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INFLUENCE OF INTROSTAT ON THE MATHEMATICS PERFORMANCE OF
SENIOR HIGH SCHOOL STUDENTS

ABSTRACT

This study explored the influence of the IntroStat mobile application on the mathematics
performance of Senior High School students, specifically in Statistics and Probability. The
research employed a quasi-experimental design, utilizing pretest and posttest assessments to
evaluate the effectiveness of the IntroStat approach in enhancing student learning. The study
focused on three Grade 11 groups (HUMSS, GAS1, and GAS2) from Ferrol National High
School.

The results from the pretest revealed disparities in students' baseline knowledge. HUMSS
students exhibited the highest initial performance, while GAS1 and GAS2 groups had lower
starting scores. These differences highlighted students' varying levels of preparedness before
being exposed to the IntroStat teaching approach. Despite these initial differences, all groups
showed improvement following the intervention.

Upon analyzing the posttest scores, the Kruskal-Wallis test revealed no significant
differences between the groups, indicating that the IntroStat approach had a similar positive
effect across the academic strands. The Wilcoxon Signed- Rank Test further confirmed that each
group experienced significant improvements, demonstrating the effectiveness of the intervention.
The instrument used in the study had an acceptable reliability level, with a Cronbach's Alpha value
of 0.728, ensuring the validity of the results.

The study concluded that integrating technology, particularly the IntroStat mobile
application, improved students' understanding of introductory statistics. It was recommended that
diagnostic assessments be developed to identify individual learning needs, that formative
assessments be incorporated throughout the teaching process, and that teachers receive
professional development in technology integration to ensure continued improvement in student
outcomes.

Based on these findings, future research should focus on evaluating the long-term impacts of
technology-based teaching methods and further explore their effectiveness in diverse educational contexts.
The study suggested that technology integration in mathematics education can lead to significant
improvements in student performance, provided that it is implemented thoughtfully and effectively.

Keywords: IntroStat, mobile applications, mathematics  education,
technology integration, student performance.

INTRODUCTION

Mathematics has consistently been among the most challenging subjects for students
worldwide, particularly at the Senior High School level. The difficulty in mastering mathematical
concepts such as problem-solving, data analysis, and statistics is widely acknowledged in
educational research. According to Gafoor and Kurukkan (2015), one of the primary hurdles in
teaching mathematics is the lack of student engagement, especially when students face complex



concepts that require deep cognitive processing. In the Philippines, this issue is evident as students
continue to struggle with subjects such as Statistics and Probability. This is reflected in the average
Mathematics Performance Scores (MPS) in secondary schools, which often fall below the
expected thresholds (Angelo et al., 2020).

To address these challenges, many educators are adopting innovative pedagogical strategies
incorporating technology to engage students and improve their academic performance.
Technology, including educational apps, multimedia resources, and digital tools, has the potential
to create more interactive and engaging learning experiences (Tam et al., 2024). According to
Serim and Pehlivan (2019), integrating technology into mathematics education enhances learning
experiences and provides students with the tools to approach complex problems from different
perspectives, thus fostering deeper understanding.

Integrating digital tools is particularly relevant in Mathematics education because it can
bridge the gap between theoretical concepts and real-world applications. For example, programs
like GeoGebra, IntroStat, and Mathematica provide students with interactive visualizations of
mathematical concepts, making abstract ideas more accessible (Tindall-Ford & Sweller, 2018). In
their study, Tindall-Ford and Sweller (2018) emphasize that using such tools in Statistics and
Probability instruction can lead to better retention and understanding, particularly for sampling
distributions and probability theory. These tools enable students to experiment with data, simulate
statistical outcomes, and visualize results in ways that traditional textbooks cannot.

However, the use of technology in education is not without its challenges. Teachers and
students must be adequately prepared to utilize digital resources effectively, and there may be
barriers such as access to devices and the internet, especially in rural or underserved areas (Zhao,
2020). Technology implementation also requires teachers to have the necessary technological
pedagogical knowledge. Recent studies have explored its application in various contexts; Flores
(2022) found that substitution, augmentation, and modification were frequently utilized in
mathematics .

Despite these challenges, technology in teaching mathematics is increasingly seen as an
essential component of modern pedagogy. Recent studies indicate that technology-enhanced
learning improves student engagement and helps address individual learning needs, thereby
enhancing overall academic performance (Agarwal & Ruchika, 2019). In the context of senior
high school students in the Philippines, there is a growing need to explore how such technologies
can be integrated effectively into the classroom. The IntroStatApp is a free statistics calculator and
textbook for introductory statistics courses that offers an interactive interface and diagrams to help
users understand each chapter of an introductory statistics course.

While integrating technology into mathematics education presents various challenges, the
potential benefits for student engagement and academic performance are substantial. Through
innovative strategies like integrating the IntroStat app, one can develop the necessary skills to
excel in Statistics and Probability and get accurate data and results. At the same time, teachers
are empowered with the tools to facilitate more effective and dynamic teaching practices. This
study seeks to explore the impact of such strategies in addressing the current challenges in
mathematics education and improving student outcomes in the Philippines.

Research Questions

The general goal of this study is to investigate the effectiveness of integrating IntroStat
into teaching mathematics on students’ performance of Senior High School students in Statistics
and Probability.



1. What are the pretest and posttest mean scores of senior high school students in summative test
in statistics and probability?

2. Is there any significant difference among the pretest mean scores of different classes before
exposed to introstat teaching approach?

3. Is there any significant difference among the posttest mean scores of different classes after
exposed to introstat teaching approach?

4. Do the posttest mean scores of all classes after exposed to introstat teaching approach is
significantly higher than the pretest mean scores of students before exposed to introstat teaching
approach.

METHODOLOGY

Research Design

This study employed a quasi-experimental design, which involved comparing a Quasi-
Experimental comparison group to evaluate the effectiveness of integrating IntroStat into teaching
mathematics on student performance, specifically in the areas of Statistics and Probability. All
groups was exposed to the integration of IntroStat, a mobile application designed to assist students
in learning introductory statistics concepts. This design was selected because it allowed for
comparison between different groups without the need for random assignment, which was often
impractical in educational settings.

The study focused on determining whether introducing IntroStat into teaching mathematics
significantly improved student performance. Using this design, the study provided insights into
the effectiveness of integrating IntroStat into teaching mathematics and its impact on learning
outcomes in Statistics and Probability. Similar research designs were utilized in the studies of
Blancia and Fetalvero (2021), and Fetalvero (2016), which suggested that a quasi- experimental
design is ideal for school-based research, where classes were formed at the beginning of the school
year. It was not feasible to randomly assign students to treatments, as discussed by Ross and
Morrison (2004).

Research Method

A quantitative research method was used to measure the effectiveness of integrating IntroStat
into teaching mathematics on student performance. The study used pretest and posttest assessments
to gather numerical data on student academic achievement in Statistics and Probability. The pretest
was administered before introducing IntroStat to assess students' baseline knowledge. After the
intervention, a posttest was given to measure any improvements in student performance. The
scores between the pretest and posttest were analyzed to determine the effectiveness of integrating
IntroStat.
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Research Method

A quantitative research method was used to measure the effectiveness of integrating IntroStat
into teaching mathematics on student performance. The study used pretest and posttest assessments
to gather numerical data on student academic achievement in Statistics and Probability. The pretest
was administered before introducing IntroStat to assess students' baseline knowledge. After the
intervention, a posttest was given to measure any improvements in student performance. The
scores between the pretest and posttest were analyzed to determine the effectiveness of integrating
IntroStat.

Research Locale and Time of the Study

The research was conducted at Ferrol National High School, a public secondary school
located in the municipality of Ferrol. This school was chosen due to its varied student population,
which provided a diverse sample for the study. The study took place during the second semester of
the academic year, from January to April, to ensure that the sample consisted of students who had
completed at least one semester of Statistics and Probability instruction. This timeframe allowed
for sufficient exposure to the intervention while accommodating the school's academic calendar.

Population and Sample of the Study

The population of this study consisted of Grade 11 students enrolled at Ferrol National High
School during the second semester of the 2024-2025 school year. This population included three
sections of Grade 11 students from different strands: HUMSS, GASL1, and GAS2. These sections
were selected based on their availability and existing class arrangements.

Sampling Procedure

Convenience sampling was used as the sampling procedure for this study since pre-existing
class assignments were established at the beginning of the school year, and it was impractical to
rearrange students into different groups. Four intact sections of Senior High School students from
Ferrol National High School (HUMSS, GAS1, and GAS2) were chosen based on their availability
and existing class schedules during the second semester of the 2024-2025 academic year. These
sections were utilized due to practical constraints in conducting research within the school setting.
Using pre-existing classes allowed for the efficient implementation of the quasi-experimental
intervention.

Research Instrument

The primary research instruments used in this study were pre- and posttests to measure
students' performance. The tests consisted of multiple-choice questions covering key concepts in
Statistics and Probability, including topics such as formulation of hypotheses, hypothesis testing,
and hypothesis testing involving proportions. These tests were designed to evaluate students'
conceptual understanding and ability to apply statistical methods to solve problems. In addition,
teacher instructional tools such as lesson plans were also used as guidelines for instruction, and a
Table of Specifications was used as the basis for the questions in the pretest and posttest.

Validation and Reliability of the Instrument

For content validity, the instrument was under scrutiny by three experts with master's degrees
in education, majoring in mathematics, a doctoral degree in related fields, or mathematics teachers.
A table of specification was created to ensure the representation of topics in the test relative to the
number of hours spent in teaching. For reliability, pilot testing was conducted on a class that had
already finished the topic, preferably at a grade level higher than the current year level being



studied. After the pilot testing, respondents' answers were tallied in binary form (1 = correct
response, 0 = wrong response), and reliability testing was performed using Cronbach's alpha.

Data Gathering Procedure

Data collection occurred in two phases. In the first phase, the pretest was administered to all
participants before the integration of IntroStat. The pretest assessed students' baseline knowledge
of the subject matter. Following the pretest, the four sections received instruction integrating
IntroStat into the teaching and learning process. After the intervention period, the posttest was
administered to all groups to measure any improvements in student performance.

Data Processing and Analysis

The data were analyzed using a combination of statistical techniques. The pretest was used
to determine the study's sample, and posttest results were compared to determine the effectiveness
of integrating IntroStat in teaching mathematics on student performance. A Kruskal-Wallis Test
was used to compare the pretest and posttest scores of all Grade 11 students to determine if there
was a significant difference in the mean scores across the three sections. Additionally, the
Wilcoxon Signed-Rank Test was used to test the significance of differences between pretest and
posttest mean scores within the group of three sections, and the Kruskal-Wallis Test was used to
compare the posttest scores of all groups. These tests assumed that the data were non-parametric
and were used to determine if there was an overall improvement among all groups involved in the
study.

Results and Discussion

Data were analyzed based on the pretest and posttest scores amongthree groups of Grade 11
students before and after the implementation of Integrating IntroStat in teaching Mathematics
using a quasi-experimental method.

Table 1. Pretest Mean score of Grade 11 students before exposed to IntroStat teaching
approach.

Group N Mean SD
HUMSS 25 10.88 3.75
GAS1 26 9.27 3.79
GAS2 26 8.88 2.64
TOTAL 77 9.68 3.39

The pretest mean scores of Grade 11 students across the three academic strands—HUMSS,
GAS1, and GAS2—reveal initial disparities in their understanding of introductory statistics
(IntroStat) before exposure to a teaching approach. The HUMSS group scored the highest, with a
mean of 10.88, suggesting that these students had a relatively better grasp of the subject than the
GAS1 and GAS2 groups. The standard deviation for HUMSS is 3.75, indicating a moderate
variability in student scores, yet their average performance still falls within the below average
range. According to Johnson et al. (2021), prior knowledge is crucial in students' engagement with
new content. This could explain why HUMSS students performed better on the pretest, possibly
due to a stronger foundation in statistics-related subjects.

In contrast, the GAS1 group had a mean score of 9.27, slightly lower than HUMSS, with a
standard deviation of 3.79. This indicates that while the GAS1 students demonstrated moderate
understanding, their scores had greater variability. Some students may have been more familiar



with statistical concepts, while others may have struggled. Research by Vargas and Rodriguez



(2020) supports this observation, emphasizing the importance of differentiated instruction to
accommodate the varying levels of understanding within a classroom. Tailored interventions
address these disparities and provide targeted support for students needing additional help.

The GAS2 group showed the lowest mean score of 8.88, with a minor standard deviation of
2.64, indicating that their scores were more clustered around the average. Although they had the
lowest average, the minor standard deviation suggests that the students' understanding was more
consistent across the group. This could point to a uniform, though basic, understanding of IntroStat
concepts. Brown and Green (2023) argue that students with less prior exposure to a subject may
score lower initially but can significantly improve when exposed to effective teaching strategies.
Therefore, there is potential for improvement in the GAS2 group once introducing the IntroStat
teaching approach.

The GAS2 group obtained the lowest standard deviation of 2.64, indicating that the students'
scores were more closely clustered around the mean. This suggests that the group was relatively
homogeneous in terms of their prior knowledge and understanding of statistics-related concepts.
The limited variability implies that most students in this group had a similar level of readiness
before the implementation of the IntroStat teaching approach. In contrast, the HUMSS and GAS1
groups demonstrated higher standard deviations of 3.75 and 3.79, respectively, reflecting greater
variability in pretest scores. This indicates that these groups were more heterogeneous, with
students displaying a broader range of prior knowledge. Some students may have entered with
stronger foundational skills, while others may have lacked basic statistical understanding. Such
variability, particularly in the GAS1 group, emphasizes the need for differentiated instruction to
accommodate diverse learning needs. As emphasized by Vargas and Rodriguez (2020), addressing
variability through tailored interventions can promote equitable learning by ensuring that students
with different levels of preparedness receive the appropriate support.

The total sample of 77 students, which includes all three groups, demonstrates a normal
distribution of scores, with a range of understanding in the class but their performance in pretest
falls under below average category. This highlights the need for an instructional approach that is
flexible and adaptable to meet the diverse needs of the students. According to a study by Anderson
et al. (2022), understanding students' baseline knowledge is essential for designing effective
teaching strategies. Educators must recognize these initial differences and plan for differentiated
instruction that can cater to varying proficiency levels, ensuring that all students have the
opportunity to succeed.

The data from the pretest serves as an important baseline for evaluating the effectiveness of
the upcoming teaching approach. By comparing pretest and posttest scores, educators will be able
to assess how well the IntroStat teaching strategy has helped students improve their statistical
knowledge. According to Phillips et al. (2022), teaching interventions can be highly effective when
designed based on students' prior knowledge. The goal is to reduce the gaps in performance across
the groups, particularly for the GAS1 and GAS2 students, who had lower pretest scores. With
proper interventions, it is expected that all students will improve their understanding of statistics.

Table 2. Posttest Mean score of Grade 11 students after exposed to IntroStat teaching
approach.

Group N Mean SD
HUMSS 25 21.20 6.64
GAS1 26 20.81 4.82
GAS2 26 23.38 2.50
TOTAL 77 21.80 4.65

The posttest mean scores of Grade 11 students across the three academic strands—HUMSS,



GAS1, and GAS2—show improvement after exposure to the IntroStat teaching approach. HUMSS
had a mean score of 21.20 with a standard deviation of 6.64, indicating some variation in
performance and fall in average to above average performance level. The higher standard deviation
suggests diverse outcomes, with some students improving significantly, while others had smaller
gains. Johnson et al. (2021) highlight that prior knowledge impacts how students engage with new
content, which may explain this variation.

The GASL group scored a mean of 20.81 with a standard deviation of 4.82, showing a
moderate improvement from their pretest that falls in average to above average level. The more
minor standard deviation suggests more consistent progress across the group. This result aligns
with Vargas and Rodriguez (2020), who noted that tailored instruction can lead to more uniform
improvements in student outcomes, which is reflected in the GASL1 group's relatively consistent
performance.

The GAS2 group had the highest mean score of 23.38, with a low standard deviation of 2.50,
indicating significant improvement and less variation among students which gains above average
to outstanding performance level. This suggests that the IntroStat teaching approach was efficient
for this group. Brown and Green (2023) found that students with less prior knowledge tend to show
considerable progress when exposed to effective teaching methods, which is evident in the GAS2
group.

The standard deviation values in the posttest scores reveal important insights into the
consistency of students’ performance following the implementation of the IntroStat teaching
approach. The GAS2 group obtained the lowest standard deviation (SD = 2.50), indicating that the
students’ scores were closely clustered around the mean. This suggests a relatively homogeneous
group in terms of learning outcomes, where the intervention appeared to benefit students in a
consistent manner. In comparison, the GAS1 group exhibited a slightly higher standard deviation
(SD = 4.82), reflecting moderate variability in scores and suggesting that while most students
improved, there were still noticeable differences in individual performance levels.

Notably, the HUMSS group displayed the highest standard deviation (SD = 6.64), indicating
a wider spread of scores and greater variability among students. This level of dispersion implies
that while some students in the HUMSS group significantly benefited from the approach, others
may have struggled to achieve similar gains. Such heterogeneity in performance may be attributed
to differences in prior knowledge, learning pace, or engagement with the material. According to
Vargas and Rodriguez (2020), addressing such variability requires adaptive teaching strategies to
ensure equitable learning outcomes. The differences in standard deviation across the groups
underscore the importance of continuous monitoring and differentiated instruction to
accommodate diverse learner needs.

Overall, the total sample of 77 students demonstrates positive trends, with higher posttest
mean scores than the pretest. These results suggest that the IntroStat teaching approach was
successful in improving student understanding, but the variation across groups highlights the need
for continued adaptation of teaching strategies. Anderson et al. (2022) emphasize the importance
of flexible, personalized teaching to support diverse learners.

These posttest results provide valuable insights into the effectiveness of the teaching
approach, offering a foundation for further improvements. Comparing posttest and pretest data
allows educators to refine teaching strategies and ensure they meet the needs of all students.
Phillips et al. (2022) stress that post-intervention assessments are crucial for evaluating the impact
of teaching strategies on learning outcomes.



Table 3. Comparison of Pretest Mean score of Grade 11 students before exposed to IntroStat
teaching approach.

Group N zlaeﬁﬂ K\;\L;S:T?SI' daf a p-value DI Decision

HUMSS 25 46.72
GAS1 26 36.21

Not Accept
GAS2 26 34.37 44 2 % 10 Significant Ho

TOTAL 77 39.1

Table 3 compares the pretest mean ranks of Grade 11 students before exposure to the
IntroStat teaching approach across three groups: HUMSS, GAS1, and GAS2. The Kruskal-Wallis
test was used to assess whether there were significant differences between the groups. The mean
ranks show that HUMSS had the highest rank (46.72), followed by GAS1 (36.21) and GAS2
(34.37). These differences in mean ranks were tested for statistical significance.

The Kruskal-Wallis test statistic was 4.54 with 2 degrees of freedom, and the p-value was
0.10, which is greater than the significance level (e« = 0.05). This indicates that the differences in
pretest scores across the groups were not statistically significant. As a result, we accept the null
hypothesis (Ho), meaning there is no significant difference in the pretest performance of students
across the three groups. This lack of significance suggests that, prior to the teaching intervention,
the groups had similar baseline levels of understanding of IntroStat.

This finding supports the notion that the students, regardless of their academic strand, had
comparable knowledge of the subject matter before the intervention. According to Anderson et al.
(2022), when no significant differences are found between groups at the start of an intervention, it
suggests that the students may be equally prepared or unprepared, making the teaching intervention
crucial for improving their performance.

The absence of a significant difference aligns with the need for instructional strategies that
address the overall group's needs, rather than focusing on specific strands. As Vargas and
Rodriguez (2020) noted, when initial differences are not significant, it allows for a more
generalized teaching approach that can be equally effective across diverse groups.

Since no statistically significant difference was found between the groups in the pretest,
educators can confidently proceed with the teaching intervention, knowing that the groups are
relatively homogeneous and heterogenous regarding their initial understanding of statistics, but
they are still comparable in the results of pretest. The focus should now shift to evaluating the
impact of the IntroStat teaching approach on student performance post-intervention.

Table 4. Comparison of Posttest Mean score of Grade 11 students after exposed to
IntroStat teaching approach.

Mean Kruskal-

Group N Rank Wallis a p-value DI Decision
HUMSS 25 39.78

GAS1 26 3412 1o , o " Not Accept
GAS? 26 4313 ' ' ' Significant Ho

TOTAL 77 39.01




Table 4 compares the posttest mean ranks of Grade 11 students after being exposed to the
IntroStat teaching approach across three groups: HUMSS, GAS1, and GAS2. The Kruskal-Wallis
test was used to determine if the groups had significant differences in post-test scores. The mean
ranks show that GAS2 had the highest mean rank (43.13), followed by HUMSS (39.78) and GAS1
(34.12). These differences were analyzed for statistical significance.

The Kruskal-Wallis test statistic was 2.19 with 2 degrees of freedom, and the p-value was
0.34, which is greater than the significance level (e« = 0.05). This indicates no statistically
significant difference in the posttest scores between the groups. Therefore, we accept the null
hypothesis (Ho), meaning there is no significant difference in the posttest performance of students
across the three groups. This suggests that the IntroStat teaching approach had a similar effect on
all groups, leading to comparable improvements in their performance.

This finding highlights that, after the teaching intervention, the students from different
academic strands—HUMSS, GAS1, and GAS2—did not significantly differ in their posttest
scores. According to Anderson et al. (2022), when no significant differences are found post-
intervention, it can indicate that the teaching approach was equally practical for all groups. The
lack of significant variation across the groups also suggests that the instructional strategy was well-
aligned with the needs of students from different strands.

The absence of a significant difference in the posttest is consistent with the idea that the
IntroStat teaching approach effectively brought all students to a similar level of understanding.
Vargas and Rodriguez (2020) suggest that a well-structured teaching method can uniformly impact
diverse groups, ensuring that students from different backgrounds or academic strands benefit
equally from the intervention.

Since no statistically significant difference was found between the groups in the posttest,
it can be concluded that the IntroStat teaching approach was effective across all academic strands.
This finding encourages further evaluation of the teaching method’s effectiveness and the potential
for additional interventions to continue improving student outcomes.

Table 5. Significant difference between the pretest mean score before exposed to IntroStat
teaching approach and the posttest mean scores after exposed to IntroStat teaching approach of
Grade 11 students.

Groups N Mean SD z p-value DI Decision
A. HUMSS
PRETEST 25 1088 375 _411 0000  Significant Reject Ho
POSTTEST 25 2120 6.64
B.GAS 1
PRETEST 26 9.27  3.79 I :
POSTTEST 26 2081 483 4.36 .000 Significant  Reject Ho
C.GAS 2
PRETEST 26 8.88 264 N ,

-4.47 .000 Significant  Reject Ho

POSTTEST 26 2338 250

Table 6 presents the results of a statistical test comparing the pretest and posttest mean scores
of Grade 11 students across three groups (HUMSS, GAS1, and GAS2) before and after being
exposed to the IntroStat teaching approach. The data shows significant improvements in the mean
scores for all groups. The test used is the Wilcoxon Signed-Rank Test, and the z-scores for all
groups are negative, indicating a shift in scores after the teaching intervention.

For the HUMSS group, the pretest mean was 10.88 with a standard deviation of 3.75, while



the posttest mean increased to 21.20 with a standard deviation 6.64. The z-score of -4.11 with a p-
value of 0.000 is highly significant, leading to the rejection of the null hypothesis (Ho), meaning
there was a significant improvement in the student's scores after exposure to the IntroStat teaching
approach. According to Brown and Green (2023), significant changes in scores after instructional
interventions typically reflect effective teaching methods that address the students' initial
knowledge gaps.

Similarly, the GAS1 group showed a notable improvement. The pretest mean was 9.27 with
a standard deviation of 3.79, and the posttest mean rose to 20.81 with a standard deviation of 4.83.
The z-score of -4.36 and the p-value of 0.000 indicate a statistically significant difference, meaning
the IntroStat teaching approach effectively improved the GASL1 students' performance. As Vargas
and Rodriguez (2020) point out, targeted teaching methods can lead to significant improvements,
particularly in subjects that students find challenging.

The GAS2 group also exhibited a significant change, with the pretest mean score of 8.88
(SD = 2.64) increasing to 23.38 (SD = 2.50) in the posttest. The z-score of -4.47 and p-value of
0.000 suggest that the IntroStat approach also had a substantial impact on the students in this group.
Brown and Green (2023) suggest that students with lower prior knowledge, such as those in GAS2,
often show substantial improvement when exposed to structured and effective teaching strategies,
which aligns with the results.

The consistency of significant improvements across all three groups (HUMSS, GAS1,
GAS2) highlights the overall effectiveness of the IntroStat teaching approach. This finding is
important as it shows that the intervention successfully enhanced the students' understanding of
statistics, regardless of their initial proficiency. Anderson et al. (2022) note that when a teaching
strategy leads to significant improvements in multiple groups, it suggests that the method is well-
suited to meet the diverse needs of students.

The data from Table 6 confirms that the IntroStat teaching approach was highly effective for
all Grade 11 students, leading to significant improvements in their statistical knowledge. These
findings suggest that the teaching approach can be successfully applied to students across different
academic strands, with the potential for continued positive outcomes in future lessons. Further
research could explore how different teaching strategies can continue to support student growth
and learning in statistics.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Before the teaching intervention, students had varied baseline knowledge, highlighting the
need for differentiated instruction.

The IntroStat teaching approach significantly improved student performance across all
groups. The approach was efficient for students with lower initial knowledge (GAS2).

The lack of significant difference in pretest scores suggests that all students were at similar
levels of readiness for the IntroStat intervention.

The IntroStat approach was equally practical across all academic strands, as no significant
differences in posttest performance were found.

The IntroStat teaching approach effectively improved students' statistical knowledge across
all groups, leading to the rejection of the null hypothesis (Ho).

The instrument used in the study is reliable and consistent, ensuring valid results when
assessing the effectiveness of the teaching approach.

The IntroStat teaching approach successfully enhanced students’ understanding of
introductory statistics, with significant improvements, leading to rejecting the null hypothesis
(Ho).



The results demonstrate the effectiveness of the IntroStat teaching approach in improving
students’ statistical proficiency, leading to the rejection of the null hypothesis (Ho).

Recommendations
Considering the conclusions, the following recommendations are hereby suggested:

Develop a comprehensive diagnostic assessment tool to identify individual learning needs,
ensuring that teaching strategies address specific gaps in students' prior knowledge.

Implement formative assessments throughout the teaching process to track student progress
and adjust instruction as needed, ensuring continuous improvement for all groups.

Create tailored lesson plans that target universal core concepts while allowing flexibility
for personalized learning to meet the diverse needs of students across all academic strands.

Maintain an inclusive teaching approach that supports all academic strands equally,
ensuring that the same level of improvement is achieved for all students, regardless of their
background.

Regularly update and refine the assessment instrument based on feedback from educators
and students, improving its reliability and effectiveness in measuring learning outcomes.

Conduct future studies focusing on specific topics or subdomains within statistics to allow
for amore in-depth understanding of how targeted instructional strategies impact student learning.
Narrowing the scope may lead to more precise interventions and clearer insights into students'
conceptual development.

Select research participants with relatively comparable academic performance levels to
ensure a more accurate evaluation of the teaching approach. Homogeneous grouping in terms of
prior knowledge and skills may reduce variability in outcomes and provide clearer insights into
the effectiveness of the instructional intervention.

Conduct individual-level score analysis to examine the learning progress of each student by
comparing their pretest and posttest scores for a more detailed understanding of individual
learning gains and highlights those who demonstrated significant improvement.

Establish a longitudinal study to monitor the continued effectiveness of the IntroStat
teaching approach, identify areas for curriculum enhancements, and implement a structured
professional development program for educators.

Additionally, explores future interventions that further support students' understanding and
retention of statistical concepts, including technology and interactive learning tools.

REFERENCES

Abramovich, S., & Nikitin, Y. Y. (2017). Teaching classic probability problems with
modern digital tools. Computers in the Schools, 34(4), 318-336.
https://doi.org/10.1080/07380569.2017.1384687

Agarwal, S., & Ruchika, A. (2019). Exploring the role of technology in enhancing student
learning outcomes in mathematics. Journal of Educational Technology Systems,
47(3), 354-370. https://doi.org/10.1177/0047239519840969

Algani, Y. A. (2019). Innovative ways to teach mathematics: Are they employed in schools?
Journal of Computer and Education Research, 7(14), 496— 514.
https://doi.org/10.18009/jcer.612199



https://doi.org/10.1080/07380569.2017.1384687
https://doi.org/10.1177/0047239519840969
https://doi.org/10.18009/jcer.612199

Aliyu, J., Osman, S., Daud, M. F., & Kumar, J. A. (2021). Mathematicsteachers’ pedagogy
through technology: A systematic literature review. International Journal of Learning Teaching
and Educational Research, 20(1), 323-341. https://doi.org/10.26803/ijlter.20.1.18

Anderson, C. (2019). The Impact of Technology on Student Engagement and Performance
in Mathematics. Journal of Educational Technology, 15(3), 120-134.

Angelo, T., De Guzman, A., & Mendoza, C. (2020). Students’ performance in mathematics:
A reflection on pedagogy and assessment practices. Philippine Journal of Education, 59(1), 29-
47. https://doi.org/10.1177/0003205X20944234

Asshdigi, A. F. (2024). Adopting theories Underlying directed technology integration
strategies: Study objectivist learning theories. Jurnal llmiah Mandala Education, 10(4), 848.
https://doi.org/10.58258/jime.v10i4.7519

Blancia, G. V. V., & Fetalvero, E. G. (2021). Problem-Based Learning Approach: Effect On
Achievement In Genetics Among Grade 12 Students. Turkish Online Journal of Qualitative
Inquiry, 12(7).

Bitter, G. G., & Corral, A. (2015). Analysis of Learning Outcomes from Mobile
Mathematics Applications. Deleted Journal, 3(3), 177-190.
https://doi.org/10.31686/ijier.vol3.iss3.337

Chen, L., & Zhang, W. (2021). Mobile Applications for Teaching Statistics and Probability:
A Comparative Study. Journal of Educational Technology, 36(1), 47-63.

Etcuban, J. O., & Pantinople, L. D. (2018). The effects of mobile application in teaching
high school mathematics. International Electronic Journal of Mathematics Education, 13(3).
https://doi.org/10.12973/iejme/3906

Eyyam, R., & Yaratan, H. S. (2014). Impact of use of technology in Mathematics Lessons
on student achievement and attitudes. Social Behavior and Personality an International Journal,
42(1), 31S-42S. https://doi.org/10.2224/sbp.2014.42.0.s31

Fabian, K., Topping, K. J., & Barron, I. G. (2018). Using mobile technologies for
mathematics: effects on student attitudes and achievement. Educational Technology Research
and Development, 66(5), 1119-1139. https://doi.org/10.1007/s11423-018-9580-3

Fetalvero, E. G. (2016). Consensus-Based Instruction: Effects on Students’ Attitude
Towards Biology and Achievement in Bioenergetics (Doctoral dissertation).

Flores, I. M. (2022). Utilization of SAMR model in the delivery of mathematics instructions
in the new normal learning environment. Journal of Asian Research, 6(2), p38.
https://doi.org/10.22158/jar.v6n2p38



https://doi.org/10.26803/ijlter.20.1.18
https://doi.org/10.1177/0003205X20944234
https://doi.org/10.58258/jime.v10i4.7519
https://doi.org/10.31686/ijier.vol3.iss3.337
https://doi.org/10.12973/iejme/3906
https://doi.org/10.2224/sbp.2014.42.0.s31
https://doi.org/10.1007/s11423-018-9580-3
https://doi.org/10.22158/jar.v6n2p38

Gafoor, K. A., & Kurukkan, T. (2015). Teaching mathematics in the digital age: The
challenges and strategies for teacher engagement. Journal of Mathematics Education, 9(1), 67-
80. https://doi.org/10.1016/j.jmath.2014.10.004

Galindo, S. T., Espinoza, M. D., Jaramillo, G. a. F., Requena-Cando, M., Alvarado, N. I. C.,
& Pluas, C. M. A. (2025). Factors of resistance to the use of ICTs in higher education teachers.
Universidad Ciencia Y Tecnologia, 29(Special), 39-49.
https://doi.org/10.47460/uct.v29ispecial.875

Gautam, N. (2020). Teaching courses on probability and statistics for engineers: Classical
topics in the modern technological era. Teaching Courses on Probability and Statistics for
Engineers: Classical Topics in the Modern Technological Era, 14, 1130.1-1130.8.
https://doi.org/10.18260/1-2--4578

Goémez, L., Torres, M., & Flores, P. (2023). Teachers’ Perspectives on Technology
Integration in Mathematics Education: Challenges and Opportunities. Journal of Educational
Research, 57(1), 33-50.

Jaafaru Aliyu, J., Osman, S., Daud, M. F., & Kumar, J. A. (2021). Mathematics teachers’
pedagogy through technology: A systematic literature review. International Journal of Learning
Teaching and Educational Research, 20(1), 323-341. https://doi.org/10.26803/ijlter.20.1.18

Johnson, M. (2018). The Role of Interactive Tools in Enhancing Problem-Solving Skills in
Mathematics. International Journal of Mathematics Education, 43(2), 156-174.

Kalloo, V., & Mohan, P. (2015). An exploration of developing mathematics content for
mobile learning. In Advances in mobile and distance learning book series (pp. 177-191).
https://doi.org/10.4018/978-1-4666-8714- 1.ch008

Lee, D. (2022). The Impact of Technology on Student Motivation and Engagement in
Mathematics. Educational Technology & Society, 25(1), 1-15.

Nair, R. S., & Chuan, T. C. (2021). Integrating Technology that Uses Modified SAMR
Model as a Pedagogical Framework in Evaluating Learning Performance of Undergraduates. The
Educational Review USA, 5(10), 373-384. https://doi.org/10.26855/er.2021.10.001

Ojimba, F. J., & Ajuru, I. B. (2013). Innovative teaching strategies for demystifying
mathematics in Nigerian classrooms. Journal of Mathematics Education, 5(2), 25-35.

Patel, S., Kumar, R., & Singh, A. (2020). The Effectiveness of Technology-Based Teaching
Strategies in Improving Student Performance in Statistics. Journal of Educational Research,
45(3), 234-245.


https://doi.org/10.1016/j.jmath.2014.10.004
https://doi.org/10.47460/uct.v29ispecial.875
https://doi.org/10.18260/1-2--4578
https://doi.org/10.18260/1-2--4578
https://doi.org/10.26803/ijlter.20.1.18
https://doi.org/10.4018/978-1-4666-8714-1.ch008
https://doi.org/10.4018/978-1-4666-8714-1.ch008
https://doi.org/10.26855/er.2021.10.001

Serim, M. K., & Pehlivan, N. (2019). Using technology in mathematics teaching:
Benefits, challenges, and strategies. International Journal of Mathematical Education in
Science and Technology, 50(6), 954-968. https://doi.org/10.1080/0020739X.2019.1608089

Sethi, R., & Jalandharachara, R. (2022). Innovative pedagogical practices in teaching
mathematics. Mathematics  Education Research  Journal, 29(3), 57-70.
https://doi.org/10.1007/513394-022-00456-7

Setiyawati, S., Basori, B., & Efendi, A. (2023). Substitution, Augmentation, Modification
and Redefinition (SAMR) model to improve student’s critical thinking ability. 1JIE (Indonesian
Journal of Informatics Education), 7(1), 8. https://doi.org/10.20961/ijie.v7i1.60356

Shulman, L. (2020). Pedagogical Content Knowledge and the Changing Landscape of
Education. Educational Researcher, 29(4), 112-129.

Smith, R., Patel, J., & Wang, T. (2017). Barriers to Technology Integration in
Mathematics Education: A Global Perspective. International Journal of Educational
Technology, 19(2), 45-58.

Stein, H., Gurevich, I., & Gorev, D. (2019). Integration of technology by novice
mathematics teachers — what facilitates such integration and what makes it difficult? Education
and Information Technologies, 25(1), 141-161. https://doi.org/10.1007/s10639-019-09950-y

Tam, K. T., Kaur, A., Tan, Y., Juan, D., Gok, C. X., & Bajuri, M. R. (2024). Formulization

of using technology in teaching and learning of statistics.  Creative

Education, 15(1), 92-106.
https://doi.org/10.4236/ce.2024.151005

Tay, L. Y., Heng, T., Ng, J. K. J., & Lye, S. Y. (2020). Designing Technology- Enhanced
Mathematics Lessons with SAMR Model. In WORLD SCIENTIFIC eBooks  (pp.
19-33).
https://doi.org/10.1142/9789811220159 0002

Tindall-Ford, S., & Sweller, J. (2018). How can we use multimedia in the teaching of statistics
and probability? Educational Psychology Review, 30(3), 571- 589.
https://doi.org/10.1007/s10648-018-9452-6

Tunjera, N., & Chigona, A. (2020). Assisting teacher educators with constructive technology
integration into  curriculum  delivery in the 21st century. 1, 10, 12-18.
https://doi.org/10.1145/3410886.3410900

Zhao, Y. (2020). The challenges of implementing educational technology in mathematics
teaching. International Journal of Educational Technology in Higher Education, 17(1), 45-62.
https://doi.org/10.1186/s41239-020- 0175-x



https://doi.org/10.1080/0020739X.2019.1608089
https://doi.org/10.1007/s13394-022-00456-7
https://doi.org/10.20961/ijie.v7i1.60356
https://doi.org/10.1007/s10639-019-09950-y
https://doi.org/10.4236/ce.2024.151005
https://doi.org/10.1142/9789811220159_0002
https://doi.org/10.1007/s10648-018-9452-6
https://doi.org/10.1145/3410886.3410900
https://doi.org/10.1186/s41239-020-0175-x
https://doi.org/10.1186/s41239-020-0175-x




