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 Purpose – This research compared students’ understanding of 

mathematical concepts when taught through two different approaches: 

conventional instruction and the ICARE model (Introduction, Connect, 

Apply, Reflect, Extend) supported by the Desmos application in the 

topic of quadratic equations. Despite growing evidence on the 

individual benefits of the ICARE learning model and the Desmos 

application, limited empirical research has examined their systematic 

integration within each ICARE phase to improve secondary students’ 

conceptual understanding of quadratic equations. 

Methodology – The study adopted a quasi-experimental design with a 

posttest-only control group. A total of 45 ninth-grade students from 

SMP Manunggal Medan participated in the 2025/2026 academic year, 

comprising 23 in the control class and 22 in the experimental class. The 

instrument was a conceptual understanding test consisting of open-

ended questions, validated by experts. Data were analyzed using an 

independent sample t-test. 

Findings – The results showed a significant difference between the two 

groups (p < 0.001). The experimental class obtained an average score of 

76.09, while the control class reached only 59.65. Distribution analysis 

also revealed that 86.4% of students in the experimental group were 

categorized as good to very good. In comparison, 78.2% of students in the 

control group were categorized as poor to very poor. These outcomes 

suggest that the ICARE model, combined with Desmos, is efficacious in 

improving students' conceptual understanding of mathematics and in 

narrowing individual achievement gaps. 

Contribution –In practice, the findings underscore the importance of 

preparing teachers to integrate technology into their teaching practices, 

thereby making learning more interactive, collaborative, and student 

centered. 
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INTRODUCTION 

Mathematics education is fundamental to developing students' logical reasoning, analytical thinking, 

and problem-solving skills, which are essential competencies in the 21st century. According to Law No. 20 of 

2003 on the National Education System, every learner has the right to access quality education that prepares 

them to face future challenges. Although mathematics is a compulsory subject at the junior high school level 

and serves as a foundation for advanced learning in science and technology, it is frequently perceived as 

abstract and complex, leading to low motivation and achievement (Surya Maulana et al., 2025). International 

evidence from the Programme for International Student Assessment (PISA) consistently shows that 

Indonesian students perform below the OECD average in mathematical literacy, particularly in tasks 

requiring conceptual understanding and reasoning. These results suggest systemic instructional issues, 

including an excessive focus on procedural practice and formula memorization, which limit students' ability 

to construct meaningful mathematical understanding and apply concepts in novel contexts. 

This challenge is also evident at the classroom level. Preliminary observations at SMP Manunggal 

Medan indicated that the average score of ninth-grade students on quadratic equation assessments was 

46.55, far below the Minimum Mastery Criteria of 70, highlighting substantial conceptual difficulties in a 

core algebraic topic. Previous studies identify the abstract nature of quadratic equations as a significant 

barrier when instruction relies on conventional, teacher-centered approaches with minimal visualization or 

interaction (Fajar et al., 2018). In contrast, contemporary research emphasizes the effectiveness of student-

centered, technology-enhanced learning environments in fostering deeper conceptual understanding and 

engagement (Gunada et al., 2023; Daryanes et al., 2023). Therefore, pedagogical innovation is urgently 

needed to bridge the gap between curricular expectations and students’ actual learning outcomes, 

positioning this study within the broader international discourse on improving the quality of mathematics 

education (Rahim et al., 2022). 

To address these challenges, teachers need learning models that keep students engaged and provide 

clear visual cues. The ICARE model (Introduction, Connect, Apply, Reflect, Extend) offers a structured 

process that helps students build their understanding step by step (Sakdiah & Unaida, 2025). When this 

model is combined with Desmos, a digital graphing tool, students can experiment with quadratic equations 

more dynamically. They can observe directly how changing the coefficients affects the shape of a parabola 

(Isroil et al., 2022; Nisa et al., 2024). Previous studies have reported that using Desmos can enhance students' 

motivation and interest in learning mathematics. However, existing research remains limited in several 

important aspects. For instance, Astarina et al. (2024) focused primarily on the development of interactive 

learning media for elementary science content, emphasizing feasibility and user responses rather than 

students' conceptual understanding or learning processes in mathematics. Moreover, the study did not 

integrate Desmos within a structured pedagogical framework such as ICARE, nor did it investigate how 

each phase of the ICARE model (Introduction, Connection, Application, Reflection, and Extension) 

systematically supports students' engagement and understanding. As a result, empirical evidence explaining 

the instructional mechanism of Desmos-based learning within the ICARE framework, particularly in 

secondary-level mathematics instruction, remains scarce. This gap highlights the need for studies that not 

only employ Desmos as a technological tool but also embed it within a coherent instructional model to 

examine its impact on students' conceptual understanding and learning outcomes.  

Despite the growing body of research on technology-enhanced mathematics learning and constructivist 

instructional models, there remains a clear research gap concerning how interactive digital tools such as 

Desmos function when systematically embedded within a structured pedagogical framework like ICARE, 

particularly in supporting specific indicators of students’ conceptual understanding of quadratic equations 

at the secondary school level. Most previous studies have examined either the use of Desmos as a stand-

alone technological aid or the effectiveness of ICARE as a general learning model, without analyzing their 

combined instructional mechanism across each ICARE phase. Addressing this gap, the present study offers a 

novel empirical investigation of the integrated implementation of the ICARE model and Desmos, focusing 
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on how this combination enhances students' interpretation, representation, and application of mathematical 

concepts. The purpose of this study is therefore to compare students' conceptual understanding of quadratic 

equations under conventional instruction and ICARE-assisted Desmos learning. Theoretically, this research 

contributes to constructivist and technology-enhanced learning literature by demonstrating how digital tools 

can act as cognitive mediators within a structured learning model. Practically, the findings provide concrete 

pedagogical insights for mathematics teachers on designing interactive, student-centered instruction aligned 

with the demands of 21st-century education. 

This study was designed to address that gap. It compares students’ conceptual understanding of 

quadratic equations when taught with conventional instruction and when taught using the ICARE model 

assisted by Desmos. Theoretically, the study provides evidence for combining constructivist learning models 

with interactive technology. Practically, it offers teachers an alternative strategy that suits digital-native 

students and the learning demands of the 21st century. 

METHODOLOGY 

Research Design 

This study employed a quantitative approach using a quasi-experimental design, specifically a posttest-

only control group design, as recommended by Campbell and Stanley (1963) and Creswell (2014) for 

situations where random assignment and pretesting are not feasible. The design was selected because the 

student population was relatively homogeneous, as the school did not implement special, acceleration, or 

ability-based classes. Therefore, students were assumed to have comparable initial abilities. Moreover, the 

use of a pretest was intentionally avoided to minimize the potential testing effect, in which prior exposure to 

test items may influence posttest performance and threaten internal validity (Fajar et al., 2019).  

Population and Sample 

The study population consisted of all ninth-grade students at SMP Manunggal Medan in the 2025/2026 

academic year, totaling 166 students. Two classes were selected using purposive sampling, based on 

academic similarity, schedule feasibility, and teacher recommendations. This technique is academically 

justifiable in quasi-experimental research when intact classes must be used, and randomization is impractical 

(Creswell, 2014). The sample comprised class IX-A (control group, 23 students) and class IX-B (experimental 

group, 22 students). The relatively small sample size is acknowledged as a limitation of the study and will be 

addressed further in the discussion section. 

Data Collection 

The intervention was carried out over four learning sessions, each lasting 2 × 40 minutes. The control 

group received conventional instruction through teacher-centered lectures, formula explanations, and 

routine practice exercises, without the support of interactive digital tools, an approach widely reported to 

emphasize procedural fluency rather than conceptual understanding (Fajar et al., 2018). In contrast, the 

experimental group was taught using the ICARE instructional model integrated with Desmos, with learning 

activities structured as follows: (1) Introduction, students were introduced to quadratic equations through 

contextual problems, while Desmos was used to present dynamic graphs of quadratic functions to stimulate 

curiosity and activate prior knowledge; (2) Connection, students explored relationships between algebraic 

expressions and graphical representations by manipulating coefficients (a, b, c) using Desmos sliders, 

enabling students to connect prior knowledge with new concepts; (3) Application, students solved quadratic 

equation problems and verified their solutions through real-time graph visualization in Desmos; (4) 

Reflection, students discussed their findings, interpreted changes in the graphs, and articulated conceptual 

understanding supported by visual feedback from Desmos; and (5) Extension, students completed 

enrichment tasks involving new or real-world problem contexts, using Desmos for further independent 

exploration. The integration of Desmos within a structured learning framework supports active knowledge 
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construction and conceptual understanding, as suggested by prior studies on technology-enhanced and 

student-centered mathematics learning (Gunada et al., 2023; Astarina et al., 2024). At the end of the 

instructional intervention, both groups were administered a posttest to assess students' conceptual 

understanding of quadratic equations. 

Instrument 

The instrument used was a conceptual understanding test in the form of essay questions, developed 

based on indicators of quadratic equation concepts. The test measured students’ ability to interpret, classify, 

represent, and apply mathematical ideas. To ensure content validity, the instrument was reviewed by three 

experts: two mathematics education lecturers and one experienced mathematics teacher. 

Table 1. Reliability Test Results 

Variable Cronbach’s Alpha Number of Items Reliability Category 

All Variables 0.796 9 Acceptable / Reliable 

Based on the table above, all statement variables show acceptable reliability, as indicated by a 

Cronbach’s Alpha value of 0.796, which is higher than the minimum acceptable threshold of 0.6. Therefore, 

the measurement instrument can be considered reliable for further analysis. 

Data Analyisis 

For data analysis, inferential statistics were applied. The procedures included: (1) testing normality with 

the Shapiro–Wilk test to check data distribution, (2) testing homogeneity with Levene’s test to confirm the 

equality of variances, and (3) hypothesis testing using an independent sample t-test to determine differences 

in students’ conceptual understanding between the two groups. The significance level was set at α = 0.05. In 

addition to hypothesis testing, Cohen's d (Cohen, 1988) was calculated to assess the magnitude and practical 

significance of the ICARE model integrated with Desmos, with interpretation based on standard benchmarks 

for small, medium, and significant effects. 

FINDINGS 

A test of mathematical conceptual understanding was administered to both groups. The posttest 

outcomes revealed notable differences in achievement between the experimental and control groups. The 

descriptive statistics for the two groups are presented in Table 2. 

Table 2. Descriptive Statistics of The Control and Experimental Groups 

Group Mean SD Median Minimum Maximum 

Control 59.65 5.51 60.00 48 70 

Experimental (ICARE + Desmos) 76.09 3.96 76.50 67 84 

Based on Table 2, the control group obtained a mean score of 59.65 with a standard deviation of 5.507, 

indicating relatively high variability in students’ performance. The 95% confidence interval ranged from 

57.27 to 62.03, with a minimum score of 48 and a maximum of 70, yielding a score range of 22. The median 

score of 60.00 indicates that half of the students scored below 60, while the other half scored above 60. The 

score distribution in the control group was approximately symmetric, with skewness of -0.288 (close to zero) 

and kurtosis of 0.031, indicating a distribution close to normal. 

In contrast, the experimental group achieved a mean score of 76.09 with a standard deviation of 3.963, 

indicating lower variability in students' scores than in the control group. The 95% confidence interval ranged 

from 74.33 to 77.85, with a minimum score of 67 and a maximum score of 84, producing a score range of 17. 

The median score of 76.50 reflects the consistency of students' performance around the mean. The 

distribution of scores in the experimental group was also approximately symmetric, with skewness of -0.266 

and kurtosis of 0.145, indicating a normal distribution. 
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Therefore, it can be inferred that students in the experimental group, who were taught using the ICARE 

model assisted by Desmos, achieved higher average performance and exhibited a more consistent score 

distribution than the control group, which was taught using conventional methods. 

To enhance transparency and interpretability, students' conceptual understanding scores were classified 

into achievement categories based on score intervals. The categorization followed a criterion-referenced 

approach, adapted from commonly used educational assessment standards, in which score ranges 

correspond to levels of mastery. The categories were defined as follows: Very Good (80–100), Good (70–79), 

Fair (60–69), Poor (50–59), and Very Poor (<50). This classification was applied consistently to both the 

experimental and control groups to facilitate meaningful comparison of students' achievement levels. 

Table 3. Distribution of Achievement Categories in the Experimental Group 

Category Frequency Percent Valid Percent Cumulative Percent 

Valid Very Good 5 22.7 22.7 22.7 

Good 14 63.6 63.6 86.4 

Fair 3 13.6 13.6 100.0 

Total 22 100.0 100.0  

The distribution of achievement categories in the experimental group, presented in Table 2, illustrates 

the students' conceptual understanding of mathematics when taught using the ICARE model assisted by the 

Desmos application. Of the total 22 students, 5 (22.7%) were classified as outstanding, 14 (63.6%) as good, 

and 3 (13.6%) as fair. None of the students fell into the poor categories. Accordingly, 86.4% of the students in 

the experimental group were categorized as good to very good. This indicates that the implementation of the 

ICARE model, assisted by Desmos, effectively encouraged the majority of students to achieve a high level of 

conceptual understanding. 

Table 4. Distribution of Achievement Categories in the Control Group 

Category Frequency Percent Valid Percent Cumulative Percent 

Valid Fair 5 21.7 21.7 21.7 

Poor 15 65.2 65.2 87.0 

Very Poor 3 13.0 13.0 100.0 

Total 23 100.0 100.0  

Table 4 illustrates the distribution of students' conceptual understanding of mathematics in the control 

group, which was taught using conventional methods. Of the 23 students, only 5 (21.7%) were categorized as 

fair, while the majority, 15 (65.2%), were classified as poor, and 3 (13.0%) as very poor. None of the students 

reached the good or very good categories. Consequently, 78.2% of the students in the control group fell into 

the lower categories (poor to very poor), indicating that conventional instruction was less effective in 

enabling students to achieve an optimal level of conceptual understanding in mathematics. 

Based on the achievement results of both groups, it can be concluded that the distribution between the 

experimental and control groups is precise. The experimental group, which was taught using the ICARE 

model assisted by the Desmos application, was predominantly classified in the good-to-very-good category 

(86.4%). In contrast, the control group was mainly composed of people in low-income and very poor 

categories (78.2%). This reinforces the conclusion that the ICARE model, supported by Desmos, is 

significantly more effective than conventional instruction in enhancing students' conceptual understanding 

of mathematics and in shifting the overall distribution of achievement toward higher levels. 
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Inferential Statistical Analysis 

Normality Test 

Table 5. The Result of the Normality Test 

Group Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Control 0.098 23 0.200* 0.977 23 0.856 

Experiment 0.094 22 0.200* 0.983 22 0.957 

*This is a lower bound of the true significance. a. Lilliefors Significance Correction 

The results of the Shapiro–Wilk test presented in Table 5 indicate that the data from both groups were 

normally distributed, with p-values of 0.856 for the control group and 0.957 for the experimental group (p > 

0.05). Therefore, hypothesis testing could proceed. 

Homogeneity Test 

Table 6. The Result of the Homogeneity Test 

 Levene Statistic df1 df2 Sig. 

Based on Mean 1.636 1 43 0.208 

Based on Median 1.550 1 43 0.220 

Based on Median and with adjusted df 1.550 1 37.899 0.221 

Based on the trimmed mean 1.620 1 43 0.210 

The homogeneity test results in Table 6 show a p-value of 0.208 (p > 0.05), indicating that the variances 

of the two groups are homogeneous. 

Hypothesis Testing (Independent T-Test Sample) 

Table 7. The Result of the Independent t-Test Sample  

 Levene's Test for 

Equality of 

Variances 

t-Test for Equality of Means 

 

F Sig. t df 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence Interval 

of the Difference 

 Lower Upper 

Equal variances 

assumed 
1.636 0.208 -11.448 43 0.000 -16.439 1.436 -19.335 -13.543 

Equal variances 

not assumed. 
  -11.531 39.99 0.000 -16.439 1.426 -19.320 -13.557 

Table 7 presents the results of the independent-samples t-test examining differences in students' 

conceptual understanding of mathematics between the experimental and control groups. Based on Levene’s 

Test for Equality of Variances, the significance value was 0.208 (p > 0.05), indicating that the variances of the 

two groups were homogeneous. Therefore, the t-test results were interpreted under the assumption of equal 

variances. 

The independent-samples t-test produced a t value of -11.448 with df = 43 and a significance level of p = 

0.000 (p < 0.001). These results indicate a clear and statistically significant difference between the 

experimental and control groups in their mathematical conceptual understanding. The mean difference of -

16.439, with a 95% confidence interval ranging from -19.335 to -13.543, provides further evidence of a 

substantial gap in performance between the two groups. Based on these findings, it can be concluded that 

the students in the experimental group—taught using the ICARE model with the aid of the Desmos 
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application—achieved much higher scores in conceptual understanding than those in the control group, who 

were taught with conventional methods. 

Table 8. Effect Size of the ICARE Model Assisted by Desmos 

Group Mean SD Cohen’s d Effect Size 

Control 59.65 5.51   

Experimental (ICARE + Desmos) 76.09 3.96 3.41 Very large 

The effect size analysis using Cohen's d yielded a value of 3.41, indicating a considerable effect. This 

result demonstrates that the ICARE model, supported by Desmos, had a substantial and educationally 

meaningful impact on students' conceptual understanding compared to conventional instruction. 

DISCUSSION 

The findings of this study indicate that the ICARE model, supported by Desmos, significantly enhances 

students' conceptual understanding of quadratic equations. Rather than merely producing higher 

achievement levels, the combined approach appears to influence how students construct and internalize 

mathematical concepts. This suggests that the observed differences are not only quantitative outcomes but 

also reflect qualitative changes in students' learning processes. 

From the perspective of conceptual understanding indicators, the use of ICARE, supported by Desmos, 

particularly strengthens students' abilities to represent and interpret concepts. During the Connect and 

Apply stages, students were encouraged to relate algebraic forms of quadratic equations to their graphical 

representations using Desmos. This dynamic visualization helped students interpret the meanings of 

coefficients, roots, and vertex positions, which are often sources of misconception in conventional 

instruction. Furthermore, the Reflect and Extend stages promoted deeper conceptual application, as students 

were guided to evaluate their reasoning and apply the concept of quadratic equations in varied problem 

contexts. These processes help explain why students demonstrated greater conceptual mastery than those in 

teacher-centered instruction. 

Theoretically, these findings reinforce constructivist learning theory, which emphasizes that knowledge 

is actively constructed through interaction, reflection, and meaningful experiences. The ICARE model closely 

aligns with this framework by structuring learning activities that progress from prior knowledge activation 

to conceptual application and extension. When combined with Desmos as an interactive technological tool, 

the learning environment also reflects principles of technology-enhanced learning, where digital 

representations serve as cognitive tools that mediate understanding rather than merely as presentation 

media. This supports prior arguments that technology, when integrated within a sound pedagogical model, 

can function as a scaffold for conceptual construction rather than a superficial add-on (Isroil et al., 2022; Nisa 

et al., 2024). 

In relation to previous studies, the results are consistent with findings that structured instructional 

models such as ICARE can enhance higher-order thinking and conceptual clarity (Sakdiah & Unaida, 2025). 

Similarly, earlier research has shown that Desmos facilitates visualization and engagement in algebra 

learning (Isroil et al., 2022; Nisa et al., 2024) and that integrating digital tools can improve motivation and 

learning outcomes (Astarina et al., 2024). This study extends the existing literature by providing empirical 

evidence on the synergistic effect of combining ICARE and Desmos, specifically in the context of conceptual 

understanding of quadratic equations, which has received relatively limited empirical attention. 

From a practical standpoint, the findings imply that effective implementation of ICARE supported by 

Desmos requires more than general pedagogical awareness. Teachers need targeted training on how to 

design learning activities for each ICARE stage and how to integrate Desmos strategically, for example, by 

using graph manipulation tasks during the Connect stage or exploratory problem sets during the Apply 

stage. Professional development programs may therefore focus on lesson design workshops, hands-on 
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training with Desmos, and collaborative lesson study to ensure that both pedagogical and technological 

competencies are developed in a balanced manner. 

Despite its contributions, this study has several limitations that should be considered when interpreting 

the results. The short duration of the intervention and its focus on a single mathematical topic may have 

amplified short-term learning gains but did not fully capture long-term conceptual retention. The relatively 

small sample size and single-school context may also introduce contextual bias, limiting the generalizability 

of the findings. In addition, variations in students' access to and familiarity with technology could have 

influenced the effectiveness of Desmos integration. 

Given these limitations, future research is encouraged to adopt longitudinal designs to examine the 

sustainability of conceptual understanding over time, to analyze the effectiveness of each ICARE stage in 

greater detail, and to compare the ICARE–Desmos combination with other innovative instructional models. 

Further studies could also explore its application across different mathematical topics and diverse 

educational settings to strengthen the external validity of the findings. 

CONCLUSION 

This study demonstrates that integrating the ICARE learning model with the Desmos application is 

significantly more effective than conventional instruction in enhancing students' conceptual understanding 

of quadratic equations, as evidenced by higher mean scores and more consistent performance among 

students in the experimental group. These findings theoretically support constructivist learning perspectives 

by showing how interactive digital tools can function as cognitive mediators when embedded within a 

structured instructional model. In practice, the results emphasize the importance of strengthening teachers' 

pedagogical and technological competencies to design student-centered, interactive mathematics learning 

environments aligned with 21st-century educational demands. Despite these positive outcomes, this study is 

limited by its relatively small sample size and short intervention period, suggesting that future research 

should involve larger, more diverse populations, extend the implementation duration, and explore the 

applicability of the ICARE–Desmos integration across different mathematical topics and technological 

contexts. 
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