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Abstract. Persistent misconceptions in foundational science ideas often resist routine 

instruction, undermine knowledge transfer, and remain hidden when assessments capture 

answers but not reasoning. Within Indonesia’s integrated Science–Social Studies 

curriculum (IPAS), such misconceptions can cluster around core topics and shape students’ 

subsequent learning trajectories. This study maps elementary students’ misconception 

patterns across five IPAS topics—Force–Motion, Changes of State, Energy, 

Weather/Water Cycle, and Ecosystems—and translates the findings into design principles 

for instruction. Using an explanatory sequential mixed-methods design, we collected data 

from 204 Grade 4–6 students in three public schools via a locally contextualized two-tier 

diagnostic test and clinical interviews supported by concept cartoons. Instrument quality 

was adequate (mean Aiken’s V = 0.90; internal reliability per topic = 0.71–0.77; inter-rater 

reliability ≥ 0.78). Aggregate responses were distributed as 44.2% scientifically sound, 

28.1% partial, and 27.7% strong misconceptions, with a grade-level trend toward 

improvement. The most persistent hotspots appeared in Ecosystems and Force–Motion. 

Tiered item sensitivity showed a consistent decrease in misconception rates from Q1 

(everyday contexts) to Q4 (diagram/model representations), underscoring the role of 

multiple representations in bridging non-scientific intuitions. Approximately 9–12% of 

responses were false positives, highlighting the need to evaluate reasoning in addition to 

answers. Findings inform operational strategies: eliciting initial ideas with mini two-tier 

items; orchestrating multiple representations and simple empirical evidence within a 5E 

sequence with explicit refutation; and embedding metaconceptual reflection with formative 

assessment attuned to misconception patterns. Limitations include geographic scope and 

non-causal design. Future work should broaden contexts, test instrument invariance, and 

evaluate a 5E–refutation package quasi-experimentally. 
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INTRODUCTION 

Integrated Science and Social Studies (IPAS) at the elementary level plays a strategic role 

in building integrated science and social literacy (Desstya et al., 2024). Aligned with the spirit 

of the Merdeka Curriculum and the Pancasila Student Profile, IPAS guides students to develop 

evidence-based reasoning (Yansah & Zulfadewina, 2024), to understand the close 

interconnections between science, everyday life, and society (Tateo, 2014), and to participate 

actively as responsible citizens (Matsuda, 2009). This orientation fundamentally positions core 

scientific and social concepts as a crucial foundation for informed, contextual decision-making 

across real-world situations. 

In early grades, science–social literacy is nurtured through concrete, hands-on 

experiences such as observing weather changes, planting, sorting waste, and sharing simple 

findings (Moore-Hart et al., 2004). As students’ cognition develops in upper grades, these 

experiences grow into more complex capacities, including constructing simple, data-supported 

arguments, comparing alternative solutions to problems, and predicting social–environmental 

consequences of actions (Kuhn & Pease, 2008). Thus, IPAS functions not only as a subject but 
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also as an essential vehicle for 21st-century skills, including critical reasoning, collaboration, 

effective communication, and creativity (Fitriyanti et al., 2025). 

However, the classroom implementation of IPAS faces significant challenges (Rahmani 

et al., 2025). Many key IPAS concepts—such as force and motion, changes of state, energy, the 

water cycle, and ecosystems—are not directly observable and tend to be abstract for elementary 

students. Without appropriate and concrete representational bridges, students often form 

intuitive explanations that are incorrect or misaligned with scientific concepts (Guzzetti, 2000). 

In the social domain, reasoning about complex cause–effect relations within socio-

environmental systems frequently exceeds young learners’ personal experiences and initial 

cognitive capacities (Assaraf & Orion, 2010). 

Heterogeneity in cognitive readiness and limited scientific vocabulary further heighten 

the risk of conceptual misunderstanding (Suprapto, 2020). Common everyday expressions such 

as “clouds break” or “energy runs out” can inadvertently reinforce misconceptions if not 

addressed through careful instructional design, including precise language, appropriate 

visualizations, and manipulatives that bridge understanding. In addition, limited teaching aids, 

loosely structured student worksheets, and constrained access to information and 

communication technology often restrict opportunities for deep inquiry (Putriyani et al., 2024). 

Teaching practices still emphasizing broad content coverage and summative assessment tend to 

promote lecturing and rote practice. Such patterns make it difficult for teachers to surface 

students’ initial ideas, induce productive cognitive conflict, or conduct formative assessments 

sensitive to specific misconception types (Haug & Ødegaard, 2015). As a result, conceptual 

misunderstandings often go undetected early on, becoming more resistant and harder to change 

later. 

Misconceptions are defined as erroneous understandings that students believe to be true 

and that are relatively stable—not merely ignorance or conceptual gaps. They can arise from 

multiple sources, including non-scientific intuitive experiences, ambiguous language, analogies 

applied without clear boundaries, and overly abstract presentations (Coley & Tanner, 2012; 

Suprapto, 2020). Common examples among elementary students include beliefs that objects 

require continuous force to keep moving (Sari et al., 2019), that mass “disappears” during 

evaporation (Stavy, 1991), that heat is identical to temperature (Sullivan & Edmondson, 2008), 

that rain occurs because “clouds break” (Brewer, 1952), and that food chains are linear without 

recognizing the central role of decomposers (Mougi, 2020). 

The consequences of misconceptions are layered and detrimental. For students, they 

hinder the development of coherent, structured conceptual schemas (Kuczmann, 2017), reduce 

the transfer of knowledge across contexts (Argote & Ingram, 2000), and trigger repeated 

failures in advanced topics that depend on basic conceptual understanding (Lima et al., 2019). 

For teachers and schools, undetected misconceptions misdirect instructional strategies, render 

summative assessments less representative of true understanding, and ultimately weaken a 

classroom culture of inquiry (Lakin & Wallace, 2015). Early identification and targeted 

intervention are therefore essential prerequisites for improving IPAS instructional quality. 

Reliable detection of misconceptions requires instruments that assess not only answers 

but also the underlying reasoning (Hirsch & O’Donnell, 2001). Two-tier diagnostic tests (Tsui 

& Treagust, 2010) assess concept choice in Tier 1 and reasoning in Tier 2, enabling answer–

reason patterns to reveal specific misconceptions. Three-tier variants even add confidence 

ratings (Ardiansah et al., 2018). These approaches can be complemented by clinical interviews, 

concept cartoons, concept mapping, and misconception-based distractors in multiple-choice 

items. Item analysis and, where feasible, Rasch modeling can further strengthen validity and 

reliability evidence. 

Internationally, studies have mapped consistent misconception patterns on topics such as 

force and motion (e.g., Métioui & Trudel (2021)), matter and changes of state (e.g., Crespo & 

Pozo (2004)), energy (e.g., Dib (2013)), weather/water cycle (e.g., Halidullin et al. (2018)), and 

ecosystems (e.g., Fernandez et al. (2016)), including impetus-like reasoning (Madsen et al., 

2015). In Indonesia, similar findings have been reported from elementary to lower secondary 
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levels, highlighting the roles of everyday language, imprecise textbook illustrations, and limited 

practical work as reinforcing factors (Chiu, 2007). 

Nevertheless, important gaps remain in the Indonesian context. Comprehensive mapping 

of misconception patterns across key IPAS topics that integrate science and social dimensions 

within the Merdeka Curriculum remains limited; many studies focus on a single science topic 

(e.g., Desi et al. (2025) and Waseso et al. (2024)). The need for Indonesian-language, locally 

contextualized two-tier diagnostics (e.g., dialect, culture, local examples) is also not fully met. 

Moreover, comparative data across grade levels (e.g., Grades 4–6), school types, and student 

characteristics are scarce for constructing locally grounded learning progressions. 

This study addresses these gaps with two main contributions. First, it systematically maps 

Indonesian elementary students’ misconception patterns across five key IPAS topics—force and 

motion, changes of state, energy, weather/water cycle, and ecosystems—using a two-tier 

diagnostic test developed and validated in context. Second, it translates these patterns into 

operational pedagogical recommendations aligned with the Merdeka Curriculum, including a 5E 

learning sequence emphasizing elicitation of prior ideas, cognitive-conflict prompts, explicit 

refutation, multiple representations, and mini two-tier formative checks to monitor shifts in 

misconceptions over time.  

The novelty of this study lies in its integrated cross-topic focus spanning science and 

social domains, the use of linguistically and culturally contextualized two-tier instruments, and a 

direct bridge from misconception maps to classroom-applicable instructional design. The 

urgency is driven by the need to strengthen students’ science–social literacy and to ensure that 

the Merdeka Curriculum is implemented on a robust conceptual foundation from the earliest 

grades. 

Research objectives are: (1) to map students’ misconception pattern profiles across five 

key IPAS topics and identify the most prevalent specific misconceptions; (2) to translate these 

findings into specific, contextualized, and operational instructional strategies and formative 

evaluations to measurably reduce misconception proportions; and (3) to generate actionable 

empirical evidence for teachers to improve IPAS instructional practice in elementary 

classrooms, strengthen students’ conceptual foundations, and ultimately enhance science–social 

literacy sustainably. 

RESEARCH METHODS 

This study employed an explanatory sequential mixed-methods design (Acquah et al., 

2021). The quantitative phase mapped the prevalence and patterns of misconceptions across 

IPAS topics, while the qualitative phase (clinical interviews supported by concept cartoons) 

probed the reasoning structures underlying response patterns, validated interpretations of the 

quantitative findings, and enriched the pedagogical recommendations. Integration occurred at 

the interpretation stage through joint displays and meta-inferences to bridge misconception 

maps with instructional design implications (Guetterman et al., 2015). The study was conducted 

in three public elementary schools in Sukabumi Regency (pseudonymized as SDN-A, SDN-B, 

SDN-C) with participants from Grades 4, 5, and 6. Quantitative sampling was purposive 

(Memon et al., 2024) via principal and teacher networks, with inclusion criteria: (a) active 

enrollment in Grades 4–6, (b) willingness to complete the diagnostic test, and (c) 

parental/guardian consent. The qualitative sub-sample was selected using purposive maximum 

variation based on quantitative response patterns (strong misconception, partial, scientifically 

sound) and expanded via snowballing as needed to achieve adequate variation. 

The primary instrument was an Indonesian two-tier diagnostic test locally contextualized 

for five key IPAS topics: force and motion, changes of state, energy, weather/water cycle, and 

ecosystems (Ningroom et al., 2025). Each topic comprised four tiered items (Q1–Q4): Q1 

elicited common intuitive ideas that often trigger misconceptions, followed by Q2–Q4 varying 

contexts/representations to assess the stability of students’ explanatory schemas (Herrmann-

Abell & DeBoer, 2011). Tier 1 (conceptual) consisted of four-option multiple-choice items with 

distractors derived directly from misconceptions documented in the literature (Shin et al., 2019). 
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Tier 2 (reasoning) offered targeted rationale options mapping misconception types, plus an 

“other reason, specify” option for brief open-ended responses (Haslam & Treagust, 1987; 

Kamcharean & Wattanakasiwich, 2014). A confidence rating was provided as an optional Tier 3 

for exploratory purposes but was not a focus of the main analyses (Yousefi et al., 2024). The 

qualitative instrument was a clinical interview protocol using concept cartoons that juxtaposed 

scientific and intuitive explanations in local contexts to stimulate reasoning, clarify terminology, 

and explore conceptual boundaries (Kruit & Bredeweg, 2020). 

Data collection proceeded in two phases: a classroom-based two-tier diagnostic test 

(approximately 35–45 minutes) emphasizing Tier-2 reasoning, followed by individual clinical 

interviews (approximately 10–15 minutes) with a selected sub-sample based on response 

patterns. Two-tier test scoring classified Tier 1 as correct/incorrect and Tier 2 as 

scientific/misconception/partial, then combined categories into “scientifically sound,” “partial,” 

or “strong misconception” (including false positives), guided by an operational rubric. 

Instrument quality was established via content validity (Aiken’s V ≥ .80), internal reliability 

(Cronbach’s alpha per topic), and inter-rater reliability (Cohen’s kappa/Krippendorff’s alpha ≥ 

.70) for Tier-2 coding and combined categorization, alongside item analysis (difficulty, 

discrimination, distractor functioning).  

Quantitative data were analyzed for category proportions by topic/grade (with 95% CIs), 

trend tests, and exploratory multilevel logistic models for clustering effects; qualitative data 

were analyzed using directed thematic analysis with triangulation and double-coding. 

Quantitative and qualitative findings were integrated through joint displays to formulate meta-

inferences and operational pedagogical recommendations. All procedures adhered to research 

ethics (permissions, informed consent, data anonymization). Given purposive sampling and 

limited geographic scope, generalizability is constrained; findings are positioned as contextual 

mapping. Detailed instruments, rubrics, and the codebook are provided in the appendix for audit 

and replication. 

RESULTS AND DISCUSSION 

Overview 

This study collected data from 204 Grade 4–6 students across three public elementary 

schools (pseudonyms: SDN-A, SDN-B, SDN-C). Grade-level composition was balanced and 

gender was relatively even, ensuring that emerging patterns were not dominated by any single 

group. All students completed 20 two-tier items across five IPAS topics, yielding 4,080 

responses for quantitative analysis, alongside 36 clinical interviews to probe reasoning behind 

answers. Tables 1 and Table 2 confirm the balanced sample profile as context for interpreting 

the findings. 
 

Tabel 1. Sample distribution by school and grade (n = 204) 

School Grade 4 Grade 5 Grade 6 Total 

SDN-A 24 23 22 69 

SDN-B 23 22 22 67 

SDN-C 23 23 22 68 

Total 70 68 66 204 
 

Tabel 2. Gender composition by grade 

Grade Male Female Total 

Grade 4 34 (48.6%) 36 (51.4%) 70 

Grade 5 33 (48.5%) 35 (51.5%) 68 

Grade 6 33 (50.0%) 33 (50.0%) 66 

Total 100 (49.0%) 104 (51.0%) 204 
 

Instrument quality 

Before interpreting outcomes, instrument credibility was established. Content validity 

was high, internal reliability per topic was adequate, and Tier-2 reasoning codes were consistent 

across raters. A summary appears in Table 3. 
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Table 3. Instrument quality summary 

Aspect Summary result 

Content validity (Aiken’s V, 20 items) Mean 0.90 (range 0.86–0.94) 

Internal reliability (alpha) Force–Motion 0.74; Changes of State 0.77; Energy 0.71; 

Weather/Water Cycle 0.73; Ecosystems 0.76 

Inter-rater reliability (open Tier-2) Cohen’s kappa 0.78; Krippendorff’s alpha 0.80 

Item functioning Moderate difficulty, good discrimination; misconception-

based distractors functioning 

Rasch (exploratory) Most item infit–outfit 0.7–1.3 
 

Category distribution: overall picture 

Aggregated responses fell into three categories: scientifically sound 44.2%, partial 28.1%, 

and strong misconception 27.7%. Thus, over one-quarter of responses were still supported by 

relatively stable, incorrect explanatory schemas. Grade-level trends showed progressive 

improvement (Table 4). 
 

Table 4. Category distribution by grade 

Category Grade 4 Grade 5 Grade 6 

Scientifically sound 39.1% 43.4% 49.0% 

Partial 28.4% 29.6% 27.9% 

Strong misconception 32.5% 27.0% 22.8% 
 

Narratively, Table 4 shows two things: first, a consistent increase in “scientifically 

sound” from Grade 4 to Grade 6; second, “strong misconception” decreases by about ten 

percentage points between Grade 4 and Grade 6, indicating that cumulative instructional 

exposure and learning experiences help consolidate conceptual schemas. 
 

Topic hotspots 

By topic, the two most challenging areas were Ecosystems and Force–Motion. These 

topics had the highest proportions of “strong misconception” and the lowest “scientifically 

sound” compared with other topics. Changes of State showed relatively stronger understanding. 

See Table 5. 
 

Table 5. Category distribution by topic 

Topic Scientifically sound Partial Strong misconception 

Force–Motion 42.1% 27.1% 30.8% 

Changes of State 47.9% 27.3% 24.8% 

Energy 44.6% 28.5% 26.9% 

Weather/Water Cycle 43.6% 27.7% 28.7% 

Ecosystems 39.2% 27.9% 32.9% 
 

This pattern aligns with the conceptual nature of items: unobservable processes (e.g., 

particles, energy flow) and system structure (e.g., food webs, decomposers) tend to trigger 

persistent intuitive explanations. 
 

Item sensitivity across Q1–Q4 

The tiered item-writing strategy (Q1–Q4) functioned as designed. Q1—constructed with 

everyday contexts to elicit intuitive ideas—showed the highest share of “strong misconception.” 

As contexts and representations varied in Q2–Q4, that proportion declined consistently. Table 6 

summarizes the downward trend in “strong misconception” (percent) by topic. Note: the table 

below reports Q1–Q3 where data were available. 
 

Table 6. Strong misconception rates (%) by item tier 

Topic Q1 Q2 Q3 

Force–Motion 55 41 33 

Changes of State 47 35 29 

Energy 49 34 25 

Weather/Water Cycle 52 38 30 

Ecosystems 58 43 36 
 

The sharpest drops occurred when representation shifted from verbal narratives to 

diagrams and models (e.g., force and friction sketches for Force–Motion; particle models for 
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Changes of State; condensation–coalescence sequences for Weather/Water Cycle; and explicit 

matter–energy flow diagrams positioning decomposers for Ecosystems). This underscores the 

centrality of representational support in bridging everyday intuition and scientific concepts. 
 

Quality of reasoning and false positives 

Combined Tier-1 and Tier-2 analyses identified approximately 9–12% “false positives”: 

students selected the correct Tier-1 answer but provided Tier-2 reasoning that contained a core 

misconception. This occurred most often in Energy and Weather/Water Cycle. In classroom 

terms, a correct answer does not necessarily signal a robust conceptual schema; teachers should 

check reasoning to ensure genuine conceptual change. 
 

Qualitative insights: how students’ reason 

Clinical interviews clarified the reasoning structures behind the numbers. In Force–

Motion, students often analogized force as the “fuel” of motion; when pushing stops, “speed 

runs out.” Visualizing friction helped correct parts of this reasoning but did not automatically 

break the assumption that a continuous push is required. In Changes of State, “vapor 

disappears” was used to explain the lack of visible gas; a closed-system demonstration helped 

students state “the mass stays the same,” though confusion between heat and temperature 

persisted. In Energy, flow to the environment was treated as “lost” rather than transformed; 

energy-flow diagrams shifted narratives toward “converted to heat,” yet understanding of 

efficiency and “waste” energy remained weak. In Weather/Water Cycle, the “clouds break” 

idiom was deeply ingrained; visual sequences of condensation helped, but metaphorical 

phrasing still surfaced. In Ecosystems, many perceived food chains linearly and placed 

decomposers outside the system; concept cartoons featuring organic remains reinstated 

decomposers’ roles, but generalizing to food webs required further facilitation. 

This study maps elementary students’ misconception patterns across five key IPAS topics 

and reveals three consistent patterns. First, the proportion of strong misconceptions remains in 

the range of roughly one-quarter to one-third of responses, with a clear improvement trend 

across grade levels. Second, tiered item sensitivity (Q1–Q4) shows that intuitive ideas most 

readily surface in everyday contexts (Q1) and can be attenuated through variation in 

representations and contexts (Q2–Q4). Third, approximately one in ten responses are false 

positives—correct answers supported by misconception-based reasoning—underscoring the 

importance of assessing reasoning rather than end answers alone. Substantively, the most 

persistent hotspots are Ecosystems and Force–Motion, followed by Weather/Water Cycle; 

Changes of State is relatively stronger, though non-observable aspects (gas phase, conservation 

of mass) still pose challenges. 

Overall, these findings align with classic international misconception maps: impetus-like 

theories in force–motion, errors about conservation of matter during phase change, energy 

conceived as something that is “used up,” the “clouds break” metaphor, and linear food-chain 

modeling that sidelines decomposers (Mougi, 2020; Zou et al., 2016). In Indonesia, prior studies 

at elementary to lower secondary levels have reported similar patterns, reinforced by linguistic 

idioms, textbook illustrations, and limited practical/representational experience (Ert et al., 

2014). The novelty of this study lies in three contributions: cross-topic mapping across five 

domains within a single, consistent design; integrated quantitative–qualitative data that trace 

reasoning behind answers (not just prevalence); and a systematic test of representational 

sensitivity (Q1–Q4) showing how varied forms of representation progressively reduce 

misconception intensity. In addition, the false-positive finding corroborates longstanding 

cautions in conceptual assessment research that correct answers are not synonymous with robust 

conceptual understanding (e.g., Haslam & Treagust (1987) dan  Hirsch & O’Donnell (2001)), 

strengthening the case for two-tier classroom assessment. 

Cognitively, both Ecosystems and Force–Motion demand systemic relations and 

intermediate-level reasoning that are not yet fully developed for many elementary students. In 

Force–Motion, the idea of “force as the fuel of motion” is an adaptive intuitive schema 

grounded in daily experience (push–move; stop pushing–slow/stop) and reinforced by the 

everyday neglect of friction (Ma & Rodriguez, 2018). Without explicit representations of 

http://creativecommons.org/licenses/by-sa/4.0/


Yaman, Ayi Abdurahman, Dewanta Arya Nugraha, Nuris Fattahillah 
Analyzing Elementary Students' Misconception Patterns in Key Science and Social Studies (IPAS) Topics: Implications for 

Instructional Design 

Prima Magistra: Jurnal Ilmiah Kependidikan Volume 6, Number 3, Juli 2025, pp 459-470 

Copyright (c) 2025 Yaman, Ayi Abdurahman, Dewanta Arya Nugraha, Nuris Fattahillah. This work is 

licensed under a Creative Commons Attribution-ShareAlike 4.0 International License. 
465 

friction, inertia, and the distinction between force and velocity, this schema can persist even 

when answers become correct in particular contexts. In Ecosystems, students struggle to 

integrate two threads: energy flow (unidirectional and degrading) and matter cycling 

(circulating through producers–consumers–decomposers). Textbooks and classroom practices 

that emphasize simple “chains” often fail to foreground food-web structure and decomposers’ 

role in closing matter cycles (Samanta et al., 2019). This study shows that when webs and 

decomposer roles are visualized with local contexts (organic remains/soil), some students revise 

their ideas, but generalization remains weak—signaling the need for richer, repeated 

experiences. 

The downward pattern in strong misconceptions from Q1 to Q4 underscores the 

importance of layered representational design. Everyday narratives activate intuitive schemas; 

force diagrams condition the differentiation of force versus velocity; particle models support 

reasoning about phases and conservation; process sequences help map condensation–

coalescence; and matter–energy flow schematics place decomposers explicitly. These results are 

consistent with literature on representational competence and dual coding, which shows that 

shifting modes of representation can facilitate the reorganization of conceptual schemas (Amin, 

2017). However, representational variation alone is insufficient; affectively safe cognitive 

conflict and explicit refutation that ties evidence to scientific concepts are necessary. Clinical 

interviews indicated that students were willing to reconsider when visual/experiential evidence 

was presented in sequence and teachers guided the reasoning rather than merely providing 

answers. 

Qualitative findings reinforce the role of everyday language and local idioms as 

misconception amplifiers, notably “clouds break” and “energy runs out.” While idioms aid 

communication, they bind inappropriate causal schemas. In the elementary IPAS context, 

guided translanguaging—starting from students’ language and bridging to scientific 

terminology via analogies with explicit constraints—can reduce distortion (Clement, 1993). 

This requires task designs that focus students on mechanism (how and why) rather than surface 

labels. 

These findings align with the Merdeka Curriculum’s emphasis on meaningful 

understanding, formative assessment, and differentiation. Practically, three implications stand 

out. First, eliciting prior ideas should be an instructional routine, for example through mini two-

tier prompts at the start of a unit. Second, core activities should orchestrate multiple 

representations and simple empirical evidence (micro-experiments, simulations/visualizations) 

within a 5E sequence with refutation. Third, lesson closure should include metaconceptual 

reflection—why initial answers seemed plausible, what evidence shifted thinking, and how to 

generalize to other contexts. The presence of false positives indicates that formative rubrics 

should score reasoning, not just answers, and use feedback keyed to specific misconception 

patterns. 

From a conceptual change perspective, the Q1→Q4 pattern can be read as a form of 

fragile convergence: reduced misconceptions in certain contexts without stable schema 

reorganization (Gouvea & Simon, 2018). From a knowledge-in-pieces perspective, student 

responses reflect the activation of context-sensitive p-prims/heuristics; certain representations 

deactivate/mute problematic p-prims and activate more appropriate reasoning (Fotou & 

Abrahams, 2016). Integrating these perspectives helps design interventions: rather than merely 

“correcting” facts, instruction should reconfigure activation conditions and provide experiences 

that strengthen cross-context conceptual coherence. 

The false-positive rate (approximately 9–12%) underscores that single-tier tests risk 

overestimating understanding. In classroom practice, mini two-tier formative assessments can 

be routinized: simple items with targeted reasons and an “other reason” option to capture 

diverse reasoning. Confidence ratings, used judiciously, can also help map “fragile zones” 

where correct answers co-occur with low confidence or inconsistent reasons (e.g., Ardiansah et 

al. (2018) dan Tsui & Treagust (2010)). At the school level, item banks keyed to specific 
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misconceptions—standardized at least for content validity and internal reliability—can improve 

the quality of formative assessment across classes. 

Although the analysis did not find consistent gender differences after controlling for 

grade and school, between-class variation indicated that discussion practices using 

images/diagrams correlated with reduced misconceptions on representation-heavy items. This 

suggests a need for differentiation based on representational access: students with lower text 

literacy may benefit from visualizations and manipulatives; students with limited scientific 

vocabulary require explicit language bridges. Within the Pancasila Student Profile framework, 

collaborative practices and evidence-based argumentation can modulate readiness differences 

without diluting conceptual targets (Lidinillah et al., 2024; Ndari et al., 2024). 

These interpretations should be read in light of design limitations. First, schools were 

limited to one regency with purposive sampling; generalization warrants caution. Second, 

although reliability and content validity were adequate, the instrument has not been tested for 

broader invariance (e.g., Rasch DIF across schools/grades) (Józsa et al., 2023). Third, the design 

does not test instructional causality; Q1→Q4 findings are diagnostic rather than evaluative of 

instructional impact. Future work should expand regional coverage; test multilevel models with 

larger samples; develop and trial a 5E–refutation package grounded in these findings via quasi-

experimental designs; and examine translanguaging and multimodal literacy in sustainably 

reducing misconceptions. 

Building on the identified misconception map, the following recommendations can be 

implemented directly in elementary IPAS classrooms. First, use a 3–5 minute two-tier starter at 

unit launch to elicit prior ideas and map false-positive risk. Second, design activity sequences 

that orchestrate topic-appropriate multiple representations: force sketches and friction 

experiments (Force–Motion); particle models and closed systems (Changes of State); energy-

flow diagrams and transformation-tracking tasks (Energy); visual sequences of condensation–

coalescence (Weather/Water Cycle); and explicit food webs positioning decomposers, paired 

with soil/compost sampling (Ecosystems). Third, conduct structured metaconceptual reflection 

at the end of the cycle and use mini two-tier formative checks to monitor conceptual shifts. 

Overall, this study contributes at two levels. At the practice level, it provides a cross-topic 

misconception map readily translatable into instruction and formative assessment that are 

sensitive to students’ reasoning. At the school/curriculum level, it underscores the urgency of 

supporting contextualized Indonesian two-tier instrument development and strengthening 

teacher capacity in multiple-representation design and facilitation of evidence-based 

argumentation. In this way, Merdeka Curriculum implementation for IPAS can proceed from 

empirical evidence that maps students’ conceptual schemas, rather than assumptions alone (Desi 

et al., 2025; Sri Hartuti et al., 2024). 

CONCLUSIONS AND SUGGESTIONS 

This study confirms that misconceptions in key IPAS topics at the elementary level 

remain relatively high and persistent, particularly in Ecosystems and Force–Motion. Although 

there is improvement across grade levels, roughly one quarter of responses are still supported by 

flawed reasoning, and the proportion of false positives indicates that correct answers are not 

synonymous with robust understanding. Tiered evidence from Q1 to Q4 shows that varying 

representations and contexts systematically reduces misconception intensity, underscoring the 

importance of instructional designs that orchestrate multiple representations, introduce 

cognitively safe conflict, and employ explicit refutation. 

Practically, teachers are advised to integrate elicitation of prior ideas using mini two-tier 

items; facilitate evidence-based activities with appropriate visualizations (for example, particle 

models, energy-flow diagrams, and food webs that explicitly position decomposers); and close 

lessons with metaconceptual reflection that evaluates reasoning rather than answers alone. At 

the school level, priorities include developing a contextualized Indonesian-language two-tier 

item bank and providing teacher training in representational literacy and evidence-based 

argumentation. Limitations include a narrow geographic scope, purposive sampling, and the 
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absence of causal tests of instructional interventions. Future studies should broaden contexts, 

test instrument invariance, and evaluate a 5E–refutation intervention package using quasi-

experimental designs to ensure sustained reductions in misconceptions. 
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