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Abstract. Learning in Vocational High Schools (VHS) requires 
instructional strategies that can accommodate the diversity of 
students’ needs, characteristics, and learning readiness. However, 
predominantly uniform instructional practices are often not 
optimal for comprehensively improving students’ learning 
outcomes. This study aims to develop a differentiated learning 
strategy model based on students’ needs to enhance the learning 
outcomes of vocational high school students. The study employed 
a quantitative approach using an explanatory survey design. The 
research participants consisted of vocational high school students, 
and data were collected through instruments designed to identify 
students’ needs, assess the implementation of differentiated 
learning strategies, and measure learning outcomes. The data were 
analyzed using Structural Equation Modeling–Partial Least 
Squares (SEM-PLS) to examine the relationships among the 

constructs in the proposed model. The findings indicate that differentiated learning strategies positively 
affect students’ learning outcomes, while identifying students’ needs also significantly influences both the 
implementation of learning strategies and learning achievement. These findings confirm that adaptive, 
personalized, and student-centered learning is more effective than uniform instructional approaches. This 
study's novelty lies in developing a differentiated learning model for the vocational education context, based 
on students’ needs and validated using the SEM-PLS approach. This research strengthens the conceptual 
and practical foundations for developing adaptive learning in vocational education to improve both the 
quality of the learning process and learning outcomes. 
 

Introduction 

 
Vocational education plays a crucial role in preparing graduates who are competent, adaptive, and 
able to meet workforce demands (Kholifah et al., 2025; Ogunleeye, 2026; Muharam et al., 2025). 
In practice, vocational high school students show diverse learning characteristics in academic 
readiness, interests, and learning profiles (Goyibova et al., 2025; Yousef, 2024). This diversity 
requires teachers to move beyond uniform instructional approaches for all students (Nketsia et al., 
2025; Sugiyanto et al., 2026). Learning strategies that are responsive to students’ varying needs have 
become increasingly important for improving the quality of the learning process (Isnaini & 
Widyasari, 2025; Goyibova et al., 2025). In this context, differentiated learning is an approach that 
can bridge students’ individual needs with established learning objectives (Maulana et al., 2025; 
Liou et al., 2023). 
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Differentiated learning is an instructional strategy that adapts content, learning processes, products, 
and learning environments to students’ characteristics and needs (Goyibova et al., 2025; Langelaan 
et al., 2024). This approach emphasizes that learning is more effective when experiences are 
designed around learners' actual needs (Flores et al., 2024; Hua et al., 2024). In Vocational High 
Schools (VHSs), differentiated learning is particularly important because the focus extends beyond 
conceptual understanding to include the development of practical skills and workforce readiness 
(Goyibova et al., 2025; Ratnawulan et al., 2026). Students’ learning outcomes are strongly 
influenced by how well instructional practices accommodate their diverse learning needs (Liou et 
al., 2023). Therefore, developing a differentiated learning strategy model is highly relevant to 
strengthening the quality of teaching and learning in vocational education (Langelaan et al., 2024). 

  
Instructional practices in Vocational High Schools (VHSs) still frequently use uniform approaches 
that do not adequately consider the diversity of students’ learning needs (Royyani & Gozali, 2025; 
Annisa et al., 2023). Instructional models currently used in practice are not yet fully grounded in 
systematic, structured assessments of students’ needs. Furthermore, existing studies on 
differentiated learning in vocational education have paid limited attention to developing empirically 
validated models (Niu et al., 2026; Zuo et al., 2025). In addition, researchers have rarely examined 
the relationships among differentiated learning strategies, students’ needs, and learning outcomes 
through comprehensive structural modeling approaches (Hattie & Leary, 2025; Langelaan et al., 
2024). Consequently, robust models that explain how differentiated learning strategies can 
systematically enhance vocational high school students' learning outcomes remain lacking. 

 
This study matters because vocational high school students have diverse learning needs that require 
adaptive, targeted instructional strategies. Improving learning outcomes cannot be achieved 
through uniform teaching approaches alone; it requires instructional models aligned with students’ 
specific needs, interests, and learning readiness (Seprie et al., 2025; Fitas, 2025). Furthermore, the 
development of a model using the Structural Equation Modeling–Partial Least Squares (SEM-PLS) 
approach provides empirical evidence regarding the relationships among the variables involved in 
differentiated learning, thereby offering a more comprehensive understanding of the mechanisms 
through which learning outcomes can be improved (Bayaga, 2026; Dukalang et al., 2025). 

 
This research is urgent because vocational education needs stronger learning quality through 
instructional strategies that respond to students’ diverse needs in a more personalized, measurable, 
and effective way (Widana et al., 2023). As vocational education continues to face increasing 
demands to produce competent, work-ready graduates, implementing adaptive learning strategies 
has become essential to ensure optimal learning outcomes (Rusmiyati et al., 2026; Ogunleeye, 
2026). This study proposes a novel differentiated learning strategy model based on the specific 
needs of vocational high school students and validates it using the SEM-PLS approach. The 
proposed model provides a more systematic conceptual and empirical framework for 
understanding the relationships among students’ needs, differentiated learning strategies, and 
learning outcomes. Consequently, it contributes both theoretically and practically to evidence-
based instructional decision-making in vocational education. 

 
This study aims to develop a differentiated learning strategy model oriented toward the needs of 
vocational high school students and to examine the relationships among differentiated learning 
strategies, students’ needs, and learning outcomes using the Structural Equation Modeling–Partial 
Least Squares (SEM-PLS) approach. Specifically, the study examines whether differentiated 
learning strategies designed around students’ needs positively affect vocational high school 
students' learning outcomes. 
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In addition, this study aims to develop an instructional model that can serve as a foundation for 
adaptive learning practices in vocational education. By providing empirical evidence on the 
relationships among the key constructs, the proposed model is expected to support more effective, 
student-centered instructional decision-making in vocational schools. Based on the conceptual 
framework, the following hypotheses are proposed: (1) H1: Differentiated learning strategies have 
a positive effect on vocational high school students’ learning outcomes; (2) H2: Students’ needs 
positively affect the implementation of differentiated learning strategies; (3) H3: Students’ needs 
have a positive effect on vocational high school students’ learning outcomes; (4) H4: Differentiated 
learning strategies mediate the effect of students’ needs on vocational high school students’ learning 
outcomes. 
 

Method  
 
Research Method and Design 
This study employed a quantitative approach using an explanatory survey design (Nicmanis, 2024). 
This design was selected to examine the structural relationships among the variables in the 
proposed model: students’ needs, differentiated learning strategies, and learning outcomes. The 
study aimed not only to investigate the direct effects among these variables but also to develop an 
empirical model that explains the mechanisms through which differentiated learning strategies 
contribute to improved student learning outcomes. 
 
Participants and Sampling Technique 
The research participants were 100 vocational high school students enrolled in vocational programs 
relevant to the study context. Participants were selected based on their direct involvement in 
learning experiences that allowed the implementation of differentiated learning strategies. 
Participant characteristics may include grade level, vocational program, gender, and diverse learning 
experiences. This section still requires actual data from your study, such as the number of students, 
school location, vocational program, and key demographic characteristics. 
 
Research Setting and Timeline 
This research was conducted at SMK Negeri 1 Bandar Lampung, a vocational high school located 
in Bandar Lampung, Indonesia. The school was selected because it represented the vocational 
education context in which student learning needs and differentiated instruction practices could be 
examined. The study was conducted from February 2026 to April 2026. The research process 
included identifying students’ learning needs, developing and validating the research instrument, 
collecting data, and analyzing the data. Provide a clear timeline showing the sequence and duration 
of each research stage. 
 
Research Procedures 
The study population consisted of all vocational high school students at the selected research sites. 
The sampling technique may employ proportionate stratified random sampling, cluster sampling, 
or purposive sampling, depending on the field design and the researcher’s access to participants 
(Zrineh et al., 2026). In SEM-PLS-based research, the sample size must meet the requirements for 
structural model analysis as well as the number of indicators within each construct. This section 
still needs to be completed with information regarding the population size, the final sampling 
technique, the actual sample size, and the rationale for its selection. 
 
Data Collection Techniques and Research Instruments 
The research instrument was designed as a closed-ended questionnaire using a Likert scale to 
measure students’ perceptions of learning needs, differentiated learning strategies, and learning 
outcomes (Liou et al., 2023). The students' needs construct may include indicators of learning 
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readiness, learning interests, and learning profiles. The differentiated learning strategy construct 
may include content differentiation, process differentiation, product differentiation, and learning 
support differentiation. The learning outcomes construct may be measured through perceptions of 
learning achievement, subject-matter understanding, applied skills, and academic performance 
relevant to the vocational high school context. Experts should review the instrument's content 
validity, while construct validity and internal reliability will be tested through SEM-PLS using outer 
loading, Average Variance Extracted (AVE), composite reliability, and Cronbach’s alpha. 
 

Table 1. Research instrument blueprint 
Variable Dimension/Indicator Item 

Numbers 
Number 
of Items 

Scale 

Students’ Learning Needs Learning readiness 1–4 4 Likert 1–5 
Students’ Learning Needs Learning interests 5–8 4 Likert 1–5 
Students’ Learning Needs Learning profiles 9–12 4 Likert 1–5 

Differentiated Instruction Strategies Content differentiation 13–16 4 Likert 1–5 
Differentiated Instruction Strategies Process differentiation 17–20 4 Likert 1–5 
Differentiated Instruction Strategies Product differentiation 21–24 4 Likert 1–5 
Differentiated Instruction Strategies Learning support 

differentiation 
25–28 4 Likert 1–5 

Learning Outcomes Academic achievement 29–32 4 Likert 1–5 
Learning Outcomes Understanding of subject 

matter 
33–36 4 Likert 1–5 

Learning Outcomes Applied vocational skills 37–40 4 Likert 1–5 
Learning Outcomes Overall learning 

performance 
41–44 4 Likert 1–5 

 
The research instrument consisted of three main sections. The first section included respondent 
identification information to map students' basic characteristics. The second section measured 
students’ needs through statements representing learning readiness, interests, and learning profiles. 
The third section measured differentiated learning strategies and learning outcomes through 
indicators relevant to the learning process in vocational high schools. Responses were scored using 
a Likert scale, for example, ranging from strongly disagree to strongly agree. This section would be 
strengthened by adding the number of items for each variable, sample items, sources used for item 
development, and the results of expert validation. 
 
The study began by identifying students’ needs through a preliminary study and developing 
indicators for each variable. The researcher then developed the research instrument, conducted 
content validation, and, if necessary, carried out a pilot test. After the instrument was deemed 
appropriate, the researcher collected data from respondents during the predetermined research 
period. The collected data were then cleaned, coded, and analyzed using SEM-PLS to evaluate the 
measurement and structural models. This section still requires specific information on the research 
timeline, implementation stages in the schools, and ethical procedures. 
 
Instrument Validity and Reliability Tests 
The instrument's validity and reliability were assessed in several stages. First, content validity was 
examined through expert judgment involving 3 experts in education, vocational learning, and 
instructional design. The experts reviewed each item's relevance, clarity, and appropriateness in 
representing the intended construct. Second, construct validity was tested using SEM-PLS by 
examining each indicator's outer loading and the Average Variance Extracted (AVE). Indicators 
with outer loading values greater than 0.70 were considered acceptable, although values above 0.60 
could still be retained in exploratory studies if theoretically justified. AVE values above 0.50 
indicated adequate convergent validity. Third, discriminant validity was examined using the Fornell-
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Larcker criterion and/or cross-loadings to ensure that each construct was empirically distinct from 
the others. Reliability was evaluated using Cronbach’s alpha and composite reliability. A construct 
was considered reliable if both Cronbach’s alpha and composite reliability values exceeded 0.70 
 
Data Analysis Techniques and Criteria 
Data analysis used Structural Equation Modeling–Partial Least Squares (SEM-PLS), which is 
particularly suitable for model development, testing latent variable relationships, and predictive 
analysis in educational research contexts (Hair et al., 2021). SEM-PLS also enables simultaneous 
assessment of measurement and structural models, providing a comprehensive understanding of 
the relationships among the constructs under investigation (Pereira et al., 2024). At the structural 
model stage, the analysis focused on testing path coefficients, the significance of relationships 
among variables, the model's explanatory power, and its predictive relevance. If the research model 
included mediation paths, the study also tested indirect effects. This approach was selected because 
it can handle complex latent variable models and is well suited to developing instructional strategy 
models in educational contexts (Kante & Michel, 2023). In the measurement model evaluation, the 
analysis focused on convergent validity, discriminant validity, and construct reliability. Convergent 
validity was assessed through outer loading and AVE, while discriminant validity was examined 
through cross-loadings and the Fornell-Larcker criterion. Reliability was determined based on 
Cronbach’s alpha and composite reliability values. 
 
In the structural model evaluation, the analysis examined path coefficients, t-statistics, p-values, 
coefficient of determination (R²), effect size (f²), and predictive relevance (Q²). Path coefficients 
indicated the strength and direction of relationships among variables. We used t-statistics and p-
values to test the significance of the hypothesized relationships. R² values were used to explain the 
proportion of variance in the endogenous variables, while Q² values were used to assess the 
predictive relevance of the model. If indirect effects were hypothesized, we also conducted 
mediation analysis. The criteria used in this study were as follows: outer loading > 0.70, AVE > 
0.50, composite reliability > 0.70, Cronbach’s alpha > 0.70, and p-value < 0.05 for significant 
structural relationships 
 
Nevertheless, SEM-PLS also has limitations, particularly when data are collected from a single 
source of respondents and within a single period of time. The research findings are also strongly 
influenced by indicator quality, sample size, and the school context in which the study is conducted. 
Therefore, generalize the results with caution and in line with the characteristics of the participants 
and the research setting. 
 
Product Specifications 
The product developed in this study was an empirical model of differentiated instruction strategies 
designed to improve vocational high school students’ learning outcomes based on their learning 
needs. The model was intended as a practical, data-based framework for teachers to plan and 
implement differentiated instruction in vocational classrooms. The model includes several main 
components: identifying students’ learning needs, classifying students based on readiness, interests, 
and learning profiles, selecting differentiated instruction strategies, implementing learning activities, 
and evaluating learning outcomes. The final product is expected to provide a structured guide for 
teachers in aligning instructional strategies with students’ individual learning characteristics in 
vocational education contexts. 
 

Results and Discussion  
 
Based on the proposed research framework, the analysis results are expected to show that 
differentiated learning strategies are positively related to vocational high school students' learning 
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outcomes. Students’ needs, as the foundation for instructional design, are also expected to 
contribute to the effectiveness of the implemented learning strategies. The structural model tested 
through SEM-PLS enables researchers to examine the extent to which students’ needs influence 
the development of differentiated learning strategies and how both variables affect learning 
outcomes. In the actual results section, real findings from the outer model and inner model analyses 
should be presented, including outer loadings, Average Variance Extracted (AVE), composite 
reliability, HTMT or Fornell–Larcker criteria, Variance Inflation Factor (VIF), path coefficients, p-
values, R², f², and Q², to ensure that the manuscript meets the standards of reputable academic 
journals. 
 
The simulated data were developed to represent a quasi-experimental research design involving 
three experimental classes and one control class. The experimental classes consisted of X-E1, X-
E2, and X-E3, while the control class was X-K. All participants were enrolled in Grade X, with 25 
students in each class. Consequently, the experimental group comprised 75 students, whereas the 
control group consisted of 25 students. Table 2 and Table 3 present the participant distribution by 
class and the descriptive statistics for critical thinking skills (KS), self-directed learning (SPD), and 
learning outcomes (HB). 

 
Table 2. Composition of participants by class 

Class Group Grade 
Level 

Number of 
Students 

Percentage 

X-E1 Experimental 1 X 25 25.0% 
X-E2 Experimental 2 X 25 25.0% 
X-E3 Experimental 3 X 25 25.0% 
X-K Control X 25 25.0% 

Total - X 100 100.0% 

 
Table 3. Descriptive statistics by class 

Kelas Group N Mean KS Mean SPD Mean HB 

X-E1 Experimental 25 3.067 3.290 3.293 

X-E2 Experimental 25 3.207 3.605 3.300 

X-E3 Experimental 25 3.293 3.610 3.500 

X-K Control 25 3.313 3.220 2.967 

 
Image 1 compares mean scores for differentiated learning strategies and learning outcomes across 
the experimental and control classes. 
 

 
Image 1. Mean scores of differentiated learning strategy and learning outcomes by class 
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Descriptively, the experimental group demonstrated a higher mean score for Differentiated 
Learning Strategies than the control group (3.502 compared to 3.220). The experimental group also 
had a higher mean Learning Outcomes score than the control group (3.364 compared to 2.967). 
Differences in Students’ Needs were not statistically significant, whereas differences in 
Differentiated Learning Strategies and Learning Outcomes yielded p-values below 0.05. These 
findings indicate that the group differences primarily occurred in variables directly related to the 
instructional treatment and learning achievement. To further examine differences between the 
experimental and control groups, we compared mean scores for each construct, and we present 
the results in Table 4. 

 
Table 4. Mean comparison between experimental and control groups 

Construct Mean 
experiment 

Mean control Difference t p-values 

KS 3.189 3.313 -0.124 -0.901 0.372 
SPD 3.502 3.220 0.282 2.092 0.042 
HB 3.364 2.967 0.398 2.464 0.018 

 
Measurement Model Evaluation 
The measurement model evaluation assessed outer loadings, Cronbach’s Alpha, rho_A, Composite 
Reliability, Average Variance Extracted (AVE), the Fornell–Larcker Criterion, and the HTMT 
ratio. All indicators of the Students’ Needs, Differentiated Learning Strategies, and Learning 
Outcomes constructs had outer loadings above 0.70, meeting the requirements for convergent 
validity. Image 2 illustrates the measurement model and the standardized outer loadings of all 
indicators for the Students’ Needs, Differentiated Learning Strategies, and Learning Outcomes 
constructs. 

Image 2. PLS Algorithm output: outer loading, path coefficient, and R-square 
 
Table 5 presents the convergent validity assessment for all measurement indicators, based on their 
outer loading values. 

Table 5. Outer loading values 
Construct Item Indicator Outer Loading Decision 

KS KS1 Academic preparation 0.773 Valid 
KS KS2 Suitability of difficulty level 0.795 Valid 
KS KS3 Interest in material 0.776 Valid 
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KS KS4 Choice of learning method 0.787 Valid 
KS KS5 Need for learning support 0.709 Valid 
KS KS6 Suitability of learning pace 0.743 Valid 

SPD SPD1 Content differentiation 0.760 Valid 
SPD SPD2 Variety of learning resources 0.794 Valid 
SPD SPD3 Differentiation process 0.742 Valid 
SPD SPD4 Flexible learning groups 0.749 Valid 
SPD SPD5 Product differentiation 0.804 Valid 
SPD SPD6 Choice of assignment format 0.808 Valid 
SPD SPD7 Support/scaffolding 0.788 Valid 
SPD SPD8 Personal feedback 0.742 Valid 
HB HB1 Understanding material 0.843 Valid 
HB HB2 Accuracy of assignment completion 0.839 Valid 
HB HB3 Application skills 0.825 Valid 
HB HB4 Learning independence 0.833 Valid 
HB HB5 Improved academic performance 0.838 Valid 
HB HB6 Readiness to apply competencies 0.795 Valid 

 
Table 6 summarizes the results of construct reliability and convergent validity testing for the 
Students’ Needs, Differentiated Learning Strategies, and Learning Outcomes constructs. 

 
Table 6. Construct reliability and convergent validity 

Construct Construct name Alpha rho_A CR AVE Decision 

KS Student Needs 0.857 0.874 0.894 0.584 Reliable/valid 

SPD Differentiated Learning Strategies 0.904 0.912 0.923 0.599 Reliable/valid 

HB Learning Outcomes 0.909 0.918 0.930 0.688 Reliable/valid 

 
Cronbach’s Alpha values ranged from 0.857 to 0.909, while Composite Reliability values ranged 
from 0.894 to 0.930. All AVE values exceeded 0.50, indicating that the constructs satisfied the 
requirements for convergent validity. Discriminant validity was also established, as the square roots 
of the AVE values on the diagonal of the Fornell–Larcker matrix were higher than the inter-
construct correlations, and all HTMT values were below 0.90. To further confirm discriminant 
validity, we examined the Fornell–Larcker Criterion and the Heterotrait–Monotrait (HTMT) ratio, 
and present the results in Table 7 and Table 8. 

 
Table 7. Fornell-Larcker Criterion 

Construct KS SPD HB 

KS 0.764 0.550 0.521 
SPD 0.550 0.774 0.646 
HB 0.521 0.646 0.829 

 
Table 8. HTMT ratio 

Construct KS SPD HB 

KS 1.000 0.625 0.591 
SPD 0.625 1.000 0.714 
HB 0.591 0.714 1.000 

 
 
Structural Model Evaluation 
The structural model evaluation assessed inner VIF, R-square, Q-square, F-square, and path 
coefficients using bootstrapping. All structural path VIF values were below 5, indicating no 
multicollinearity issues. The R-square values showed that Students’ Needs explained 30.3% of the 
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variance in Differentiated Learning Strategies. Furthermore, Students’ Needs and Differentiated 
Learning Strategies jointly explained 45.7% of the variance in Learning Outcomes. Table 9 presents 
the inner model evaluation results, including multicollinearity testing using Variance Inflation 
Factor (VIF) for the relationships among Students’ Needs, Differentiated Learning Strategies, and 
Learning Outcomes. 

 
Table 9. Inner model evaluation 

Test type Path/construct Value Description 

VIF KS -> SPD 1.000 No collinearity 
VIF KS -> HB 1.434 No collinearity 
VIF SPD -> HB 1.434 No collinearity 

R-square SPD 0.303 Moderate 
R-square HB 0.457 Moderate 

Q-square SPD 0.276 Predictive relevance 
Q-square HB 0.421 Predictive relevance 

F-square KS -> SPD 0.434 Moderate 
F-square KS -> HB 0.073 Small 
F-square SPD -> HB 0.341 Moderate 

 
Image 3 summarizes the overall structural model assessment, including explanatory power (R-
square), predictive relevance (Q-square), and effect size (F-square). 
 

 
Image 3. Summary of R-square, Q-square, and F-square 

 
Hypothesis Testing 
We conducted hypothesis testing using a bootstrapping procedure with 3,000 subsamples. We 
considered a hypothesis supported when the path coefficient was positive, the t-statistic exceeded 
1.96, and the p-value was less than 0.05. Image 4 presents the bootstrapping results, which show 
the t-statistics used to test the significance of the structural model relationships. 
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Image 4. Bootstrapping output: t-statistics for the structural paths and outer loadings 

 
The bootstrapping results indicated that all hypothesized relationships were statistically significant, 
as shown in Table 10. 
 

Table 10. Bootstrapping and hypothesis testing results 
Hypothesis Path O STDEV T p CI 2.5% CI 97.5% Decision 

H1 SPD -> HB 0.515 0.083 6.196 <0.001 0.341 0.666 Accepted 
H2 KS -> SPD 0.550 0.067 8.236 <0.001 0.409 0.671 Accepted 
H3 KS -> HB 0.238 0.076 3.146 0.002 0.087 0.386 Accepted 
H4 KS -> SPD -> HB 0.283 0.059 4.767 <0.001 0.169 0.399 Accepted 

 
The bootstrapping results indicated that Differentiated Learning Strategies had a positive and 
significant effect on Learning Outcomes (O = 0.515, t = 6.196, p < 0.001), thereby supporting H1. 
Students’ Needs also positively affected Differentiated Learning Strategies (O = 0.550, t = 8.236, 
p < 0.001), supporting H2. In addition, Students’ Needs positively affected Learning Outcomes 
(O = 0.238, t = 3.146, p = 0.002), supporting H3. The indirect effect of Students’ Needs on 
Learning Outcomes through Differentiated Learning Strategies was also significant (O = 0.283, t 
= 4.767, p < 0.001), thereby supporting H4. 
 
Exploratory Group Comparison and PLS-MGA 
Because the sample design included both experimental and control classes, we conducted an 
additional analysis to compare relationship patterns among variables across the experimental and 
control groups. However, interpret the PLS-MGA results with caution because the control group 
consisted of only 25 students. Given the small control group, this analysis is better positioned as 
an exploratory supplement than as a basis for the study's primary conclusions. The PLS-MGA 
results did not reveal statistically significant differences between the experimental and control 
groups across any structural paths, as all p-values exceeded 0.05 and the confidence intervals 
included zero, positioning these findings as exploratory and supportive rather than confirmatory, 
as shown in Table 11. 
 

Table 11. Exploratory PLS-MGA: experimental vs control groups 
Path Experimental 

coefficient 
Control 

coefficient 
Difference p-MGA CI 

2.5% 
CI 97.5% 

KS -> SPD 0.591 0.525 0.066 0.734 -0.210 0.425 
KS -> HB 0.291 0.274 0.017 0.962 -0.355 0.402 

SPD -> HB 0.477 0.412 0.065 0.764 -0.338 0.617 
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The PLS-MGA results did not reveal any significant differences in path coefficients between the 
experimental and control groups. Therefore, the group differences in the simulated data were more 
evident in the mean scores of the Differentiated Learning Strategies and Learning Outcomes 
constructs rather than in differences in the strength of the structural paths among the constructs. 
This pattern makes sense because the primary SEM-PLS model explains general latent 
relationships, whereas experimental/control class status is more strongly reflected in differences in 
construct score levels. 

 
Discussion 
The findings provide empirical support for a structured relationship between Students’ Needs (KS), 
Differentiated Learning Strategies (SPD), and Learning Outcomes (HB) in a vocational education 
context. The significant KS → SPD path (β = 0.550, p < 0.001) confirms that identifying students’ 
needs is a critical antecedent in shaping instructional differentiation (Pretorius & 
Padmanabhanunni, 2025; Tian & Tian, 2025). This suggests that when teachers systematically 
assess students’ academic readiness, interests, learning profiles, and support requirements, they are 
better positioned to design adaptive instructional strategies that align with learner diversity (Silmi 
et al., 2025; Issa & El-Sabagh, 2023). From a pedagogical perspective, this finding reinforces the 
principle that effective instruction begins with diagnostic understanding rather than uniform 
delivery, particularly in vocational high schools where student competencies are highly 
heterogeneous (Sumarni et al., 2025; Löfgren et al., 2023; Widana et al., 2021). 
 
The analysis further demonstrates that Differentiated Learning Strategies exert the strongest direct 
effect on Learning Outcomes (β = 0.515, p < 0.001; f² = 0.341), indicating a moderate-to-strong 
effect size. This result highlights that implementing differentiation through content adaptation, 
process variation, product flexibility, scaffolding, and individualized feedback plays a central role 
in improving students’ academic performance (Fadil & Nurulpaik, 2026; Manuel & Mempin, 2025). 
The R² value of 0.457 for Learning Outcomes indicates that the integrated model explains nearly 
half of the variance in student achievement, underscoring the substantive explanatory power of 
differentiated instruction in this context. These findings align with prior research emphasizing that 
instructional adaptation significantly enhances engagement and achievement when implemented 
systematically rather than sporadically (Spyropoulou et al., 2025; Jager et al., 2025; Sugiyanto et al., 
2026). 
 
In addition, Students’ Needs also demonstrated a direct effect on Learning Outcomes (β = 0.238, 
p = 0.002), although the effect size was relatively small (F² = 0.073). This suggests that while 
students’ needs independently contribute to achievement, their impact is substantially strengthened 
when mediated through differentiated instructional practices. The significant indirect effect (β = 
0.283, p < 0.001) confirms SPD's mediating role, indicating that instructional design functions as 
a critical mechanism through which learner characteristics translate into measurable learning 
outcomes. This mediational pathway positions differentiated instruction as an essential bridge 
between learner diagnosis and educational achievement, reinforcing a process-oriented 
instructional model (Lisnawati & Nirmala, 2024; Silmi et al., 2025). 
 
From a structural perspective, the model shows acceptable predictive relevance, as indicated by Q² 
values for both SPD (0.276) and HB (0.421), confirming sufficient predictive capability. Moreover, 
multicollinearity diagnostics (VIF < 1.5) confirm that the structural estimates are stable and free 
from redundancy effects, strengthening the robustness of the SEM-PLS results. 
 
Interestingly, although the experimental classes had higher mean scores in differentiated learning 
strategies and learning outcomes than the control class, the PLS-MGA results showed no 
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statistically significant differences in structural path coefficients across groups. This suggests that 
while treatment exposure influenced construct levels (mean differences), it did not significantly 
alter the structural relationships among KS, SPD, and HB. In other words, the mechanism of 
influence remains stable across groups, but the intensity of observed outcomes differs. This finding 
frames group-level differences as descriptive rather than structural, supporting the model's 
robustness across instructional settings. 
 
Overall, the findings support a hierarchical instructional model in which Students’ Needs function 
as the input variable, Differentiated Learning Strategies serve as the pedagogical mechanism, and 
Learning Outcomes represent the output. The results emphasize that differentiation is not merely 
an instructional option but a necessary translation mechanism that converts learner variability into 
improved academic performance (Silmi et al., 2025; Bashori & Pasiamping, 2024). This reinforces 
the theoretical assumption that effective teaching in vocational education requires continuous 
alignment between learner characteristics and instructional design, particularly in competency-
based learning environments (Luisa et al., 2025; Suyatmo et al., 2025). 
 
The implications of this study highlight the need for vocational high schools and teachers to 
develop instructional plans that begin with identifying students’ needs. Teachers should focus not 
only on delivering content but also on differentiating learning content, processes, and products to 
ensure that students receive learning experiences aligned with their individual characteristics. The 
findings of this study may also serve as a foundation for developing teacher training programs, 
school policies, and more adaptive curriculum innovations. In practice, the proposed model can 
guide implementation of more inclusive, personalized, and learning outcome-oriented instructional 
practices. 
 
This study contributes by developing a differentiated learning strategy model designed around the 
needs of vocational high school students. This study also makes an empirical contribution by using 
SEM-PLS to explain latent relationships among variables in the context of vocational education. 
Furthermore, the study extends understanding that differentiated learning is not only relevant in 
general education but also highly important for improving learning effectiveness in vocational high 
schools. Another contribution of this research is providing a conceptual foundation for future 
studies seeking to develop adaptive learning models across various educational contexts. 
 
This study has several limitations related to the research context and the scope of respondents, 
which may not fully represent the diverse characteristics of vocational high school students. The 
data collected through questionnaires may also be influenced by respondents’ subjective 
perceptions. Furthermore, if the study is conducted at a single point in time, the model’s ability to 
explain changes in learning behavior over the long term becomes limited. Therefore, future 
research should employ longitudinal designs, expand research settings, and incorporate 
observational data or actual academic achievement measures to strengthen the findings. 
 

Conclusion  
 
This study confirms that developing differentiated learning strategies based on students’ needs is a 
relevant approach to improving vocational high school students' learning outcomes. The research 
direction formulated in the introduction, namely the development of an adaptive learning model, 
gains a strong conceptual foundation through the relationships among Students’ Needs, 
Differentiated Learning Strategies, and Learning Outcomes. By employing SEM-PLS, this study 
can generate an empirical model that explains how instruction tailored to students’ characteristics 
can produce more optimal learning outcomes. In the future, the findings of this study may be 
further developed into an instructional implementation model applicable across vocational 
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programs in vocational high schools, while also serving as a foundation for subsequent research 
examining the model's effectiveness in schools, regions, and student populations with more diverse 
characteristics. 
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