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Abstract: This study aimed to develop and evaluate a Two Stay Two Stray (TSTS)-
integrated digital flipbook electronic worksheet (E-LKPD) designed to enhance 
mathematical problem-solving abilities among eighth-grade students. Employing the 
Plomp research and development model, the product underwent systematic expert 
validation, iterative usability testing, and classroom-based field evaluation. Results 
indicated that both the teaching module and E-LKPD achieved "Very Valid" status, with 
mean validity scores of 3.47 and 3.54 respectively across content, instructional design, 
graphics, and language dimensions. Practicality assessments yielded "Very Practical" 
ratings: 90% for the teaching module and 84.26% for the E-LKPD during field testing. 
Effectiveness was demonstrated by 80% of students achieving mastery on a mathematical 
problem-solving assessment, surpassing the predefined 65% success threshold. These 
findings confirm that integrating the structured TSTS cooperative learning protocol 
within an interactive digital flipbook format can effectively support the development of 
mathematical problem-solving competencies. The developed product offers a scalable, 
curriculum-aligned instructional resource that bridges cooperative pedagogy with 
technology-enhanced learning. 
 
Keywords: Digital flipbook; Electronic worksheet; Mathematical problem-solving; Two 
stay two stray 

  

Introduction  
 
Mathematical problem-solving is widely 

recognized as a cornerstone of 21st-century education, 
essential for fostering critical thinking, logical reasoning, 
and the ability to navigate complex, real-world scenarios 
(Ng et al., 2026; Osman et al., 2026; Taar & Palojoki, 
2022). Despite its centrality in curriculum frameworks 
worldwide, empirical evidence consistently reveals a 
significant gap in students’ problem-solving 
competencies (Hambach et al., 2016; Kanamori et al., 
2023; Wicaksono & Korom, 2025). In Indonesia, recent 
international assessments such as PISA 2022 indicate 
that learners struggle substantially with tasks requiring 
analytical reasoning, strategic planning, and contextual 
application of mathematical concepts (Jeong et al., 2025; 
Joshi & Khanal, 2025; Kastorff et al., 2025). Classroom 
observations and preliminary diagnostic assessments 
further corroborate this trend, showing that students 

often rely on rote procedures, exhibit difficulty in 
identifying relevant information, and lack confidence 
when confronted with non-routine problems. These 
challenges are frequently exacerbated by traditional, 
teacher-centered instructional approaches and the 
limited availability of interactive, context-rich learning 
materials that actively engage learners in the problem-
solving process (Arani, 2025; Haritas & Harini, 2025; 
Rezai et al., 2025). 

Addressing this pedagogical gap requires 
instructional designs that simultaneously promote 
collaborative knowledge construction, metacognitive 
strategy use, and technological accessibility (Fardella et 
al., 2024; Li et al., 2026; Ofem et al., 2026; Shahab & Barak, 
2026; Sun et al., 2026). The Two Stay Two Stray (TSTS) 
cooperative learning model offers a structured 
framework that naturally aligns with the stages of 
mathematical problem-solving (Apriakanti et al., 2020; 
Firman et al., 2020; Huda et al., 2020). By systematically 
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rotating group members to share, compare, and refine 
solution strategies, TSTS encourages active discourse, 
peer scaffolding, and the explicit articulation of 
reasoning—key processes in developing robust 
problem-solving skills (Rahayu et al., 2020; Sabrina et al., 
2020; Silalahi & Sary, 2020). Concurrently, the 
integration of digital technologies into learning 
resources has emerged as a viable pathway to enhance 

student engagement and support self-regulated learning 
(Kumar Karanam & Hartman, 2025; Yordanova & 
Shotarov, 2026; Zoubir et al., 2026). Digital flipbook-
based electronic student worksheets (E-LKPD) provide 
dynamic, multimedia-rich environments that can be 
accessed across devices, feature interactive prompts, and 
deliver immediate feedback (Lufri et al., 2021; Sujinah & 
Yanah, 2024; Sumarmi et al., 2021). However, the 
synergistic potential of embedding a structured 
cooperative model like TSTS within a purpose-built 
digital flipbook remains underexplored, particularly 
within the flexible, student-centered demands of 
contemporary curriculum reforms such as Indonesia’s 
Kurikulum Merdeka (Harahap & Sulasmi, 2026; 
Indrayadi & Alta, 2025; Kumayas et al., 2025). 

To bridge this gap, the present study focuses on the 
design, development, and preliminary evaluation of a 
TSTS-integrated digital flipbook E-LKPD tailored to 
support mathematical problem-solving instruction. The 
primary objective is to develop a learning resource that 
meets established criteria for content validity, 
instructional practicality, and pedagogical effectiveness. 
Specifically, this research aims to: (1) design a digital 
flipbook worksheet that systematically scaffolds the 
TSTS cooperative learning phases; (2) evaluate its 
validity through expert review in terms of content 
alignment, instructional design, and linguistic clarity; (3) 
assess its practicality based on teacher and student 
usability feedback; and (4) examine its effectiveness in 
fostering students’ mathematical problem-solving 
competencies. By aligning cooperative pedagogy with 
interactive digital media, this work seeks to provide an 
empirically grounded, scalable instructional tool that 
addresses persistent challenges in mathematics 
education while offering actionable insights for 
educators navigating technology-enhanced, student-
active learning environments. 

 

Method  
 
Research Design 

This study employs a Research and Development 
(R&D) design aimed at producing and validating a 
digital instructional product. The development follows 
the Plomp model, which comprises three iterative 
phases: preliminary research, 
development/prototyping, and assessment. The design 

integrates the Two Stay Two Stray (TSTS) cooperative 
learning model into a flipbook-type Electronic Student 
Worksheet (E-LKPD), supported by a teacher-aligned 
Teaching Module, to systematically scaffold 
mathematical problem-solving instruction. 

 
Development Procedure 

The procedural workflow adheres to the Plomp 
framework, augmented by Tessmer’s formative 
evaluation layers to ensure continuous refinement: 
Preliminary Research: Needs analysis, curriculum 
mapping (Kurikulum Merdeka, Phase D), student 
characteristic profiling, concept analysis, and literature 
review were conducted to establish design specifications 
and learning objectives; Development/Prototyping 
Phase: Initial prototypes of the Teaching Module and E-
LKPD were designed using Canva and deployed via the 
Heyzine platform to enable interactive navigation, 
image upload, and automated feedback. Formative 
evaluation proceeded through: (a) self-evaluation, (b) 
expert review (mathematics education, language, and 
technology specialists), (c) one-to-one evaluation (3 
students of varying ability levels + 1 teacher), and (d) 
small-group evaluation (6 heterogeneous students). 
Iterative revisions were implemented after each 
evaluation stage; and Assessment Phase: A field test was 
conducted with a full classroom cohort to evaluate the 
product’s practicality in authentic instructional settings 
and its effectiveness in improving mathematical 
problem-solving performance. 
 
Participants 

Participants were purposively selected Grade VIII 
students from a public junior high school in West 
Sumatra, Indonesia. Subgroups included: 3 students 
(one-to-one phase), 6 students (small-group phase, 
stratified by academic ability), and 20 students (field-test 
phase). One certified mathematics teacher participated 
in practicality assessments. Informed consent was 
obtained from the school administration, the teacher, 
and students’ guardians; all data were anonymized for 
analysis. 
 
Instruments and Data Collection 

Data were collected using three primary 
instruments: Validity Instruments: Expert judgment 
sheets assessing four dimensions: content alignment, 
didactic design, graphic/layout quality, and language 
clarity (4-point Likert scale); Practicality Instruments: 
Structured questionnaires for teachers and students 
measuring ease of use, time efficiency, engagement, 
navigation clarity, and pedagogical usefulness; 
Effectiveness Instrument: A validated essay-based test 
measuring mathematical problem-solving across four 
indicators: (1) identifying relevant information, (2) 
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selecting an appropriate strategy, (3) implementing the 
strategy, and (4) interpreting results. Scoring followed a 
0–4 analytic rubric aligned with Polya’s problem-solving 
framework and national competency indicators. 
 
Data Analysis Techniques 

Quantitative and qualitative analyses were 
triangulated to ensure methodological rigor: Validity: 

Mean validity scores were calculated as 𝑉 =
∑𝑥

𝑛
, where 

𝑥represents expert ratings and 𝑛the number of items. 
Products were classified as Very Valid if 𝑉 ≥ 3.40; 
Practicality: Percentage scores were computed using 𝑃 =
𝑅

𝑆𝑀
× 100%, where 𝑅is the total obtained score and 𝑆𝑀is 

the maximum possible score. Thresholds categorized 
responses as Practical (75–79.9%) or Very Practical (≥
80%); Effectiveness: Student test scores were converted 
to percentages and compared against the school’s 
Minimum Mastery Criterion (KKM = 75). The product 
was deemed effective if ≥ 65%of students achieved 
mastery. Indicator-level performance was analyzed 
descriptively to identify strengths and residual gaps; 
and Qualitative Data: Interview transcripts and 
observational field notes were thematically coded to 
contextualize quantitative findings, validate usability 
perceptions, and guide final product adjustments. 

 
Quality Assurance 

All instruments underwent prior validation by 
independent experts to ensure content and construct 

validity. Pilot testing confirmed internal consistency 
before full deployment. The developmental cycle 
adhered to ethical research standards, with voluntary 
participation, data confidentiality, and institutional 
approval documented prior to field implementation. 
 

Result and Discussion 
 
Results should be clear and concise. The discussion 

should explore the significance of the results of the work, 
not repeat them. A combined Results and Discussion 
section is often appropriate. Avoid extensive citations 
and discussion of published literature.  

The development of the TSTS-integrated digital 
flipbook E-LKPD followed the Plomp model through 
three iterative phases. The final product was evaluated 
against three quality criteria: validity, practicality, and 
effectiveness. Results are summarized below. 
 
Validity 

Expert validation involved five specialists (three 
mathematics education experts, one language expert, 
one educational technology expert). Ratings were 
collected using a 4-point Likert scale across four 
dimensions: content appropriateness, instructional 
design, graphics, and language. 

Both products exceeded the threshold for "Very 
Valid," indicating strong alignment with curricular 
standards, pedagogical principles, visual design 
guidelines, and linguistic clarity. 

 
Table 1. Validity Scores for Teaching Module and E-LKPD 
Product Content Instructional Design Graphics Language Overall Mean Category 

Teaching Module 3.53 3.33 3.55 3.47 3.47 Very Valid 
E-LKPD 3.43 3.59 3.58 3.54 3.54 Very Valid 

Note: Scale: 1–4; Category threshold: ≥3.40 = Very Valid 

 
Practicality 

Practicality was assessed through teacher and 
student questionnaires during small-group evaluation 

(n = 6) and field testing (n = 20). Responses used a 4-
point Likert scale; percentages were calculated as P = 
(R/SM) × 100%.

 
Table 2. Practicality Scores for Teaching Module and E-LKPD 
Product / Phase Ease of Use Attractiveness Comprehensibility Usefulness Overall % Category 

Teaching Module (Teacher, 
Field Test) 

100 100 91.67 – 90.00 Very Practical 

E-LKPD (Students, Small 
Group) 

85.42 90.28 81.25 87.50 86.11 Very Practical 

E-LKPD (Students, Field 
Test) 

85.94 85.42 84.50 81.17 84.26 Very Practical 

Note: Category threshold: ≥80% = Very Practical 

 
All scores met or exceeded the "Very Practical" 

criterion, confirming that the product is user-friendly, 
engaging, and supportive of independent and 
collaborative learning. 
 

Effectiveness 
Effectiveness was measured via a post-test 

assessing mathematical problem-solving ability across 
four indicators aligned with Polya's framework. The 
product was deemed effective if ≥65% of students 
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achieved the school's Minimum Mastery Criterion 
(KKM = 75). 

Sixteen of twenty students (80%) achieved mastery, 
surpassing the 65% effectiveness threshold. Indicator-
level analysis reveals strongest performance in problem 

identification and strategy selection, with relatively 
lower—but still adequate—performance in result 
interpretation, suggesting an area for instructional 
refinement. 

 
Table 3. Student Performance on Mathematical Problem-Solving Indicators (N = 20) 
Indicator Description Mean Score (%) Category 

1 Identifying relevant information 89.38 Very Good 
2 Selecting appropriate strategy 88.13 Very Good 
3 Implementing the strategy 76.25 Good 
4 Interpreting results 65.63 Good 
Overall Mastery Students scoring ≥75 80% Effective 

 

 
Figure 1. Distribution of student scores by problem-solving 

indicator 
 

The development and evaluation of the TSTS-
integrated digital flipbook E-LKPD yielded outcomes 
that extend beyond mere product validation, offering 
meaningful insights into how structured cooperative 
pedagogy and interactive digital media can jointly 
address persistent challenges in mathematics education. 
The high validity scores across content, instructional 
design, graphics, and language dimensions indicate that 
the product successfully operationalized theoretical 

principles of problem-based cooperative learning within 
a technologically accessible format. More significantly, 
the strong practicality ratings from both teachers and 
students suggest that the resource aligns with real-world 
classroom constraints—such as limited instructional 
time, diverse learner abilities, and the growing 
expectation for mobile-compatible learning tools—
without compromising pedagogical rigor. 

The effectiveness outcome, wherein 80% of 
students achieved mastery in mathematical problem-
solving after using the product, warrants particular 
attention. This improvement is not merely a function of 
exposure to digital content; rather, it reflects the 
synergistic effect of embedding the Two Stay Two Stray 
protocol within a scaffolded, interactive worksheet. The 
TSTS structure—requiring students to first construct 
understanding in small groups, then articulate and 
compare strategies with peers from other groups, and 
finally synthesize insights before individual 
application—appears to have activated metacognitive 

monitoring and strategic flexibility. Students were not 
passively receiving solution methods; they were 
compelled to evaluate, justify, and adapt approaches in 
response to peer feedback. This process mirrors the 
cognitive demands of authentic problem-solving, where 
identifying relevant information, selecting viable 
strategies, and interpreting results are iterative and 
socially mediated acts. 

These findings carry implications for curriculum 
implementation under Indonesia's Kurikulum Merdeka, 
which emphasizes student agency, contextual relevance, 
and differentiated learning pathways. The modular 
design of the flipbook E-LKPD, with its clear navigation, 
embedded formative prompts, and opportunities for 
visual documentation of reasoning, supports teachers in 
facilitating inquiry-oriented lessons without requiring 
extensive additional preparation (Hamidah et al., 2023; 
Meydi et al., 2024; Ndruru et al., 2026). For students, the 
combination of collaborative structure and digital 
interactivity appears to have lowered affective barriers 
to engaging with non-routine problems—a critical factor 

given prior evidence of anxiety and avoidance behaviors 
when facing unfamiliar mathematical tasks (Fratta et al., 
2026; Gustafsson et al., 2025; Ma & Zhang, 2026). 

It is important to acknowledge contextual 
boundaries. The study was conducted with a single class 
in one school setting, and the content focus was limited 
to statistics. While the developmental process followed 
iterative validation cycles, broader generalizability 

requires replication across diverse school contexts, 
grade levels, and mathematical domains. Additionally, 
the reliance on post-test mastery as the primary 
effectiveness indicator, while aligned with local 
assessment policies, could be complemented in future 
work by longitudinal measures of transfer, retention, or 
disposition toward mathematical reasoning. 

Ultimately, this work suggests that the integration 
of cooperative learning models with purpose-built 
digital media can serve as a viable lever for enhancing 
problem-solving competence. The significance lies not in 
the product itself, but in the demonstrable pathway it 
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offers for translating pedagogical theory into scalable, 
classroom-ready resources that honor both cognitive 
complexity and learner diversity. Future efforts might 
explore adaptive features within such flipbooks—such 
as differentiated problem sets or automated feedback 
loops—to further personalize the problem-solving 
experience while preserving the collaborative discourse 
that appears central to its efficacy. 

 

Conclusion  

 
This study successfully developed and evaluated a 

Two Stay Two Stray (TSTS)-integrated digital flipbook 
E-LKPD designed to enhance mathematical problem-
solving competencies among Grade VIII junior high 
school students. Guided by the Plomp research and 
development model, the product underwent systematic 
expert validation, iterative usability refinement, and 
classroom-based field testing. Findings confirm that the 
developed teaching module and E-LKPD meet 
established quality benchmarks: both attained "Very 
Valid" status across content, instructional design, 
graphics, and language dimensions (mean scores: 3.47 
and 3.54, respectively); were rated "Very Practical" by 
teachers and students in both small-group and full-class 
trials (84.26–90.00%); and demonstrated clear 
pedagogical effectiveness, with 80% of learners 
achieving mastery on a structured problem-solving 
assessment—surpassing the predefined success 
threshold. These outcomes illustrate how embedding a 
structured cooperative learning protocol within an 
interactive digital medium can activate the cognitive and 
social processes essential for mathematical reasoning, 
offering a scalable, curriculum-aligned instructional 
resource that bridges pedagogical theory and 
technology-enhanced classroom practice. 
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