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Abstract
Keywords This research developed and validated the Literacy and Numeracy Skill Development
Literacy Skills (LNSD) framework for integrating science and social studies (IPAS) instruction in
Numerasi Skills elementary schools. Employing the 4D instructional design model (Define, Design,
Learning outcome Development, Disseminate), the study systematically addressed the absence of

pedagogical frameworks combining IPAS content with explicit literacy and numeracy skill
Article History development. The Define phase revealed through literature analysis and teacher interviews
Received 2025-08-14 that existing IPAS instruction lacked systematic literacy-numeracy integration. The Design
Accepted 2025-10-29 phase produced an initial framework adapted from Willison's Research Skill Development

model, comprising distinct literacy and numeracy components with associated instructional

Copyright © 2025 by Author(s). sub-stages. The Development phase engaged three subject matter experts who validated

This is an open access article the framework using Content Validity Index methodology, resulting in consensus on ten

under the CC BY-SA license. instructional sub-stages: four literacy components (Morning Message, Let's Read, Let's
Write, Let's Practice) and six humeracy components (Read, Let's Compare, Let's Observe,
Let's Try, Let's Practice, Reflection). The Disseminate phase implemented the validated
framework with 18 sixth-grade elementary students in Garut Regency, Indonesia. Pre-test
and post-test assessments demonstrated moderate effectiveness, with average scores
increasing from 46.53 to 82.64 (gain = 36.1, N-Gain = 0.66). These findings confirm the
framework's validity and effectiveness in simultaneously developing content understanding
and foundational competencies, offering educators a systematic approach for integrated
elementary instruction that addresses twenty-first-century learning demands.

Literacy and numeracy competencies represent foundational pillars of educational development,
increasingly recognized as essential components across all disciplinary domains in contemporary
education systems (Shanahan & Shanahan, 2012; Snow & Uccelli, 2009). In developed nations, the
integration of literacy and numeracy has extended beyond traditional language and mathematics
instruction to permeate science and social studies education, reflecting a broader understanding of
these competencies as cross-curricular necessities rather than isolated skill sets (Pearson et al., 2010;
Yore et al.,, 2007). The emergence of Science, Technology, Engineering, Art, and Mathematics
(STEAM) studies has catalyzed significant scholarly attention toward literacy and numeracy integration
(Babaci-Wilhite, 2019; Kobayashi, 2019; Quigley et al., 2017). Within this framework, the arts
component can meaningfully represent local culture as an integral aspect of social studies, suggesting
natural synergies between natural sciences and social studies. This interconnection stems from the
overlapping study objects of these disciplines, both of which examine nature and its complex
interactions with human societies.

Despite the recognized importance of integrating literacy and numeracy across disciplines, a
significant gap exists in pedagogical frameworks that systematically combine science and social
studies (IPAS) instruction with deliberate literacy and numeracy skill development (Furner & Kumar,
2007; Lederman & Niess, 1997). Current educational approaches typically treat these elements as
separate instructional objectives, failing to capitalize on the inherent connections between content
knowledge and foundational skills (Czerniak et al., 1999). This fragmentation limits opportunities for
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students to develop integrated competencies that reflect real-world problem-solving demands
characteristic of twenty-first-century challenges (Trilling & Fadel, 2009; Binkley et al., 2012). The
absence of cohesive instructional designs that simultaneously address content mastery and skill
development represents a critical deficiency in elementary education, where establishing these
foundational connections proves most impactful.

To address this pedagogical gap, this research proposes the Literacy and Numeracy Skill
Development (LNSD) framework as an innovative approach to integrated IPAS instruction. The LNSD
framework builds upon the Research Skill Development (RSD) model developed at the University of
Adelaide, Australia (Willison, 2020; Willison & O'Regan, 2007), adapting its core principles to
elementary education contexts. The original RSD framework comprises two interconnected
continuums: facets of inquiry and student autonomy (Willison, 2012). The inquiry facets encompass
six dimensions of student activities including embark and clarify, find and generate, evaluate and
reflect, organize and manage, analyze and synthesize, and communicate and apply. Meanwhile, the
autonomy continuum delineates five developmental levels from prescribed through bounded,
scaffolded, and student-initiated to open research, reflecting progressive independence in learning
activities (Willison et al., 2017).

The adaptation of RSD into LNSD involves strategic modifications to align with elementary
students' developmental capabilities and educational objectives (National Research Council, 2012;
Vygotsky, 1978). Specifically, the LNSD framework refocuses the inquiry facets toward explicit literacy
and numeracy skill development while maintaining the original structure's emphasis on progressive
skill acquisition. Recognizing the cognitive and developmental characteristics of elementary students,
the student autonomy continuum in LNSD encompasses only the first three levels—prescribed,
bounded, and scaffolded—thereby providing appropriate support structures while encouraging
emerging independence (Wood et al., 1976).

Several compelling rationales support adopting RSD as the foundation for LNSD development.
First, RSD has demonstrated remarkable versatility and adaptability across diverse educational levels,
from primary through tertiary education, establishing its robust theoretical foundation (Willison, 2012).
Second, empirical studies have validated RSD's effectiveness in developing various cognitive
competencies, including digital literacy skills, demonstrating its capacity for expansion beyond original
applications. Third, the inquiry facets inherent in RSD align conceptually with literacy and numeracy
competencies, facilitating natural integration of skill development with content instruction (Wellington
& Osborne, 2001). Fourth, the autonomy continuum provides students with structured opportunities
to explore and develop literacy and numeracy capabilities progressively, supporting differentiated
learning pathways (Drake & Burns, 2004).

This study addresses two critical research questions: First, what is the validity of the integrated
literacy and numeracy science learning design developed through the LNSD framework? Second, how
effective is this integrated learning design in improving literacy and numeracy skills among elementary
school students? These questions guide the systematic development and evaluation of a pedagogical
framework that bridges the identified gap between content instruction and foundational skill
development.

The significance of this research extends beyond theoretical contributions to practical
implications for elementary education (English, 2016; Stohlmann et al., 2012). By establishing a
validated framework for integrated IPAS instruction that simultaneously develops literacy and
numeracy competencies, this study offers educators a systematic approach to addressing multiple
learning objectives within cohesive instructional designs. Furthermore, this research responds to the
growing recognition that twenty-first-century education requires integrated approaches that prepare
students for complex, interdisciplinary challenges (Voogt & Roblin, 2012; Honey et al., 2014). The
LNSD framework represents a promising direction for elementary education reform, potentially
enhancing both content understanding and fundamental skill development through purposefully
designed, integrated learning experiences.
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This study employed a Research and Development (R&D) methodology (Richey & Klein, 2014)
utilizing the 4D instructional design model comprising Define, Design, Development, and Disseminate
phases (Thiagarajan, 1974). This systematic approach facilitated comprehensive framework
development from initial needs analysis through classroom implementation, ensuring alignment
between theoretical foundations and practical applications in elementary science and social studies
education.

The Define phase initiated with dual-method needs analysis combining literature review and
field investigation. Literature analysis utilized Publish or Perish software to identify existing research
on IPAS learning, followed by VOSviewer visualization to map relationships between key variables.
Complementing this, structured interviews with two fifth-grade elementary school teachers explored
four dimensions: student interest in IPAS learning, instructional media usage, literacy-numeracy
integration practices, and pedagogical challenges. Interview transcripts underwent qualitative
descriptive analysis involving systematic data reduction, presentation, and interpretation (Hashimoyv,
2015). Building upon these findings, the Design phase synthesized needs analysis results into an initial
IPAS learning framework structured around distinct literacy and numeracy components with
associated instructional sub-stages.

The Development phase engaged three subject matter experts representing science education,
social studies education, and elementary pedagogy, selected via purposive sampling (Moniruzzaman
Sarker & AL-Muaalemi, 2022) based on disciplinary expertise and professional experience. Expert
validation employed Content Validity Index (CVI) methodology (Shrotryia & Dhanda, 2019), applying
established acceptance thresholds: CVI = 1.0 for panels of 2-5 experts, minimum 0.83 for 6-8 experts,
and minimum 0.78 for panels exceeding 9 experts (Lynn, 1986). Each expert independently evaluated
framework components, with convergent judgments retained and divergent assessments prompting
iterative refinement. This validation process yielded consensus on framework validity, producing the
finalized design ready for empirical testing.

The Disseminate phase implemented the validated framework with 18 sixth-grade students
from one public elementary school in Garut Regency, Indonesia, selected through purposive sampling
considering institutional accessibility and administrative cooperation. Although modest in size, this
purposive sample provided adequate preliminary data for effectiveness evaluation in authentic
educational contexts. The research instrument comprised an eight-item learning outcome assessment
measuring students' comprehension of integrated IPAS content incorporating literacy and numeracy
elements. The instrument demonstrated content validity through expert review during the
Development phase, ensuring alignment with framework objectives and cognitive demands
appropriate for elementary students.

Data collection followed a pre-test post-test design, with assessments administered before and
after framework implementation. Learning outcome data underwent quantitative analysis using gain
scores and normalized gain (N-Gain) calculations (Christman et al., 2024), computed as N-Gain =
(posttest score - pretest score)/(maximum score - pretest score). N-Gain values were interpreted
according to standard criteria: high effectiveness (g > 0.70), moderate effectiveness (0.30 < g <
0.70), and low effectiveness (g < 0.30). This analytical approach enabled objective evaluation of
framework effectiveness while controlling for baseline performance variability across participants.

Results
Define Stage

The first stage of this research is the define stage which is the analysis stage. This stage is an
analysis of the needs of the target group (Spatioti et al., 2022) which aims to identify whether or not
there is a gap between the existing conditions in the field and the expected ideal conditions. This
analysis was carried out in two ways, namely literature study analysis and field study.
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Literature Study The literature study in this research regarding science and science learning was
carried out using publish or perish software. The results of search data regarding previous research
articles are shown in the table below:

Table 3 Article Search Data on Publish of Perish

Cites Authors Title Publisher Year
8 (Maun et al, Multimedia Application for Learning ejurnal.unima.ac.id 2022
2022) IPAS Project at Christian Vocational
School 3 Tomohon
22 (Umi Isrotun, Initial Needs for Development of prosiding.stekom.ac.id 2022
2022) Differentiated  Learning  Teaching
Materials Based on Local Wisdom in
Pekalongan Regency for Class IV
School
15 (Friska Dewi & Contextual Teaching and Learning ejournal.undiksha.ac.id 2022
Surya Abadi, Based on Tri Hita Karana Used as an
2022) Elementary School IPAS Learning
31 (Kresnadi et al., Utilization of Chromebooks in Social jurnal.stkippersada.ac.id 2023
2023) IPAS Learning at State Elementary
School 18 Sungai Kakap
35 (Rani & Mujianto, Improving IPAS Learning Outcomes journal.unpas.ac.id 2023
2023) On Energy Transformation Materials
Through Problem Based Learning
Models In Class IV
40 (Lestari et al.,, Development of Video-Based Media in jurnal.umj.ac.id 2023
2023) IPAS Learning on Environmental
Issues in Class V Elementary School
8 (Dani et al., Implementation of Problem Based jonedu.org 2023
2023) Learning (PBL) Learning Model to
Improve Student Learning Outcomes
in the IPAS Subject Topic of Unique
Habits of the Community Around Me,
Grade IV SDN Sukowati Kapas
Bojonegoro
24 (Afifa & Astuti, The Effect of Digital Learning Media jppipa.unram.ac.id 2024
2024) on Motivation and Learning Outcomes
of IPAS
6 (Adhana & Development of Interactive Multimedia jppipa.unram.ac.id 2024
Andriani, 2024) based on Problem-Based Learning to
Improve IPAS Learning Outcomes
1 (Kause et al., Improving IPAS Learning Outcome jurnalfkip.unram.ac.id 2025
2025) using the Problem-Based Learning
Model in Elementary School
1 (Sofwan Roif Transformation of IPAS Learning in Journal of Elementary Education 2025
Ubaidillah et al., Elementary Schools: The Strategic Research and Practice
2025) Role of Digital Media in Improving
Students' Understanding
2 (Rosmawati et Feasibility Study of Daily Test Items Journal of Innovation and 2025
al., 2025) for 5th Grade IPAS Based on Bloom's Research in Primary Education
Taxonomy in Elementary School
1 (Rahmawati et Improving Student Learning Outcomes Journal of Innovation and 2025
al., 2025) in Natural and Sosial Science subjects Research in Primary Education
Through Inquiry Learning Models in
Grade V of Elementary School
5 (Tsaniyyati & Development of Mobile Learning based jppipa.unram.ac.id 2024

Andriani, 2024)

on Problem Solving to Improve IPAS
Learning Outcomes

To determine the position and existence of science research in learning, all articles obtained were
then analyzed using VOSviewer software. The visualization results of this software can be seen in
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Figure 1. Basically, VOSviewer positions variable nodes in a two-dimensional spatial network, where
the strength between nodes is related to the proximity of the locations of the nodes (van Eck &
Waltman, 2014). The closer the relationship between two nodes, the stronger the relationship
between the nodes or the more research related to these two variables is carried out and vice versa.
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Figure 1 VOSviewer in Science Learning

Based on Figure 1, it shows that the IPAS node is not connected to the literacy and numeracy
node. In this case, combining literacy and numeracy frameworks in science and science lessons is a
novelty in this research.

Apart from analysis using literature studies, analysis at this stage also uses field studies
conducted through interviews with two teachers. Table 4 explains the results of interviews with
teachers regarding the implementation of science and technology learning that has been carried out in
elementary schools.

Table 4. Recapitulation of Interview Results

Interview questions Responses of the teachers

Teacher-1 Teacher-2
What is students' interest in Some students are enthusiastic Most students are very enthusiastic
participating in science learning about learning science and about science learning activities,
activities? technology while others tend not to and they tend to want project-

be enthusiastic.

based learning.

What learning media do you often
apply in science learning activities?

Some teachers only use subject
books.

The media that is often used is
subject books from the ministry

Do the science and science learning
activities that you implement
integrate literacy and numeracy?

Have not implemented literacy and
numeracy and still tend not to
know this.

Not yet implementing literacy and
numeracy

What are your difficulties in
facilitating science learning
activities?

Lack of references in science and
science learning

Reference sources are still limited

Based on the define stage, both through literature studies and field studies, it can be seen that

so far, science and technology is a new learning and teachers in the field have difficulty implementing
science and science learning ideally, this is because there are not many references regarding science
and science learning, there has been no research linking science and science learning specifically with
literacy and numeracy. Therefore, further development of integrated science and science learning in
literacy and numeracy is needed.
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Desain Stage
At this stage, an initial design for science and science learning integrated with literacy and
numeracy at elementary school level is carried out as shown in table 5.

Table 5 The initial design of science and science learning integrated literacy and numeracy.

Stage Sub-Stages

Literacy Morning Message
Let's Read

Let's Write

New Word

Let's Practice
Reading Journal
Reflection

Read

Let's Compare
Let's Observe
Let's try

Let's Practice
Reflection

Numeracy

ounnhwNHENOLAWNE

Apart from creating an integrated science and science learning design for literacy and numeracy
at this stage, learning outcomes instruments are also designed. The instrument used in this research
consisted of two questions.

Development Stage

At this stage, the integrated literacy and numeracy science learning design that has been
prepared is validated by three experts, namely science and social studies experts. The expert
validation results are shown in table 6.

Table 6. Validation of the Initial Science Learning Design

Judgment result
Expetl Expet2 Expet3

Stage Sub-Stages Number Value

Literacy Morning Message
Let's Read
Let's Write
New Word
Let's Practice
Reading Journal
Reflection

Numeracy Read
Let's Compare
Let's Observe
Let's try
Let's Practice
Reflection

LR R
LIRS RIX I
LU X L
WWWWwwwWwwrkr wwwww
NN UG G S VI S S SR

Table 6 shows that there has been a revision of the integrated literacy and numeracy science
learning design, namely the deletion of the reading journal because there were two experts who did
not agree on the stages and the let's write and new words stages were combined in 1 stage and the
reflection stages were combined so that the design The end of integrated science and science learning
in literacy and numeracy is shown in table 7.
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Table 7 Final Design of IPAS Learning Integrated with Literacy and Numeracy

Stage Sub-Stages

Literacy 1. Morning Message
2. Let's Read
3. Let's Write
4. Let's Practice
Numeracy 5. Read
6. Let's Compare
7. Let's Observe
8. Let'stry
9. Let's Practice
10. Reflection

Disseminate Stage

The validated science and numeracy integrated literacy and numeracy learning design was then
implemented on 18 students in one of the schools in Garut district. Implementation results are shown
in table 8 below

Table 8. Implementation data

Name Pretest Posttest Gain N-gain

S1 50 87.5 37.5 0.75
S2 37.5 87.5 50 0.8
S3 37.5 87.5 50 0.8
S4 37.5 75 37.5 0.6
S5 50 100 50

S6 50 100 50

S7 37.5 87.5 50 0.8
S8 37.5 87.5 50 0.8
S9 37.5 87.5 50 0.8
S10 50 75 25 0.5
S11 50 75 25 0.5
512 50 75 25 0.5
S13 50 75 25 0.5
S14 62.5 87.5 25 0.67
515 62.5 75 12.5 0.33
S16 50 75 25 0.5
S17 37.5 75 37.5 0.6
518 50 75 25 0.5

Average 46.53 82.64 36.1 0.66

Based on table 6, the average value of student learning outcomes increased by 36.1 from the
pretest value before implementing the integrated literacy and numeracy science and science learning
design of 46.53 to an average posttest value of 82.64. The N-gain value of 0.66 is included in the
medium category.

Discussion

This study developed and validated the Literacy and Numeracy Skill Development (LNSD)
framework for integrated science and social studies (IPAS) instruction in elementary schools, yielding
three principal findings that advance understanding of cross-curricular skill integration. First, needs
analysis revealed a significant research gap wherein IPAS learning has not systematically incorporated
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literacy and numeracy development despite their recognized importance as foundational competencies
(Shanahan & Shanahan, 2012; Pearson et al., 2010). Second, expert validation confirmed the
framework's content validity, with final consensus achieved on ten instructional sub-stages spanning
literacy and numeracy domains. Third, implementation demonstrated moderate effectiveness (N-Gain
= 0.66) in improving student learning outcomes, indicating the framework's practical viability in
authentic classroom contexts.

The identified research gap aligns with broader concerns articulated in STEM integration
literature. Furner and Kumar (2007) and Lederman and Niess (1997) documented persistent
challenges in creating coherent interdisciplinary frameworks, while Czerniak et al. (1999) highlighted
the tendency toward fragmented instructional approaches that treat content knowledge and
foundational skills as separate objectives. The present findings extend these observations specifically
to IPAS contexts, demonstrating through VOSviewer analysis that literacy and numeracy nodes
remained disconnected from IPAS research networks. This disconnection substantiates the novelty of
integrating these elements within a unified framework, addressing what Drake and Burns (2004)
characterized as the absence of cohesive instructional designs capable of simultaneously developing
content mastery and transferable skills.

The successful adaptation of Willison's (2020) RSD framework to elementary contexts represents
a significant theoretical contribution. While the original RSD framework has demonstrated versatility
across educational levels (Willison, 2012), its application to integrated elementary science and social
studies instruction required substantial modifications. Specifically, limiting student autonomy to
prescribed, bounded, and scaffolded levels reflects developmentally appropriate practice consistent
with Vygotsky's (1978) zone of proximal development and Wood et al.'s (1976) scaffolding principles.
This adaptation demonstrates that sophisticated inquiry frameworks can be successfully scaled for
younger learners when appropriately adjusted for cognitive developmental stages, as recommended
by the National Research Council (2012) in their K-12 science education framework.

The moderate N-Gain value (0.66) warrants careful interpretation within broader effectiveness
research. Hake (1998) established that moderate gains indicate meaningful learning improvements,
while Christman et al. (2024) emphasized that normalized gain metrics provide robust indicators of
instructional effectiveness when controlling for baseline performance variability. The present results
compare favorably with similar integrated learning interventions reported in STEM education literature.
Stohimann et al. (2012) and English (2016) documented comparable effect sizes in integrated STEM
implementations, suggesting that cross-curricular approaches may inherently require extended
timeframes to achieve high-level gains as students develop facility with multiple skill domains
simultaneously.

The framework's emphasis on progressive skill development through structured sub-stages
reflects contemporary understanding of literacy and numeracy as disciplinary practices rather than
generic skills (Yore et al., 2007; Wellington & Osborne, 2001). By embedding literacy activities
(Morning Message, Let's Read, Let's Write, Let's Practice) and numeracy activities (Read, Let's
Compare, Let's Observe, Let's Try, Let's Practice, Reflection) within IPAS content, the framework
operationalizes Pearson et al.'s (2010) proposition that literacy and science should function "each in
the service of the other." This integration addresses Trilling and Fadel's (2009) call for instructional
designs that prepare students for twenty-first-century challenges requiring simultaneous application of
content knowledge and foundational competencies.

Several limitations merit acknowledgment. The modest sample size (n=18) and single-school
implementation limit generalizability, necessitating replication across diverse educational contexts.
Future research should examine differential framework effectiveness across varying student
populations and investigate long-term retention of integrated skills. Additionally, while expert
validation established content validity, psychometric analysis of the learning outcome instrument
would strengthen claims regarding assessment reliability. Despite these limitations, this study provides
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empirical evidence supporting integrated IPAS instruction as a viable approach for simultaneously
developing content understanding and literacy-numeracy competencies in elementary education.

This research successfully developed and validated the Literacy and Numeracy Skill Development
(LNSD) framework for integrated science and social studies (IPAS) instruction in elementary schools
through systematic application of the 4D instructional design model. The framework comprises ten
instructional sub-stages organized across literacy (Morning Message, Let's Read, Let's Write, Let's
Practice) and numeracy (Read, Let's Compare, Let's Observe, Let's Try, Let's Practice, Reflection)
domains, demonstrating content validity through expert consensus (CVI = 1.0 for retained
components) and moderate effectiveness in improving student learning outcomes (N-Gain = 0.66).

This study contributes theoretically by adapting Willison's Research Skill Development framework
to elementary contexts, demonstrating that sophisticated inquiry-based models can be successfully
scaled for younger learners through developmentally appropriate modifications. Methodologically, it
addresses the identified research gap by establishing an empirically validated approach for
simultaneously developing content understanding and foundational competencies within integrated
instruction. The framework operationalizes contemporary perspectives on literacy and numeracy as
disciplinary practices embedded within content learning rather than isolated skill sets.

Practical implications suggest that elementary educators can employ this framework to design
coherent IPAS lessons that systematically cultivate literacy and numeracy competencies while teaching
science and social studies content, potentially addressing curriculum integration challenges
documented in prior research. However, several limitations warrant consideration. The modest sample
size (n=18) and single-school implementation restrict generalizability, while the short intervention
duration may underestimate long-term effectiveness. Future research should examine framework
effectiveness across diverse student populations, extended implementation periods, and varied IPAS
content domains. Additionally, investigating specific mechanisms through which integrated instruction
influences literacy and numeracy development would enhance theoretical understanding. Longitudinal
studies examining skill retention and transfer to other academic contexts would provide valuable
evidence regarding sustained learning impacts. Despite these limitations, this study provides
foundational evidence supporting integrated IPAS instruction as a promising approach for elementary
education reform.
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