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 This study develops and validates a contextual problem-posing learning 

model integrated with hypercontent to enhance vocational mathematics 

learning. The model was designed using the Dick and Carey instructional 

design framework within an educational design research (EDR) approach. The 

research involved preliminary analysis, expert validation, and  

quasi-experimental implementation with vocational students as well as 

science, technology, engineering, and mathematics (STEM) teachers. 

Learning effectiveness was evaluated using normalized gain (N-gain), paired 

t-tests, and effect size analysis, while teacher acceptance was examined 

through survey responses. The results indicate strong expert agreement on the 

model’s validity and high teacher acceptance, particularly in promoting 

student motivation and creativity. The implementation also showed 

significant improvement in student learning outcomes with a medium N-gain. 

These findings suggest that the proposed model provides a structured 

framework for integrating contextual problem posing and hypercontent 

technology in vocational mathematics education, supporting the development 

of conceptual understanding and 21st-century competencies. 
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1. INTRODUCTION 

Mathematics education in the 21st-century faces increasing demands to prepare students for complex 

and technology-driven environments. Mathematics provides essential problem-solving skills that support 

lifelong learning and participation in science, technology, engineering, and mathematics (STEM)-related fields 

[1]. In vocational education, however, mathematical knowledge must also be connected with practical 

industrial applications. Despite its importance, mathematics is often perceived as difficult by students, leading 

to reduced engagement and limited participation in STEM pathways [2], [3]. 

Traditional mathematics instruction frequently emphasizes procedural imitation rather than creative 

reasoning. Previous studies have shown that many mathematical tasks in school curricula can be solved through 

routine procedures, while only a small proportion requires creative thinking [4]. To address this issue, 

contemporary educational reform highlights the importance of developing 21st-century competencies, 

particularly critical thinking, creativity, communication, and collaboration [5]. Problem-posing pedagogy has 

been identified as an effective approach for fostering mathematical creativity and deeper conceptual 

understanding [6]. In addition, digital technologies have demonstrated strong potential to enhance mathematics 

learning through interactive and multimodal learning environments [7], [8]. 

https://creativecommons.org/licenses/by-sa/4.0/
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However, few studies have systematically combined contextual problem-posing pedagogy with digital 

hypercontent technology in vocational mathematics education [9], [10]. Existing research tends to examine 

problem posing and digital learning tools separately, leaving a gap in integrated instructional models that 

connect contextual learning, digital media, and structured instructional design [11]–[13]. To address this gap, 

this study develops and validates a contextual problem-posing hypercontent (CPPH) learning model using the 

Dick and Carey instructional design framework. The study aims to construct a structured instructional model 

for vocational mathematics and evaluate its validity, teacher acceptance, and effectiveness in improving student 

learning outcomes. This study contributes to vocational mathematics education by integrating contextual 

problem posing, hypercontent technology, and systematic instructional design within a single instructional 

framework.  

 

 

2. METHOD  

2.1.  Research design 

This study employed an educational design research (EDR) methodology to develop and validate an 

instructional model for vocational mathematics. The development process was guided by the Dick and Carey 

systematic instructional design model, which structured the stages of analysis, design, development, 

implementation, and evaluation. Constructivist learning theory provided the pedagogical foundation for the 

model, particularly in supporting contextual problem posing and student-centered learning. The integration of 

hypercontent materials was aligned within the instructional development stages rather than treated as a separate 

framework to ensure coherence and methodological clarity. 

 

2.2.  Research setting and participants 

The study was conducted at State Vocational High School (SMK N) 68 Jakarta, focusing on grade XI 

students enrolled in the Metal Fabrication and Welding Technology Programs. Participants were involved in 

different phases of the research: preliminary analysis phase involved 68 grade XI students who participated in 

needs analysis and contextual investigation of mathematics learning difficulties. Instrument refinement phase 

involved 44 of the 68 students, who completed detailed learning needs questionnaires to inform hypercontent 

development. Formative evaluation phase included one-to-one and small-group trials with 9 students 

representing high, medium, and low achievement levels [14]. Summative evaluation involved 20 students in a 

pre-test–post-test implementation to evaluate instructional effectiveness, corresponding to the limited number 

of students in the intact class. Although the sample size was limited due to classroom constraints, effect size 

analysis was conducted to complement statistical significance testing. 

In addition, 136 mathematics and natural sciences teachers from across Indonesia participated in the 

teacher acceptance evaluation survey. Expert validation involved nine experts: three instructional design 

experts, three educational media experts, and three mathematics content experts. This multi-phase participation 

structure ensured systematic refinement before effectiveness testing. 

 

2.3.  Development procedure 

The development process followed the ten stages of the Dick and Carey instructional design model in 

a systematic and sequential manner. First, instructional goals were identified through comprehensive 

curriculum review and analysis of industry requirements. Second, instructional analysis was conducted through 

focus group discussions with vocational mathematics teachers to determine essential competencies and content 

sequencing. Third, learner characteristics and learning contexts were analyzed to ensure alignment with 

students’ prior knowledge and vocational needs. Fourth, specific and measurable performance objectives were 

formulated. Fifth, assessment instruments were developed to evaluate learning outcomes. Sixth, instructional 

strategies were designed by incorporating structured contextual problem-posing sequences. Seventh, 

hypercontent-based instructional materials were developed to support multimodal and flexible learning. Eighth, 

formative evaluation was conducted through expert validation, one-to-one testing, and small-group trials. 

Ninth, instructional components were revised based on evaluation feedback. Finally, summative evaluation 

was carried out through quasi-experimental implementation to determine the effectiveness of the developed 

model. 

 

2.4.  Research instruments 

Multiple instruments were employed to collect data across the different phases of the study. A needs 

analysis questionnaire was used to identify students’ learning difficulties, while expert validation sheets 

covering instructional design, media, and mathematics content were used to assess the theoretical validity of 

the CPPH model. Student practicality questionnaires and interview protocols were administered during the 

formative evaluation phase to capture learners’ perceptions of the hypercontent materials, and pre-test and 
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post-test instruments consisting of 20 contextual mathematics items were used to measure students’ learning 

outcomes before and after implementation.  

 

2.5.  Validity and reliability analysis 

Content validity was assessed using Aiken’s V coefficient, which measures the degree of agreement 

among expert validators on item relevance. The Aiken’s V formula is (1): 

 

V = 
𝛴𝑠

𝑛 (𝑐−1)
 (1) 

 

where s represents the adjusted rating score, n is the number of experts, and c is the number of rating categories. 

Aiken’s V values were interpreted as: V≥0.80: very high validity; 0.60≤V<0.80: high validity; and V<0.60: 

needs revision. Additionally, the content validity index (CVI) was calculated to determine overall instrument 

agreement across domains. Internal consistency reliability of the pre-test and post-test instruments was 

examined using Cronbach’s alpha coefficient. 

 

2.6.  Data analysis techniques 

Practicality was evaluated through descriptive percentage analysis of student responses. Materials 

were categorized as highly practical when response agreement exceeded 80%. Effectiveness was analyzed 

using the normalized gain (N-gain) formula (2) proposed by Hake [15]: 

 

N-gain = (Post-test−Pre-test)/(Maximum Score−Pre-test) (2) 

 

N-gain categories: high (>0.7), medium (0.3-0.7) and low (<0.3). Statistical significance was tested using 

paired t-tests (α=0.05). Effect size was calculated using Cohen’s d to determine practical significance. 

 

 

3. RESULTS AND DISCUSSION  

3.1.  Results 

3.1.1. Needs analysis findings 

The three-year preliminary analysis revealed unstable mathematics achievement among grade XI 

vocational students at SMK N 68 Jakarta. Performance trends indicated substantial fluctuations across 

academic years, suggesting inconsistencies in students’ mastery of mathematical concepts. The wide score 

dispersion also reflects considerable differences in learning outcomes among students. 

Student perception data further indicated that mathematics was widely regarded as a challenging 

subject. Classroom observations and interviews identified several instructional gaps, including limited 

foundational skills, insufficient contextualization of mathematics within vocational practice, minimal 

technology integration, and the absence of structured problem-posing activities. These findings highlight the 

need for an instructional approach that integrates contextual learning, digital resources, and structured 

mathematical problem creation. 

As illustrated in Table 1, student achievement trends fluctuated considerably, with a notable decline 

during the pandemic period before partial recovery in the following year. This instability suggests that existing 

instructional approaches were insufficient to maintain consistent learning outcomes. Similar trends have been 

reported in global studies indicating widespread declines in mathematics achievement following pandemic-

related disruptions [16]. 

 

 

Table 1. Academic performance analysis (2020-2022) 
Academic year 2020 2021 2022 

Total students 66 66 68 
Highest score 95 93 95 

Lowest score 10 23 10 

Class average 59 53 64 
Students≥75 20 (30.3%) 5 (7.6%) 37 (54.4%) 

Students<75 44 (69.7%) 61 (92.4%) (45.6%) 

 

 

Figure 1 further illustrates students’ perceptions of mathematics difficulty. The results show that a 

majority of students perceived mathematics as difficult, while only a small proportion considered it easy. This 

perception aligns with previous research indicating that low confidence and limited conceptual understanding 

often hinder students’ participation in STEM-related learning pathways. 
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Figure 1. Mathematical difficulty levels of students 

 

 

3.1.2. Model development output 

The CPPH instructional model was developed using the Dick and Carey systematic instructional 

design framework, which emphasizes alignment among learning objectives, instructional strategies, and 

assessment procedures. The development process followed a structured sequence consisting of needs analysis, 

instructional analysis, learner and context analysis, objective formulation, assessment design, instructional 

strategy development, material development, formative evaluation, revision, and summative testing [17]. This 

systematic approach ensured coherence between pedagogical objectives and instructional implementation.  

The resulting model consists of five instructional phases: learning objective communication, 

contextual problem presentation, guided problem solving, contextual problem creation, and reflection. This 

sequence positions problem creation as an integral component of the learning process rather than as an 

occasional enrichment activity. Previous studies have shown that structured problem-posing activities promote 

deeper conceptual understanding and enhance students’ mathematical creativity [1], [18]. 

Hypercontent learning materials were integrated across eight chapters on circle concepts. These 

materials incorporated authentic industrial contexts related to metal fabrication, including simulations, 

instructional videos, contextual journals, and digital calculation tools. The integration of multimodal learning 

resources is consistent with multimedia learning theory, which emphasizes that coordinated visual and verbal 

information can strengthen conceptual comprehension and learner engagement [19], [20]. 

The instructional design also incorporated motivational principles derived from the attention, 

relevance, confidence, and satisfaction or ARCS framework, which highlights attention, relevance, confidence, 

and satisfaction as key components of learner engagement [10]. Through contextual examples and interactive 

hypercontent resources, the model aimed to strengthen both conceptual understanding and learning motivation 

among vocational students. Figure 2 illustrates the complete structure of the CPPH model, while Table 2 

summarizes the integration of hypercontent materials within the eight-chapter learning sequence. 

 

 

 
 

Figure 2. The CPPH model 
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Table 2. Eight-chapter circle learning progression with hypercontent integration 
Chapter Topic Industrial application Hypercontent components 

1 Circle concepts and 
elements 

Identification of circle elements in machine 
components and precision manufacturing 

applications 

1. Video interviews with metal fabrication industry 
2. Educational game for circle component 

identification 

2 Circle equations Coordinate systems in computer numerical 
control (CNC) programming and circular 

component positioning 

Contextual supporting journal on pipe connections 

3 Central and inscribed 
angles 

Using a dividing head on milling machines for 
gear manufacturing and indexed components 

Video on dividing head operations in milling 
machines 

4 Angle relationships 

in circles 

Quality control and precision measurement 

using protractors and measuring tools 

1. Game on arc usage in measurement procedures 

2. Learning video on angles between two chords 
5 Arc length and 

apothem 

Cutting plan optimization and material 

calculation for curved components 

1. Supporting journal on required materials 

2. Material optimization calculator tools 

6 Circle area and 
circumference 

Material requirement planning and production 
efficiency calculations 

1. Earth circumference and Moon orbit simulation 
2. Material requirement calculator applications 

7 Sector area Design and manufacturing of specialized 

components with sector shapes 

Learning video on sector area applications 

8 Circle tangent lines Technical drawing and computer-aided design 

(CAD) applications for component design with 

tangent relationships 

Learning journal on circle tangent lines 

 

 

 

3.1.3. Expert validation 

Expert validation results indicated strong agreement regarding the theoretical validity of the CPPH 

model. Across all evaluation domains—including instructional design, media design, and mathematics content—

Aiken’s V coefficients exceeded the accepted validity threshold, demonstrating that the model components were 

considered appropriate and relevant by the expert panel. Table 3 summarizes the validation results across domains. 

The mathematics content domain received the highest rating, indicating that the contextual integration of 

mathematical concepts with vocational applications was considered particularly strong. Overall, the validation 

results confirm that the CPPH model demonstrates satisfactory theoretical validity and alignment between 

instructional objectives, learning materials, and pedagogical strategies. The reliability analysis of the learning 

assessment instruments also indicated strong internal consistency, with Cronbach’s alpha values exceeding the 

commonly accepted reliability threshold. These results suggest that the developed instruments were suitable for 

evaluating student learning outcomes within the implementation phase. 

 

 

Table 3. Expert validation results summary 
Validator domain Total aspects Total items Consensus 

Instructional design 3 21 80% valid 

Media 4 25 80% valid 

Mathematics materials 6 24 85% valid 
Overall total 13 70 82% theoretical validity 

 

 

3.1.4. Teacher acceptance evaluation  

Teacher responses indicated strong acceptance of the CPPH instructional model. Educators 

consistently rated the model positively across multiple instructional dimensions, particularly in relation to 

student motivation, creativity development, and active learning engagement. Table 4 presents the detailed 

evaluation results. Overall ratings indicate that teachers perceived the model as highly supportive of  

student-centered learning and critical thinking development. Motivation and creativity emerged as the most 

strongly endorsed aspects, suggesting that the contextual problem-posing activities and hypercontent resources 

successfully increased student engagement. Importantly, positive evaluations were consistent across teachers 

from different STEM disciplines. This cross-disciplinary endorsement suggests that the CPPH model has 

potential applicability beyond mathematics classrooms and may support broader STEM learning integration 

within vocational education contexts. 

 

3.1.5. Implementation effectiveness 

The quasi-experimental implementation demonstrated clear improvement in students’ mathematical 

learning outcomes following the application of the CPPH model. Overall results indicate that most students 

experienced moderate to high learning gains, suggesting that the instructional approach effectively supported 

conceptual understanding of circle geometry. Statistical analysis confirmed that the improvement between  

pre-test and post-test scores was highly significant. In addition, the calculated effect size indicated a very strong 
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practical impact of the intervention, although the magnitude of the effect may be influenced by the relatively 

small sample size and within-group design. 

 

 

Table 4. Teacher acceptance evaluation results 
No Evaluation aspects Average score Approval rate Category 

1 Increase motivation 4.45 93.4% Excellent 

2 Student-centered learning 4.29 86.1% Excellent 
3 Critical thinking skills  4.37 90.4% Excellent 

4 Creativeness 4.39 91.2% Excellent 

5 Interesting activities 4.32 89.0% Excellent 
6 Perceived improvement in critical thinking  4.41 90.4% Excellent 

7 Increased creativity 4.42 92.6% Excellent 

 

 

Table 5 summarizes the results of the small-group practicality evaluation. Student responses indicated 

that the developed learning materials were highly practical and easy to use. Participants also provided 

constructive feedback regarding additional hyperlinks, clearer explanations, and improved visual presentation. 

These suggestions were incorporated during the final revision stage, contributing to improved usability of the 

instructional materials. 

Table 6 presents the distribution of normalized learning gains. The results indicate that the majority 

of students achieved moderate to high improvement levels, while only a small proportion demonstrated limited 

improvement. This pattern suggests that the CPPH model was effective for most learners across different 

achievement levels. 

Overall, these findings indicate that the integration of contextual problem posing with hypercontent 

learning resources can significantly enhance students’ mathematical understanding in vocational education 

settings. Similar positive outcomes have been reported in previous studies examining the effectiveness of 

problem-based and problem-posing instructional approaches in mathematics education [18], [21], [22].  

 

 

Table 5. Analysis of practicality criteria 
Criteria Standard Result Status 

Very practical ≥85% 95.67% ✓ Achieved 
Consistency CV<15% 5.17% ✓ Excellent 
Feedback participation ≥70% 80% ✓ Achieved 
Minimum score ≥80% 87.8% ✓ Achieved 

 

 

Table 6. Distribution of N-gain categories 
Category Range Count Percentage Interpretation 

High >0.7 9 45.0% Highly effective 

Medium 0.3-0.7 9 45.0% Quite effective 
Low <0.3 2 10.0% Less effective 

Total  20 100.0%  

 

 

3.2.  Discussion  

The CPPH model produced statistically significant and practically meaningful gains in vocational 

mathematics learning (N-gain=0.628; Cohen’s d=3.674; p<0.001). The medium N-gain is consistent with  

meta-analytic benchmarks for problem-posing interventions, which report moderate effect sizes (g=0.47-0.58) 

across controlled studies [7], [18]. The notably large Cohen’s d should be interpreted cautiously given the 

single-group design and small sample (n=20); nonetheless, it signals strong practical significance within this 

context. The primary innovation of this study lies in positioning problem creation as a structured instructional 

phase rather than a supplementary activity—a design shift that transformed students from passive problem 

solvers into active problem designers. This structured integration aligns with evidence that systematic problem-

posing interventions yield stronger learning effects than incidental implementations [23]. The integration of 

hypercontent further amplified these effects by providing multimodal, adaptive scaffolding consistent with 

multimedia learning principles [10], [24]. Extending prior evidence on digital tool effectiveness to a vocational 

education context [25], [26]. 

The high teacher acceptance across STEM disciplines (86.1%-93.4%) indicates that the CPPH model’s 

pedagogical approach resonates beyond mathematics instruction. Notably, motivation and creativity received the 
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highest ratings, reflecting teacher recognition of the model’s capacity to address two persistent challenges in 

vocational education: disengagement and surface-level learning. This cross-disciplinary endorsement aligns with 

Hermans et al.’s [22]. Finding that contextual, competency-based frameworks are broadly valued in vocational 

STEM contexts. Embedding authentic metal fabrication scenarios reduced the abstraction barrier associated with 

geometry, enabling meaningful knowledge transfer to industry tasks—a critical feature identified by Vos [12] as 

essential for effective vocational mathematics. The hypercontent component functioned not as supplementary 

media but as a structural scaffolding mechanism that enabled personalized, multimodal access pathways, 

consistent with Clark and Mayer’s [10] multimedia learning principles. 

 

 

4. CONCLUSION  

This study developed and validated the CPPH model as an instructional framework for vocational 

mathematics learning. The findings demonstrate that the model achieved strong theoretical validity through 

expert evaluation and received high acceptance from STEM teachers, indicating its relevance and practicality 

for classroom implementation. The quasi-experimental results further suggest that integrating contextual 

problem posing with hypercontent learning resources can effectively support improvements in students’ 

conceptual understanding of mathematics. 

The CPPH model contributes to vocational mathematics education by systematically integrating 

contextual learning, structured problem-posing activities, and digital hypercontent within a coherent 

instructional design framework. This integration helps bridge the gap between abstract mathematical concepts 

and authentic vocational applications while also promoting the development of 21st-century competencies such 

as creativity, critical thinking, and student engagement. 

Nevertheless, several limitations should be acknowledged. The effectiveness evaluation was 

conducted using a single-group pre-test–post-test design with a relatively small sample from one vocational 

school, which limits the generalizability of the findings. Future research should examine the long-term impact 

of the model, apply the framework across different vocational disciplines, and employ larger experimental 

designs to further validate its effectiveness in diverse educational contexts. 
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