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ABSTRACT

The purpose of this study was to investigate the effects of
GeoGebra instruction and Team-based learning on senior
secondary school students’ achievement in mathematics.
The study adopted a quasi-experimental pre-test, post-test,
non-equivalent control group research design. The sample
consisted of 183 students (91 males and 92 females) from
three intact classes of three senior secondary schools from
Education District V of Lagos State, Nigeria. Simple random
sampling technique was used to assign the three intact
classes to experimental group |, experimental group Il and
the control group. Data collected were analyzed using mean,
standard deviation, and Analysis of Covariance (ANCOVA).
Results revealed that there was a significant main effect of
treatment on students’ achievement in mathematics in
favour of GeoGebra instruction and team-based learning.
Gender did not significantly influence students’ achievement
mathematics, and there was no significant interaction effect
of treatment and gender on achievement in mathematics.
The study concluded that the GGI and TBL experimental
treatments had better effect on students’ achievement in
mathematics than the CLM.
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1. INTRODUCTION

An effective teacher applies innovative and creative teaching methods to teach academic
concepts and meet the individual needs of students. Thus, this is not observed by teachers
who stick to their preferred teaching methodology. It is important to explore evidence-
informed pedagogical ideas that have the potential to expand our repertoire of knowledge in
the classroom. Mathematics is a language of science and very important backbone of the
humanities. The development of an ideal society mostly based on the economic and
technological advancement of the society, and education at any level and in any form,
demands basic knowledge of arithmetic and mathematics. Mathematics has rich potentials
to afford true enjoyment to its students, however, the teaching of mathematics present
numerous day to day challenges to the teachers of mathematics due to inefficient and
stereotyped instructional strategy. It is most times described as dull and dry. Since
mathematics is a compulsory subject to be mastered for the progression of both individual
and national development, there must be other strategies that could be used to teach and
learn mathematics successfully. The primary aim of developing learners’ understanding of
basic mathematical concept is further application to scientific ideas capable of progressively
developing the nation. It is expected that the basic principles and concepts of mathematics
are taught in a manner that portrays clearer understanding.

At present, mathematics is widely used in various fields and covering a wide range of
activities. One of the major objectives of teaching mathematics in secondary school level is to
enable individuals apply mathematical knowledge in and outside the classroom. However, it
has been observed that many students are unable to apply mathematics learned in school in
solving problems, which shows that, to a large extent, mathematics instructions have failed
in achieving its main objective (Awofala & Lawal, 2022). This failure is also evident in the
decline in the mathematics achievement in classrooms and students’ poor performance in
mathematics in public examinations like senior secondary certificate examinations (SSCE) and
unified tertiary matriculation examinations (UTME) in Nigeria (Awofala & Lawani, 2020a). One
major reasons often provided for the decline in mathematics achievement in schools is
teachers’ inability to apply innovative methods and instructional materials in the teaching and
learning of mathematics (Adeniyi & Awofala, 2023). While there is advocacy for alternate
methods of teaching mathematics, many teachers still remain stuck to the conventional
lecture method (Berrett, 2012). Adopting the conventional lecture method in order to cover
the syllabus does not make the mathematics fun and interesting; rather it makes the students
see mathematics as abstract, which will in turn lead to low achievements. The problems that
lack of innovative methods of teaching mathematics pose to the present students’
achievement and future ability to apply mathematics taught in school in solving problems
inside and outside the classroom call for broadening of instructional strategies.

Conventional lecture method has an undue focus on memorization and recall of facts,
instead of conceptual understanding, and has failed to produce results (Adeniyi & Awofala,
2023). There is need to adopt and research into alternative methods of teaching mathematics
that emphasize on conceptual understanding and application of knowledge to overcome the
shortcoming of the conventional lecture method. Conventional lecture method has been
identified as one of the major shortcomings in the traditional secondary education. It
emphasizes the passive acquisition of knowledge, where students become passive recipients
of knowledge and resort to rote learning (Berrett, 2012; Awofala et al., 2013). Lecture-based
instruction is a teacher-centred instruction. It dominates classroom activity with teachers
doing most of the talk. The traditional classroom is characterized by directed demonstrations
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and activities to previously introduced concepts. Hence, instruction is not for conceptual
understanding, but rather for memorization and recalling of facts (Berrett, 2012).

In recent times, the world has experienced rapid growth of technology which involves the
introduction and design of educational software. As such, different studies have been
conducted on technology-assisted teaching and learning, whereby different factors have
been identified for the successful integration of such technology (Islahi & Nasrin, 2019).
Researchers have shown that technology is capable of assuaging the fears of students in
learning mathematics if appropriately used in the classroom. Apparently, because of these
concerns, different researches have been carried out on effective use of different
mathematics software in facilitating teaching and learning in various parts of the world. New
technologies and innovations are emerging to assist teaching and learning of mathematics,
and GeoGebra is one of those innovations. GeoGebra Instructional Package is an innovative,
open-source mathematics software that can be freely downloaded from www.GeoGebra.com
and it works on a wide spectrum of operating system platforms. It is self-motivated
mathematics software created in 2002, by Markus Hohenwarter and a team of programmers
for the teaching and learning of mathematics from middle school through college to university
level.

GeoGebra is one of the educational software which has been designed and investigated by
some studies as to what extent its use enhances students' conceptual understanding and
attitudes toward mathematics. The potential of GeoGebra as an ICT tool on students’
mathematical thinking improvement was investigated and found that GeoGebra is effective,
in as much as it is integrated effectively into teaching mathematics in all levels of education,
from primary education up to secondary level (Bulut et al., 2016). One of the researches
carried out using mathematics software includes (Kesan & Caliskan, 2013) who investigated
the effect of Geometer Sketchpad in learning geometry in Turkey. It is in line with the trend
of the use of mathematics software in the classroom and its resultant effect on learning
outcomes of students that the researchers adopt GeoGebra instruction (GGI) to teach
secondary school students mathematics and ascertain its effect on their achievement in
Education District V in Lagos State, Nigeria.

Cooperation is a common phenomenon among social beings whereby individuals seek
outcomes, not only for his/her survival but also for the progress of his/her community. Team-
based learning is the instructional use of small groups, so that students work together to
maximize each other’s learning (Michaelsen & Sweet, 2011). The idea is simple, class
members are organized into small groups after receiving instructions from their teacher, they
then work through the assignment until all the group members successfully understand and
complete it. Team effort results in all participants striving for mutual benefits, so that each
member gains knowledge from others' effort, bearing in mind that all group members share
the same fate, that is, "sink or swim together". Individual performance is mutually facilitated
by one's self and one's colleagues. This promotes more positive attitude towards the
instructional experience than an individualistic method. Team-Based Learning (TBL) is defined
as an active learning and small group instructional strategy that provides students with
opportunities to apply conceptual knowledge through a sequence of activities that includes
individual work, team work, and immediate feedback (Parmelee et al., 2012). TBL was
originally designed by Professor Larry Michaelsen during the 1980s, in the United States of
America, for use in business schools. Michaelsen developed TBL in response to increasing
class sizes, and his concern about the effectiveness of learning from lectures in large groups
(Burgess et al., 2014).
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Team-Based Learning provides the opportunity to continue teaching in a manner that is
engaging, cater for large number of students, provides immediate feedback, involves students
in decision making, and promotes active small group and class discussions, and goes beyond
the simple transfer of content, to the application of knowledge through conceptual and
procedural problem solving (Michaelsen & Sweet, 2008; Awofala et al., 2012). In recent years,
Team-Based Learning has gained popularity in education as a resource-efficient, student-
centred teaching pedagogy (Olabiyi & Awofala, 2019; Awofala & Lawani, 2020b), sometimes
introduced as an alternative to Problem-based learning (PBL) (Awofala & Akinoso, 2024;
Fatade et al., 2014). Students are more likely to acquire critical thinking skills and mental
cognitive strategies which include learning how to learn in a small group. Students feel proud
and celebrate jointly when a group member is recognized for achievement. In a team learning
situation, there is a positive interdependence among students goal achievement. Students
perceive they can reach their learning goals if and only if other students in the learning group
also reach their goal. It is believed that learning of mathematics is not about dispersing rules,
definitions and procedures for students to memorize, but engaging students as active
participants through discussions and collaboration among students.

Among other factors, gender is a recurring decimal in the currency of research
engagements. Gender influences so many personal and corporate decisions in human
existence such as choice of academic career and profession. Many research outcomes favour
the negative influence of gender for females (Awofala & Uwajuwa, 2023; Awofala, 2011,
2008), while some are neutral (Awofala et al., 2020; Awofala et al., 2022; Awofala & Anyikwa,
2014; Arighabu & Miji, 2004; Awofala, 2017). Gender differences are important and many
times have become a determinant factor in crucial decisions and policies. Gender plays a
major role in students’ achievement especially in mathematics. Therefore, its differential
achievement is expected among students. gender describes the personality traits, attributes,
behavior, values, relative power, influence, roles and expectations (femininity and
masculinity) that society ascribes to the two sexes on a differential basis. Therefore, gender
is a psychological term and a cultural constant developed by society to differentiate between
the roles, behavior, mental and emotional attributes of males and females. Favourable
learning outcomes in mathematics is very vital to societal growth and development, therefore
effective learning strategies such as GeoGebra instruction and team-based learning can
alleviate anxiety capable of improving the learning outcomes in mathematics. The place of
mathematics in human development demands that methods of teaching should be dynamic
for optimum attainment of set goals and objectives.

In the Nigerian context, the paucity of research studies in the use of GeoGebra, not many
researches on team-based learning, and the prominent use of the conventional lecture
method by teachers are an indication that Nigerian mathematics education researchers and
teachers have paid little attention to students’ achievement in mathematics. Thus, there is
the need to tackle and curb this problem in time. The goal of the study therefore, was to
investigate the effectiveness of GeoGebra instruction and Team-based learning on senior
secondary school students’ achievement in mathematics using gender as a moderator
variable. Therefore, the specific objectives of the study included:

(i) Investigate the relative effectiveness of two teaching methods (GeoGebra instruction,
team-based learning, and conventional lecture method) on students’ achievement in
mathematics

(ii) Determine the influence of gender (male and female) on students’ achievement in
mathematics
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(iii) Elucidate the interaction effect of treatment and gender on students’ achievement in
mathematics.

This study addressed the following research questions:

(i) What is the main effect of treatment (GeoGebra instruction, team-based learning, and
conventional lecture method) on students’ achievement in Mathematics?

(ii) How does gender influence achievement in mathematics?

(iii) What is the extent of interaction effect of treatment and gender on students’
achievement in mathematics?

The following null hypotheses were tested at 5% level of significance:

(i) There is no significant main effect of treatment on students’ achievement in
mathematics.

(ii) There is no significant main influence of gender on students’ achievement in
mathematics.

(iii) There is no significant interaction effect of treatment and gender on students’
achievement in mathematics.

2. METHODS

The study adopted Wquantitative research within the blueprint of pre-test, post-test non-
equivalent control group quasi-experimental design to contrast the treatments’ scores (at
three levels) crossed with gender (at two levels) using a 3x2 factorial matrix. The quasi-
experimental design was adopted because it was not possible to randomly assign individual
subjects to treatment during school hours. The quasi-experimental design for this study is
symbolically presented in below:

0, - X, -0,
0,—>X,->0,
O0,—->C -0

sWhere 03, O3, and Os represented observations from the pretest, while O;, 04, Os
represented observations from the post-test and Xi, X2 and C represented GeoGebra
instruction, team-based learning and conventional lecture method respectively.

Xigain =0, =0, X =0,-0, C.in =0, -0,

The mean gain scores between O; and O3, O3 and Os4 and Os and O¢ were tested for
statistical significance using the Analysis of Covariance (ANCOVA).

The target population consisted of all public senior secondary school year two students in
Somolu Local Government Area of Lagos state, Nigeria. There are 25 senior secondary schools
in Somolu Local Government Area. Using a simple random sampling technique, three senior
secondary schools were selected from the 25 schools. One intact class each was selected from
each of the three schools chosen for the study. The three intact classes were assigned to the
two experimental groups and one control group through a simple random sampling
technique. Altogether, the three intact classes had a sample of 183 senior secondary school
year two students. In the conventional lecture method group there were 65 students. The
GeoGebra instruction had 60 students while the team-based learning had 58 students. The
ages of the participants ranged from 13 to 18 years with a meanage=16.5 years and SD=2.4
years.

1gain 2gain gain

DOI: http://dx.doi.org/10.17509/XXXX. XXXX
p- ISSN 2775-6793 e- ISSN 2775-6815



http://dx.doi.org/10.17509/xxxx.

Awofala and Nwoke.,. Effects of Geogebra Instruction and Team-Based Learning Strategy on Senior ... | 64

Two categories of research instruments were created in the study namely: stimulus
instruments and evaluative instrument. The stimulus instruments included: Teacher’s
Instructional in GeoGebra instruction (TIGGI, Scott Pi=0.86), Teacher’s Instructional Guide in
Team-based learning (TIGTBL, Scott Pi=0.84), and Teacher’s Instructional Guide in
Conventional lecture method (TIGCLM, Scott Pi=0.88). The Scott Pi values were high and
considered adequate for measuring inter-rater reliability in the study since they showed
strong consistency among raters of the stimulus instruments. The evaluative instrument for
the study consisted of only the Mathematics Achievement Test (MAT). The MAT contained 30
multiple choice questions culled from past West African Senior School Certificate
Examinations (WASSCE) in mathematics with a particular focus on geometry. Geometry was
chosen because of its amenability to GeoGebra instruction and students’ poor performance
in it as elucidated by West African Examinations Council (WAEC) Chief examiners’ reports
(2022) in mathematics. A Table of Specification was developed for the MAT considering the
higher-order cognitive domain of Analysis, Synthesis, and Evaluation. The table of
specification helped in further assessing the face and content validity of the test items. Apart
from the fact that the items of the MAT were standardised, the present study conducted item
analysis on the MAT. The difficulty index and discrimination power were calculated. The
difficulty indices of the items on MAT ranged from 0.3 to 0.8 while the discrimination indices
ranged from 0.4 to 0.8. The average difficulty index was 0.49. Kuder-Richardson 20 (KR-20)
was used to determine the internal consistency reliability of the items of the MAT since each
item was scored as either zero or one. A reliability coefficient of 0.89 was computed and this
was considered good and adequate for the study.

The instructional guide that pertained to each intact class was used in teaching their
respective students. The treatment conditions lasted for four weeks. Pretest was
administered in the first week to three intact classes by their respective mathematics teachers
as well as the training of the respective intact class mathematics teacher on their respective
teaching strategy. Only teachers in experimental groups | and Il were trained in the art and
science of GeoGebra instruction and team-based learning respectively. Mathematics teacher
in the control group of conventional lecture method did not receive any training. The
instructional guides were used by the mathematics teachers to ensure fidelity of instruction.
The second and third weeks were used for the treatment while the fourth week was used for
the administration of post-test in all the three intact classes by their respective mathematics
teacher. The pretest items were re-organised to form the post-test in order to eliminate the
halo effect which could arisen from over familiarization with the pretest.

Data collected were analyzed using descriptive statistics of mean and standard deviation
to answer research questions while the hypotheses were tested using inferential statistics of
Analysis of Covariance (ANCOVA). Specifically, the ANCOVA and Bonferroni’s Post Hoc
measure were used to further determine the direction of significance while the pretest scores
were used as covariates. SPSS version 25 was used as the software for the analysis.

3. RESULTS AND DISCUSSION
3.1. Research Question One: What is the Main Effect of Treatment on Students’
Achievement in Mathematics?

Table 1 indicated that students in the experimental groups (GeoGebra Instruction
andTeam-Based Learning) had higher post-test mean scores (20.78; 18.71 respectively) and
higher mean difference (14.72; 12.86) than students in the control group (CLM) with post-test
mean scores of 13.60 and mean difference of 7.63. Specifically, the treatments GGl resulted
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in 244.9% increase in achievement while TBL vyielded 214.8% increase on students’
achievement in mathematics. The CLM yielded 127.8% increase in students’ achievement.

Table 1. Descriptive statistics of achievement gain by treatment.

Pre-Test Post-Test ]
Treatment N Mean Std. Mean Std. Mean [“),llf;erence (%MD)
Deviation Deviation ( )
CLM 65 5.97 1.25 13.60 4.93 7.63 (127.8)
GGl 60 6.07 1.30 20.78 2.81 14.72 (244.9)
TBL 58 5.84 1.20 18.71 3.17 12.86 (214.8)

3.2. Research Question Two: How does Gender Influence Achievement in Mathematics?

Table 2 showed the descriptive statistics of mathematics achievement by gender
classification. Table 2 indicated that male students progressed from a mean achievement
score of 5.99 to 17.41 (mean difference =11.42) while the females progressed from a mean
achievement score of 5.93 to 17.71 (mean difference=11.80). The mean difference in
achievement in mathematics of females was slightly higher than that of the males.

Table 2. Descriptive statistics of mathematics achievement gain by gender.

Pre-Test Post-Test Mean Difference (%MD)
Treatment N Mean Std. Mean Std. (MD)
Deviation Deviation
Male 91 5.99 1.29 1741 5.06 11.42 (190.7)
Female 92 593 1.21 17.74 4.69 11.80 (198.9)

3.3. Research Question Three: What is The Extent of Interaction Effect of Treatment and
Gender on Students’ Achievement in Mathematics?

The descriptive statistics relating to the interaction of treatment and gender on students’
achievement in mathematics is shown in Table 3. The analysis revealed that within the
GeoGebra instruction group, male students progressed from a mean achievement score of
6.11 to 20.81 (mean difference = 14.70) representing 240.6% increase in achievement while
female students in that experimental group advanced from a mean achievement score of 6.03
to 20.76 (mean difference = 14.73) representing 244.3% increase in achievement. In the TBL
experimental group, male students progressed from a mean achievement score of 5.90 to
18.83 (mean difference = 12.93) representing 219.2% increase in achievement, while the
females progressed from a mean achievement score of 5.79 to 18.57 (mean difference=12.79)
representing 220.9% increase in achievement. In the CLM control group, male students
progressed from a mean achievement score of 5.97 to 13.44 (mean difference = 7.4)
representing 129.4% increase in achievement, while the females progressed from a mean
achievement score of 5.97 to 13.77 (mean difference= 7.81) representing 130.8% increase in
achievement. Clearly, the effect of interaction between treatment and gender was highest on
the mathematics achievement in the GeoGebra instruction female, then male students,
followed by the TBL male then female students. Lastly, the effect of treatment and gender
interaction was least for the CLM group female, then male.
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Table 3. Descriptive statistics of mathematics achievement gain by interaction of treatment.

Pre-Test Post-Test Mean (%MD)

Treatment Gender N Mean Std. Mean Std. Difference

Deviation Deviation (MD)

CLM Male 34 5.71 1.29 13.44 5.29 7.47 (129.4)
Female 31 5.97 1.22 13.77 4.57 7.81 (130.8)
GGl Male 27 6.11 1.31 20.81 2.57 14.70 (240.6)
Female 33 6.03 131 20.76 3.02 14.73 (244.3)
TBL Male 28 5.90 1.30 18.83 3.21 1293 (219.2)
Female 30 5.79 1.01 18.57 3.19 12.79 (220.9)

3.4. Hol: There is No Significant Main Effect of Treatment on Students’ Achievement in
Mathematics

The results in Table 4 showed that there was a significant main effect of treatment on
students’ achievement in mathematics after controlling for the effect of pre-test scores
(F(2,182)=84.193, P=0.000, n_p”"2=0.489). Since p < 0.05, it follows that the main effect of
treatment on students’ achievement in mathematics was statistically significant.

Table 4. Summary of analysis of covariance of achievement in mathematics scores by
treatment and gender.

Source Type Ill Sum of Df Mean E Sig. Partial Eta
Squares Square Squared
Corrected Model 2562.181° 6 427.030 42.982 .000 .594
Intercept 413.860 1 413.860 41.657 .000 191
Covariate 840.387 1 840.387 84.588 .000 .325
Treatment 1672.920 2 836.460 84.193 .000 489
Gender .640 1 .640 .064 .800 .000
Treatment *Gender 1.280 2 .640 .064 .938 .001
Error 1748.573 176 9.935
Total 60828.000 183
Corrected total 4310.754 182

a. R Squared =.594 (Adjusted R Squared = .581)
b. Computed using alpha = 0.05 *significant at p < 0.05

The result of the post hoc analysis Table 5 indicated that the mean post-test scores of
students in one group were significantly higher than the other, with the GeoGebra Instruction
group as the highest, followed by Team-Based Learning and lastly Conventional Lecture
Method. The mean difference between GeoGebra Instruction and Team-Based Learning
experimental groups was quantified as 1.69; p< 0.05 which was statistically significant. The
mean difference between GGl and CLM was derived as 7.003, which was also statistically
significant. Lastly, the mean difference between the TBL and CLM was derived as 5.313, p<
0.05 which was also statistically significant. The result revealed the fact that the experimental
methods (GGI & TBL) were significantly better than the control group (CLM). The direction of
decreasing effects of instructional strategy on achievement in mathematics was CLM < TBL <
GGlL.
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Table 5. Pairwise comparisons of mathematics achievement (Post Hoc).

Mean Sig., 95% confidence interval for
(1) Treatment (J) Treatment difference Std. mean difference ®

error Lower bound Upper bound

CLM GGl -7.003° 566 .000 -8.372 5634

TBL -5.313" .570 .000 -6.692 -3.935

GGl CLM 7.003" .566 .000 5.634 8.372

TBL 1.690" .584 .013 .279 3.100

TBL CLM 5.313" .570 .000 3.935 6.692

GGl -1.690" .584 .013 -3.100 -.279

a. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

3.5. Ho2: There is No Significant Main Influence of Gender on Students’ Achievement in
Mathematics

Analysis of Covariance Table 4 revealed that after controlling for the effect of pre-test
scores of students, there was no significant effect of gender on students’ achievement in
mathematics F(1,182)=0.064, P=0.800, n_p”~2=0.000). Clearly, p>0.05, hence we did not reject
the null hypothesis and concluded based on the data collected that no gender disparity
existed in mathematics achievement of students. In fact, gender did not account for the
difference observed in the scores, as partial eta squared put the contribution of gender to the
variation in achievement scores at 0%, implying that variation observed was due to factors
other than gender.

3.6. Ho3: There is No Significant Interaction Effect of Treatment and Gender on Students’
Achievement in Mathematics

The interaction effect of treatment and gender on students’ post-test achievement
according to statistics in Table 4 (F(2,132=0.064, P=0.938, n;, = 0.001) was not statistically
significant, although the interaction accounted for 0.1% of the variation in the students’
scores in achievement in mathematics. Thus, it was concluded that the interaction effect of
treatment and gender was not significant and the null hypothesis was not rejected.

The summary of ANCOVA analysis on the main effect of treatment on the achievement of
students in mathematics showed that 48.9% of the variation in students’ mathematics
achievement can be attributed to the treatment. This showed that students’” mathematics
achievement was significantly enhanced after they were exposed to the GGI and TBL
treatment as against the conventional lecture method (CLM).

Analysis also revealed that students exposed to GGI treatment had a higher achievement
mean score than students exposed to TBL treatment which could be due to the fact that
students were able to explore, interact and visualize mathematical concepts in the GGI group.
The finding is in agreement with the results of some researchers (Aliyu, 2019; Isah, 2015;
Burgess, 2019) who all found out that students taught with GGl and TBL achieved significantly
higher than those taught with CLM. However the present study result was in disagreement
with findings of some other researchers (Masri et al., 2016; Killian & Bastis, 2015) who found
no significant difference in the mean performance of students based on treatment. The
effectiveness of GGl and TBL in this study conformed to the power of constructivist learner-
centred teaching strategies in ensuring procedural and conceptual understanding of
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mathematics for all students. The CLM had been criticised for a decline in students’
achievement in mathematics due to great emphasis on teachers’ activities at the expense of
students’ conceptual understanding of mathematics (Awofala & Agbolade, 2024; Awofala &
Lawani, 2020a; Awofala & Lawani, 2020b).

Female students were observed to have a slightly higher achievement mean score than
male students, however, the effect of gender on students’ achievement was not statistically
significant, and this could be a pointer to the strength of treatment to eliminate gender
differences in mathematics achievement. The result of the analysis as shown in Table 4
indicates that the influence of gender on students’ achievement in mathematics is not
significant, which is in agreement with the studies of some researchers (Fatade et al., 2012;
Chinelo, 2020; Awofala & Anyikwa, 2014; Awofala, 2017; Alordiah et al., 2015). The
statistically non-significant gender difference disagrees with the findings of other researchers
(Awofala, 2011; Abari et al., 2019; Ajai & Imoko, 2015) who found significant gender
differences in students’ achievement in mathematics. Thus, sex stereotyping in mathematics
education (Awofala, 2011, 2008) in Nigeria may be waning. This shows that the cultural, social
and psychological factors were the same for male and female students in this study and that
therewas no innate differences in ability in mathematics.

No significant interaction effect of treatment and gender was found on students’
achievement in mathematics. This means that the effect of treatment was similar across
gender, and suggests no differential experiences of males and females within and outside the
classroom. The findings of this present study was corroborated by researchers (Eze,
Ezenwafor, & Obidile, 2016; Ajai et al., 2014) whose studies established no statistically
significant gender difference in academic achievement of students when exposed to
treatments. However, some studies had found significant interaction effect of treatment and
gender on students’ achievement in mathematics (Akinsola & Awofala, 2009; Awofala &
Nwajuwa, 2023; Ani et al., 2021) thereby disagreed with the present study result. This could
be as result of the difference in the level of students involved in the study. The non-significant
interaction effect of treatment and gender on students’ achievement in mathematics
recorded in this study showed that male and female students did not respond differently to
the content being presented, instructional strategy being adopted as well as the learning
environment.

4. CONCLUSION

Students’ achievement in mathematics which was found to be low in previous studies was
improved as the use of teaching methods which are student-centred were incorporated. In
other words, methods which are interactive and fun can help improve students’ achievement
in mathematics. Treatment accounted for 48.9% of the variation observed in students’
achievement in mathematics. The present study showed that there was no significant main
effect of gender on students’ achievement in mathematics. Thus, gender was not a factor in
students’ achievement in mathematics. Lastly, there was no significant interaction effect of
treatment and gender on students’ achievement in mathematics. This meant that treatment
was not gender sensitive. The following recommendations were made based on the findings
of the study.

(i) Teachers should embrace GGl and TBL in the teaching of mathematics.

(ii) Educational administrators should provide opportunities for in-service training for
mathematics teachers in order to equip them with competencies needed in the use of GG
and TBL for teaching.
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(iii) Teachers should encourage peer-teaching among the students by engaging them to form
heterogeneous groups for study purpose.

(iv) Curriculum planners should incorporate GGl and TBL as a strategy for teaching
mathematics in secondary education level.

(v) Equal opportunity and the same level of encouragement should be given to students
irrespective of their gender.

(vi) Government should provide required ICT facilities in order to make GeoGebra popular
among teachers and students.
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