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ABSTRACT

This study investigated the effects of Blended Learning and Heuristic instructional approaches on
secondary school students’ critical thinking skills in Geometry within Katsina Zonal Education Quality
Assurance, Katsina State, Nigeria. The study adopted a quasi-experimental pre-test, post-test, non-
equivalent control group design involving two experimental groups and one control group. The
population comprised 5,455 SSII students in public secondary schools, while a sample of 222 students
was selected through multistage sampling techniques. The instruments used for data collection was the
Geometry Performance Test (GPT) which was validated by expert in the department of Mathematics
Education. The instrument was then subjected to reliability test using test-retest method. The reliability
index of 0.83 was obtained. Data were analyzed using mean, standard deviation, and Analysis of
Covariance (ANCOVA) at the 0.05 level of significance. The findings revealed that students taught
Geometry using Blended Learning obtained the highest post-test mean score (44.52 &+ 5.95), followed by
those taught using the Heuristic Approach (34.22 £ 8.12), while students taught using the Conventional
Method recorded the lowest mean score (29.17 &+ 4.98). ANCOVA results showed a significant effect of
instructional strategy on students’ critical thinking skills (F(2,205) = 99.44, p < 0.001). Post hoc analysis
further indicated that Blended Learning significantly outperformed both the Heuristic Approach and the
Conventional Method, while the Heuristic Approach also produced significantly better outcomes than the
Conventional Method. The study further found that gender had no significant influence on students’
critical thinking development under either Blended Learning (F(1,68) = 0.01, p = 0.904) or the Heuristic
Approach (F(1,65) = 0.00, p = 0.984). The study concluded that Blended Learning is the most effective
instructional strategy for enhancing students’ critical thinking skills in Geometry, while both Blended
Learning and the Heuristic Approach are effective, inclusive, and gender-neutral teaching methods. The
study recommends the integration of technology-enhanced and inquiry-based instructional approaches
into mathematics classrooms to promote critical thinking, reasoning, and problem-solving skills among
students.
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INTRODUCTION

Science and technology have long been fundamental to enhancing productivity and improving various
aspects of human labor. According to Ugwu and Nwagbo (2019), science is a structured approach to
acquiring and organizing knowledge through explanations and predictions about the universe. It involves
studying nature and natural phenomena to uncover fundamental principles and laws. Science promotes
understanding of the natural world through observation and experimentation, aiming to offer effective and
lasting solutions to human challenges (Madugu, Kumam, & Egahi, 2021).

Science education encourages students to explore, test ideas, and develop understanding (Ambawati,
Putri, & Khaleyla, 2021). To ensure effective science learning, educators must continually innovate and
connect their teaching methods to students’ interests and real-life environments. As a vital part of
education, science helps explain natural occurrences and supports technological advancement (Olasehinde
& Olatoye, 2014).

Rapid advancements in science and technology have reshaped curriculum demands, requiring teachers to
equip students with the skills needed for future challenges (Fitria et al., 2023). One of the most essential
of these skills is critical thinking. Students must be able to express their ideas, apply prior knowledge, and
make informed decisions. A lack of training in critical thinking can hinder problem-solving in real-life
situations (Prihatiningsih et al., 2016).

Mathematics serves as a cornerstone for unlocking individual potential and national progress. It fosters
lifelong literacy and numeracy, laying the foundation for scientific thinking and reflective reasoning.
Mathematics plays a central role in daily life and is often considered the backbone of all other academic
disciplines. It equips students to become informed citizens and opens pathways to numerous career
opportunities.

The National Policy on Education (FRN, 2013) recognizes Mathematics as a compulsory subject for all
students, requiring a credit-level pass for entry into higher education. To reach national educational goals,
Nigeria must invest in innovative teaching methods and well-trained mathematics educators. Mathematics
not only develops logical reasoning and spatial understanding but also promotes abstract thinking and
analytical skills (Curriculum Planning and Development Division, 2007).

Furthermore, the International Commission on Mathematical Instruction (2021) emphasizes the role of
mathematics in enhancing learning across disciplines such as science, social studies, and even the arts.
Diverse teaching strategies can help students transition from written to mental calculations, fostering
creativity, reasoning, and problem-solving skills. Despite its importance, challenges persist in
mathematics instruction, requiring research-based solutions to improve teaching and learning outcomes
(Hanna & Villiers, 2012).

Critical Thinking

Critical thinking involves rational, reflective evaluation of information to guide belief and action. It
encompasses acquiring, analyzing, and conceptualizing information, enabling individuals to develop
independent, creative thought and take calculated risks (Yildirim & Ozkarahman, 2011; Ristanti et al.,
2017). Science learning, in particular, should cultivate cognitive, affective, and psychomotor abilities
demanding continuous innovation from educators (Nasrulloh et al., 2022). As science and technology
evolve, the quality of education must also improve to remain relevant and effective (Ashel & Lestari,
2023).

Blended Learning

Blended learning combines traditional face-to-face instruction with online education, leveraging modern
technology to enhance flexibility and student autonomy (Trisnowati & Firmadani, 2020). This model
allows learners to take advantage of digital resources at their own pace (Chekour et al., 2022). Though it
has been in use for some time in developed countries, it remains a relatively new concept in many
educational systems (Nasrulloh et al., 2022). Blended learning supports engaging, flexible, and student-
centered instruction by merging the best aspects of both traditional and digital methods (Syahrawati et al.,
2022).
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Heuristic Approach
The heuristic approach rooted in the Greek word for "discover" emphasizes experience-based learning
and problem-solving. This method encourages students to think independently, engage in active learning,
and share knowledge creatively (John, 2023). "Learning by doing" empowers students to apply their
learning in real-world contexts, promoting critical thinking, careful planning, and decision-making
(Mekonnen, 2020). According to Wisanti ef al, (2021) Heuristic Discovery techniques encourages active
learning, information sharing, and foster creative thinking. In heuristic method, the student is put in the
place of an independent discovery. In this strategy, the teacher will introduce a concept for a short period
of time and give students some activities to carry out by themselves to discover concepts on their own.
The role of Mathematics in scientific and technological advancements cannot be overemphasized. This is
probably why there has been consistent search of variables that could be used to foster and promote
students understanding of the subject.
Mathematics is one of the core subjects that a student needs to pass before being admitted into any tertiary
institution, as such there is need to improve the way mathematics is being taught in our schools. Despite
this importance, students’ in NCE awarding institutions in Katsina State finds it very difficult to pass a
course titled “Coordinate Geometry”. A course taught in NCE one and this is attributed to poor
background of the concept from secondary school.
Research reports over the years have not only justified that senior secondary school students perform
poorly in mathematics but also indicated that the process errors which students commit while solving
mathematics problems most especially in Circle Geometry have contributed to students’ poor
performance in mathematics. These errors (weaknesses) committed by students in solving mathematics
problems has been a thing of concern to mathematics educators, parents and Government of Katsina
State. The chief examiners annual report 2024 in mathematics in the Senior School Certificate
Examination (SSCE) conducted by the West African Examinations Council (WAEC) is a good testimony
of those facts. candidate’s weakness were found in Solving problems on mensuration, geometry and
cyclic quadrilaterals.
Objectives of the Study
The general objective of this study is to investigate Effects of Blended Learning and Heuristic Method on
Students Critical Thinking and creativity in Geometry in secondary Schools Within Katsina Quality
Assurance, Katsina. However, the study specifically seeks to:
1. determine the effect of Blended Learning and Heuristic Methods on Students Critical Thinking in
Geometry;
2. determine the effect of Blended Learning strategy on male and female students’ Critical Thinking
towards Geometry;
3. find out the effect of Heuristic Method on male and female students’ Critical Thinking towards
Geometry.
Research Questions
1. What is the difference in Critical thinking Level of students taught geometry using Blended
Learning and Heuristic Approach compared to those taught using conventional method?
2. What is the difference in Critical thinking Level of male and female students when taught
geometry using Blended Learning?
3. What is the difference in Critical thinking Level of male and female students when taught
geometry using Heuristic Approach?
Hypotheses
1. There is no significant difference between the Critical Thinking level of Students in
Geometry when Taught using Blended Learning and Heuristic Approach compared to those
Taught using Conventional Method.
2. There is no significant difference between the Critical Thinking Level of Male and Female
students Taught Geometry using Blended Learning.
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3. There is no significant difference between the Critical Thinking Level of Male and Female
students Taught Geometry using Heuristic Approach.

This study is anchored on constructivist learning theory proposed by Vygotsky (1978). The theory posits
that learners construct knowledge through interaction and experience.
Empirical Review
Blended learning supports constructivism by providing interactive platforms for learning, while heuristic
methods encourage exploration and discovery. Thus, both approaches align with the principles of active
learning and knowledge construction.
Recent empirical studies have increasingly emphasized the role of innovative instructional strategies such
as blended learning and heuristic approaches in improving students’ critical thinking in mathematics.
A systematic review by Mohammed and Bello (2026) revealed that blended learning significantly
enhances students’ academic achievement, engagement, and higher-order thinking skills. The study found
that integrating online and face-to-face learning promotes active participation and problem-solving, which
are essential for developing critical thinking skills.
Similarly, Wang and Abdullah (2024) conducted a systematic review and reported that instructional
strategies such as flipped classrooms, problem-based learning, and ICT integration significantly improve
students’ critical thinking and conceptual understanding in mathematics. These approaches align closely
with blended learning and heuristic teaching methods.
Elhilal (2025) investigated the effect of digital conceptual mapping on students’ mathematical learning
and found that technology-supported instruction enhances students’ creativity, cognitive flexibility, and
problem-solving abilities. These skills are strongly linked to critical thinking development.
In another study, Mafarja et al. (2026) examined modern approaches to enhancing mathematical thinking
and concluded that the use of digital tools, reflective practices, and inquiry-based learning significantly
improves students’ reasoning and analytical skills. However, the study also noted that students often
struggle with interpreting complex problems, highlighting the need for guided instructional strategies
such as heuristics.
Research focusing specifically on geometry indicates that student-centered approaches improve reasoning
and proof skills. A systematic review by ZDM Mathematics Education (2025) found that exploratory and
interactive learning methods, including the use of dynamic geometry tools, significantly enhance
students’ ability to form conjectures and justify solutions.
Furthermore, a study published in Frontiers in Psychology (2025) showed that brainstorming and guided
discovery methods significantly improve students’ performance and engagement in geometry. These
methods encourage active participation and independent thinking, thereby strengthening critical thinking
skills.
Despite these findings, there is still a scarcity of studies that combine blended learning and heuristic
methods, particularly in secondary school geometry within the Nigerian context. This gap underscores the
need for further research in this area.

METHODOLOGY

Design of the Study: This study adopted quasi-experimental control group design, which makes use of
pre-test and post-test. The reason for adoption of this design is based on the fact that students in the class
were taught with Heuristic and blended learning approach or conventional teaching method, in other
words, there was no randomization of the students for the treatment. The study used two experimental
groups and a control group.

Population of the Study: The population for this study comprised all the secondary school students in
Katsina Zonal Educational Quality Assurance of Katsina state. The target population of the study consists
of all SSII students in Public Secondary Schools in the educational zone numbering 5,455 (Katsina state
Ministry of Education 2025).
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Sample and Sampling Technique: A multistage sampling technique was employed in this study. At
first stage, the population was grouped into clusters based on the three Local Government Areas under the
Zonal Education Quality Assurance, all which were included in the study. At the second stage, simple
random sampling technique was used to select one school from each Local Government Area, ensuring
that each school had equal chance of selection. Finally, intact classes were used in each selected school
with class sizes of 75, 83 and 64 respectively, giving a total sample size of 222.

Instrumentation: The instruments for the study include Blended Learning Instructional Guide (BLIG),
Heuristic Discovery Instructional Guide (HDIG), and Conventional Method Instructional Guide (CMIG).
The response instrument is Geometry Performance Test (GPT) which consisted of 6 essay questions.
Validity of the Instrument

The instrument used for data collection, titled Geometry Performance Test (GPT), was subjected to
validation by experts in the Department of Mathematics Education. The experts carefully examined the
instrument to ensure that the test items were relevant, clear, and adequately covered the geometry
concepts intended for the study. Their suggestions and observations were incorporated into the final
version of the instrument, thereby establishing its content and face validity.

Reliability of the Instrument

The reliability of the Geometry Performance Test (GPT) was determined using the test-retest method.
The instrument was administered to a group of students on two different occasions, with an appropriate
time interval between the administrations. The scores obtained from the two tests were correlated using a
reliability coefficient. The analysis yielded a reliability coefficient of 0.83, indicating that the instrument
possesses a high level of consistency and stability over time, making it suitable for use in the study.
Method of Data Analysis: Data collected for this study were analyzed using both descriptive and
inferential statistics. Mean and standard deviation were used to answer the research questions by
describing the performance of students across groups. All hypotheses were tested at 0.05 level of
significance using one way ANCOVA.

FINDINGS

Research Question 1: What is the difference in Critical Thinking levels of students taught using Blended
Learning and Heuristic Approach compared to those taught using the conventional method?

Table I: Descriptive Statistics

Group N Pre-Test Pre-Test Post-Test Post-Test
Mean SD Mean SD

Experimental Group I (Blended 71 13.51 2.21 44.52 5.95

Learning)

Experimental Group II (Heuristic 68 13.56 2.48 34.22 8.12

Method)

Control Group (Conventional 70 1343 2.39 29.17 4.98

Method)

Total 209 13.50 2.36 36.03 8.84

From table I, the Blended Learning group achieved the highest post-test critical thinking mean
score(44.52 £ 5.95), followed by the Heuristic Method group (34.22 +8.12), whereas the

Conventional Method control group recorded the lowest final performance (29.17 + 4.98).
Null Hypothesis 1 (Hy): There is no significant difference between the Critical Thinking levels of

students in Geometry when taught using Blended Learning and Heuristic Approach compared to those
taught using the conventional method.
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Table II: ANCOVA

Source of Sum of Degrees of Mean F- p-value Decision
Variation Squares (SS) Freedom (df) Square value

(MS)
Pre-Test 41.22 1 41.22 1.01 0.316 Not Significant
(Covariate)
Main  Effect 8114.54 2 4057.27 99.44 <0.001 Significant
(Group)
Error 8364.24 205 40.80
(Residuals)
Total 16520.00 208

To determine if these descriptive differences were statistically meaningful, an Analysis of Covariance
(ANCOVA) was conducted, revealing that the pre-test covariate did not exert a significant influence on
final performance (F(1, 205) = 1.01, p = 0.316), which statistically confirms that the groups were well-
matched at baseline. However, after controlling for these pre-test scores, the main effect of the
instructional treatments was found to be highly significant (F(2, 205) = 99.44, p < 0.001).

Consequently, the null hypothesis (Hj) is rejected, providing strong statistical evidence that the choice of

instructional strategy directly influences secondary school students' critical thinking development in
geometry, with the experimental active-learning methods significantly outperforming the traditional

approach.

Table III Post hoc test

(I) Group (J) Group Mean Difference Standard p-value  Decision

a-J Error

Blended Heuristic 10.30 1.08 <0.001 Statistically

Learning Method Significant
Control 15.32 1.07 <0.001 Statistically
Group Significant

Heuristic Blended -10.30 1.08 <0.001 Statistically

Method Learning Significant
Control 5.02 1.08 <0.001 Statistically
Group Significant

Control Blended -15.32 1.07 <0.001 Statistically

Group Learning Significant
Heuristic -5.02 1.08 <0.001 Statistically
Method Significant

Interpretation: Because the overall ANCOVA main effect for teaching methods was highly significant
(p <0.001), a Tukey's HSD post hoc test was conducted to perform pairwise comparisons and determine
exactly where the significant differences exist between the three instructional groups.

When comparing the three experimental interventions, the Blended Learning approach achieved a
significantly higher post-test critical thinking score than the Heuristic Method (Mean Difference = 10.30,
p < 0.001). Likewise, there is highly significant difference between students taught using Blended
Learning and those taught via the conventional method (Mean Difference = 15.32, p < 0.001). This
demonstrates that while both innovative strategies outperform traditional classrooms, Blended Learning
provides a significantly greater cognitive advantage than the Heuristic Approach.
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Research Question 2: What is the difference in Critical Thinking levels of male and female students
when taught geometry using Blended Learning?
Table IV: Descriptive Statistics

Gender N Pre-Test Mean Pre-Test SD Post-Test Mean Post-Test SD

Male 40 13.35 2.07 44.55 5.86
Female 31 13.71 2.40 44.48 6.16
Total 71 13.51 2.21 44.52 5.95
From table IV, This component of the analysis isolates the N = 71 students assigned to Experimental

Group I to examine the role of gender within the Blended Learning strategy. The sub-sample consists of
40 male students and 31 female students. At baseline (Post-Test), the descriptive critical thinking mean
scores for male students (44.55 £ 5.86) and female students (44.48 £ 6.16) were remarkably close,
indicating that both genders possessed equivalent geometry critical thinking skills after the intervention.

Null Hypothesis 2 (H): There is no significant difference between the Critical Thinking levels of male

and female students taught Geometry using Blended Learning.
Table V: ANCOVA

Source of Sum of Degrees of Mean F- p- Decision
Variation Squares (SS) Freedom (df) Square (MS) value value

Pre-Test 0.81 1 0.81 0.02 0.882  Not
(Covariate) Significant
Gender (Main 0.53 1 0.53 0.01 0.904 Not
Effect) Significant
Error 2478.29 68 36.45

(Residuals)

Total 2479.63 70

From table V, the main effect of gender on post-test critical thinking scores was found to be entirely non-
significant (F(1, 68) =0.01, p = 0.904).
Consequently, the null hypothesis (Hj) is retained (failed to be rejected), providing robust statistical

evidence that the Blended Learning intervention is completely gender-neutral in its impact, working with
equal equity and effectiveness to allow both male and female secondary school students to develop their
geometric critical thinking capacities at the exact same rate.

Research Question 3: What is the difference in Critical Thinking Level of male and female students when
taught geometry using Heuristic Approach?

Table VI: Descriptive Statistics

Gender N Pre-Test Mean Pre-Test SD Post-Test Mean Post-Test SD

Male 37 13.51 2.53 34.24 8.01
Female 31 13.61 2.46 34.19 8.38
Total 68 13.56 248 34.22 8.12

From tale VI, the descriptive data indicates that within the Heuristic Method group, both genders began
with comparable baseline skills and achieved nearly identical post-test critical thinking mean scores, with
male students scoring 34.24 £ 8.01 and female students scoring 34.19 + 8.38.

Null Hypothesis 3 (H 3): There is no significant difference between the Critical Thinking Level of Male
and Female students Taught Geometry using Heuristic Approach
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Table VII: ANCOVA

Source of Sum of Degrees of Mean F- p- Decision
Variation Squares (SS) Freedom (df) Square (MS) value value

Pre-Test 26.69 1 26.69 0.40 0.528 Not
(Covariate) Significant
Gender (Main 0.03 1 0.03 0.00 0.984 Not
Effect) Significant
Error 4390.66 65 67.55

(Residuals)

Total 4417.38 67

From table VII, the main effect of gender on post-test critical thinking scores was found to be entirely
non-significant (F(1, 65) = 0.00, p = 0.984).Consequently, the null hypothesis (H}) is retained (failed to

be rejected) , providing robust statistical evidence that the Heuristic Approach is completely gender-
neutral in its impact, working with equal equity and effectiveness to allow both male and female
secondary school students to develop their geometric critical thinking capacities at the exact same rate.

DISCUSSION

The study found that instructional strategy significantly influenced students' critical thinking skills in
geometry. Students taught using Blended Learning achieved the highest post-test mean score, followed by
those taught using the Heuristic Approach, while students taught through the Conventional Method
recorded the lowest performance. ANCOVA results confirmed that these differences were statistically
significant, indicating that the observed improvements were due to the instructional interventions rather
than pre-existing differences among students. Post hoc analysis further revealed that Blended Learning
significantly outperformed both the Heuristic Approach and the Conventional Method, while the
Heuristic Approach also produced significantly better results than the Conventional Method.

The superior effectiveness of Blended Learning may be attributed to its integration of technology and
face-to-face instruction, which promotes active engagement, collaboration, self-paced learning, and
access to diverse learning resources. Similarly, the Heuristic Approach enhanced critical thinking by
encouraging inquiry, exploration, problem-solving, and independent reasoning. These findings support
constructivist learning theory, which emphasizes active knowledge construction through meaningful
learning experiences. The results are consistent with previous studies that reported positive effects of
blended, technology-supported, inquiry-based, and student-centered instructional approaches on students'
critical thinking, reasoning, and problem-solving skills in mathematics and geometry.

The study also found that gender had no significant influence on students' critical thinking development
when taught using either Blended Learning or the Heuristic Approach. Male and female students in both
experimental groups achieved almost identical post-test mean scores, and ANCOVA results confirmed
that the observed differences were not statistically significant. Consequently, the null hypotheses
regarding gender differences were retained.

These findings suggest that both Blended Learning and the Heuristic Approach provide equitable learning
opportunities for male and female students. Their student-centered nature encourages active participation,
independent thinking, and cognitive engagement regardless of gender. Overall, the study concludes that
while Blended Learning is the most effective strategy for enhancing critical thinking in geometry, both
Blended Learning and the Heuristic Approach are effective, inclusive, and gender-neutral instructional
methods capable of improving students' critical thinking skills.

RECOMMENDATIONS
Based on the findings of this study, the following recommendations are made:
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1. Mathematics teachers should adopt Blended Learning approaches in the teaching of geometry and
other mathematics topics. Since Blended Learning produced the highest improvement in students'
critical thinking skills, teachers should integrate digital technologies with face-to-face instruction
to enhance students' engagement, reasoning, and problem-solving abilities.

2. Teachers should incorporate Heuristic teaching strategies into classroom instruction. The findings
showed that the Heuristic Approach significantly improved students' critical thinking skills
compared to the conventional method. Mathematics teachers should therefore encourage inquiry,
exploration, discovery, and independent problem-solving during lessons.

3. Schools should provide adequate technological infrastructure to support Blended Learning.
Educational stakeholders should ensure the availability of computers, internet connectivity,
projectors, tablets, and other digital learning resources that facilitate effective implementation of
blended instructional practices.

4. Educational administrators should organize regular professional development programmes for
teachers. Workshops, seminars, and in-service training should be conducted to equip teachers
with the knowledge and skills required to effectively implement Blended Learning and Heuristic
instructional approaches in mathematics classrooms.

5. Curriculum planners and policymakers should integrate student-centered instructional strategies
into mathematics curricula. Given the effectiveness of both Blended Learning and the Heuristic
Approach, curriculum documents should emphasize active learning, critical thinking
development, and technology integration in mathematics instruction.

6. Schools should encourage equal participation of male and female students in technology-
enhanced and inquiry-based learning activities. Since the study found no significant gender
differences in critical thinking outcomes, both instructional approaches should be implemented
without gender bias and with equal opportunities for all learners.

7. Mathematics teachers should create learning environments that promote collaboration, reflection,
and critical inquiry. Activities such as group discussions, problem-based tasks, online learning
forums, and guided discovery exercises should be incorporated into classroom practice to
strengthen students' critical thinking skills.

8. Government and educational agencies should invest in digital learning initiatives. Adequate
funding should be provided to support the integration of educational technologies in secondary
schools, particularly for mathematics and geometry instruction.

9. School administrators should encourage the gradual reduction of exclusive reliance on
conventional teaching methods. Since the conventional method yielded the lowest critical
thinking outcomes, teachers should be supported in transitioning toward more interactive and
learner-centered instructional practices.

10. Further research should be conducted on the application of Blended Learning and Heuristic
Approaches in other areas of mathematics and at different educational levels. Such studies would
help determine the generalizability of the findings and provide additional evidence on the
effectiveness of these instructional strategies in diverse educational contexts.

REFERENCES

Ambawati, R., Putri, E. K., Rahayu, D. A., & Khaleyla, F. (2021). Science online learning during the
covid-19 pandemic: difficulties and challenges. In Journal of Physics: Conference Series. 7(1),
17-47

Ashel, H., & Lestari, W. Y. (2023). Case Analysis of Learning Physics in Improving 21 Century
Skills. Journal Penelitian Pembelajaran Fisika (JPPF), 9(1), 32— 42.

Chekour, M., Seghroucheni, Y. Z., Tadlaoui, M. A., & Hafid, M. M. (2022). Blended Learning and
Simulation for Teaching Electrical Concepts to High School Pupils. Journal of Turkish
Science Education, 19(4), 1119—1134.

290



Najib et al. ..... Int. J. Innovative Soc. & Sci. Educ. Res 14(2):282-291, 2026

Curriculum Planning and Development Division (2007). Secondary mathematics syllabuses, Ministry of
Education, Singapore: Ministry of Education (1-13).

Elhilal, A. (2025). Digital conceptual mapping for enhancing mathematical concept formation and
creative mathematical problem-solving through cognitive flexibility skills: A mixed methods
study. Cogent Education, 12(1).

Federal Republic of Nigeria. (2013). National policy on education (6th ed.). Federal Government.

Fitria, D., Lufri, & ElizarAmran, A. (2023). 21* Century Skill-Based Learning (Teacher Problems in
Applying 21 Century Skills). International Journal of Humanities Education and Social
Sciences IIJHESS), 2(4), 1366—1373.

Frontiers in Psychology. (2025). Improving students’ performance in geometry: An empirical evidence
of the effectiveness of brainstorming learning strategy.

Madugu, A., Kumam, 1., & Egahi, E. (2021). Effect of futures wheel and concept mapping instructional
strategies on students’ achievement in Biology in Ushongo local government area of Benue
State. Sapientia Foundation Journal of Education, Sciences and Gender Studies, 3(4).1-14.

Mafarja, N., Abdul Rahim, S. S., & Zulnaidi, H. (2026). Enhancing mathematical thinking among pre-
service mathematics teachers: A systematic literature review. SAGE Open.

Mohammed, A., & Bello, S. (2026). Exploring blended learning approaches in school mathematics: A
systematic review of implementation patterns, learning outcomes, and pedagogical models.
International Journal of Academic Research in Progressive Education and Development.

Okechukwu S, & Abonyi V. Effects of Heuristic Method of Teaching on Students’ Achievement in
Algebra. International Journal of Scientific & Engineering Research, Volume 5, Issue 2,
February-2014

Nasrulloh, I., Ibrahim, N., & Solihatin, E. (2022). The Needs Analysis of Blended Learning IPA
Terpadu. Proceeding of the 1st International Conference on Social Science (ICSS), 1(1), 373—
378.

Olasehinde, K. J., & Olatoye, R. A. (2014). Scientific attitude, attitude to science and science
achievement of senior secondary school students. Journal of Educational and Social
Research, 4(1), 445.

Olatunde-Aiyedun, T. G., & Adams, S. O. (2022). Effect of Blended Learning Models on Students’
Academic Achievement and Retention Education. https://doi.org/10.30935/¢jsee/12613
Eurasian Journal of Science and Environmental Education, 2(2), 35-42.

Syahrawati, E. Y., Susantini, E., & Indana, S. (2022). Profile of Blended Learning Implementation in
Learning Activities. IJORER: International Journal of Recent Educational Research, 3(1), 45—
60.

Trisnowati, E., & Firmadani, F. (2020). Increasing Critical Thinking Skills and Communication Skills
in Science: Blended Learning Project. Indonesian Journal of Science and Education, 04(2),
125-131.

Ugwu, T. U. & Nwagbo, C. (2019). Enhancing students’ interest in basic science using guided inquiry
instructional method. Journal of Science Teachers Association of Nigeria, 54(1), 121-128.

Wang, Q., & Abdullah, A. H. (2024). Enhancing students’ critical thinking through mathematics in
higher education: A systematic review. SAGE Open.

201



