guided the game. In both 

trials, the learning motivation questionnaire was administered twice.  The pre-test 

was administered after a brief simulation of 1-2 rounds of play because the 

questionnaire items inquired about experience with Nest Boardgame , and most 

students had no prior exposure to boardgames and could not be meaningfully 

answered without prior exposure. Consequently, pre-test scores tended to be higher 

than those in the no-exposure condition, narrowing the room for improvement and 

reflecting the shift from initial impressions to full play experience; this is discussed 

in the limitations section. The post-test was administered after students finished the 

game and completed the LKPD and the student response questionnaire. One fifth-

grade teacher completed the teacher response questionnaire in both trials. In the 

evaluation stage, formative evaluation was conducted at every development stage 

to improve the product continuously, including after the small-scale trial as the basis 
for revision before the large-scale trial. Summative evaluation was conducted at the 

end of the study to assess the overall feasibility and effectiveness of the product, 

including through the STEM-based LKPD that students completed after playing 

Nest Boardgame in both trials. 

 

 

     

4 Mathematics 

Calculate and manage 

energy/points; calculate the final 

total score; compare and analyze 

scores between players 

 

 

 

10-12 3 
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Data Analysis 

 

Qualitative data from teacher interviews and open-ended questions in the teacher 

questionnaire were analyzed through three stages, namely data reduction (sorting 

and grouping answers based on similarity of meaning), data presentation in the form 

of categories or themes, and drawing conclusions, which were then used to 

complement and explain the quantitative results. The needs analysis questionnaire 

data were analyzed descriptively as the percentage frequency of responses, while 

the other data were analyzed using quantitative descriptive analysis to assess media 

feasibility, practicality, and student learning motivation with the following 

percentage formula: 

 

P = 
∑ 𝑋

∑ 𝑋𝑚𝑎𝑘𝑠
× 100% ... (1) 

 

where P is the feasibility percentage, ∑X is the total score obtained, and ∑X max is 

the maximum possible score according to each instrument's scale (1–5 for the 

validation sheets, 1–4 for the response and motivation questionnaires, and 0–2 per 

item for the LKPD). Using the same formula for all instruments keeps results from 

different data sources comparable within a 0–100% range. The percentages from 

the expert validation sheets were then interpreted using the categories in Table 3  

(Fadhillah & Octarya, 2023; Nofriza & Zen, 2024; Widyaningrum et al., 2025) . 

 

Table 3. Category Interpretation Percentage 

Percentage (%) Validity Practicality 
Motivation to 

learn 

STEM 

Engagement 

81-100 Very Valid Very Practical Very High Very Good 

61-80 

 

Valid 

 

Practical 

 

High 

 

Good 

41-60 
Fairly Valid 

 
Fairly Practical 

 

Moderate 

 

 

Fairly Good 

21-40 
Invalid 

 
Less Practical 

Low Not Good 

0-20 Very Invalid Impractical Very Low Very Poor 

 

Nest Boardgame was considered feasible for trial if the validation results from all 

three experts (media, material, and language) were at least in the “Valid” category; 

results in the “Fairly Valid” category or below required revision before the 

implementation stage. The media were considered practical if teacher and student 

responses were at least 61% (the “Practical” category) and able to facilitate students' 

STEM engagement if the LKPD score was at least in the “Good” category. Pre-test 

and post-test motivation scores were categorized according to Table 3. The mean 

score and the improvement in learning motivation (normalized gain, N-Gain) were 

calculated using the following formulas: 

 

𝑋̅= 
∑ 𝑋

𝑁
... (2)   g = 

Skor Post−Skor Pre

Skor Maks − Skor Pre
...(3) 
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where X̄ is the mean score, ∑X is the total score obtained, N is the number of 

respondents, and g is the N-Gain value. N-Gain was classified into three categories: 

high (g > 0.7), moderate (0.3 ≤ g ≤ 0.7), and low (g < 0.3)  (Condong et al., 2026). 

High or moderate N-Gain indicates that the media were effective in increasing 

learning motivation, whereas low N-Gain indicates that the improvement was not 

yet optimal and that the media needed further refinement. Differences between pre-

test and post-test motivation scores were tested at a significance level of α = 0.05 

using SPSS. In the small-scale trial (n = 4), the scores were analyzed with the non-

parametric Wilcoxon Signed Ranks Test because the very small sample made it 

difficult to meet the normality assumption. In the large-scale trial (n = 27), the 

normality of the differences between pre-test and post-test scores was first tested 

with the Shapiro–Wilk test. If the data were normally distributed, a paired-samples 

t-test was used; otherwise, the Wilcoxon Signed Ranks Test was used. The 

difference was considered statistically significant when Asymp. Sig. < 0.05. The 

same procedure was applied to each ARCS dimension in the large-scale trial. N-

Gain was not calculated for students who had already obtained the maximum pre-

test score because no room for improvement could be computed. 

 

 

3. Results and Discussion 

 

Nest Boardgame was implemented with fifth-grade students at SD Negeri 008 

Samarinda Ilir through two trials involving 31 students: a small-scale trial with 4 

players and 1 referee, and a large-scale trial with 27 students divided into 7 groups 

of 4 and guided by 4 referees from the small-scale trial. In each trial, students first 

took part in a short 1–2-round simulation and completed the ARCS motivation 

questionnaire as a pre-test, then played the game to completion, and finally 

completed the STEM-based LKPD, the student response questionnaire, and the 

ARCS motivation questionnaire as a post-test. The fifth-grade teacher completed 

the teacher response questionnaire in both trials. Before this implementation stage, 

the product went through needs analysis, design, and expert validation, as described 

below. 

 

Needs analysis promotes data-based learning planning grounded in real needs rather 

than merely following the curriculum's administrative steps (Yulianto, 2026). The 

results showed that IPAS instruction on Harmony in Ecosystems in Grade V was 

still conventional: teachers relied on textbooks and occasionally on learning videos, 

while other visual media such as illustrations and PowerPoint presentations were 

rarely used. This worsens comprehension problems because the material is 

delivered with little visualization and interactivity (Rahmani et al., 2025) . Students 

still had difficulty distinguishing food chains from food webs, understanding the 

reciprocal relationships among plants, animals, and humans, and grasping the 

abstract process of photosynthesis, given that children aged 7–11 are still in the 

concrete operational stage and need concrete visual media to understand abstract 

concepts (Purwanti & Fanani, 2024) . This difficulty is natural because the 

interactions between organisms and the transfer of energy in the food chain cannot 

always be observed directly by students (Pinkan & Yatri, 2026) . In contrast, 

students showed a strong tendency toward active learning: 34.5% preferred learning 
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through play or hands-on practice and 36.4% through pictures or videos, compared 

with only 29.1% who preferred listening to the teacher's explanation. 

Most students had never encountered board games but showed high interest once 

the concept was introduced, in line with findings that systematically designed board 

games increase elementary students' interest and motivation to learn (Aisah et al., 

2024) . Teacher interviews reinforced this finding: student enthusiasm depended 

strongly on the availability of learning media, while the media available at school 

(projectors, videos, teaching aids) were limited in number and variety, and 

unreliable internet access hindered consistent use of digital media. The teacher 

considered board games a suitable alternative because they do not depend on 

technological devices and encourage direct student engagement. These findings 

became the empirical basis for developing the STEM-based Nest Boardgame as an 

alternative medium for the Harmony in Ecosystems topic. 

Based on the needs analysis, the researchers designed Nest Boardgame as a STEM-

based learning medium for the Harmony in Ecosystems topic. The design began 

with drafting the game concept and component storyboards: the main board 

(ecosystem map), player board (organism area), organism tokens, energy tokens, 

score tokens, zone bonus tokens, action cards, and event cards. All components 

were accompanied by a main guidebook and a player guidebook as references for 

running the game. The main board serves as an Ecosystem Map divided into three 

zones with different energy sources and score bonuses: a high-light zone (sunlight 

energy, suitable for producer organisms), a water zone (water energy), and a forest 

zone (nutrient energy, where living things interact). The player board serves as the 

Organism Area, where each player keeps their organism, energy, and score tokens 

and action cards; players can take the role of plants (producers), herbivores, 

carnivores, or decomposers according to the ecosystem's food chain. Figure 1 shows 

the main board and the player board. Organism tokens represent these four roles at 

tiered levels, with scores increasing as levels rise; each player receives 12 organism 

tokens. Energy tokens (light, water, nutrients) function as resources and currency, 

score tokens record points, and zone bonus tokens are awarded to organisms that 

survive until the end of the game according to their zones. Figure 2 shows the three 

types of tokens. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Main Board and Player Board 
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Figure 2. Organism Tokens, Energy, Score, and Zone Bonus 

 

Action cards represent interactions among organisms, such as feeding, competition, 

zone migration, and effects on other organisms. Each player receives 10 action 

cards, played in the third round, with effects that generally last one round unless the 

card states otherwise. Event cards depict natural events or environmental changes 

that can affect all players or specific zones on the ecosystem map; ten cards are 

played once in each five-round cycle, with effects that may benefit or harm players' 

organisms (Figure 3). The main guidebook contains the game's objectives, 

component descriptions, setup steps, gameplay flow, the scoring system, and a 

description of the STEM approach and the science process skills practiced in the 

game, while the player guidebook summarizes the gameplay steps for each player 

(Figure 4). After all components were designed and produced, the researchers 

arranged the overall layout of Nest Boardgame so that every part could be displayed 

as a single, ready-to-use product for the implementation stage (Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Action Cards and Event Cards 

 

 

 

 

 

 

 

 

 

 

Figure 4. Main Guidebook and Player's Guidebook 
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Figure 5. Nest Boardgame Component Design and Layout 

 

Nest Boardgame was designed so that STEM is not merely supplementary content 

but is integrated directly into the game mechanics, so that STEM thinking occurs 

while students play. This aligns with findings that experiential learning through 

game mechanics helps students connect what they learn to the world around them, 

because the consequences of each action encourage a more meaningful 

understanding of cause and effect (Refiyan & Rusdini, 2026). The Science aspect 

is embedded in interactions among organisms, such as the relationships among 

plants, herbivores, carnivores, and decomposers, where students learn to observe, 

identify, and predict the impact if an organism declines or disappears. The 

Technology aspect is reflected in the action-card and event-card system that 

changes game conditions, requiring students to read instructions, follow rules, 

observe changes on the ecosystem map, and adjust their next move. The 

Engineering aspect appears in designing and refining strategies to maintain 

ecosystem balance, including placing organisms, testing strategies, and revising 

them when disruptions occur. The Mathematics aspect is embedded in calculating 

energy use and scores, where students calculate, compare, and manage energy 

before making decisions. 

 

The four STEM aspects are integrated through a game flow that begins with a 

preparation stage followed by five sequential rounds, each with a different focus. 

In the first round, Placing Organisms, which focuses on Engineering and Science, 

students choose placement zones by considering ecosystem relationships among 

plants, herbivores, carnivores, and decomposers. The second round, Increasing 

Levels, emphasizes Engineering and Mathematics as students select which 

organisms to level up based on the benefits gained. The third round, Action Cards, 

focuses on Technology and Engineering, as students read and carry out the card 

instructions and observe their impact on the game. The fourth round, Moving and 

Foraging, integrates Science, Mathematics, and Engineering through moving 

organisms, foraging, and calculating energy gains. The fifth round, Event Cards, 

emphasizes Technology and Engineering by simulating changing conditions such 

as natural disasters that require students to adjust their strategies. After the fifth 

round, students check the player board: if organism tokens remain, the game returns 

to the first round; if all tokens have been used, students count their scores and the 

game ends. Thus, Engineering is present in all five rounds, Science in the first and 

fourth rounds, Mathematics in the second and fourth rounds, and Technology in the 

third and fifth rounds, so that all four STEM domains are experienced repeatedly 

by students throughout the game. The overall flow of the game from start to finish 

is shown in Figure 6. 
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Figure 6. Flowchart ( flow diagram ) Nest Boardgame 

 

The design was then realized as a physical product in the development stage and 

validated by eight expert validators (two language experts, three material experts, 

and three media experts) using a product validation sheet. The data were analyzed 

and converted into percentages to determine the product's feasibility category. The 

overall average of the three validation aspects was in the 81–100% range, 

categorized as Very Valid, meaning that Nest Boardgame is suitable for use in 

learning. The validation results are summarized in Table 4. 

 

Table 4. Summary of Nest Boardgame Validation Results 

 

All three aspects were categorized as Very Valid. This is consistent with previous 

research stating that learning media with validation scores of 81–100 are 

categorized as very valid and very suitable for use in learning (Yuliati & Wibawa, 

2024). Similar results were reported in the development of fifth-grade mathematics 

media using the ADDIE model, which was assessed as very valid by media, 

material, and language experts (Aliyah & Nurafni, 2026). The highest score, for the 

material aspect (96.2%), indicates that the ecosystem content in Nest Boardgame is 

Validation 

Aspects 

Score 

Obtained 
Max Score 

Eligibility 

Percentage 
Category 

Language   

Expert   
74 

80 92.5% 
Very Valid 

 

Material Expert 

 

101 

 

105 

 

96.2% Very Valid 

Media Expert 193 210 91.9% Very Valid 

No 

Yes 

Start Preparation 1. Placing Organisms 

2. Increasing the 

Organism's Level 

3. Action 

Card 

4. Movement & 

Foraging 

5. Event 

Card 

Calculate the 

Score 

The Game is Over 

Start over 

from Round 1 

Check the 

board 

Are all the 

organism 

tokens on the 
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aligned with the learning outcomes of Grade V, Phase C IPAS in the Merdeka 

Curriculum. The media validation score (91.9%) indicates that the physical 

components, from the ecosystem map board and action cards to the pawns and 

guidebook, meet the criteria for good learning media in appearance, readability, and 

ease of use. The language validation score (92.5%) indicates that the language in 

all components is communicative and appropriate for the developmental level of 

fifth-grade students. The validators also gave constructive feedback that served as 

the basis for product revisions. A summary of the feedback and the product changes 

before and after revision is presented in Table 5. 

Table 5. Product Revisions Based on Validator Input 

Before 
Suggestions and 

Feedback 
After 

 

 

 

 

 

 

 

 

 

 

  

 

The Forest Zone on the 

main game board should 

be recolored so it doesn't 

almost blend in with the 

background, perhaps try 

a brighter green. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adding video tutorials 

via QR codes to the 

guidebook, changing the 

guide format into one 

integrated book that 

includes a game flow 

diagram from “start” to 

“finish”, and adding 

explanations about 

STEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Decomposer Action Card 

changes title “Move to 

Dead Material” to 

“Decompose the dead” 

 

 

Revision based on validators' input is an integral part of developing quality learning 

media because it improves the quality of the media to be used. With all validation 

results in the very valid category, Nest Boardgame was declared suitable for trial in 

the implementation stage. Practicality concerns the ease of use and suitability of the 
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media in real classroom learning; if the media are impractical, revisions are needed 

so they can be used optimally. The practicality of Nest Boardgame was assessed 

through response questionnaires completed by the students and one fifth-grade 

teacher after the small- and large-scale trials, while students' STEM engagement 

was measured with the STEM-based LKPD. The results are presented in Table 6. 

 

Table 6. STEM Practicality and Engagement Results 

Indicator 
Small Scale (n 

= 4) 

Category Large Scale (n 

= 27) 
Category 

Student response 

  

90.63% Very Practical 90.16% Very Practical 

Teacher's response 

 

80.56% Very Practical 86.11% Very Practical 

STEM-based 

LKPD 

84.37% Very good 78.85% Good 

   

All student and teacher responses in both trials were in the Very Practical category, 

indicating that Nest Boardgame was easy to use and engaging for students in both 

small and larger groups. Similar positive responses were reported for the Joyful 

Learning -based interactive science multimedia for fourth-grade students, which 

was considered interesting, enjoyable, easy to use, and kept students motivated and 

engaged (Jannah et al., 2025). The increase in the teacher response score in the 

large-scale trial indicates that the improvements made after the small-scale trial, in 

both the clarity of the game instructions and the completeness of the components, 

enhanced the product's practicality from the teacher's perspective. The high positive 

student responses suggest that Nest Boardgame met the four ARCS motivation 

aspects: attention through an engaging board game design, relevance through an 

ecosystem context close to real life, confidence through mechanics that let every 

player contribute, and satisfaction through an enjoyable play experience. 

 

The LKPD results were in the Very Good and Good categories, thus meeting the 

minimum criterion for STEM engagement. The lower result in the large-scale trial 

is understandable because larger groups have a wider range of abilities, whereas the 

small-scale result is more sensitive to individual scores because it involved only 

four students. Learning motivation was measured with an ARCS-based 

questionnaire administered before (pre-test) and after (post-test) the use of Nest 

Boardgame.  

 

In the small-scale trial, student motivation was already in the Very High category 

at the pre-test and remained there at the post-test, with a moderate N-Gain. The 

mean score increased from 80.25 (SD = 8.261) to 90.00 (SD = 4.082) out of a 

maximum of 96. This difference was not statistically significant, which is 

understandable because the sample consisted of only four students, so the test had 

little power to detect differences. Nevertheless, no student's score decreased: three 
of the four students improved and one stayed the same. This positive trend is a 

promising initial indication for proceeding to the large-scale trial. The small-scale 

trial also produced technical feedback on the clarity of the game rules and the 

readability of the cards, which was used for improvements before the large-scale 
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trial. In the large-scale trial, the mean motivation score increased from 79.15 (SD = 

7.639) to 85.22 (SD = 8.341) out of a maximum of 96. The Shapiro–Wilk test 

showed that the score differences were not normally distributed (p = 0.039), so the 

Wilcoxon Signed Ranks Test was used. The result (Z = −3.677; p < 0.001) showed 

a significant difference in learning motivation before and after using Nest 

Boardgame. Of the 27 students, 22 improved, 1 did not change, and 4 declined. 

Analysis by ARCS aspect showed significant increases in attention, confidence, and 

satisfaction, whereas relevance did not increase significantly. The largest increase 

occurred in satisfaction, while attention and relevance showed low-category gains 

because their initial scores were already high.The results of both trials, along with 

the breakdown by ARCS aspect in the large-scale trial, are presented in Table 7. 

 

Table 7. Results of Learning Motivation in the Trial 

Trial 
Pre-test % 

Post-test % 
N-Gain N-Gain 

Category 

Asymp. 

Sig. 

Overall      

Small scale (n 

= 4)  

83.6 

 

93.8 

 

0.52 Moderate 0.109 

Large scale (n 

= 27) 

82.4 

 

88.8 0.36 Moderate < 0.001 

Per Aspect 

ARCS (Large 

Scale) 

     

Attention 84.3 90.0 0.25 Low 0.002 

Relevance 84.4 88.3 0.08 Low 0.099 

Confidence 75.5 83.8 0.36 Moderate < 0.001 

Satisfaction 85.6 93.1 0.53 Moderate 0.001 

 

The increase in motivation in the large-scale trial can be attributed to the 

characteristics of Nest Boardgame. Its competitive yet collaborative nature can 

sustain students' attention, in line with findings that innovative learning media 

increase learning enthusiasm compared with conventional learning (Maharani et al., 

2024). The action-card mechanism, which places students in the real roles of living 

things in an ecosystem, makes learning feel relevant and contextual, in line with 

Refiyan and Rusdini's (2026) findings on experiential learning through games. 

Varied and enjoyable play can also reduce the boredom caused by monotonous 

lectures (Mutia et al., 2025), and board games are generally considered to facilitate 

analytical and collaborative learning and to increase active student engagement 

(Nilasari et al., 2026). From a cognitive development perspective, fifth-grade 

students in the concrete operational stage are more easily motivated by physical, 

interactive learning experiences that involve manipulating real objects (Susanto et 

al., 2024) , so board games as a concrete, manipulative medium fits their 

developmental characteristics. This explanation remains interpretive because the 

study did not directly measure the causes of the increase in motivation. 

 

The results by ARCS aspect give a more detailed picture of which motivational 

elements benefited most. The largest increase, in satisfaction, indicates that 

finishing the game and completing the LKPD gave students a sense of satisfaction 

with their efforts, in line with the ARCS principle that satisfaction arises when 
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learning effort is followed by tangible results (Darmansyah, 2023) . Confidence 

grew from the lowest starting point among the four aspects, indicating that the full 

play experience helped students feel capable of mastering the material and the game 

rules. In contrast, relevance did not increase significantly (p = 0.099). This is 

probably because students began to recognize the link between ecosystem material 

and everyday life during the initial simulation, so further improvement after full 

play was limited. However, a high initial score (84,4%; N-Gain 0,08) this does not 

fully explain these findings because satisfaction also stems from a high initial score 

(85,6%) but showed the greatest increase. This difference suggests that relevance 

is determined more by the content and context of the material on the cards which 

remain unchanged throughout the entire game, unlike satisfaction which is shaped 

by the experience of completing the game. The small sample size (n = 27) may also 

have made the test less sensitive to small improvements. Practically, the design of 

subsequent cards and materials needs to link ecosystems more directly to students' 

surroundings, for example, through examples of local organisms and habitats in 

East Kalimantan on action cards, event cards containing real-life events such as 

floods or fires, and trigger questions that connect events in the game to students' 

daily experiences.  

 

The overall increase in motivation was in the moderate category, not high. One 

reason is that students' initial scores were already in the Very High category, which 

limited room for improvement. Four students' scores also declined, and individual 

factors that might have influenced this, such as their experience during the game, 

were not analyzed in this study. Thus, Nest Boardgame can be considered 

moderately effective in supporting learning motivation overall but does not 

guarantee improvement for every student. Several limitations should be noted. First, 

the pre-test was administered after a brief simulation, so the reported improvement 

reflects a change from initial impressions after the simulation to the full play 

experience rather than from a no-exposure condition; this may also explain the high 

initial scores. Second, six students gave uniform answers to all pre-test items, 

making their responses less consistent; an analysis without these six students still 

showed a significant improvement (Z = −3.500; p < 0.001). Third, the one-group 

pretest-posttest design without a control class makes it impossible to attribute the 

increase in motivation solely to the media, because other factors such as the novelty 

effect and familiarity with the same questionnaire may have played a role. The study 

was also conducted in a single class with a small sample, only one teacher provided 

responses, and the LKPD was scored by the researcher. Future research should use 

a control class, a pre-test without prior exposure, and a larger sample. These 

findings could also be extended to other IPAS topics involving systems and 

interactions, such as the water cycle or changes in the state of matter. 

 

 

4. Conclusion 

 

This study aimed to develop Nest Boardgame as a STEM-based learning medium 

on the Harmony in Ecosystems topic and to test its feasibility for supporting the 

learning motivation of fifth-grade elementary school students. Using the ADDIE 

model, the product was rated very valid by language, material, and media experts 
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and very practical based on student and teacher responses in both trials. LKPD 

achievement was in the good to very good category, indicating that the medium can 

facilitate student engagement in STEM activities. In the large-scale trial, learning 

motivation increased significantly with a moderate improvement category, 

especially in attention, confidence, and satisfaction, so Nest Boardgame was 

considered moderately effective in supporting learning motivation. Thus, the 

research objective was achieved, although the relevance aspect has not increased 

significantly so it still needs to be strengthened in the card design. These findings 

indicate that integrating STEM into board game mechanics can provide an engaging 

alternative IPAS learning medium suited to elementary school students. For 

elementary school teachers, the Nest Boardgame is recommended as a 

reinforcement medium for the Harmony in Ecosystem material by dividing students 

into small groups guided by one referee student, starting with a short simulation to 

introduce the rules, and ending with a STEM-based Student Worksheet. Teachers 

can also add examples of students' surroundings on the cards to strengthen the 

connection of the material to everyday life. Because this study used a single-group 

design with a limited sample, future research should use a control class and a larger 

sample, examine effects on other variables such as cognitive learning outcomes and 

collaboration skills, and extend the medium to other topics and grade levels. 
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