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Abstract 

This study aimed to examine the effect of the worked-example strategy on students’ learning 

outcomes in complex mathematics across three time points (pre-test, post-test, delayed-test), and to 

analyze whether this effect differed based on students’ gender and initial ability levels. A quantitative 

one-group within-subjects quasi-experimental design was used with 31 eighth-grade students from 

SMPN 1 Pulosari. Data were collected through validated and reliable test instruments and analyzed 

using Rasch modeling and inferential statistics. Results showed that the strategy significantly improved 

learning outcomes (p<0.05), particularly from pre-test to post-test. Although delayed-test scores slightly 

declined, performance remained high. Moreover, initial differences based on ability levels were 

observed in the pre-test but they were no longer significant (p>0.05) in the post-test and delayed-test 

results, suggesting that the strategy helped lower-ability students catch up, reducing learning gaps. 

Additionally, the study found no significant differences in learning outcomes based on gender (p > 0.05), 

nor any interaction between gender or ability level and the effectiveness of the worked-example strategy 

(p>0.05). This study demonstrates the worked example strategy’s effectiveness across time, abilities, 

and genders in reducing cognitive load and strengthening students’ conceptual understanding. Future 

studies may compare types, involve varied levels, and use more rigorous designs. 
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INTRODUCTION  

Mathematics is one of the lessons that is often considered difficult by many students, resulting in 

unsatisfactory learning outcomes (Ayu et al., 2024; Setiawan et al., 2016). In addition to students' 

mindset towards mathematics, complex mathematics material is also sometimes a trigger for low student 

learning outcomes. Learning outcomes are an important indicator in evaluating the success of learning. 

Learning outcomes reflect the extent to which an individual has mastered the material through the results 

of assessments, serving as an indicator of learning outcomes (Nainggolan & Pasaribu, 2021). In this 

study, learning outcomes include two main types of knowledge (procedural knowledge and conceptual 

knowledge). One of the factors influencing students’ learning outcomes is the level of complexity of the 

material being studied, as complex material can increase the difficulty of understanding concepts and 

solving mathematical problems.  

Complex mathematics material refers to concepts and topics in mathematics that have a high level 

of difficulty or complexity and involve many interactions between various elements or components. 

Element interactivity refers to how various learning components, such as numbers, symbols, and 

procedures are interconnected and need to be processed at the same time within working memory 

(Adeniji & Baker, 2023; Chen, 2015; Sweller, 2011). The level of element interactivity can be identified 

by estimating the number of interacting elements in a learning material. The more elements that must 

be processed simultaneously, the higher the level of interactivity and cognitive load that students may 

experience, especially intrinsic cognitive load (Adeniji & Baker, 2023; Chen, 2015). This can affect 

students' ability to process information effectively. 

In addition to element interactivity, complex mathematics material is typically characterized by 

the need for deep procedural and conceptual understanding. Procedural understanding involves the 

ability to follow steps to solve problems, while conceptual understanding relates to principles and the 

relationships between mathematical concepts. In learning complex mathematics, these characteristics 

high element interactivity and the need for deep procedural and conceptual understanding can increase 

the difficulty for students, especially those with low ability. Complex material with various abstract 

elements is often a challenge for students, resulting in high cognitive load, particularly extrinsic 

cognitive load (Richardo & Cahdriyana, 2021; Santosa & Filiz, 2025). 

According to Santosa et al (2018) Increased cognitive load occurs due to the limitations of 

working memory in handling information, making it vulnerable to overload, which ultimately inhibits 

learning. In this case, when the amount of information that must be processed by students exceeds their 

working memory capacity, students will have difficulty processing and remembering information 

(Sholihah, 2022). Thus, success in learning is highly dependent on the ability of one's memory to process 

and store the information received. 

Through learning, individuals not only accumulate new knowledge but also utilize memory skills 

to store, recall, and apply the information, so that it can be implemented in the future. According to 

Adeniji et al (2018) The learning process does not stop at mastering information at that time, but also 

the ability of students to remember and apply that knowledge in different contexts in the future. 

Therefore, it is important for teachers to design various efforts to develop good mathematics learning 

methods in order to support student understanding during the learning process, to support long-term 

knowledge retention, especially for complex material.  

One of the effective learning strategies to achieve these goals can refer to a cognitive load theory 

found by Sweller, namely Cognitive Load Theory (CLT), which is a theory that deals with how to design 

instructions and deliver information efficiently, taking into account the limited ability of working 

memory. According to Sweller (2011) CLT is a learning theory based on knowledge of human cognition. 

CLT is able to optimize instructional design to manage working memory limitations and utilize long-

term memory, thus improving learning and performance on complex tasks (Sholihah, 2022; Sweller, 

1988). By optimizing instructional design and reducing unnecessary cognitive load, CLT can directly 

support the enhancement of students’ learning outcomes. Specifically, it helps students master complex 

mathematics concepts, follow procedural steps accurately, and develop conceptual understanding, which 

are the main indicators of learning outcomes in this study 



The Effect of Worked-Examples on Students’ Learning Outcomes in Complex Mathematics Materials 

 

Page 74  Copyright (c) 2026 Rodiyatul Hafidhoh, Cecep Anwar Hadi Firdos Santosa, Anwar Mutaqin 

Three sources of cognitive load can be identified according to Sweller (2011), namely intrinsic 

cognitive load, extrinsic, and constructive cognitive load. Intrinsic cognitive load is directly related to 

the ability of students to understand the information received (Ratnasari, 2023), this cognitive load 

cannot be changed because it depends on the complexity of the material and the material taught, and its 

elements (Irwansyah & Retnowati, 2019; Richardo & Cahdriyana, 2021; Santosa et al., 2018; Sweller, 

2011). While extrinsic cognitive load is related to the way the presentation   material, such as methods 

and strategies applied by teachers in the classroom and can still be controlled (Afidah, 2020; Ratnasari, 

2023; Richardo & Cahdriyana, 2021; Santosa et al., 2019; Sweller, 2011). Furthermore, the constructive 

cognitive load is where this load is related to the learning process, especially in fostering knowledge 

sche  ma construction and successful problem solving (Irwansyah & Retnowati, 2019; Santosa et al., 

2019).  

Of the three, cognitive load that can inhibit the learning process is extrinsic cognitive load 

(Muryanto, 2020),  this can be manipulated by the preparation of methods, strategies, or learning designs 

to increase the effectiveness of learning (Anisa & Endah Retnowati, 2024).  One of the strategies that 

can be used to design learning is the worked-example. This strategy has been proven to encourage 

knowledge transfer in mathematics learning, both individually and collaboratively (Barbieri et al., 2023; 

Retnowati et al., 2010; Sholihah, 2022),  in addition to supporting the limitations of students' initial 

abilities and reducing external cognitive load, this worked-example strategy is very effective in learning 

(Sweller et al :2011; Irwansyah & Retnowati, 2019).  

A worked-example is a strategy that presents students with fully solved examples, showing each 

step of the solution in detail. A worked-example demonstrates problem solving by presenting the 

solution step by step, starting from problem formulation, continuing with the solving process, and ending 

with the final answer (Hoogerheide, 2014; Santosa et al., 2022). Showing these steps is intended to guide 

students in learning how to reach solutions more effectively and with greater understanding (Atkinson 

et al., 2000; Intan & Rosyid, 2020)  

The worked-example strategy can effectively reduce cognitive load, which makes each learning 

step less challenging, thus improving learning outcomes, especially in problem solving (Chen et al., 

2023; Hoogerheide, 2014; Irwansyah & Retnowati, 2019; Santosa et al., 2018).  This supports the 

application of worked-example in learning that can affect learning outcomes. However, further research 

is needed on how the worked example strategy can influence learning outcomes in complex mathematics 

contexts, especially in terms of its short-term and long-term effects.  

Beyond cognitive factors, learning outcomes can also be influenced by gender and students’ 

ability levels. Several studies indicate that gender stereotypes still play a role in mathematics learning 

outcomes (Ayebale et al., 2020; Yulianto et al., 2025), while others report that male and female students 

now perform at relatively similar levels (Adeniji & Baker, 2023; Hyde, 2014). So the influence of gender 

is still inconclusive. On the other hand, students' ability level more consistently affects learning 

outcomes. High-ability students tend to have stronger cognitive schemas (Adeniji & Baker, 2023; 

Kalyuga & Renkl, 2010; Sweller, 1988), whereas low-ability students require more instructional support 

(Alreshidi, 2021; Rohman & Retnowati, 2018). It is therefore essential to examine how these 

strategies can be adapted to suit students with varying ability levels. 
Several studies have explored how effective worked-example strategies are in supporting 

learning. Adeniji & Baker (2023) found that worked-example significantly improved short-term learning 

outcomes (pre-test to post-test), though its effect on long-term outcomes (post-test to delay-test) was 

weaker. It was more beneficial for low-ability students, and no significant differences were found based 

on gender. However, this study was conducted during the COVID-19 pandemic, limiting direct 

interaction between researchers and students. The present study revisits the worked-example strategy 

under more stable post-pandemic learning conditions, allowing more intensive interaction and 

observation to generate more accurate data on its effects on complex mathematics learning outcomes. 

Similarly, Alreshidi (2021) reported that example-problem pairs improved students’ mathematics 

achievements, especially for students with sufficient prerequisite knowledge, but this study focused only 

on male students due to gender-segregated schooling in Saudi Arabia. The current study expands the 

context by including both genders and analyzing the effects of ability and gender on learning outcomes. 
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Chen et al. (2023) showed that worked-examples positively affected retention and knowledge 

transfer while reducing cognitive load, but retention was measured only one week after learning. In this 

study, a delay test conducted three weeks after the post-test allows for a more comprehensive assessment 

of long-term learning outcomes. Despite these findings, research examining how worked-example 

strategies interact with gender and student ability in affecting both short-term and long-term learning 

outcomes is still limited in Indonesia. This represents the research gap that this study aims to address. 

Based on this background, this study was conducted to examine the effectiveness of the worked-

example strategy in improving student learning outcomes in complex mathematics materials at SMPN 

1 Pulosari. This research focused on several main questions: (1) Does the worked-example strategy have 

an effect on student learning outcomes at three different time points? (2) Are there differences in learning 

outcomes based on student ability levels when applying the worked-example strategy? (3) Are there 

differences in learning outcomes based on student gender when applying the worked-example strategy? 

(4) Does gender or student ability level interact with the effectiveness of worked-example? 
 

METHOD 

This study used a quantitative approach with a one-group, within-subject, quasi-experimental 

design, involving one class of students tested at three different time points, namely the pre-test, post-

test, and delayed-test. The one-group within-subjects quasi-experimental design was selected because it 

allows for measuring changes in the same group of participants over multiple time points (pre-test, post-

test, and delayed-test). This approach reduces variability caused by individual differences, as each 

student serves as their own control. It was also the most feasible design given the limited number of 

classes available for research in the school, as the school only permitted the use of one intact class. 

Despite the absence of a control group, this design is appropriate for examining the effectiveness of the 

worked-example strategy over time and provides valuable preliminary evidence that can be further 

tested using more rigorous designs in future research. The research was conducted at SMP Negeri 1 

Pulosari, Pandeglang, with a sample of 31 eighth-grade students (16 females and 15 males). This study 

aims to measure the effect of the worked example strategy on complex math learning outcomes at three 

different measurement times, namely before treatment (pre-test), after treatment (post-test), and three 

weeks after the post-test (delayed-test). 

The mathematics material used in this study was the topic of functions for eighth-grade junior 

high school students, categorized as complex material. This selection was based on its high element 

interactivity, requiring students to understand relationships between variables, use various 

representations (tables, graphs, and equations), and engage in abstract and symbolic mathematical 

reasoning. The complexity of this topic was further supported by the subject teacher’s observation that 

functions often present challenges, particularly for students with weak foundational mathematical skills. 

Therefore, functions were considered likely to impose a high cognitive load, requiring an appropriate 

instructional strategy, such as the worked-example approach, to help students process information 

effectively. 

The instrument used in this study was a test designed to measure the effect of the worked-example 

strategy on students’ learning outcomes. This test instrument was designed to be used in the pre-test, 

post-test, and delayed-test. It consisted of five essay-type questions: two items assessed conceptual 

knowledge (e.g., identifying whether a relation is a function and explaining examples of functions in 

daily life), and three items assessed procedural knowledge (e.g., representing functions in various forms, 

determining the values and graphs of functions, and constructing linear function formulas from given 

information). All items were designed to measure complex mathematics learning outcomes, particularly 

problem-solving in function-related problems with high element interactivity, which require the 

integration of multiple concepts and solution steps.  

Experts validated the test instrument to confirm its accuracy, clarity, and consistency with the 

targeted learning objectives. The validators included the first and second academic supervisors, who are 

experts in learning and instructional design, as well as an experienced mathematics teacher. They 

reviewed the instrument using a validation sheet covering aspects such as content relevance, clarity of 

instructions, appropriateness of difficulty level, and the balance between conceptual and procedural 
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knowledge. Feedback from the validators was used to make revisions, ensuring that the instrument was 

both valid and reliable before being implemented in the study. 

With a validated and reliable instrument in place, the study proceeded to the learning 

implementation stage, which lasted for three meetings. During this phase, all students in the class 

received the same treatment, namely participating in the learning process using the worked-example 

strategy. This strategy was applied consistently in each meeting to help students understand complex 

mathematics material through examples accompanied by step-by-step solution tracing.  

Each meeting began with an initial learning phase, including an aperception and elicitation of 

students’ prior knowledge through brief question-and-answer sessions. The teacher then provided a 

concise explanation of the basic concepts of the topic to build initial conceptual understanding and 

ensure that students had a sufficient foundation before progressing to more complex material.  

In the main learning phase, the teacher presented the core material along with fully solved 

example problems (worked examples) on the board. These examples included sequential solution steps 

with accompanying verbal explanations. Students were instructed to carefully observe the examples 

while taking notes and highlighting the key steps. 

Next, students were guided to review the material independently and were given opportunities to 

ask the teacher about parts they did not yet understand. This activity aimed to strengthen both students’ 

conceptual and procedural understanding through tracing and repetition. Following this, students were 

provided with acquisition sheets in an example–problem pairs format, containing several solved 

example problems each followed by similar practice problems. These sheets were intended to help 

students develop conceptual schemas and apply their understanding, preparing them for the post-test 

and delayed-test. 

After the three meetings, a post-test was conducted to measure students’ learning outcomes 

following the intervention. Three weeks later, a delayed-test was administered to assess students’ long-

term retention of the material. The post-test and delayed-test items were designed to be similar to those 

on the pre-test. 

The collected data were then analyzed using the SOLO Taxonomy to evaluate students’ 

conceptual and procedural understanding. Subsequently, Rasch analysis was performed with the 

assistance of Winsteps software to estimate students’ abilities, determine item difficulty, and assess data-

model fit, providing insight into the interaction between item characteristics and student performance. 

Following this, inferential statistical analyses were conducted. Preliminary assumption tests, 

including normality (Shapiro-Wilk) and homogeneity (Levene), were carried out as prerequisites. Paired 

sample t-tests were used to compare mean scores between pre-test and post-test, as well as between post-

test and delayed-test. Independent sample t-tests were applied to examine differences in learning 

outcomes based on students’ ability levels and gender. Repeated measures ANOVA was employed to 

analyze differences across the three measurement points, and mixed-design ANOVA was used to test 

potential interactions between within-subject factors (time points) and between-subject factors (ability 

or gender). This analytical procedure allowed for a comprehensive evaluation of the effectiveness of the 

worked-example strategy over time and across different student groups. 
 

RESULTS  

The research results consisted of pre-test, post-test, and delayed-test data to measure students' 

learning outcomes on complex math materials with the Worked-example strategy at three different time 

points. Student responses at the three time points were assessed with reference to the SOLO Taxonomy 

and continued with Rasch analysis as well as inferential. Unlike classical statistical approaches, the 

Rasch model has its own advantages (Rahim & Haryanto, 2021). One of them is that a student's 

correct answer is not only determined by his or her ability, but also by the nature and difficulty 

of the question (Adi et al., 2022; Muhtarom, 2024).  In other words, the correct answer of a student is 

not only determined by his/her ability, but also by the way the question is designed and the difficulty 

level. The results of the Rasch analysis are presented in Table 1: 
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Table 1 Summary Statistics of Rasch for Item and Response Estimation 

Test Rasch 

separati

on 

indeks 

(I) 

Rasch 

separati

on 

indeks 

(S) 

Infit 

(I) 

Infit 

(S) 

Out

fit 

(I) 

Out

fit 

(S) 

Relia

bility 

(I) 

Relia

bility 

(S) 

Pre-test 2.59 1.09 0.99 0.89 0.70 0.70 0.87 0.54 

Post-test 5.09 3.35 1.02 0.99 0.98 0.98 0.96 0.92 

Delayed

-test 

4.72 3.43 0.98 1.00 0.95 0.95 0.96 0.92 

 

Table 1 displays the summary results of the Rasch analysis for item and student response estimates 

across the pre-test, post-test, and delayed test. The table reports separation indices for items and students, 

infit and outfit statistics, and reliability values. The findings indicate that the item separation index 

improved from the pre-test to the later tests, suggesting that the instrument became more effective in 

distinguishing the difficulty levels of the questions. Similarly, the student separation index also 

increased, indicating the instrument's ability to differentiate student ability levels after treatment. The 

infit and outfit values are within the ideal range (0.5-1.5), indicating the consistency of student responses 

to the model. The reliability of the instrument was very high in the post-test and delayed-test (I = 0.96; 

S = 0.92), and remained acceptable in the pre-test (I = 0.87; S = 0.54), so the instrument was considered 

reliable for measuring student learning outcomes.   Student reliability of more than 0.5 indicates that 

there is more than one level of student ability (Adeniji, 2023). Students were categorized into two levels 

of ability, low and high, based on their performance on the pre-test. This finding supports further 

analysis of the effect of the worked-example strategy on learning outcomes based on students' skill 

levels.  

To see the difficulty level of the questions and the level of student ability, it can be seen from the 

output of the Wright Map Item & Person Rasch table.  
 

 

Figure 1 Output of the Wright Map Item & Person Rasch table 

PRETEST POSTEST 
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Figure 1 shows that in the pre-test, the majority of students were below 0 logits, while many items 

were above, indicating the questions were classified as difficult. After the treatment, in the post-test, the 

distribution of students shifted upwards, indicating an improvement in ability. The items were also 

evenly distributed along the logit scale, indicating a match between the difficulty level of the questions 

and the students' abilities. This suggests that the instrument effectively differentiates student ability and 

supports improved learning outcomes. 

Next, further analysis was conducted to answer various research questions related to the effect of 

the worked-example strategy on student learning outcomes, as well as its relationship with gender and 

ability level. This analysis included inferential statistical testing, such as t-test, ANOVA, and Mixed 

Design ANOVA, to examine the significance of differences and interactions that occurred in various 

measurement conditions. 

 

Does the worked-example strategy affect student learning outcomes at three different time points? 

Before conducting inferential statistical tests, a descriptive analysis of student learning outcomes 

at three stages of measurement is presented. Table 2 presents descriptive statistics of students’ scores at 

three measurement points: pre-test, post-test, and delayed-test. For each time point, the table displays 

the number of participants (N), minimum score (Min), maximum score (Max), mean score (Mean), and 

standard deviation (Std. Dev.). The mean score increased substantially from the pre-test (9.58) to the 

post-test (56.45), indicating a marked improvement after the intervention, and then slightly declined in 

the delayed-test (47.87), showing some decrease in retention over time. The standard deviation values 

suggest that score variability was low at the pre-test (5.46) but became larger in the post-test (21.01) and 

delayed-test (21.59), indicating greater differences in student performance after the treatment. To 

determine whether the difference is significant, inferential statistical tests need to be conducted. Before 

that, a prerequisite test was carried out in the form of a normality test to determine the appropriate type 

of test. The normality test using Shapiro-Wilk showed that the data at all three time points were normally 

distributed (p > 0.05), so it could be continued with the parametric test, namely the paired sample t-test. 

 

Table 2 Descriptive Statistics of Students’ Pre-test, Post-test, and Delayed-test 

Three points in time N Min Max Mean Std. Dev 

Pre-test 31 2 23 9,58 5,46 

Post-test 31 13 92 56,45 21,01 

Delayed-test 31 6 90 47,87 21,59 

 

Table 3 presents the results of the paired sample t-test comparing students’ scores between the 

pre-test and post-test (Pair 1), and between the post-test and delayed-test (Pair 2). Based on the paired 

sample t-test results presented in table 3, there is a significant difference between the pre-test and post-

test (t (30) = -13.35, p = 0.000), as well as between the post-test and delayed-test (t (30) = 12.31, p = 

0.000). The p (Sig.) value <0.05 indicates that the changes between each time point were significant, 

indicating that the intervention implemented in this study had an effect on students' learning outcomes. 

Furthermore, to see the overall effect of the strategy and monitor the pattern of changes in learning 

outcomes, Repeated Measures ANOVA analysis was conducted. 

 

Table 3 Results of Paired Sample T-Test 

 t df Sig. (2-tailed) 

Pair 1 Pretest-Postest -13,35 30 0,000 

Pair 2 Postest-Delaytest 12,31 30 0,000 

 

Before conducting the Repeated Measures ANOVA analysis, a sphericity assumption test was 

conducted to ensure the similarity of variance differences between measurement times (pre-test, post-

test, delayed-test). This test uses Mauchly's Test of Sphericity. If the significance value is <0.05, then 
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the assumption is not met, and the analysis continues with Greenhouse-Geisser correction. Conversely, 

if p > 0.05, the F value in the Sphericity Assumed row was used. 

Based on the results of Mauchly’s Test of Sphericity on Table 4, since the (Sig.) value of 0.00 < 

0.05, the assumption of sphericity is considered not met, so the ANOVA analysis must use the correction 

value (Greenhouse-Geisser) to correct the degrees of freedom. 

 

Table 4 Test of Sphericity (Mauchly’s Test Results) 

Within-Subjects 

Effect 

Mauchly's 

W 

Approx. 

Chi-

Square 

df Sig. 

Waktu 0,57 16,13 2 0,000 

 

Table 5 presents the results of the Repeated Measures ANOVA with the Greenhouse–Geisser 

correction, applied because Mauchly’s Test indicated that the sphericity assumption was violated. The 

results (Sig. = 0.000 < 0.05) show significant differences in students’ mean learning outcomes across 

the pre-test, post-test, and delayed test. To identify where these differences occurred, a post-hoc Pairwise 

Comparison with Bonferroni correction was conducted. 

 

Table 5 Repeated Measures ANOVA Results Using Greenhouse-Geisser Correction 

Tests of Within-Subjects Effects 

  df Mean Square F Sig. 

Greenhouse-Geisser 1,402 27543,651 130,273 0,000 

 

Table 6 presents the results of the Post Hoc Pairwise Comparisons using the Bonferroni correction 

to compare the mean student learning outcomes scores across each pair of measurement times (pre-test, 

post-test, and delayed-test). Based on table 6, there were significant differences between all pairs of 

measurement times (Sig. = 0.000). Learning outcomes increased sharply from pre-test to post-test 

(difference = 46.87), remained higher in the delayed-test than the pre-test (difference = 38.29), but 

decreased from post-test to delayed-test (difference = 8.58). This shows that despite the decrease after 

the time lag, students' learning outcomes remained better than before the treatment. 

 

Table 6 Results of Post Hoc Pairwise Comparisons with Bonferroni Correction 

Pairwise Comparison Test 

Time (I) Time (J) Mean 

Difference 

(I-J) 

Std. 

Error 

Sig. 

(p) 

95% Confidence 

Interval 

Pre-test Post-test -46.871 3.511 0.000 (-55.775, -37.967) 

Pre-test Delayed-test -38.290 3.609 0.000 (-47.442, -29.139) 

Post-test Delayed-test 8.581 1.824 0.000 (3.954, 13.207) 

 

Are there differences in learning outcomes based on students' ability levels when applying the 

worked-example strategy? 

Before inferential statistical tests were conducted, descriptive analysis was presented to provide 

an initial picture of student learning outcomes based on ability levels at three stages of measurement. 

Table 7 presents descriptive statistics of students’ learning outcomes based on their ability levels 

(high and low) at three measurement stages: pre-test, post-test, and delayed-test. Based on table 7, high-

ability students showed higher average learning outcomes than low-ability students at all measurement 

times. This indicates that initial ability level can affect learning outcomes, both in the short and long 

term. To test the significance of these differences, an inferential test was conducted by first ensuring the 

assumptions of normality and homogeneity were met. 
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Table 7 Descriptive Data of Students Based on Ability Level 

Ability level N Min Max Mean Std. Dev 

High Pre-test 16 10 23 13,92 3,75 

Low Pre-test 15 2 8 4,93 1,98 

High Post-test 16 29 92 62,68 19,83 

Low Post-test 15 13 85 49,80 20,80 

High Delayed-test 16 13 91 54,62 21,06 

Low Delayed-test 15 6 79 40,66 20,39 

 

Before conducting inferential tests to determine the statistical significance of these differences, 

the assumptions of normality and homogeneity were checked. Normality test results using Shapiro-Wilk 

showed that all data in the pre-test, post-test, and delayed-test were normally distributed (p> 0.05). The 

homogeneity test using Levene also showed that the variance between groups was homogeneous (p> 

0.05). Thus, the data met the requirements for the next parametric test, namely the Independent Sample 

t-test. 

Table 8 reports the Independent Sample t-test results comparing the learning outcomes of students 

with high and low ability across three assessments (pre-test, post-test, and delayed test). The pre-test 

results show a significant difference (p = 0.000) with a mean gap of 9.00. In contrast, the post-test (p = 

0.088) and delayed test (p = 0.071) did not yield statistically significant differences, despite mean gaps 

of 12.89 and 13.96, respectively. These findings suggest that after the intervention, the performance gap 

between high- and low-ability students became more balanced. 

 

Table 8 Independent Sample T-Test Results Based on Students’ Ability Level 

Three points in time t df Sig. (2-tailed) Mean Difference 

Pre-test 8,27 29 0,000 9,00 

Post-test 1,77 29 0,088 12,89 

Delayed-test 1,87 29 0,071 13,96 

 

Table 8 reports the Independent Sample t-test results comparing the learning outcomes of students 

with high and low ability across three assessments (pre-test, post-test, and delayed test). The pre-test 

results show a significant difference (p = 0.000) with a mean gap of 9.00. In contrast, the post-test (p = 

0.088) and delayed test (p = 0.071) did not yield statistically significant differences, despite mean gaps 

of 12.89 and 13.96, respectively. These findings suggest that after the intervention, the performance gap 

between high- and low-ability students became more balanced. 

 

Is there a difference in learning outcomes based on student gender when applying the Worked-

example strategy? 
Before inferential statistical tests are conducted, descriptive analysis is presented to provide an 

initial picture of student learning achievements based on ability levels at three stages of measurement. 

Table 9 shows the difference in average learning outcomes between male and female students at all three 

measurement times. Female students excel in the pre-test, while male students show higher averages in 

the post-test and delayed-test. To determine whether this difference is statistically significant, an 

inferential test is required after fulfilling the prerequisite tests of normality and homogeneity. 

 

Table 9 Descriptive Data of Students Based on Gender 

Gender N Min Max Mean Std. Dev 

Pre-test P 16 2 23 10,93 5,27 

Pre-test L 15 2 19 8,00 5,58 

Post-test P 16 13 92 53,62 19,85 

Post-test L 15 21 90 59,46 22,47 

delayed-test P 16 8 83 44,43 20,08 

delayed-test L 15 6 90 51,53 23,21 
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Before conducting inferential tests to determine the statistical significance of these differences, 

the assumptions of normality and homogeneity were checked. Normality test results using Shapiro-Wilk 

showed that all data in the pre-test, post-test, and delayed-test were normally distributed (p> 0.05). The 

homogeneity test using Levene also showed that the variance between groups was homogeneous (p> 

0.05). Thus, the data met the requirements for the next parametric test, namely the Independent Sample 

t-test. 

Table 10 shows the results of the Independent Sample t-test comparing male and female students’ 

learning outcomes across three assessments: pre-test, post-test, and delayed test. The findings indicate 

no significant differences between the two groups at any measurement point (p > 0.05). Although 

descriptively female students scored higher on the pre-test, while male students outperformed in the 

post-test and delayed test, the mean differences were too small to reach statistical significance. 

Therefore, it can be concluded that gender has no significant impact on learning outcomes in either the 

short or long term. 

 

Table 10 Independent Sample T-Test Results Based on Students' Gender 

Three points in time t df Sig. (2-tailed) Mean Difference 

Pre-test 1,507 29 0,143 2,93 

Post-test -0,768 29 0,449 -5,84 

delayed-test -0,912 29 0,369 -7,09 

 

Does student gender or ability level interact with worked-example effectiveness? 

Normality and homogeneity of the data for the between-subjects factor were pre-tested using 

Shapiro-Wilk and Levene's Test; the results showed that the assumptions of normality and homogeneity 

of variance were met for each group (p > 0.05). For within-subject data, the Shapiro-Wilk test showed 

that normality was met (p > 0.05).  

Before conducting the Mixed Design ANOVA analysis, a sphericity assumption test was 

conducted to ensure the similarity of variance differences between measurement times (pre-test, post-

test, delayed-test). This test uses Mauchly's Test of Sphericity. If the significance value is <0.05, then 

the assumption is not met, and the analysis continues with Greenhouse-Geisser correction; conversely, 

if p > 0.05, the F value in the Sphericity Assumed row was used. 

Table 11 presents the results of Mauchly’s Test of Sphericity, which checks whether the variances 

of the differences between all combinations of measurement times (pre-test, post-test, delayed-test) are 

equal. Since the (Sig.) value of 0.00 < 0.05, the assumption of sphericity is considered not met, so the 

ANOVA analysis must use the correction value (Greenhouse-Geisser) to correct the degrees of freedom. 

 

Table 11 Test of Sphericity (Mauchly’s Test Results) 

Mauchly's Test of Sphericity 

Within-Subjects 

Effect 

Mauchly's 

W 

Approx. Chi-

Square 

df Sig.  

Time 0,622 12,362 2 0,002 

 

Table 12 presents the results of the Mixed Design ANOVA with the Greenhouse–Geisser 

correction, which was conducted to determine whether there was an interaction effect between worked-

example effectiveness and gender, as well as between worked-example effectiveness and ability level, 

across three measurement points (pre-test, post-test, delayed-test). Based on table 12, there is no 

significant interaction between worked-example effectiveness and gender (sig. 0.118), nor between 

worked-example effectiveness and ability level (sig. 0.296). This shows that the change in student 

learning outcomes from pre-test to post-test to delayed-test is not influenced by differences in gender or 

student ability level. Based on table 12, there is no significant interaction between worked-example 

effectiveness and gender (sig. 0.118), nor between worked-example effectiveness and ability level (sig. 

0.296). This shows that the change in student learning outcomes from pre-test to post-test to delayed-
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test is not influenced by differences in gender or student ability level. The following are the profile plots 

of the results of the interaction of gender and student ability level. 

 

Table 12 Mixed Design ANOVA Results Using Greenhouse-Geisser Correction 

 Tests of Within-Subjects Effects 

Source  df Mean 

Square 

F Sig. 

Time*Gender Greenhouse-Geisser 1,451 487,875 2,403 0,118 

Time*TK Greenhouse-Geisser 1,451 246,810 1,216 0,296 

 

The plots in Figure 2 show similar patterns of change in learning outcomes across pre-test, post-

test, and delayed-test for different genders and ability levels. This visual pattern supports the statistical 

results in Table 12, indicating no significant interaction effects. 

 

 
Figure 2 Profile plots of the results of the interaction of gender and student ability level 

 

DISCUSSION 

The findings reveal that the worked-example strategy significantly improves students' learning 

outcomes in the short term, as shown by the increase in average scores from the pre-test to the post-test. 

This improvement suggests that students were able to internalize and apply the solution procedures 

presented in the worked examples, especially when solving similar problems. However, the slight 

decline in the delayed-test scores, although statistically insignificant, indicates a potential decrease in 

students' retention over time without reinforcement. These results support the idea that while worked 

examples are effective for immediate learning gains, sustained understanding requires ongoing review 

or practice to prevent cognitive decay. 

These findings are consistent with studies by (Adeniji, 2023; Alreshidi, 2021; Chen et al., 

2017) which reported a significant effect of worked examples on post-test results. In contrast 

(Chen, 2016) found that the effect of worked examples appeared more strongly in the delayed 

test than in the post-test.” One possibility why the worked example strategy gave significant results 

in the post-test is that students managed to "borrow" the solution scheme from the worked example 

given, then were able to transfer it to similar problems tested in the post-test. This is in line with the 

principle of borrowing and reorganizing in human cognitive architecture, as explained by (Paas & van 

Merriënboer, 2020) When students do not yet have their own schemes, they will borrow knowledge 

structures from available examples. 

The decrease in student learning outcomes in the delayed-test, although not too large, is likely 

due to the forgetting factor that arises because there is no repetition or reinforcement of the material 

after the treatment is given. In addition, the direct and structured worked-example strategy, although 

effective in the short term, tends not to challenge students to build their own understanding in solving 

problems. In this context, students follow the pattern provided rather than developing their own solution 

strategies. This relates to how students manage their cognitive resources. When they rely too much on 

the examples provided, the process of schema construction or deep knowledge structure can be limited. 
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As stated by Aurelia et al. (2024) and Sweller et al. (2019), students tend to only learn the steps of 

solving without really understanding the reasoning behind those steps. As a result, their understanding 

of the material, especially in solving complex math problems, can decline over time. Therefore, the 

worked example strategy should not only emphasize providing the correct solution steps, but also 

encourage students to understand the reasons why the steps are done and what the consequences are if 

they choose the wrong steps, to form a deeper and longer-lasting understanding.  

On the other hand, the results showed that there was no significant difference in the worked-

example effect between male and female students at all three measurement time points, either pre-test, 

post-test, or delayed-test. This suggests that the worked-example strategy has a relatively equal effect 

on both gender groups. The clear step-by-step guidance in the worked example allows all students to 

receive equal support during the learning process, so individual differences such as gender do not 

significantly affect learning outcomes. The results of this study are in line with the findings of Adeniji 

(2023)  who stated that the application of the worked-example strategy has a relatively equal effect on 

male and female students. However, this result contradicts Abbott (2021) Research shows that the 

strategy is more effectively used by female students. This difference in findings is most likely due to the 

variation in the type of worked example applied. Abbott used the faded worked-example model, which 

is an approach that gradually reduces assistance to students. Meanwhile, in this study, students 

consistently received full guidance throughout the learning process. The full guidance is thought to be 

a factor in the absence of significant differences in learning outcomes between male and female students. 

In contrast, based on the results of the analysis, there is a significant difference in learning 

outcomes between students with high and low ability levels during the pre-test. This is reasonable 

because the measurements were taken before the treatment, so the scores obtained reflect the students' 

initial abilities. The average achievement of high-ability students is much higher than that of low-ability 

students. Interestingly, however, in the post-test and delayed-test measurements, the difference between 

the two groups was no longer statistically significant, with both groups showing relatively equal 

improvements in learning achievement. This finding can be explained by the characteristics of the 

worked-example strategy itself, which really helps students, especially those with low abilities, to 

understand the material through clear and structured examples of solutions. Students are not required to 

find their solutions from the start, but rather are given a step-by-step guide that they can follow and learn 

from. This allows lower-ability students to catch up with higher-ability groups during the learning 

process. In other words, the worked-example strategy has the potential to reduce the gap in learning 

outcomes by ability level, as it provides the additional cognitive support needed by students with lower 

starting levels. This strategy indirectly balances learning outcomes, although higher-ability students still 

show slightly superior performance. This suggests that the worked-example strategy remains effective 

for all ability levels, but the enhancement effect is more pronounced for lower ability students. 

Unlike the study (Adeniji, 2023), which found an interaction between students' skill level and the 

worked-example strategy, this study did not find any significant interaction between the worked-

example learning strategy and students' gender or skill level, either in the short or long term. This is 

likely because learning gains were relatively evenly distributed across both ability groups, so the pattern 

of score changes over time was not statistically different enough to be considered an interaction.  

Thus, these findings have important implications for learning, particularly in the use of the 

worked-example strategy for complex mathematics materials. However, this study also has several 

limitations. Only the full worked example was used, so variations such as the faded worked example 

were not tested. The participants were limited to a single educational level and specific material, which 

restricts the generalizability of the results. In addition, the study design did not include a control group 

or a more robust experimental setup, limiting internal validity and broader applicability. Based on these 

limitations, it is suggested that future research explore the comparison between different types of worked 

examples, such as faded worked examples and full worked examples, to find out which strategy is more 

effective in improving students' understanding. Further research should also involve subjects from 

different educational levels or materials and use a more robust experimental design, for example, by 

including a control group, so that the results of the study can be generalized more widely and contribute 

more deeply to the development of worked-example-based learning strategies 
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CONCLUSION 

Based on the results of data analysis from research conducted at SMP Negeri 1 Pulosari on grade 

VIII students in the 2024/2025 school year, the following conclusions were obtained. The application of 

the worked-example strategy has a positive effect on student learning outcomes in complex mathematics 

material at three different time points, which is shown through an increase in scores from the pre-test to 

the post-test, although there is a slight decrease from the post-test to the delayed-test. This strategy was 

found to be more effective for low-ability students as it helped them catch up and reduce the gap in 

learning achievement. In addition, there was no significant difference between the learning outcomes of 

male and female students and no significant interaction between gender or ability level with the 

effectiveness of the worked-example strategy. Based on these results, it is suggested that future research 

explore the comparison between different types of worked examples, such as faded worked examples 

and full worked examples, to find out which strategy is more effective in improving students' 

understanding. Further research should also involve subjects from different educational levels or 

materials and use a more robust experimental design, for example by including a control group, so that 

the results of the study can be generalized more widely and contribute more deeply to the development 

of worked-example-based learning strategies. 
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