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 The contribution of algebra to a shared understanding of the world and the 

society is vital to the development of science, technology and engineering. Thus, 

the teaching of algebra in schools must be maximised. This study examined the 

effects of blended learning (BL) and problem-based learning (PBL) instructional 

strategies on senior secondary school students’ achievement in algebra in Lagos 

State in Southwest, Nigeria. Problem based learning is a learner-centred strategy 

hinged on problem solving heuristics in which learners are presented with ill 

structured problems and engaged the problems in a small collaboratory peer 

teaching to arrive at solutions to the problems. Blended learning is a learning 

strategy which supplements traditional face to face instruction congruent to the 

traditional lecture method (TLM) with a computer-based algebrator in which 

students were subscribed to a class e-mail list. Three research questions and 

three hypotheses were generated to guide the study. A quasi-experimental pre-

test, post-test, non-equivalent control group design was adopted for this study. 

Multistage sampling techniques were applied to select sample of 388 students 

(204 boys and 184 girls) drawn from nine secondary schools in which intact 

classes were used. One research instrument, Algebra Achievement Test (AAT) 

was developed and the AAT was used for pretest and posttest. Analysis of 

covariance (ANCOVA) was used to test the hypotheses while the descriptive 

statistics of means and standard deviations were used to answer the research 

questions. All the hypotheses were tested at =0.05 level of significance. Results 

showed that there was a statistically significant main effect of treatment on 

students’ achievement in algebra. There was a statistically significant main effect 

of gender on students’ achievement in algebra. There was no statistically 

significant interaction effect of treatment and gender on students’ achievement in 

algebra. The findings of the study revealed that the students’ achievement in 

algebra was enhanced when PBL and BL strategies were used than when TLM 

was used. Based on the findings of this study it was recommended that efforts 

should be made to integrate the philosophy of BL and PBL into the preservice 

teachers’ curriculum at the teacher preparation institutions in Nigeria. 
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Introduction 

 

The importance of algebra and its teaching was justified on its relevance to contemporary life. Its contribution to 

a shared understanding of the world and the society is vital to the development of science, technology and 

engineering. Thus, the teaching of algebra in schools must be maximised. Algebra provides power of operating 

with concepts at abstract level and applying those concepts in concrete terms. The understanding of many 

mathematical concepts is prerequisite to learning algebra. The quality of algebra teaching is normally measured 

by students’ performance in tests and examinations. Algebra as a gatekeeper of mathematics is an area in which 

students have major problems and often show poor performance (Erbas, 2005; Kieran, 1981). The poor 

performance is not unconnected to errors committed by students while trying to solve problems on algebra. 

Students often commit both procedural and conceptual errors when solving problems on algebra. Procedural 

errors are connected with procedural knowledge and conceptual errors are associated with conceptual 

knowledge. ‘‘Procedural knowledge refers to mastery of computational skills and knowledge of procedures for 

identifying mathematical components, algorithms, and definitions. … Conceptual knowledge refers to 

knowledge of the underlying structure of mathematics – the relationships and interconnections of ideas that 
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explain and give meaning to mathematical procedures’’ (Eisenhart, Borko, Underhill., Brown, Jones, & Agard, 

1993, p. 9). Many students fail to show success in algebra irrespective of gender.  

 

Gender is often considered a common construct in the field of mathematics education and more often than not 

mathematics is regarded as a masculine domain. The relation between gender and achievement in mathematics 

and perhaps algebra also present a somewhat inconclusive finding (Awofala, 2017). Evidence suggests that 

there was a significant relationship between gender and achievement in mathematics (Akinsola & Awofala, 

2009; Awofala, 2011; Awofala, 2010; Fatade, Nneji, Awofala, & Awofala, 2012; Ogunneye, 2003). 

Contrastingly, some researchers (Abakpa & Iji, 2011; Agommuoh & Nzewi, 2003; Arigbabu & Mji, 2004) had 

observed no significant effect of gender on students’ achievement in mathematics thus concluding that gender 

differences in achievement/performance might be disappearing (Awofala, Arigbabu & Awofala, 2013).  

 

Hydea and Mertzb (2009) revealed that girls have reached parity with boys in mathematics performance, 

including at high school where a gap existed in earlier decades and affirmed that girls are doing better than boys 

even for tasks that require complex problem solving. In addition, narrow gender gap in achievement has been 

observed in U.S.A (Perie, Moran & Luktus, 2005) and in Australia (Forgasz, Leder & Vale, 2000) but in Nigeria 

significant gender differences in achievement in mathematics exist in favour of males (Ogunkunle, 2007) in 

which nurture entrenches male dominance over the female gender (Bassey, Joshua & Asim, 2007). The issue of 

gender inequality in science, technology, and mathematics education (STME) is a global phenomenon and it is 

believed that bridging gender gap is one major way of achieving egalitarian societies and enhancing human 

development. Thus, there is the need to accord boys and girls exactly the same opportunities and challenges in 

the classrooms. 

 

One vital component in teacher-student interaction is instructional strategy and that mathematics teachers feel 

more comfortable in using the traditional method in teaching algebra simply because it is more amenable to 

teaching large class size (Owoeye & Yara, 2011). Recent reforms proposed by National Council of Teachers of 

Mathematics (NCTM) standard emphasized the use of technology in teaching and learning of mathematics 

because technology is changing the world and daily life, yet the teaching of mathematics remained relatively 

unchanged and still relied on traditional lecture method (TLM) (Ifamuyiwa & Kehinde, 2011). The objective of 

mathematics education in global scene is to meet the critical need of the society. Thus, there is a need for 

teaching and learning strategies that accommodate new technology (Ajelabi, 2006; Odogwu, 2007; Udeani, 

2006) within the context of active learning. Two of such learning strategies are Problem Based Learning (PBL) 

and Blended Learning (BL) for this study. 

 

Problem-based learning is described as a learning environment where the problem drives the learning. In PBL, 

the learning begins with a problem to be solved in such a way that students need to gain new knowledge before 

they can solve it. Students interpret, gather new information, identify possible solution and method, develop 

problem solving skill, collaborate, discuss and compare ideas to come up with their conclusion. The PBL 

developed at McMaster University four decades ago (Barrows & Tamblyn, 1976, 1980), has grown as an  

interactive instructional strategy in medicine, engineering, and education (Edens, 2000; Edwards & Hammer, 

2004; Eldredge, 2004; Fink etal., 2002; Jones, 2006; Şahin, 2009a; Selcuk & Şahin, 2008; Stonyer & Marshall, 

2002). In addition, PBL has equally been used in physical science subjects like physics (Duch, 1996; Iroegbu, 

1998; Raine & Collett, 2003; Şahin, 2007; Şahin, 2009b; Şahin & Yörek, 2009). It is evident that PBL has been 

researched into and very well documented as an effective strategy in enhancing students’ learning outcomes in 

varied school subjects across many countries in Europe, America, Asia, and Africa (Albanese & Mitchell, 1993; 

Berkson, 1993; Colliver, 2000; Major & Palmer, 2001; Norman & Schmidt, 1992, 2000; Prince, 2004; Vernon 

& Blake, 1993) but its effectiveness in Nigeria is yet to be confirmed (Fatade, Arigbabu, Mogari & Awofala, 

2014).  

 

More so, the effectiveness of PBL in the educational classroom is somewhat fraught with mixed conclusions 

(Fatade, etal., 2014). For instance, Albanese & Mitchell (1993) concluded that problem-based instructional 

approaches were less effective in teaching basic science content (as measured by Part I of the National Board of 

Medical Examiners exam), whereas Vernon & Blake (1993) reported that PBL approaches were more effective 

in generating student interest, sustaining motivation, and preparing students for clinical interactions with 

patients. Mixed results had also been found in the studies by Moust etal (2005) and Prince (2004) in which the 

latter maintained that it is difficult to conclude if it is better or worse than traditional curricula, and that it is 

generally accepted that PBL produces positive student attitudes whereas the former concluded that PBL has a 

positive effect on the process of learning as well as on learning outcomes. While Major and Palmer (2001) 

observed that students in PBL courses reported greater satisfaction with their experiences than non-PBL 

students Beers (2005) demonstrated no advantage in the use of PBL over more traditional approaches. This 
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inconclusive finding concerning the effect of PBL on students’ learning outcomes warrants further examination 

in this study. 

 

Blended learning strategy is one strategy that combines face to face learning with online approach (New South 

Wales Department of Education and Training, 2002). It is combining face to face instruction with computer 

mediated instruction (Roh, 2003). Blended learning is a hybrid of traditional face to face and online learning 

instruction which occurs both in the classroom and online and where the online component becomes a natural 

extension of traditional classroom teaching (Rovai & Jordan, 2004). Graham (2006) defines the blended 

learning as the combining of the two different education models, traditional face to face learning and distance 

learning. Blended learning can also be defined as integrating face to face learning and electronic learning or 

distance learning, using difference learning theories, methodologies and techniques in the same place and 

supporting the learning with various online technologies during the learning process in the classroom (Singh, 

2003).  

 

The BL was achieved in this study by supplementing traditional face to face instruction congruent to the lecture 

method with a computer based algebrator in which students are subscribed to a class e-mail list. The algebrator 

is a software for solving most algebraic problems that are not word problem based at secondary school level. 

Ahmad, Shafie and Janier (2008) investigated the effect by blended learning strategies on teaching concept of 

integration using thirty engineering students. The study showed increased students’ achievement and majority of 

the students (87.5%) indicated that blended learning helped them to learn topic better. In a study by Archee and 

Courney (2006) in which blended learning approach was used to teach statistics, findings revealed that the 

strategy showed improvement in students’ performance than the traditional approach. While the search for an 

enduring, appropriate and effective method of teaching mathematics in general and algebra in particular is on-

going, evidence suggests that PBL and BL are two minds-map, hands-on constructivist learner-centred 

strategies that have been widely used (Balarabe, 2006; Diaz & Strictland, 2009; Heinze, Procter & Scot, 2007; 

Ling, Elinda, Kelvin & Lee, 2009; Naidoo & Naidoo, 2007; Schoenfed, 2002) with overwhelming positive 

results. It is daunting to note that most of the studies on PBL and BL are outside the shores of Nigeria despite 

the positive effects of these strategies on students’ learning outcomes. The implication of this is that little or 

nothing is known about the application of these strategies in teaching mathematics in Nigeria (Azu & Osinubi, 

2011; Fatade, etal., 2014). The purpose of this study therefore, was to investigate the effects of problem-based 

learning and blended learning instructional strategies on senior secondary school students’ achievement in 

algebra using gender as a moderator variable.  

 

 

Research Questions 

 

The study addressed the following research questions: 

 

RQ1. What is the main effect of treatment (PBL, BL, and TLM) on students’ achievement in algebra? 

RQ2. What is the main effect of gender on students’ achievement in algebra? 

RQ3. What is the interaction effect of treatment and gender on students’ achievement in algebra? 

 

 

Null Hypotheses 

 

This study put to test the following null hypotheses at =0.05 level of significance. 

 

H01: There is no significant main effect of treatment on students’ achievement in algebra. 

H02: There is no significant main effect of gender on students’ achievement in algebra. 

H03:There is no significant interaction effect of treatment and gender on students’ achievement in algebra. 

 

 

Conceptual Framework of the Study 

 

The conceptual framework below illustrated how the instructional strategy employed by the teacher in the form 

of PBL, BL, and TLM separately affects achievement in algebra through the gender.  
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Conceptual Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1. Conceptual framework for the study 
 

 

Method 
 

Research Design 

 

The model of inquiry adopted for this study was a quantitative method (Creswell & Plano Clark, 2011) within 

the blueprint of quasi-experimental pretest, posttest non–equivalent control group design. The quasi-

experimental design allows identification of variables (Blaxter etal., 1996) in the study. The quasi-independent 

variable-instructional strategy was manipulated at three levels (PBL, BL & TLM) while the quasi-moderator 

variable-gender was at two levels (Male and Female) and answering the research questions and testing the null 

hypotheses for the study required data that allowed assessment of the extent to which the PBL, BL and TLM 

influence students’ achievement in algebra. This study relied on interval (scores on Algebra Achievement Test) 

data as the stronger form of quantification (Okpala, Onocha & Oyedeji, 1993). In this study, participants do not 

have control over which group (control or experimental) they belonged or of receiving or not receiving the 

treatment based on quasi-experimental design (Fatade, etal., 2014). One inherent advantage of this design is that 

it is typically easier to set up than true experimental designs (Shadish, etal., 2002) but lacks randomisation of 

subjects to treatment conditions. Using quasi-experimental design in the present study permitted the 

investigation of intact group in real classroom settings since it was unnecessary to randomly gather students for 

any intervention during the school hours so as not to create artificial conditions. Students in control and 

experimental groups partook in the study in their normal classroom conditions without any hitch.  

 

The research design is symbolically illustrated below: 

 

O1 X1  O2  X1 difference =  O2 – O1  O1 O3 O5 = pre-tests 

O3  X2  O4   X2 difference =  O4 – O3 O2 O4 O6 = post-tests 

O5  C   O6   C difference =   O6 – O5 

 

INSTRUCTIONAL 
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X1, X2 and C represent PBL treatment, BL treatment and TLM treatment respectively. The mean difference 

scores between O1 and O2, O3 and O4 and O5 and O6 were tested for statistical significance using the Analysis of 

Covariance (ANCOVA). 

 

Population of the study: The target population for the study comprised private senior secondary school year 

two students in Lagos State in Southwest, Nigeria. 

 

Sample and sampling technique-The multi stage sampling technique was used. First, simple random sampling 

was used to select educational Districts II and IV out of the six educational districts in Lagos State in Southwest, 

Nigeria. Second, purposive sampling was used to select schools to participate based on five (5) conditions: (a) 

schools that have qualified mathematics teachers (i.e graduates) who have been consistent with the school for at 

least three years. The three years minimum was the researchers’ decision to ensure some degree of teachers’ 

cognate experience; (b) schools that have been presenting candidate in external examinations such as SSCE and 

NECO for mathematics for four years. The minimum of four years was the researchers’ decision to ascertain 

that the schools have been presenting candidates in mathematics at external examinations; (c) schools that have 

access to computers and the students are computer literate. This was necessary since one of the treatment 

conditions (blended learning strategy) requires both online and face to face interaction; (d) schools that have 

access to internet; and (e) schools should be private and coeducational. Base line study at the time of the present 

study revealed that public schools in Nigeria did not have enough computers and where computers were present 

they were not in good condition. This led to the idea of using private schools for the study since they had 

enough functional computers that could aid the implementation of blended learning aspect of the study. Based 

on the aforementioned criteria, 12 schools and 14 schools in education District II and education District IV 

respectively met the criteria. Thereafter, four and five schools were randomly selected from the education 

District II and education District IV respectively to make a total of nine schools. Three (3) schools each were 

randomly assigned as Experimental group one (E1), Experimental group two (E2), and Control group (C) 

through tossing of a coin. Each of the schools has one arm for mathematics and intact class was used for the 

study. A total of three hundred and eighty eight (388) consisting 204 males and 184 females senior secondary 

year two mathematics students were involved in the study. 

 

 

Instrumentation  

 

For the purpose of data collection, only one instrument was developed and used in the study. 

 

 

Algebra Achievement Test (AAT) 

 

The AAT is a multiple choice objective test with one key and four distracters. It has two sections A and B. 

Section A seeks personal information on the students with respect to gender and name of school. Section B 

consists of sixty (60) multiple choice objective test items. Each test item is followed by five answer options 

(A—E) from which the student was expected to select the correct alternative. Test contents covered the course 

content for the study in the three levels of cognitive domain of Remembering (knowledge), Understanding 

(comprehension & application), and Thinking (analysis, synthesis, & evaluation) (Okpala, Onocha & Oyedeji, 

1993). The test item specification was shown in table 1 below  

 

Table1. Achievement Test Item Specification 

Content      Cognitive Levels     Total 

   Remembering   Understanding   Thinking 

Factorisation   4   4   5 13  

Quadratic equation  4   4   4 12  

Rational fraction   3   4   4 11 

Simultaneous equation  4   4   5 13 

Graph    3   4   4 11 

Total    18   20   22 60 

 

 

The reliability coefficient has been calculated using Kuder-Richardson formula 21 with a sample group of 40 

students from one senior secondary school not part of the study schools in education District II of Lagos State, 

Nigeria. The reliability value for AAT was computed as 0.82. 
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Procedure for Data Collection 

 

The study covered a period of 12 weeks. Prior to the commencement of teaching in the experimental and control 

schools, participants were pretested on the AAT. The importance of the pre-treatment was to find out the 

background knowledge of the participants in both the experimental and control schools before entering into the 

experiment/instruction. The attention of the regular mathematics graduate teachers in the control schools was 

sought after the managements of the schools had given approvals for the study to be conducted in the schools. 

The details of the study were neither made known to them nor fully discussed with the school managements as 

the study was presented to the teachers and the managements as if the exercise was meant for their schools 

alone. The essence of this was to prevent any form of bias and influence on the part of the teachers in the course 

of their teaching.  

 

The participating teachers in the control schools unlike their counterparts at the six experimental schools were 

not trained on either the PBL or BL approach but the researchers paid unscheduled visits to the three control 

schools during the school hours and this afforded them the opportunity to observe the teachers while teaching. 

Thus, no attempts were made to discuss the classroom interaction patterns that prevailed between the teachers 

and the students in the classrooms. The participating teachers in the control schools taught the students with the 

traditional lecture method following the already prepared instructional plan within the context of the contents 

selected for the study. The teachers covered the topics related to factorisation, quadratic equation, rational 

fraction, simultaneous equations, and graph.  

 

The instructional lesson plan in the control schools was different from the one enacted in the experimental 

schools in the area of presentation. The presentation in the control schools followed the routine traditional 

activities in which the traditional mathematics instruction involved lessons with lecture and questioning 

methods to teach the concepts related to factorisation, quadratic equation, rational fractions, simultaneous 

equations, and graph. The participants in the control schools studied the approved mathematics textbooks on 

their own before the class hour. The teachers in the control schools structured the entire class as a unit, wrote 

notes on the chalkboard about definitions of concepts related to factorisation, quadratic equation, rational 

fraction, simultaneous equations, and graph. The control schools teachers worked examples on the chalkboard 

about factorisation, quadratic equation, rational fractions, simultaneous equations, and graph, and, after their 

explanations, participants discussed the concepts and examples with teacher-directed questions. For the majority 

of instructional time in all the control schools, participants received instruction and engaged in discussions 

stemming from the teachers’ explanations and questions. In short, teaching in the control schools was largely 

teacher-dominated and learning confined to the classroom. The classroom instruction in the control classes was 

two periods of 80 minutes each per week in the morning on Mondays and afternoon on Wednesdays. The 

morning and afternoon periods on these two days were uniform across the schools in the two education districts 

of the study.  

 

The researchers sought the consent of the managements of the PBL schools and approvals were given to 

conduct the study in the schools. The nature and purpose of the research were then explained to the three 

mathematics teachers who showed willingness and readiness to participate in the study. The highlight of the 

weekly activities that would be carried out and the extent of their involvement were discussed with them. The 

mathematics teachers were given comprehensive orientation on the principle behind the PBL as an instructional 

strategy and content areas for the study discussed. They were free to ask questions and offer suggestions on how 

best this modern approach could successfully be implemented in the three schools. The teachers were trained for 

a period of two hours per week for two weeks on the use of PBL after which they were assessed through micro 

teaching exercise in the preparation of the PBL lesson. Each of the trained mathematics teachers led the teaching 

of the participants in their respective schools using the PBL instructional strategy in order to ensure fidelity of 

treatment and intactness of the PBL classes.    

 

Before the commencement of actual implementation of PBL in the experimental schools, one of the researchers 

in collaboration with each of the three participating mathematics graduate teachers grouped the participants in 

their respective schools heterogeneously based on their performances at the senior secondary school (SSS) year 

1 final examination. Each PBL class was named PBL Community Group (PBLCG) and the sitting arrangement 

was reconstituted in a semi-circular form that made it possible for teachers to walk across the groups and the 

participants facing the chalkboard. Just like the control schools, two periods of eighty minutes each were 

allocated to the teaching of mathematics in a week. The periods were usually in the morning on Monday and 

afternoon on Wednesday as dictated by the government policy. Thus, the researchers had no control on the 

placement of mathematics in the afternoon on Wednesday on the school timetable.  



492        Ojaleye & Awofala 

 

The rigidity of the timetable in the PBL schools did not allow the researchers to create more instructional time 

in the teaching of the contents in the PBL classes and more importantly, the school authorities in compliance 

with the State Government’s directives did not allow any extension of classroom activities beyond the closing 

time of 2 p.m. This precluded any intruder in the PBL classes that could have created an unusual atmosphere. 

Each of the participating mathematics teachers in their respective schools led discussions in the mathematics 

classes using PBL in a scaffolding manner to suit the already prepared instructional lesson plan. The 

instructional plan consisted of Introduction, Objectives, Content, Presentation, Evaluation, and Conclusion. In 

the PBL classes, the PBL group process adopted consisted of five phases (Fatade, 2012; Fatade, etal., 2014) 

namely: (i) identify the problem; (ii) make assumptions; (iii) formulate a model; (iv) use the model; and (v) 

evaluate the model.  

 

In the first contact period of the fourth week in the PBL classes, participants were given orientation on the PBL 

and its associated problem-solving processes. This was followed by a diagnostic test on factorisation in which 

participants were to determine the correctness of the given quadratic equation:  6𝑥2 − 5𝑥𝑦 − 6𝑦2 =(3𝑥 −
2𝑦) (2𝑥 + 3𝑦)? Participants were left to ponder on the given task individually and in groups following the 

identified problem-solving processes while the mathematics teacher in each PBL class acted as a facilitator. One 

member each from the groups was selected by the teacher in each PBL class to make presentations on the 

chalkboard while other members of the PBL community group critiqued the presentations and this triggered off 

dialogue in the classroom. Thus, mixed feelings ensued among members of the PBL community group as some 

were in favour that the equality holds for the equation, some were against this stand and obtained (3𝑥 +
2𝑦) (2𝑥 − 3𝑦) as the solution while others were indifferent. In reaching agreement among the three opposing 

groups, the teacher interjected by calling the participants attention to expand the value on the right hand side of 

the quadratic equation and see whether it corresponds to the value on the left hand side. This made the three 

opposing groups to recline on their decisions and agreed that the equality did not hold and stemming from the 

teacher’s questions, a member of the class stated that the equality did not hold because the factors of the product 

of first and last terms did not produce the middle term. The entire class concurred with the final submission 

while another member of the class gave a brisk overview of the factorisation. Similar procedure was adopted in 

each of the PBL classes in teaching topics related to rational fractions, simultaneous equations, and graph for the 

eight weeks of the study. In each of the topics taught participants in each of the PBL classes were given ill-

structured tasks as homework that demanded their visiting the libraries, and surfing the net in preparation for 

presentation in the next contact period. 

 

Just like the control and PBL schools, the researchers sought the consent of the managements of the BL schools 

and approvals were given to conduct the study in the schools. The nature and purpose of the research were then 

explained to the three mathematics teachers who were computer literate and who showed willingness and 

readiness to participate in the study. The mathematics teachers were to be computer literate because the BL 

enacted in this study involved the use of computer. The highlight of the weekly activities that would be carried 

out and the extent of their involvement were discussed with them.  

 

The mathematics teachers were then given comprehensive orientation on the principle behind the BL as an 

instructional strategy that involves online and face to face interaction and content areas for the study discussed. 

They were free to ask questions and offer suggestions on how best this modern approach could successfully be 

implemented in the three schools. The teachers were trained for a period of two hours per week for two weeks 

on the use of BL after which they were assessed through micro teaching exercise in the preparation of the BL 

lesson. Each of the trained mathematics teachers led the teaching of the participants in their respective schools 

using the BL instructional strategy in order to ensure fidelity of treatment and intactness of the BL classes. The 

BL involved three phases namely: pre-computer session - in which word problem was broken down and 

translated into algebraic symbols; computer session – in which the algebrator software was used to solve 

algebraic problem; and post-computer session- in which participants were evaluated through assignment given 

online and submission to be made via class email using yahoo mail. It should be noted that before the actual 

implementation of the BL in the experimental schools, each of the participating mathematics teachers in 

collaboration with the researchers in their respective schools ensured that the participants in their schools had 

email addresses and the class email was made known to them.  

 

In addition, the researchers ensured that the algebrator software was installed on each of the available computers 

in each school and participants were taught on how to use the algebrator by their respective teachers. Teaching 

in each of the BL classes was done in the morning on Monday and in the afternoon on Wednesday for two 

periods of eighty minutes each. In the case where the algebraic problem did not involve word problem, each of 

the mathematics teachers in their respective classes made the participants to use the algebrator to solve the 
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problem. In the case of algebraic word problem, the mathematics teacher in face-to-face lecture method 

transformed the word problem into an algebraic expression and then used the algebrator to complete the process 

of getting the solution. This process was enacted in each of the BL classes for teaching concepts relating to 

factorisation, quadratic equation, simultaneous equation, rational fractions, and graph. The treatment conditions 

were concluded in both the PBL, BL and TLM schools in the eleventh week and the twelfth week was used for 

administration of AAT as posttest. It should be noted that a re-organised version of the pretest was used as 

posttest in order to prevent hallo effect which could result from over familiarisation with the pretest. Table 2 

showed the summary of the fieldwork activities for a period of twelve weeks.      

      

Table 2.   Field work Activities 

Week     Activities 

 

1st , 2nd  Selection and training of research assistants on the administration of instruments, 

selection of schools, categorization of schools into experimental and control groups, 

random selection of intact classes. Selection, sensitization, and training of 

participating teachers. 

3rd  Administration of AAT as pre-test on both the experimental and control groups. 

4th, 5th,6th ,7th,,8th, 

9th,10th,11th Implementation of training packages in experimental and control schools i.e teaching 

in the experimental and control schools using lesson plans on PBL, BL, and TLM in 

respective schools. In BL group, participants were exposed to the algebrator and 

traditional face to face lecture supplemented with email. The topics considered 

include factorization, quadratic equation, rational fraction, simultaneous equation, 

and graph. 

12th    Administration of AAT as post-test on both the experimental and control groups.

    

       

 

 

Data Analysis  

 

The quantitative data collected using AAT were analysed using the descriptive statistical tool of means and 

standard deviations, which are important precursor to conducting inferential statistical test of analysis of 

covariance (ANCOVA). This study tested differences in participants’ achievement in algebra before and after 

treatment conditions in both the experimental and control classes and no attempt was made to test relationships. 

Thus, this foreclosed the adoption of correlation statistic. The ANCOVA statistic was adopted in the study 

partly because three groups were involved and more importantly, the statistic is considered more robust when 

comparing differences of three group means which involve the use of covariates. The ANCOVA was used to 

partial out the initial differences among the three groups and it was also considered appropriate in this study to 

test the null hypothesis that bothers on interaction effect which the t-test statistic cannot do. This study also 

foreclosed the adoption of analysis of variance (ANOVA) since pretest score was involved. An alpha () level 

of 0.05 was used for all statistical tests. 

 

 

Results 

 
Research Question One: What is the main effect of treatment (PBL, BL, and Traditional Lecture method) on 

students’ achievement in algebra? 

 

Table 3. Result of statistical analysis of posttest and pretest algebra achievement 

Treatment posttest   pretest   N Mean   % mean   

  x   SD  x   SD   difference difference 

PBL  24.25  9.34  15.51  7.44  96  8.74  56.35  

BL  34.36 8.46  16.38 7.75  176  17.98  109.77 

TLM  17.47 5.10  14.94 7.23  116 2.53  16.93 

 

The mean of the posttest scores in Table 3 above for the Blended Learning (BL) group ( x = 34.36, SD=8.46) 

was higher than the mean of the Problem-Based Learning (PBL) group ( x =24.25, SD=9.34) while the mean of 
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the Problem-Based Learning (PBL) group ( x =24.25, SD=9.34) was higher than the mean of the Traditional 

Lecture Method (TLM) group ( x =17.47, SD=5.09). In addition, participants exposed to the BL strategy had 

the highest mean difference of 17.98 whereas the PBL and TLM groups had mean difference of 8.74 and 2.53 

respectively. These results connote that the students in the BL group recorded high difference in algebra 

achievement than their counterparts in the PBL and TLM groups. This is in line with the submission that the 

learner-centred instructional strategies might improve the attitudes of students toward mathematics (Awofala, 

etal., 2013) and in the present study achievement in algebra.     

 

 

Research Question Two: What is the main effect of gender on students’ achievement in algebra? 

 

Table 4. Result of statistical analysis of posttest and pretest algebra achievement based on gender 

Gender  posttest   pretest   N Mean   % mean   

  x   SD  x   SD   difference difference 

Male  23.12  8.32  15.53  7.71  204 7.58  48.80  

Female   21.33 8.51  15.95 7.32  184 5.38  33.73 

 

Table 4 above showed the results of statistical analysis of posttest algebra scores based on gender. The mean of 

the posttest algebra scores for the male students ( x =23.12, SD=8.32) was higher than the mean of their female 

counterparts ( x =21.33, SD=8.51). In addition, the male students had the highest mean difference of 7.58 

whereas the female counterparts had a mean difference of 5.38.This result meant that female students recorded 

lower difference in algebra achievement than their male counterparts. This result seemed to buttress the fact that 

gender inequity in mathematics education might not be over yet (Awofala, etal., 2013) but a trend in favour of 

males.  

 

 

Research Question Three: What is the interaction effect of treatment and gender on students’ achievement in 

algebra? 

 

Table 5. Result of statistical analysis of posttest and pretest algebra achievement based on treatment and gender 

Treatment Gender        posttest  pretest  N Mean          % Mean 

    x   SD x   SD  difference difference 

PBL  Male  26.24  9.30 15.62  7.87 50 10.62  67.99  

  Female  22.09 8.98 15.39 6.96 46 6.70  43.53 

BL  Male  24.95 8.00 16.63 7.82 92 8.32  50.03 

  Female  23.73 8.95 16.10 7.71 84 7.63  47.39 

TLM  Male  17.90 5.00 13.85 7.22 62 4.05  29.24 

  Female  16.96 5.21 16.18 7.10 54 0.78  4.82 

 

Table 5 above showed the results of statistical analysis of posttest algebra scores based on treatment and gender. 

In the traditional method group, the male students recorded higher posttest algebra mean score ( x =17.90, 

SD=5.00) than their female counterparts ( x =16.96, SD=5.21). In addition, in both the PBL and BL groups 

male students obtained higher posttest algebra mean score ( x =26.24, SD=9.30; x =24.95, SD=8.00) than 

their female counterparts ( x =22.09, SD=8.98; x =23.73, SD=8.95) respectively. More so, in both the PBL, 

BL and TLM groups, male students obtained the highest mean difference of 10.62 (67.99%), 8.32(50.03%), and 

4.05(29.24%) respectively whereas female students in the PBL, BL, and TLM groups had mean difference of 

6.70 (43.53%), 7.63 (47.39%), and 0.78 (4.82%) respectively. These results connote that in the teacher-centred 

strategy (i.e. TLM) group male students seemed to display higher achievement in algebra than their female 

counterparts. More so, in the student-centred strategy (i.e. PBL & BL) groups male students recorded higher 

algebra achievement scores than their female counterparts.  

 

 

Null Hypothesis One: There is no significant main effect of treatment (PBL, BL, and TLM) on students’ 

achievement in algebra 

 

An analysis of the posttest achievement scores of the students in the two experimental and one control groups 

using the Analysis of Covariance as contained in Table 6 below showed that the difference in means among the 

three groups was statistically significant (F(2,387)=30.112, p=0.000, η2
p=0.136). The significant result at a level of 
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p<0.05 meant that there was a less than 5% chance that the result was just due to randomness. The flip side of 

this was that there was a 95% chance that the difference in posttest achievement scores among the three groups 

was a real difference and not just due to chance. As observed in Table 6 below, the two-tailed p value was 0.000 

meaning that random sampling from identical populations would lead to a difference smaller than was observed 

in 100% of experiments and larger than was observed in 0% of experiments. The partial eta squared (ηp
2) which 

is the proportion of the effect + error variance that is attributable to the effect (Awofala, Fatade & Udeani, 2015) 

was just .136 in this study, which means that the factor treatment by itself accounted for only 13.6% of the 

overall (effect+error) variability in the senior secondary school students’ achievement in algebra score. This 

result suggested a large effect for treatment (Cohen, 1988). Thus, the null hypothesis one was rejected and we 

upheld that there was a significant main effect of treatment on students’ achievement in algebra. 

 

Table 6. Summary of Analysis of Covariance of Achievement in Algebra Scores by Treatment and Gender 

Source   Type III Sum Df Mean  F  Sig. p
2 

    of Squares  Square 

    

Corrected Model  4885.062a 6 814.77  13.641  .000 .177 

Intercept   26923.365 1 26923.365 451.091  .000 .542 

Covariates  555.569  1 555.569  9.308  .002 .024 

Treatment (T)  3594.465 2 1797.232 30.112  .000* .136 

Gender (G)  434.030  1 434.030  7.272  .007* .019 

Treatment×Gender 153.261  2 76.631  1.284  .278 .007 

Error   22739.979 381 59.685   

Total   220110.000 388 

Corrected Total  27625.041 387 
a.R Squared = .177 (Adjusted R Squared = .164) * Significant at p <0.05  

 

The results from post-hoc analysis (Table 7) indicated that the mean algebra achievement scores of the students 

taught with the BL strategy were significantly higher than those taught with the traditional method. The mean 

algebra achievement scores of students taught with the PBL were significantly higher than those taught with the 

traditional method. However, main source of observed significant difference was due to the significant 

difference between the BL and TLM groups and between the PBL and TLM groups. The difference between 

mean posttest algebra scores of students in the BL and PBL groups was statistically not significant. Therefore, 

the PBL strategy was the most efficient of the treatment conditions and the direction of decreasing effect of 

instructional strategy on algebra achievement was TLM<BL<PBL 

 

Table 7. Bonferroni Comparison of Treatment Groups’ Mean Score on Algebra 

(I) (J)  Mean Difference  Std.Error Siga 95% CI for                

         difference 

 Treatment Treatment (I-J)      Lower Upper 

          Bound Bound 

PBL  BL  -.035   .982  1.000 -2.397 2.327 

  TLM  6.652*   1.068  .000 4.085 9.220 

BL  PBL  .035   .982  1.000 -2.327 2.397 

  TLM  6.687*   .928  .000 4.455 8.920 

TLM  PBL  -6.652*   1.068  .000 -9.220 -4.085 

  BL  -6.687*   .928  .000 -8.920 -4.455 

*Based on estimated marginal means  aAdjustment for multiple comparisons: Bonferroni 

 

 

Null Hypothesis Two: There is no significant main effect of gender on students’ achievement in algebra. 

 

Analysis of the posttest algebra scores of male and female students using the Analysis of Covariance as 

contained in Table 6 above showed that the difference in means between the male and female students was 

statistically significant (F(1,387)=7.27, p=0.007, η2
p=0.019). The significant result at a level of p<0.05 meant that 

there was a less than 5% chance that the result was just due to randomness. The flip side of this was that there 

was a 95% chance that the difference in post-test achievement scores among the three groups was a real 

difference and not just due to chance. As observed in Table 4.2 above, the two-tailed p value was 0.007 meaning 

that random sampling from identical populations would lead to a difference smaller than was observed in 99.3% 

of experiments and larger than was observed in 0.7% of experiments. The partial eta squared (ηp
2) which is the 
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proportion of the effect + error variance that is attributable to the effect (Awofala, etal., 2015) was just .019 in 

this study, which means that the factor gender by itself accounted for only 1.9% of the overall (effect+error) 

variability in the senior secondary school students’ achievement in algebra score. This result suggested a small 

effect for gender (Cohen, 1988). Thus, the null hypothesis one was rejected and we upheld that there was a 

significant main effect of gender on students’ achievement in algebra.  

 

Null Hypothesis Three: There is no significant interaction effect of treatment and gender on students’ 

achievement in algebra. 

 

An analysis of the posttest algebra scores of the interaction of treatment (PBL, BL & TLM) and gender (male & 

female) using the Analysis of Covariance as contained in Table 6 above showed that the interaction effect of 

treatment and gender was statistically not significant (F(1,387)=1.284, p=0.278, η2
p=0.007). Thus, the null 

hypothesis three was not rejected and we upheld that there was no significant interaction effect of treatment and 

gender on students’ achievement in algebra.  

 

 

Discussion  
 

Results pertaining to the research questions and null hypotheses were fully discussed and previous 

results/findings used to corroborate the present study results. 

 

 

Main Effect of Treatment (PBL, BL, and Traditional Lecture method) on Students’ Achievement in 

Algebra 

 

At the onset, attention was paid to the selection of nine schools with comparable characteristics in terms of 

achievement in mathematics, age, language, etc. so that the three groups that emerged from these schools would 

enter the instruction/experiment on relatively comparable strength. This was to ensure that if any observable 

significant difference was seen in the mean post-test scores of the three groups on the AAT then such difference 

would not be attributed to chance but the effect of the intervention. This set the stage for the discussion of 

results in respect of the above research question one and null hypothesis one analysed in the preceding section 

of the present study. 

 

The results showed significant main effect of treatment on students’ achievement in algebra and that the 13.6% 

of the variance in students’ achievement in algebra could be explained by treatment. The results indicated that 

students’ achievement in algebra was greatly improved when they were exposed to the teaching strategies of 

blended learning and problem-based learning when compared with the traditional lecture method. This finding 

supported earlier findings (Awofala, 2017b; Awofala, etal., 2013; Akay & Boz, 2010; Akinsola & Awofala, 

2009 Awofala, Fatade & Olaoluwa, 2013; Awofala, Balogun & Olagunju, 2011; Nicolaou & Philippou, 2004; 

Akinsola & Tella, 2003; Awofala, 2011) which associated improved content learning to learner-centred teaching 

strategies.  

 

This was further substantiated considering the fact that the learner-centred teaching strategies alleviated 

misunderstandings about the nature of mathematics (Akay & Boz, 2010), and in this study, the strategies of 

blended learning and problem-based learning had positive impact on students’ acquisition of domain specific 

knowledge of algebra when compared with the traditional teaching method. The traditional teaching method had 

not only been criticized for emphasizing teacher activity at the expense of pupil involvement (Awofala, etal., 

2013; Ige, 2001) but that it had a negative effect on students’ achievement in mathematics (Akay & Boz, 2010). 

 

Blended learning was found to be effective in promoting achievement in algebra in this study because the 

strategy enabled learners to blend their experiences in face-to-face teaching with online learning. The online 

experience seemed to have further concretised students’ understanding of algebra in face-to-face teaching. The 

finding that students who were exposed to the PBL performed better in algebra corroborated the views of PBL 

proponents that the strategy was effective in enhancing students’ achievement and self-regulated learning 

(Sungur & Tekkaya, 2006; Wheijin, 2005). Fatade (2012) found that PBL students, among others, achieved 

better in further mathematics in Nigeria. Similarly, Gordon, Rogers, Comfort, Gavula and McGee (2001) found 

that PBL students valued the student-centred nature of PBL, including information seeking, high levels of 

challenge, group work, and personal relevance of the material.   
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Main Effect of Gender on Students’ Achievement in Algebra 

 

The results showed significant main effect of gender on students’ achievement in algebra and that the 1.9% of 

the variance in students’ achievement in algebra could be explained by gender. The significant main effect of 

gender on students’ achievement in algebra in this study was in line with the results of previous studies 

(Awofala, 2008; Erinosho, 1997). These studies reported significant main effect of gender on students’ 

achievement/performance in mathematics. The present finding failed to support the work of researchers who 

believed that gender stereotyping was declining in the Nigerian educational system (Fatade, Nneji, Awofala, & 

Awofala, 2012; Arigbabu & Mji, 2004). The present result was in support of the work of researchers who had 

established gender differences in achievement in mathematics (Awofala, 2008; Awofala, 2017a). The result of 

the present study suggests the existence of differential experiences of boys and girls within and outside the 

classroom (Awofala, etal., 2013) and that gender differences in achievement in mathematics might not have all 

disappeared. The present finding suggested that gender differences in algebra might not have totally disappeared 

in Nigeria.   

 

 

Interaction Effect of Treatment and Gender on Students’ Achievement in Algebra 

 

The study result showed that there was no significant interaction effect of treatment and gender on students’ 

achievement in algebra. The no significant interaction effect of treatment and gender recorded in this study 

showed that gender seemed not to interact with instruction to produce results, meaning that the treatment 

conditions did not discriminate across gender in this study. This finding was in agreement with the finding of 

some researchers (Awofala, etal., 2013; Anoh, 2014; Awofala & Nneji, 2011) who had found non-significant 

interaction effect of treatment and gender on students’ learning outcome in mathematics and science. This result 

indicated that in the traditional lecture method group, the male students held higher achievement in algebra than 

their female counterparts whereas in BL group male and female students held comparable achievement in 

algebra. In the PBL group, male students recorded higher achievement in algebra than their female counterparts. 

These results meant that in the teacher-centred strategy (i.e. TLM) group both male and female did not record 

comparable achievement in algebra whereas in the students-centred strategy (i.e. BL) group, both male and 

female students recorded comparable achievement in algebra. Thus, blended learning strategy could be used to 

close the gap of gender disparity in achievement in algebra. Thus, it could be said that the gender variable was 

not treatment sensitive on achievement in algebra in this study.  

 

 

Conclusion  
 

This study has shown the effectiveness of the BL and PBL in promoting students’ achievement in algebra. It is 

therefore recommended that these strategies be put to use in the teaching and learning of mathematics.  The non-

significant interaction effect of treatment and gender recorded in this study implied that PBL and BL strategies 

could be used to advance learning and close the gap of gender disparity in the learning of mathematics. These 

learners’ centred strategies could be used as a basis for individualizing instruction for both male and female 

students (Awofala, etal., 2013). However, it was recommended that efforts should be made to integrate the 

philosophy of PBL and BL into the preservice teachers’ curriculum at the teacher-preparation institutions in 

Nigeria. 
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