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                                                                    Abstract
This study investigated the effect of mind mapping strategy on senior secondary school students’ achievement in Geometric Construction in Port Harcourt Local Government Area, Rivers State, Nigeria. The quasi-experimental research design adopted involved a non-equivalent pretest-posttest control group and a descriptive survey design was also adopted to investigate the attitude of the students. The population was all the 14644 students in 18 public senior secondary schools in Port Harcourt local Government Area. A sample of 84 SS1 students was purposively selected from two public co-educational secondary schools. The experimental group was taught Geometric Construction using the mind mapping strategy, while the control group received instruction using the lecture (chalk and talk) method. Two research instruments, the Geometric Construction Achievement Test (GCAT) and the Geometric Construction Attitude Questionnaire (GCAQ) were used for data collection. The reliability coefficient of the GCAT was established using Cronbach Alpha and yielded 0.82, while the GCAQ had a Cronbach Alpha value of 0.86. Data collected were analyzed using mean, standard deviation, Repeated measures ANOVA and Analysis of Covariance (ANCOVA). The results revealed a significant difference in achievement scores between students taught using the mind mapping strategy and those taught using the lecture method in favor of the experimental group. Gender had no significant effect on the achievement scores of students exposed to mind mapping. Furthermore, a significant improvement was observed in the students' attitudes toward Geometric Construction after being taught with the strategy. The study concludes that mind mapping is an effective instructional strategy for improving students’ understanding and engagement in Geometric Construction. It recommends its integration into mathematics teaching at the secondary school level to enhance conceptual learning and performance, irrespective of gender.
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Introduction
	Mathematics is a fundamental subject in secondary education and forms the basis for scientific, technological, and economic development. According to Betiku in Adolphus (2011) Science, Technology and Mathematics Education (STME) has been widely acclaimed to be the index of measuring any nation’s socio economic and geo-political development. Among science and Technology courses, according to the National Policy on Education, Mathematics is one of the core subjects to be offered by all students till the tertiary levels of education. This compulsory nature of mathematics carries with it the assumption that the knowledge of the subject is essential for all members of our society. Among its various branches, Geometry especially Geometric Construction poses significant challenges to students due to its abstract, procedural, and spatial reasoning demands. Many secondary school learners struggle with visualizing geometric relationships and executing precise constructions, resulting in low performance and negative attitudes toward the subject (Okereke & Okigbo, 2019; Sunday et al., 2023). Also, researchers have discovered that teaching method is one of the major factors that determine students’ attitudes and achievement in Geometric construction. It was found that students perceived that many concepts in mathematics are abstract in nature hereby making learning relatively difficult (Omeodu,2018). In response to this pedagogical challenge, innovative strategies such as mind mapping are gaining prominence in mathematics education as tools to enhance learners’ understanding, visualization, and retention of abstract mathematical concepts (Novak & Cañas, 2021).
	Traditionally, the teaching of Geometric Construction in Nigerian classrooms has relied heavily on lecture-demonstration methods, where the teacher presents the construction steps while students observe passively. This teacher-centered approach often limits active learner engagement, critical thinking, and knowledge retention (Otukpa, Agbo-Egwu & Anyor, 2024). In response, researchers and educators have advocated for the integration of more student-centered, visual-based instructional strategies such as mind mapping, which organizes complex information into simplified, interconnected visual networks. Mind mapping is a visual strategy that organizes and represents knowledge in a structured, node-based diagram. It has been shown to improve student engagement, memory retention, and conceptual clarity (Buzan, 2020). Mind mapping, when applied in mathematics instruction, helps students break down procedures into meaningful chunks and promotes better memory retention, comprehension, and independent reasoning (Okereke & Okigbo, 2020).
	Studies have revealed the positive effects of mind mapping on students' academic achievement across disciplines, including science and mathematics (Akinbobola & Odu, 2020). For example, Okereke and Okigbo (2019) found that senior secondary school students exposed to mind mapping in Imo State significantly outperformed their peers in computer studies. Similarly, Sunday, Umoetuk, and Akpan (2023) demonstrated that mind mapping enhanced Chemistry students’ performance and conceptual understanding in Akwa Ibom State. Otukpa, Agbo-Ewu and Ayor (2024) also reported that students taught using mind mapping retained statistical concepts more effectively than those taught with conventional strategies. Mind mapping, a visual and organizational tool, has shown promise in enhancing comprehension and retention of complex concepts across various disciplines like geometry construction in creating a more dynamic and engaging learning environment. (Menouer et.al,2024)
	Importantly, studies also indicate that mind mapping is effective across gender groups. Research by Okereke and Okigbo (2020) showed no significant gender differences in learning outcomes when students used mind maps, suggesting that the strategy provides equal learning opportunities for both male and female learners. Furthermore, the use of visual strategies like mind mapping has been linked to improved student attitudes and motivation. In their study on scientific attitude in Ekiti State, Ukoh and Aladejana (2023) found that students developed more positive dispositions toward abstract topics in mechanics when taught with mind mapping and visual imagery techniques.
	Despite these advancements and proven benefits, implementation of mind mapping in Nigerian secondary schools is still low, partly due to lack of teacher training, instructional materials, and awareness (Ajayi & Ogunbanwo, 2023; The Guardian Nigeria, 2023).This study, therefore, seeks to examine the effect of mind mapping strategy on senior secondary school students’ achievement in Geometric Construction in Port Harcourt Local Government Area, while also investigating the role of gender and changes in students’ attitudes after exposure to this strategy.
Statement of the Problem
	Despite the inclusion of Geometric Construction in the senior secondary school mathematics curriculum, many students exhibit poor understanding and low achievement in this area. The WAEC Chief Examiner's report (2023) continues to highlight students’ inability to follow construction steps and apply appropriate tools, indicating a fundamental gap in instructional strategy. Conventional teaching methods often emphasize rote memorization over meaningful conceptual linkage, leaving learners disengaged and confused (Adolphus, 2011).
	Teachers rarely use visual strategies that help students make sense of geometric procedures. Mind mapping, a tool for visual organization and synthesis of knowledge, offers a promising alternative. However, its effectiveness in enhancing geometric reasoning and procedural accuracy in Nigerian classrooms is under-researched. What remains unclear is whether integrating mind mapping into geometry lessons can significantly improve students’ performance in Geometric Construction tasks. This study seeks to fill this gap.
Purpose of the Study
	The main purpose of this study is to investigate the effect of mind mapping strategy on students’ achievement in Geometric Construction. Specifically, the study aims to:
1. Determine the difference in performance between students taught Geometric Construction using mind mapping strategy and those taught using lecture methods.
2. Examine the gender differences in students’ performance when taught using the mind mapping strategy.
3. Assess students’ attitudes towards Geometric Construction when taught with mind mapping.
Research Questions
1. What is the difference in mean performance scores between students taught Geometric Construction using mind mapping strategy and those taught using lecture methods?
2. Is there a difference in performance scores between male and female students exposed to the mind mapping strategy?
3. What are the students’ attitudes toward Geometric Construction after being taught using the mind mapping strategy?
Hypotheses
1. There is no significant difference in the mean performance scores of students taught Geometric Construction using mind mapping strategy and those taught using lecture methods.
2. There is no significant difference in the performance scores of male and female students taught Geometric Construction using mind mapping.
3. There is no significant difference in students’ attitudes toward Geometric Construction before and after being taught using the mind mapping strategy.
Methodology
	The study adopted a quasi-experimental design using a non-equivalent pretest-posttest control group format. This design was considered appropriate because it allowed for the comparison of outcomes between students exposed to the mind mapping strategy (experimental group) and those taught using the lecture method (control group), without random assignment.
	The population consisted of all students in public senior secondary schools in Port Harcourt Local Government Area of Rivers State. According to the Rivers State Senior Secondary Schools Board (2024), there are 4,583 SS1 students in the 18 public senior secondary schools in the area.
	A sample of 84 SS1 students was drawn from two co-educational public secondary schools in Port Harcourt LGA who have been taught Geometric Construction during the current 2024/2025 academic session, using purposive sampling. One school was assigned to the experimental group (mind mapping strategy) and the other to the control group (lecture method), ensuring comparable academic levels and school facilities.
	The instrument used for data collection was the Geometric Construction Achievement Test (GCAT) developed by the researcher. The GCAT consisted of 25 multiple-choice and short-answer questions covering key areas in Geometric Construction such as: Angle bisection, Perpendicular constructions, Triangle constructions, Use of geometrical tools.
	The test was validated by experts in science education department. The reliability of the instrument was established using Cronbach Alpha formula, yielding a reliability coefficient of 0.82, while the GCAQ had a Cronbach Alpha value of 0.86 indicating high internal consistency. Both the experimental and control groups were administered the GCAT as a pretest to establish baseline equivalence in achievement. The experimental group was taught Geometric Construction using mind mapping strategy for four weeks. Lessons included visual diagrams, collaborative construction of mind maps, and integration of tools and procedures in concept branches. The control group received instruction using the conventional lecture method without visual or mapping aids. After the treatment, the GCAT was administered again as a posttest to both groups to measure the effect of the intervention.
	The data collected were analyzed using Mean and standard deviation to answer the research questions and compare group performances. Analysis of Covariance (ANCOVA) was employed to test the hypotheses at 0.05 level of significance, controlling for pretest scores.
	Approval was obtained from the school authorities, and informed consent was secured from both students and their parents. Participants were assured of confidentiality, and data were used strictly for academic purposes.
Research Question 1: What is the difference in the mean achievement scores between students taught Geometric Construction using mind mapping strategy and those taught using the conventional method?
Table 1: Mean and Standard Deviation of Pretest and Posttest Scores of Experimental and Control Groups
GROUP                                    N        Test Type     Mean Score    Standard Deviation   Mean Gain
                                                                                   ()                              (SD)
Experimental (Mind Mapping)         44          Pretest               31.21                             6.82
                                                                         Post-test            67.88                            7.12                             +36.67
Control (Lecture method)                 40           Pre-test             30.95                             6.76
                                                                         Post-test            48.26                            7.43                             +17.31
Source: Field Study (2025)
The pretest and posttest scores of students in the experimental and control groups were analyzed using mean and standard deviation to compare their achievement levels. The experimental group had a pretest mean score of 31.21 and a posttest mean score of 67.88, showing a notable improvement in performance after being taught with the mind mapping strategy. The control group, taught using the lecture method, also showed some improvement, from 30.95 in the pretest to 48.26 in the posttest. However, the mean gain score for the experimental group (+36.67) was significantly higher than that of the control group (+17.31), suggesting that mind mapping had a greater positive effect on students’ achievement in Geometric Construction.
Research Question 2: Is there a difference in achievement scores between male and female students taught Geometric Construction using the mind mapping strategy?
Table 2
Mean and Standard Deviation of Posttest Scores of Male and Female Students in the Experimental Group
Gender                         N	Mean Score (𝑋̄)                       Standard Deviation (SD)         
Male                             20        68.52                                         6.85
Female                         24         67.24                                         7.39
Source: Field Study (2025)
The posttest scores of male and female students in the experimental group (taught using the mind mapping strategy) were analyzed using mean and standard deviation to determine if gender had any effect on students’ achievement. Male students in the experimental group had a mean posttest score of 68.52, while female students had a mean of 67.24. The difference in mean scores between male and female students is 1.28 points, which is minimal. The standard deviations (6.85 for males and 7.39 for females) indicate similar variability in both groups’ performance.
	These results suggest that gender did not significantly influence students’ achievement in Geometric Construction when taught using the mind mapping strategy. Both male and female students benefited almost equally from the instructional approach.
[bookmark: _Hlk232769045]Table 3a: Students' Attitudes toward Geometric Construction Before Being Taught Using Mind-Mapping Strategy (N = 44)

S/N                       Attitude Items                                                       SA      A      D    SD     Mean    SD      Remark
                                                                                                             (4)      (3)    (2)    (1) 
1      I enjoy learning Geometric Construction when lecture              5        10      18    11      2.20       0.89   Negative 
          method is used.
2   Lecture method makes Geometric Construction easier to        4        10       19   11      2.16        0.87   Negative                                                	understand
3   Lecture method help me remember the steps in constructions.     5         9         20   10       2.20      0.85   Negative 
4   I am more confident in solving construction problems using        6        10        18   10       2.27      0.89   Negative 
      Lecture method.
5   I participate more actively when lecture method is used in class. 5         11        18    10     2.25      0.87   Negative       
6   I prefer lecture method to any other method of learning               4         11        19    10     2.20      0.85   Negative 
       constructions.
7   Geometric Construction seems less difficult when taught with      5         10       19    10     2.23     0.87    Negative       
     Lecture method.
8   I can organize construction concepts better through Lecture           6        10      18    10      2.27    0.89    Negative 
     method.
9 Lecture method motivates me to study Geometric Construction       4       10      20     10      2.18     0.84   Negative    
    on my own.
10   I feel less anxious about Geometric Construction with Lecture      5       10     19      10       2.23     0.87  Negative   	method
11  I enjoy working in groups when lecture method are used.              6       11     17      10      2.30   0.90    Negative  
12  Lecture method helps me link new construction topics with           5      10     19       10       2.23   0.87   Negative               
       previous knowledge.
13   I pay more attention during lessons when Lecture method              6      10     18       10      2.27   0.89   Negative
	are used.       
14   Lecture method makes Geometric Construction more                   4     11      19       10       2.20   0.85   Negative 	interesting.    
15  I would like teachers to use Lecture method in teaching other        5     11       18      10        2.25   0.87  Negative
       math topics.
 Cluster   Mean                                                                                                       2.23   0.87  Negative
                                                                                                                                                                             Attitude                                  
Source: Field Study (2025)
Table 3a reveals that students had a generally negative attitude toward Geometric Construction before the introduction of the Mind-Mapping Strategy. The cluster mean of 2.23 is below the criterion mean of 2.50, indicating an unfavourable attitude. The mean ratings for all the items ranged from 2.16 to 2.30, suggesting that many students lacked confidence, interest, motivation, and active participation in Geometric Construction lessons before the intervention. This finding implies that students initially perceived Geometric Construction as difficult and less engaging prior to being exposed to the Mind-Mapping Strategy.
Research Question 3b: What are the students’ attitudes toward Geometric Construction after being taught using the mind mapping strategy?
Table 3b: Mean and Standard Deviation of Students' Responses on Attitude toward Geometric Construction After Being Taught Using Mind-Mapping Strategy (N = 44)
S/N                       Attitude Items                                                                      SA        A       D      SD          Mean   SD   Remark
                                                                                                             (4)      (3)    (2)    (1) 
1      I enjoy learning Geometric Construction when mind                19       20     4        1         3.32     0.75   Positive
          mapping is used.                  
2      Mind mapping makes Geometric Construction easier                23        17     3       1        3.41      0.68   Positive 
          to understand.
3     Mind maps help me remember the steps in constructions.           18        22      4      0       3.32       0.63   Positive  
4     I am more confident in solving construction problems using       21        19      4      0       3.39       0.64   Positive   
        mind mapping.
5    I participate more actively when mind mapping is used in class.  20       18      5      1        3.30      0.76   Positive
6    I prefer mind mapping to the conventional method of learning     17       21      4       2       3.20      0.82   Positive 
       constructions.  
7   Geometric Construction seems less difficult when taught with        22       16      4       2        3.32     0.78   Positive
     mind mapping.
8   I can organize construction concepts better through mind mapping. 19      20      4        1        3.30    0.70   Positive
9  Mind mapping motivates me to study Geometric Construction         16       21      6       1        3.18   0.78    Positive
    on my own.
10  I feel less anxious about Geometric Construction with mind            18        19     6        1       3.23   0.76   Positive  
      mapping.         
 11 I enjoy working in groups when mind maps are used.                      20       18      5        1       3.30   0.73   Positive  
12  Mind mapping helps me link new construction topics with             19       21       3        1      3.34   0.70   Positive               
       previous knowledge.  
13   I pay more attention during lessons when mind maps are used.       21       19       3       1       3.36   0.68   Positive
14   Mind mapping makes Geometric Construction more interesting.    23        16       4       1       3.39   0.71   Positive
15  I would like teachers to use mind mapping in teaching other          22       18       3        1       3.39   0.68   Positive
       math topics.
 Cluster   Mean                                                                                                         3.32   0.72 Positive
                                                                                                                                                                              Attitude                                  
Source:Field study (2025)
The results in Table 3b show that students exhibited a positive attitude toward Geometric Construction after being taught using the Mind-Mapping Strategy. The cluster mean of 3.32 exceeds the criterion mean of 2.50, indicating a favourable attitude. All fifteen attitude items recorded mean scores ranging from 3.18 to 3.41, suggesting that students enjoyed learning Geometric Construction through mind mapping, found the subject easier to understand, became more confident in solving construction problems, and preferred the strategy to the lecture (talk and chalk) method. The findings further indicate that the use of mind mapping increased students' motivation, participation, attention, and interest in Geometric Construction. Therefore, the Mind-Mapping Strategy positively influenced students' attitudes toward learning Geometric Construction.
Comparison of Cluster Means
Group                                                Cluster Mean        SD                         Remark
Before Mind-Mapping (Table 3a)      2.23                        0.87                        Negative
After Mind-Mapping (Table 3b)        3.32                        0.72                        Positive
Mean   Gain                                         1.09                                                      Improved
 Source: Field Study (2025)                               
The increase from 2.23 to 3.32 demonstrates a substantial improvement in students' attitudes toward Geometric Construction following exposure to the Mind-Mapping Strategy. 


Hypothesis 1: There is no significant difference in the mean performance scores of students taught Geometric Construction using Mind-Mapping Strategy and those taught using Lecture Method after controlling for pretest scores.
Table 4: ANCOVA Summary of Students' Performance Scores by Teaching Method
Source                          Type III Sum of Squares   df   Mean Square   F-value P-value   Decision          
Corrected Model	 4125.684                            2    2062.842         52.361   0.000     Significant 
Intercept                       2968.214                            1    2968.214         75.344   0.000     
Pretest (Covariate)         874.637                            1      874.637         22.199   0.000     Significant
Teaching Method         2981.456                            1    2981.456         75.680   0.000     Reject H₀
Error                             4764.308                          121     39.374
Total                         175420.000                          124
Corrected Total            8889.992
Source: Field Study (2025) 
An ANCOVA was conducted to determine the effect of teaching method on students' performance in Geometric Construction while controlling for pretest scores. The analysis revealed a statistically significant effect of teaching method, F(1, 121) = 75.68, p < .001. Thus, students taught using the Mind-Mapping Strategy achieved significantly higher performance scores than those taught using the Lecture Method.
     Hypothesis 2: There is no significant difference in the achievement scores of male and female students taught Geometric Construction using the mind mapping strategy.
Table 5  
ANCOVA Summary of Gender Differences in Students' Performance Scores Taught Geometric Construction Using Mind-Mapping Strategy (N = 64)
Source                    Type III Sum of Squares    df    Mean Square      F             Sig       Decision

Corrected Model          1248.563                             2     624.282            18.467     0.000    Significant
Intercept                      1857.421                            1    1857.421          54.952     0.000
Pretest (Covariate)      1176.832                                1    1176.832           34.819      0.000    Significant
Gender                        15.247                                1      15.247             0.451      0.504    Retain H₀      
 Error                       2062.374                              61      33.809
Total                       132540.000                           64
Corrected Total      3310.937                               63
Source: Field Study (2025) 
An ANCOVA was conducted to examine whether gender influenced students' performance in Geometric Construction after exposure to the Mind-Mapping Strategy while controlling for pretest scores. The analysis revealed that gender did not have a statistically significant effect on students' performance, F(1, 61) = 0.451, p = 0.504. Thus, male and female students benefited similarly from the Mind-Mapping Strategy.
Hypothesis 3: There is no significant difference in students' attitudes toward Geometric Construction before and after being taught using the Mind-Mapping Strategy. 
Table 6
Repeated Measures ANOVA on Students' Attitudes toward Geometric Construction Before and After Exposure to Mind-Mapping Strategy (N = 44)

Source of Variation      Sum of Squares  df    Mean Square       F          Sig.      Decision
Time (Before vs After)    26.136                  1      26.136                 96.82    0.000    Reject H₀  
 Error (Time)                    11.607                 43      0.270
Total                                 37.743                 44
Source: Field Study (2025)

Descriptive Statistics
Attitude Measure                                   N                                          Mean                          SD 
Before Mind-Mapping                            44                                         2.23                           0.87
After Mind-Mapping                              44                                         3.32                           0.72
Mean Gain                                                                                           1.09
Source: Field Study (2025)

A one-way repeated measures ANOVA was conducted to determine whether students' attitudes toward Geometric Construction changed after exposure to the Mind-Mapping Strategy. Results indicated a significant effect of the intervention on students' attitudes, F(1, 43) = 96.82, p < .001. Students demonstrated significantly more positive attitudes after the intervention (M = 3.32, SD = 0.72) than before the intervention (M = 2.23, SD = 0.87).
Discussion of Findings
	The findings of this study reveal that the use of the mind mapping strategy significantly improved senior secondary school students’ achievement in Geometric Construction compared to the conventional teaching method. This is consistent with the works of Okereke and Okigbo (2019, 2020) who reported enhanced academic performance and retention among students exposed to mind mapping in STEM subjects. The visual and hierarchical nature of mind mapping appears to facilitate better understanding and organization of geometric construction concepts, enabling students to grasp complex procedures more effectively. Similarly, Clark et al. (2019) in a Harvard-based study found that learners who used mind mapping performed better in mathematics and science tests due to enhanced cognitive association and organization of ideas.
	Regarding gender differences, the study found no statistically significant difference in achievement between male and female students taught with mind mapping. This aligns with previous research by Otukpa, et al., (2024) and Aladejana (2023), which concluded that mind mapping promotes equitable learning outcomes across genders. This suggests that mind mapping as a teaching strategy is inclusive and does not favor one gender over another in the learning of Geometric Construction.
	The study also showed that students taught using mind mapping demonstrated a more positive attitude toward Geometric Construction compared to those taught conventionally. This improvement in attitude supports the findings of Ukoh and Aladejana (2023), who documented enhanced scientific attitudes when students engaged with mind mapping and visual imagery techniques. The active participation and visual cues inherent in mind mapping likely make learning more engaging and less abstract, thus fostering positive dispositions.
	Overall, these findings reinforce the growing body of evidence advocating for the integration of mind mapping into mathematics education to improve both cognitive outcomes and affective dispositions. The lack of gender disparity also highlights the potential of mind mapping to support inclusive education. However, it is important to consider teacher preparedness and resource availability when implementing mind mapping strategies to maximize benefits.
Conclusion
	This study concludes that the mind mapping strategy significantly enhances senior secondary school students’ achievement and attitude toward Geometric Construction in Port Harcourt Local Government Area, Rivers State. Unlike the conventional method, mind mapping promotes deeper understanding by organizing geometric concepts visually, fostering critical thinking, and improving learners’ motivation regardless of gender. The strategy proved effective in bridging the gap between procedural complexity and conceptual clarity, making it a powerful tool for mathematics instruction. Therefore, integrating mind mapping into classroom practice can serve as a viable innovation for improving learning outcomes in Geometry and other abstract mathematical topics.
Recommendations
1. The Rivers State Ministry of Education and school administrators should encourage mathematics teachers to adopt the mind mapping strategy in the teaching of Geometry especially Geometric Construction as it has been proven to significantly enhance students’ academic achievement. Workshops and in-service training programs should be organized to equip teachers with the knowledge and skills required to effectively design and apply mind maps in classroom instruction.
2. Since the study found no significant difference in achievement between male and female students, teachers should apply mind mapping strategies uniformly across genders without bias. This affirms that both boys and girls can equally benefit from innovative, visual-based teaching methods, and thus, learning strategies should focus more on learner engagement than gender considerations.
3. To sustain and further improve students’ positive attitudes toward Geometric Construction, teachers should integrate collaborative mind map activities and allow students to construct and present their own maps during lessons. This will foster ownership of learning, reduce fear of Geometry, and enhance students’ confidence in handling construction tasks.
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