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Introduction

Problem-solving skills are of immense value to society and it has 
produced noticeable results in teaching and learning physics especially in 
students’ academic performance in high school physics. Physics is one of the 
essential disciplines that plays a vital role in advancement of science and 
technology through exposing and improving students’ proficiency in solv-
ing complex problems (Docktor & Mestre, 2014; Elvira, 2016). While there are 
lots of earlier research, especially in America, indicating that problem solving 
strategies taught has somewhat improved the solving of physics problems 
(Heller & Reif, 1984; Hsu, Brewe, Foster, & Harper, 2004; Leonard, Dufresne, & 
Mestre, 1996; Van Heuvelen, 2001), current studies globally however, show 
that both male and female students are still performing poorly in physics and 
in physics problem solving aspect (Bryant & Swinton, 2001; Gonzuk & Cha-
gok, 2001) and particularly so in Africa (Josiah, 2013; Olaniyan & Omosewo, 
2015). Research undertaken in different topics in high school physics showed 
that methods of teaching and problem-solving skills are major factors to be 
considered for better performance in the subject (Brewton, 2001; Çalışkan, 
Selçuk, & Erol, 2012; Gonzuk & Chagok, 2001; Orji, 2000). In studies of Akin-
bobola and Afolabi (2010), Okoronka and Wada (2017) and Omaga, Iji and 
Adeniran (2014), guided discovery, problem-based learning approach and 
analogy instruction strategy were used. It was observed that the experi-
mental groups performed better than the control group, but their findings 
varied between the performance of male and female students. Okoronka 
and Wada observed no difference in male and female performance, while 
Omaga, Iji and Adeniran observed variation in the performance of male and 
female students in electricity. Engelhardt and Beichner (2004) researched 
students’ understanding of direct circuits and noted that girls and women 
did not perform as well on the test given as boys and men, either in high 
school or at universities. They conducted interviews that showed that, at 
universities, women had more misconceptions about dc circuits than men, 
but this difference was not observed between boys and girls in high school. 
In addition, male students were much more confident in their answers than 
female students, though reasons for this difference were not explored.  
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The research by Danili and Reid (2004) confirmed that the mental capacity (m-space) with students’ ability to deal 
with problem-solving is a significant factor to be considered in solving complex problems. They also stated that 
there is a relationship between working memory capacity and science achievement at all levels. It was also noted 
in Bodner and Herron (2002) that students with high and low memory capacity perform significantly different 
in chemistry at high school level. In addition, other researchers found that using different problem-solving ap-
proaches in physics produce varied results (Leak et al., 2017; Mogari & Lupahla, 2013). Recently, in Africa, Olaniyan 
and Omosewo (2015) observed that Target-Task problem solving approach emphasized that students’ collabora-
tion and group participation enhanced better performance of high, medium and low scoring level students, and 
particularly of low scoring students. 

For teaching and learning to be effective, the physics teacher has to be able to bring various teaching strate-
gies such as collaboration, practical work, use of ICTs, active engagement and explicit problem-solving skills into 
the physics classroom to address effective learning of both male and female students of different scoring abilities 
(Çalışkan et al., 2012; Leak et al., 2017; Lorenzo et al., 2006). Recently, research effort has been put in place to com-
bine various methods of teaching such as practical, concept mapping, etc. with collaborative efforts of students 
in the classroom settings (Barkley, Cross, & Major, 2014; Duit & Treagust, 2003). Physics teachers can diversify their 
problem-solving approaches by creating several pathways of making students learn by combining problem-solving 
approaches with collaborative learning. Collaborative learning (CL) has been documented as an important strat-
egy with regards to improving the scoring ability of students in physics (Govender, 2015; Harskamp & Ding, 2006) 
{Govender, 2015 #22; Harskamp, 2008 #40}. For example, Govender (2015) concluded that collaborative learning 
enhanced the subject matter knowledge of difficult concepts in Electromagnetism among pre-service physics 
teachers’ when concept maps and collaborative learning were integrated. 

For research in selected physics topics like electricity, high performance in problem-solving is rare and the 
reasons for this include the abstract and counterintuitive nature of many essential concepts (Mulhall, McKittrick, 
& Gunstone, 2001; Stott, 2017), students’ sloppiness and lack of ambition (Dayioğlu & Türüt-Aşik, 2007; Stanton, 
1990), limited understanding of the topics by the teachers (Duit, 2009), the lack of creativity in terms of improvisa-
tion (Omaga et al., 2017; Orji, 2000), poor background of the students at the developmental stages of schooling 
(Olaniyan & Omosewo, 2015) and gender differences (Olaniyan & Omosewo, 2015; Orji, 2000). In particular, Orji 
(2000) and Olaniyan and Omosewo (2015) have shown significant differences in performance of male and female 
physics students and differences in their performances based on low, medium and high scoring abilities. 

Researchers in several studies had examined students’ performance in physics and the reasons for their 
poor performance in problem-solving. However, this research seeks to improve students’ performance in physics, 
specifically in current electricity by the use of two activity-based approaches, namely, Polya-Problem-Solving and 
Target-Task collaborative learning. It also seeks to bridge the gender gap and compares the effectiveness of Polya 
Problem-Solving and Target-Task collaborative learning approaches on male and female students’ performance 
and their scoring abilities in Electricity in high school physics.

The following research questions are addressed: 
i. What is the effectiveness of Polya Problem-Solving approach on performance of male and female 

students in electricity?
ii. What is the effectiveness of Target-Task collaborative learning approach on performance of male and 

female students in electricity?
iii. What is the effectiveness of the treatments (Polya Problem-Solving and Target-Task collaborative learn-

ing approaches) on students’ performance in physics in electricity? 
iv. What is the effectiveness of the treatments (Polya Problem-Solving and Target-Task collaborative learn-

ing approaches) on performance of low, medium and high scoring students in electricity?
v. Why do students perform in the way they do in the research questions i-iv above?

Theoretical Frameworks

Problem-solving requires a lot of teacher planning and preparation before effective learning can take place 
in the class. Efforts have been put in place to ensure that what goes on in the classroom shifts from the traditional 
chalk and talk teaching methods to activity-based methods. In this research, effort was directed in comparing the 
effectiveness of two activity-based learning methods, namely, Polya Problem-Solving (PPS) and Target-Task col-
laborative learning (TTCL) approaches on students’ performance in physics. The earlier studies on collaborative 
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learning and problem-solving in physics (Tao, 1999, 2001) encompassed Piaget’s and Vygotsky’s work as theoretical 
underpinnings. Piaget (1985) stated that the benefit of collaboration lies in the cognitive conflicts created from 
students’ divergent views. Piaget focused on the individual perspective of learning, treating peer collaboration 
as merely providing a useful context or vehicle for students’ personal sense-making and knowledge construction 
(Tao, 2001). Vygotsky (1978), however, stressed both the individual and social perspectives of learning. He regarded 
learning as a social process in which meaning-making and understanding are first rehearsed between people 
before they are developed within the individual in a process of internalization.

Polya Problem-Solving approach is in the context of Piaget’s theory, an individual constructivist’s theory 
which allows students to work on their own as individuals after been exposed to the approach. This theory is 
based on the dynamic view of a constructivist who believes that learning is the result of the interaction between 
what learners are taught and their current ideas. Duit and Treagust (2003) noted that certain limitations on the 
constructivists’ ideals in the early 1990s led to its merger with social constructivists’ ideas. The Target-Task col-
laborative learning approach is an ideal of the construction of learning as espoused by social constructivists. 
Vygotsky’s theory is one of the foundations of  social constructivism. It asserts two major themes regarding 
social interaction that are integral to the process, namely, the more knowledgeable other, and the zone of 
proximal development (Vygotsky, 1978). Vygotsky in his application of the theory opined that many schools 
have traditionally held a ‘transmissionist’ or ‘instructionist’ approach in which an educator ‘transmits’ informa-
tion to their students. His theory promotes learning contexts in which students play an active role in learning. 
Roles of the teacher and student are therefore shifted whereby the teacher or mentor should collaborate with 
his or her students to facilitate construction of ‘meaning’ in students. Learning therefore becomes a reciprocal 
experience for both, the student and the teacher. Problem-Solving has been a long-standing interest for teachers 
and researchers in physics education. Efforts had been made to research on problem-solving skills in physics to 
enhance students’ performance in the subject (Gustafsson, Jonsson, & Enghag, 2015; Harskamp, Ding, & Suhre, 
2008; Maloney, 1994; Orji, 2000). The research findings showed that students find it difficult to relate the right 
knowledge to the problem; some have difficulty analyzing a problem or carrying out the appropriate calcula-
tion. Based on a comprehensive review of research on problem-solving in physics, Maloney (1994) summarized 
that successful students’ problem-solving strategies at least contain conscious qualitative analysis of a problem, 
such as, making a sketch of the problem, restating the problem in one’s own words, and conscious quantitative 
review of equations or theorems that fit the problem. The students perform better in solving physics problems 
when the teaching-learning pedagogy has been directed towards the use of appropriate physics problem-solving 
approaches. Hence, in social constructivism, understanding the roles of a mentor, mentee and approaches to 
problem-solving in the teaching-learning pedagogy are vital. Problem-solving approaches have also been linked 
directly with collaborative learning strategies. 

Collaborative learning is mutual combination of ideas of learners in a classroom environment for solving 
problems. It involves participants working together on the same task, rather than in parallel on separate portions 
of the task (Dillenbourg, 1999; Govender, 2015). Collaborative interactions are characterized by shared goals, sym-
metry of structure, and a high degree of negotiation, interactivity, and interdependence. Interactions producing 
elaborated explanations are particularly valuable for improving student learning. Collaboration takes place within 
a joint problem space, which provides the structure needed to allow meaningful conversations about the prob-
lem. To construct a joint problem space, partners must have ways to introduce and accept knowledge, monitor 
exchanges for evidence of divergent meanings, and repair any divergences identified (Roschelle & Teasley, 1995). 
Collaborative learning activities allow students to provide explanations of their understanding, which can help 
students elaborate and reorganize their knowledge (van Boxtel, van der Linden, Roelofs, & Erkens, 2002). Social 
interaction stimulates elaboration of conceptual knowledge as group mates attempt to make themselves under-
stood. Research provides evidence that providing elaborated explanations improves student comprehension of 
concepts. Once conceptual understandings are made visible through verbal exchange, students can negotiate 
meaning to arrive at convergence, or shared understanding (Lai, 2011). According to Dillenbourg (1999), a true 
mark of collaborative learning is the quality of interactions, especially the degree of interactivity and negotiability. 
Interactivity refers to the extent to which interactions influence participants’ thinking. Negotiability refers to the 
extent to which no single group member can impose his view unilaterally on all others, but rather all group mem-
bers must work towards a common understanding. Research has shown that when students are actively engaged 
through group interactions, they take responsibility for their own learning and become highly motivated towards 
mastery, rather than performance-based learning (Govender, 2015). It was also observed that better performance 
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among students, based on their learning abilities, was obtained when students with low learning abilities were 
allowed to collaborate with others (Saner, McCaffrey, Stetcher, Klein, & Bell, 1994). 

Students’ thinking and reasoning ability as a variable also varies in terms of gender. Gender is one of the vari-
ables that have been related to differences in academic performance of students. Gender is referred to as social 
attributes and opportunities associated with being a male or a female (Sayid & Milad, 2001). It has to do with the 
relationships between women and men, boys and girls (Lorenzo et al., 2006). These attributes and opportunities are 
socially constructed and learned through the socialization process. Gender determines what is expected, allowed 
and valued in a woman or a man in a given context (Gallagher & Kaufman, 2004). Gender is related to differences 
in motivational functioning, in self-regulated learning and academic achievement. Sayid and Milad (2001) dem-
onstrated the existence of different attribution patterns in boys and girls, such that, while girls tend to give more 
emphasis to effort when explaining their performance (Egbugara, 1989; Young & Fisler, 2000), boys appeal more 
to ability and luck as causes of their academic achievement (Harskamp et al., 2008). 

Methodology of Research

General Background 

The research considered the effectiveness of Polya Problem-Solving (PPS) and Target-Task collaborative learning 
(TTCL) approaches on electricity amongst upper secondary school physics students. It was a quasi-experimental 
non-randomized, non-equivalent pre-test and post-test control group design carried over six weeks. The research 
population was 621 senior secondary school physics students in a state in North Central geopolitical zone of Ni-
geria while the target population were senior secondary school physics students purposively selected from three 
schools within the state. Each school selected was randomly assigned one of the teaching approaches, namely, PPS, 
TTCL and conventional teaching. The research was conducted within the space of six weeks during the first term. 

Sample 

Three different intact classes of 60 physics students in each class were used, making a total of 180 students, 
which is 29 percent of the total population. The three intact classes were purposively selected from the research 
population based on three criteria, which include, physics teachers’ qualification and experience, availability of 
physics laboratory and participation in external examinations. The three schools selected were those whose phys-
ics teachers have minimum a Bachelor’s degree in Physics Education with at least 5 years of teaching experience, 
standard and functional physics laboratory and are currently presenting students for external examinations. The 
three schools were later randomly assigned to the experimental and control groups. One experimental group was 
exposed to Polya Problem-Solving (PPS), the other experimental group to Target-Task collaborative learning (TTCL). 
The control group was exposed to conventional teaching. Permission was sought from appropriate authorities 
of the three schools (the principals, heads of science department and the physics teachers). The students were 
informed about the research that involved six weeks of classroom teaching and learning in the first semester in 
2015. The teacher of each intact class taught their classes using the assigned approaches of either PPS, TTCL or 
conventional teaching.   

Instrument and Procedure

The research instrument used is the Performance Test on Current Electricity (PTCE). It consists of ten (10) test 
items on topics selected from the aspect of current electricity selected for the research. The test items encompassed 
Bloom’s Taxonomy criteria selected from previous standardized examination questions of West African Examina-
tion Council. The face and content validation of the test were done by two science education experts (a professor 
and a senior lecturer) and two high school physics teachers. The test items were pilot tested using two schools 
which were not part of the subjects. Reliability test was conducted on the test items and a reliability index of 0.84 
was obtained using Kuder-Richardson Formula 21(KR21). Two samples of the PTCE test items are given as follows: 

1. The diagram below illustrates the conversion of a galvanometer G of resistance 2 Ω to an ammeter. The 
galvanometer gives a full-scale deflection for a current of 10 mA. Calculate the value of R.
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2. The maximum permissible current through a galvanometer G of internal resistance 10 Ω is 0.05 A. A 

resistance R is used to convert G into a voltmeter with a maximum reading of 100 V. Find the value of 
R and state how it is connected to G.

 Table 1 presents the research procedure that was conducted during the space of six weeks.

Table 1.  Procedure for data collection.

Week Activities

Week One
Training of teachers
Grouping into scoring levels
Pre-test

Week Two- Five Teaching and learning using the approaches

Week Six Post-test, marking and recording of data

In the first week the physics teachers for the experimental groups were trained by the researcher on the use 
of PPS and TTCL. Each teacher selected a teaching approach and were exposed to the content stage by stage for 
a period of one hour and thirty minutes each. Having gone through the content, the teachers were allowed to ask 
questions and the researcher gave the necessary clarifications. The teachers were encouraged to ensure that each 
approach was used appropriately. They were well guided by the researcher and the researcher ensured that the 
lessons were well monitored by checking on the classes at intervals during the lesson periods, for proper checks 
on the use of the approaches and for quality control during the experiment. The students were pre-tested with 
the PTCE test. During the first week the teacher collected the final physics examination scores from the previous 
year from the school and used the examination scores and pre-test scores to group the students into three scor-
ing ability categories - high (75% and above in the final examination and 55% and above in pre-test), medium 
(between 50% and 74% in the final examination and scored between 45% and 54% in pretest) and low (below 
50% and 45% in terminal exam and pre-test scores respectively). The criteria were used to ensure uniformity in the 
experimental groups. The grouping was done without the knowledge or awareness of the students. The researcher 
with cooperation of the teacher of TTLC experimental group placed the students in smaller groups. Students of 
different ability levels were placed together in small groups with special focus on low ability students, at least one 
low scorer in a group. The small groups comprised of six students per group as target task is an activity-based ap-
proach in which students worked together in small groups. The activities of the TTLC included: i) A Pre-Task: the 
teacher introduced the topic, explained the topic in detail and ensured the students understood what they are 
to do at the task stage. ii) A Task: the students completed the task in pairs or groups, while the teacher monitored 
and offered encouragement. iii) Planning: students prepared a written report on what they went through during 
the task in their group. iv) A Report: the students made their reports available to the teacher for assessment. After 
correction, the teacher presented the report back to the students. v) An Analysis: the teacher highlighted relevant 
parts of the learning on the board and vi) Practice: the teacher selected areas of practice for the students while 
students solved the problems as individuals.

In the Polya Problem-Solving approach, the experimental group were only grouped on record based on 
learning ability. PPS is an activity-based approach which allowed students to learn as individuals as the teacher 
exposed them to the four steps, namely, understanding the problem, devising a plan that will lead to the solution, 
carrying out the plan and looking back and evaluating their answers.

Teaching and Learning was done for four weeks (week two-five) using the treatments, Polya Problem-Solving 
approach for one intact class of experimental group, Target-Task collaborative learning approach for another intact 
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class of experimental group and conventional teaching method was used for control group. At the end of the sixth 
week, the students were post-tested using the same PTCE test and marking and recording was done.

Data Analysis

Data were collected from each intact class (raw post-test scores) and analyzed using descriptive statistics 
(mean, standard deviation) and analysis of covariance (ANCOVA) by comparing the means of each group. The 
pre-test was used as covariates to post-test scores with gender and scoring levels as factors. The research null 
hypotheses were tested, and various conclusions were drawn.  The Tables 2-4 contain the mean scores of each 
group exposed to the approaches.

Results of Research

The research hypotheses were tested on interval of 95% confidence level of p<. 05 alpha level of significance. 
The research results are discussed as follows.

Result by Gender

The mean scores of students exposed to PPS and TTCL by gender is shown in Table 2. 

Table 2.  Mean scores of male and female exposed to the treatments.

Approach No
60

Standard 
Deviation

Mean Scores
Male

Mean Scores
Female Mean Gain Score

M F M F Pre-Test Post-Test Pre-Test Post-Test Male Female

PPS 27 33 9.344 9.098 24.95 34.28 21.29 35.18 9.33 13.89
TTCL 29 31 13.263 9.674 15.71 33.86 12.71 25.55 18.15 12.84

The post-test score of female students exposed to Polya Problem-Solving approach (PPS) is 35.18, pre-test 
score is 21.29 and mean gain score is 13.89 while the post-test score of male is 34.28, pre-test is 24.95 and the mean 
gain score is 9.33. Comparing the mean gain scores of male and female in each approach, female students have 
higher mean gain score in Polya Problem-Solving approach (PPS) while male students have higher mean gain score 
in Target-Task collaborative learning approach (TTLC). PPS produced better and noticeable performance among 
female while TTLC produced better performance among male students. The null hypothesis tested stated that 
there is no significant difference in the effectiveness of Polya Problem-Solving approach on performance of male 
and female students. The null hypothesis was rejected, there was a significant difference in effectiveness of PPS 
on the performance of males and females. The conclusion is that PPS was more effective on female students than 
on males. In the case of Target-Task collaborative learning approach, the research hypothesis tested stated that 
there is no significant difference in the effectiveness of TTLC on performance of male and female students. The null 
hypothesis was also rejected because male students perform better than females, hence there was a significant 
difference. The conclusion is that TTCL was more effective on male students than female. Figure 1 showed clear 
difference between mean scores of male adolescents and female adolescents.
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Figure 1.  Chart comparing the mean gain scores of male and female students exposed to the treatment.

Figure 1 further describes the relationship between the mean gain scores of male and female students exposed 
to both PPS and TTCL. The research hypotheses were rejected, hence there was a significant interaction effects of 
the treatments on gender.

Result by Scoring Ability

The scores of students exposed to the PPS and TTCL based on their scoring ability is given in Table 3.

Table 3.  Mean scores of high medium and low scorers exposed to the treatments.

Approach
Number

60
Standard
Deviation

Mean 
Scores

High 
Scorer

Mean 
Scores
Medium 
Scorer

Mean 
Scores

Low 
Scorer

Mean 
Gain 

Scores

H M L H M L Pre-
Test

Post-
Test

Pre-
Test

Post-
Test

Pre-
Test

Post-
Test H M L

PPS 16 23 21 5.567 2.745 4.607 31.06 44.94 25.57 34.09 16.67 23.86 13.88 8.52 7.19

TTCL 12 18 30 6.368 2.787 5.601 20.37 45.70 18.40 33.67 15.55 44.90 25.33 15.27 29.35

The results of post-test scores showed better performance of the three scoring ability groups irrespective 
of the approach used in teaching in Table 3. The post-test scores increase across board in the three-ability level. 
Comparing the performance of students exposed to each treatment, it is observed that Target-Task collaborative 
learning approach enhanced better performance of students in all ability levels compared with Polya Problem-
Solving approach. The mean gain scores of high, medium and low scorers exposed to TTCL are 25.33, 15.27 and 
29.35 respectively while mean gain scores of high, medium and low scorers exposed to PPS are 13.88, 8.52 and 
7.19 respectively. Specifically, it is noteworthy that amongst the three levels in TTCL, low scoring ability students 
have highest mean gain score of 29.35. Comparing this with the three levels in Polya Problem-Solving approach, 
low scorers in PPS have the lowest mean gain score of 7.19. It is concluded that Target-Task collaborative learning 
approach enhanced better performance among students with low scoring ability compared with Polya Problem-
Solving approach.
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Figure 2.  Chart comparing mean gain scores of high, medium and low scorers exposed to the treatments.

Figure 2 further describes the performance of students with the three ability levels exposed to the two ap-
proaches. The research hypothesis was rejected, hence there was a significant interaction effect between the 
treatment of PPS and TTCL and students’ scoring ability.

Result by Treatment

The mean scores of students exposed to PPS, TTCL and conventional teaching. 

Table 4.  Mean scores of students by approaches.

Approach Number Standard Deviation
Pre-test

Standard Deviation
Post-Test Pre-Test Mean Score Post-Test

Mean Score Mean Gain Score

PPS 60 8.662 9.305 13.90 29.57 15.67

TTCL 60 5.911 12.191 12.56 33.40 20.84

Conventional 60 6.738 8.871 11.32 12.30 0.98

Table 4 reflects that on a general note, both treatments enhanced better performance among students in all 
categories as compared with the conventional teaching approach. Pre-test scores of PPS, TTCL and conventional 
teaching are 13.90, 12.56 and 11.32 respectively while post-tests scores of the same are 29.57, 33.40 and 12.30 
respectively. Also, the mean gain scores of PPS, TTCL and conventional teaching are 15.67, 20.84 and 0.98 respec-
tively. However, it could also be deduced that out of the two treatment groups, students exposed to Target-Task 
collaborative learning approach performed better than students exposed to Polya Problem-Solving approach as 
reflected in the mean gain scores of the two treatments.
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Figure 3.  Chart comparing pre-test, post-test and mean gain scores of students in the experimental and control 
groups.

Figure 3 further illustrates the differences in the pre-test, post-test and mean gain scores of the experimental 
and control groups.  

Discussion

Polya Problem-Solving approach (PPS) was found to be relatively more effective among female students and 
enhanced better performance compared with Target-Task collaborative learning (TTCL) approach where female 
scores were lower than males. Female students had higher mean gain score using PPS, this may be because the 
approach is student friendly and simple, clearly stated with steps in a step-by-step approach which made females 
to be more acquainted with this procedural approach to problem-solving as it consists of four straight steps with 
rote or task to be performed. Females may also likely be inclined to the ‘recipe’, in other words since Polya Problem-
Solving approach has ‘recipe’ for solving problem, and it seems they prefer it over Target-Task collaborative learning 
approach. From the researcher’s interaction with the students it was observed that the female students have affinity 
for more rote learning, less engagement in practical activities and have more interest in literature and language. 
This result concurs with Gabelko (1997) and Egbugara (1989) which posited that female students performed better 
than male students who were exposed to problem-solving approaches in their different research. In an interactive 
session the researcher held with the students after the research, it was observed that some of the female students 
don’t enjoy activities related to electricity such as connecting wires or having to put the apparatus together in the 
practical class. This may be one of the reasons why females in this research performed less in Target-Task collabora-
tive learning approach because they tend to allow the male students to take a lead during the class sessions. It was 
also observed that they were more docile and passive than active and possibly their learning is less constructive 
than it is expected during group work when they allow male students to dominate. This finding agrees with 2012 
West Africa Examination Council report of 2012 (Olaniyan & Omosewo, 2015) and report of Sencar and Eryilmaz 
(2004) which stated that female students performed very poor in physics practical examination because they 
were not highly active during the lessons. Another study by Hazari, Tai, and Sadler (2007) confirmed the deficient 
performance by female students in their physics practical examination in their study on gender difference in in-
troductory physics performance and the influence of high school physics.

Another observation why female students performed better in Polya Problem-Solving approach compared 
with Target-Task collaborative learning approach was also traced to the fact that female students prefer to learn at 
their own pace rather than working in groups. Even those who are weak (low scorers among females) will rather 
keep quiet while in a group, even when they know, than to show their concerns before other students in the group. 
Male students do speak out and show their concerns more in the groups. It was also observed that female students 
prefer to research alone and have a tendency for competing rather than cooperating. Polya Problem-Solving 
approach is more of competitive learning compared to Target-Task collaborative learning, a type of cooperative 
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learning. The high-ability ones among the Target-Task collaborative learning groups tend to keep quiet rather than 
take a lead in the group because they feel the group slows down their pace especially as the classes are made up of 
mixed-ability groups. This may not be the case in a homogeneous group. This possibly resulted in female students 
performing lower than males in Target-Task collaborative learning - being a cooperative group learning approach. 
This inference is in agreement with Harskamp et al. (2008) and Webb (1984). Harskamp et al. (2008) research on 
group composition and its effect on female and male problem-solving in science education found out that student 
interaction during cooperation indicated that females in mixed-gender pairs were less overtly active in seeking 
solutions than males, females in mixed-gender groups are not as involved concerning the solution of problems as 
their male partners. The reverse is the case in Polya Problem-Solving approach where the students work as indi-
viduals and this allows opportunities for competition and students to work at their own pace. This finding is also 
supported by Okebukola (1986) and Gavin (1996). Okebukola found that students who prefer competition do not 
do as well in cooperative settings as those students who prefer cooperative learning environments. Gavin studied 
talented college females majoring in mathematics and found that these students enjoyed competition, participat-
ing in individual activity and liked to be the best. Therefore, cooperative learning in heterogeneous groups may 
not always be the best problem-solving strategy to use with females. 

Target-Task collaborative learning approach was found to be relatively more effective among male students 
and low scoring ability students. The male students were often more interested in collaboration, work better in 
groups than female counterparts. They have affinity to explore innovative ideas and to face new challenges and 
are more likely to take initiative when it comes to experimenting, exploring and analyzing. This tendency en-
hanced critical thinking among males and gave them a head start in Target-Task collaborative learning compared 
with males who were exposed to Polya Problem-Solving approach, working alone as individuals. In an after class 
one-on-one discussion which the teacher and the researcher had with the students, it was observed that most 
of the male students commented that working in groups made them learn better using Target-Task collaborative 
learning approach because they were able to brainstorm and think together and these tasks and group spaces 
gave them opportunities to learn more and understand the concepts better. Such that when they were to solve 
problems alone later during the examination, the concepts and the principles they acquired in their separate 
groups helped them to score better as individuals. Target-Task collaborative learning approach also strengthened 
the performance of male student who have low scoring ability and may have improved their self-confidence. Work-
ing in a group possibly made them bond well with those who are better than them thereby impacting on them 
and may have improved their cognitive knowledge of the concepts and applicative approach to solving problems. 
Female students in these groups, especially low scorers also benefited in this, but the male students benefited 
more because of their ability to work better in groups. It was also observed that the male students have better 
ability to take initiatives, explore and lead. This agrees with the research of Li (2002) and Webb and Mastergeorge 
(2003) who confirmed that in a mixed-gender group class, male students often take the initiative than females. It 
also agrees with research findings of Engelhardt and Beichner (2004) on students’ understanding of direct current 
resistive electrical circuits which confirmed that male students are more confident in their approach and respond 
to questions better than female students. 

Another probable reason attributed to better performance of male students in Target-Task collaborative 
learning approach is teachers’ influence on the male students. Teachers most of the times often assume that male 
students are better learners in physics classes (Dayioğlu & Türüt-Aşik, 2007). Teaching and learning in physics 
classroom has been skewed in favour of male students, pedagogy that works for one student may not work for 
another and traditional physics pedagogy has historically catered for the male majority (Hazari et al., 2007). Over 
the years, research had shown poor performance of females in physics compared with males (Okebukola, 1997; 
Olorundare, 1989). Teachers can be gender bias and construct gender positively towards males, they give better 
attention to male students, and they think male students are better problem solvers, work independently with little 
assistance from the teacher, and male students know what to do (Gallagher & Kaufman, 2004). On the contrary 
it is believed that female students demand for more attention from the teachers rather than learning from their 
colleagues in the group. In a class where there are many students to attend to, there is a tendency for such female 
student(s) to be left out by the teacher especially in such large classes that were used for this research. This posi-
tion agrees with Howe (1997) and Gallagher and Kaufman (2004) who confirmed that teachers often think that 
female students have more difficulty in solving problems independently while male students are more assertive 
and can solve problems independently.  
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Problem-Solving and Collaborative learning approaches being activity-based on teaching-learning pedagogy 
generally enhanced better performance of students who were exposed to them compared with students exposed 
to conventional teaching. This conclusion agrees with Harbor-Peter (1989) who stated that Target-Task enhanced 
better performance among students exposed to it than students taught with conventional method during geometric 
concepts in mathematics. Omaga, Iji and Adeniran (2014) also support this finding whereby students taught with 
Problem-based approach-an activity-based teaching performed better than students taught with conventional 
teaching methods. Okoronka and Wada (2014) also found that physics students who were taught with activities 
based performed better those who were taught with the lecture method. The findings are also in agreement with 
Govender (2015) who established that pre-service teachers’ subject matter knowledge of electromagnetism was 
enhanced and improved scores when integrating concept maps and collaborative learning activities. 

Conclusions

The research focused on effectiveness of Polya Problem-Solving and Target-Task collaborative learning ap-
proaches on students’ performance in electricity in physics versus conventional teaching. The effectiveness of 
the two experimental groups were compared at the end of treatments in relation to scoring abilities and gender 
effects. In terms of scoring abilities, the two treatments enhanced performance of all the students in the three 
ranges high, medium and low scoring abilities. However, Target-Task collaborative learning approach enhanced 
performance among low scoring ability students compared with low scoring ability in the other treatment group. 
In terms of gender effects, Polya Problem-Solving approach enhanced performance among female students than 
male students, compared with females in Target-Task collaborative learning approach. In addition, Target-Task 
collaborative learning enhanced performance among male students compared with males in the other treatment 
group. Overall, Polya Problem-Solving and Target-Task collaborative learning approaches enhanced performance 
of the students based on gender and scoring abilities compared with the conventional teaching in electricity 
amongst high school physics students.

Implications

Based on the findings of the research, it is suggested that Target-Task collaborative learning approach can be 
used more in teaching problem-solving in electricity in high school physics to improve the performance of students 
who are low scorers. Also, teachers should endeavor to use Target-Task collaborative learning approach more than 
Polya Problem-Solving approach during teaching and learning of high school physics content.

Acknowledgement

Sincere appreciation and acknowledgment goes to the University Research Office-UKZN for funding this 
research.

References

Akinbobola, A. O., & Afolabi, F. (2010). Constructivist practices through guided discovery approach: The effect on students’ cognitive 
achievement in Nigerian senior secondary school physics. Eurasian Journal of Physics and Chemistry Education, 2 (1), 16-25. 

Barkley, E. F., Cross, K. P., & Major, C. H. (2014). Collaborative learning techniques: A handbook for college faculty. San Francisco: 
Jossey-Bass.

Bodner, G. M., & Herron, J. D. (2002). Problem-solving in chemistry. In J. K. Gilbert, O. De Jong, R. Justi, D. F. Treagust & J. H. Van 
Driel (Eds.), Chemical education: towards research-based practice, (pp. 235-266). Dordrecht: Springer.

Brewton, C. (2001). Gender equity in science, technology and mathematics education: a workshop for enhancing learning envi-
ronments. Women in science technology, and mathematics education in Nigeria. Proceedings of the 42nd Annual Conference 
of Science Teachers Association of Nigeria, 37-39. Ibadan: Heinemann Educational Books PLC. 

Bryant, N., & Swinton, O. (2001). African American women in science: an indispensable entity in America’s scientific enterprise. 
Women in science, technology and mathematics education in Nigeria. Proceedings of the 42nd Annual Conference of Science 
Teachers Association of Nigeria, 22-23.  Ibadan: Heinemann Educational Books PLC.

Çalışkan, S., Selçuk, G. S., & Erol, M. (2012). Instruction of problem solving strategies: Effects on physics achievement and self-
efficacy beliefs. Journal of Baltic Science Education, 9 (1), 20-34. 

EFFECTIVENESS OF POLYA PROBLEM-SOLVING AND TARGET-TASK COLLABORATIVE 
LEARNING APPROACHES IN ELECTRICITY AMONGST HIGH SCHOOL PHYSICS STUDENTS  

(P. 765-777)



776

Journal of Baltic Science Education, Vol. 17, No. 5, 2018

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

Danili, E., & Reid, N. (2004). Some strategies to improve performance in school chemistry, based on two cognitive factors. Research 
in Science & Technological Education, 22 (2), 203-226. 

Dayioğlu, M., & Türüt-Aşik, S. (2007). Gender differences in academic performance in a large public university in Turkey. Higher 
Education, 53 (2), 255-277. 

Dillenbourg, P. (1999). What do you mean by collaborative learning? Oxford: Elsevier.
Docktor, J. L., & Mestre, J. P. (2014). Synthesis of discipline-based education research in physics. Physical Review Special Topics-

Physics Education Research, 10 (2), 020119. 
Duit, R. (2009). Bibliography: Students’ and teachers’ conceptions and science education. Kiel, Germany: University of Kiel. 
Duit, R., & Treagust, D. F. (2003). Conceptual change: A powerful framework for improving science teaching and learning. Inter-

national Journal of Science Education, 25 (6), 671-688. 
Egbugara, O. (1989). An investigation of aspects of students’ problem-solving difficulties in ordinary level physics. Journal of the 

Science Teachers Association of Nigeria, 26 (1), 57-67. 
Elvira, Q. L. (2016). Secondary education as a stepping stone on the road towards expertise. Retrieved from http://repository.ubn.

ru.nl/bitstream/handle/2066/160930/160930.pdf.  
Engelhardt, P., & Beichner, R. (2004). Students’ understanding of direct current resistive electrical circuits. American Journal of 

Physics, 72 (1), 98. 
Gabelko, N. H. (1997, March). Age and gender differences in global, academic, social, and athletic self-concepts in academically 

talented students. Paper presented at the Annual Meeting of the American Educational Research Association, Chicago, IL. 
Gallagher, A. M., & Kaufman, J. C. (2004). Gender differences in mathematics: An integrative psychological approach. Cambridge: 

Cambridge University Press.
Gavin, M. K. (1996). The development of math talent: Influences on students at a women’s college. Journal of Secondary Gifted 

Education, 7 (4), 476-485. 
Gonzuk, J., & Chagok, M. (2001). Factors that discourage girls from taking physics-a case study of Plateau state. Women in sci-

ence, technology and mathematics education in Nigeria. Proceedings of the 42nd Annual Conference of Science Teachers 
Association of Nigeria, 352-355 Ibadan: Heinemann Educational Books PLC. 

Govender, N. (2015). Developing pre-service teachers’ subject matter knowledge of electromagnetism by integrating concept 
maps and collaborative learning. African Journal of Research in Mathematics, Science and Technology Education, 19 (3), 306-318. 

Gustafsson, P., Jonsson, G., & Enghag, M. (2015). The problem-solving process in physics as observed when engineering students 
at university level work in groups. European Journal of Engineering Education, 40 (4), 380-399. 

Harbor-Peter, V. F. (1989). The target task and formal methods of presenting some geometric concepts: Their effect on retention. 
Journal of Research in Curriculum, 7 (1), 111-119. 

Harskamp, E., & Ding, N. (2006). Structured collaboration versus individual learning in solving physics problems. International 
Journal of Science Education, 28 (14), 1669-1688. 

Harskamp, E., Ding, N., & Suhre, C. (2008). Group composition and its effect on female and male problem-solving in science 
education. Educational Research, 50 (4), 307-318. 

Hazari, Z., Tai, R. H., & Sadler, P. M. (2007). Gender differences in introductory university physics performance: The influence of 
high school physics preparation and affective factors. Science Education, 91 (6), 847-876. 

Heller, J. I., & Reif, F. (1984). Prescribing effective human problem-solving processes: Problem description in physics. Cognition 
and Instruction, 1 (2), 177-216. 

Hsu, L., Brewe, E., Foster, T. M., & Harper, K. A. (2004). Resource letter RPS-1: Research in problem solving. American Journal of 
Physics, 72 (9), 1147-1156. 

Josiah, M. M. (2013). The state of gender representation in physics in federal college of education, Pankshin-Nigeria. Academic 
Journal of Interdisciplinary Studies, 2 (10), 93-97. 

Lai, E. R. (2011). Collaboration: A literature review. Retrieved from http://www.pearsonassessment.com/research.  
Leak, A. E., Rothwell, S. L., Olivera, J., Zwickl, B., Vosburg, J., & Martin, K. N. (2017). Examining problem solving in physics-intensive 

Ph. D. research. Physical Review Physics Education Research, 13 (2), 020101-020113. 
Leonard, W. J., Dufresne, R. J., & Mestre, J. P. (1996). Using qualitative problem-solving strategies to highlight the role of conceptual 

knowledge in solving problems. American Journal of Physics, 64 (12), 1495-1503. 
Li, Q. (2002). Gender and computer-mediated communication: An exploration of elementary students’ mathematics and science 

learning. Journal of Computers in Mathematics and Science Teaching, 21 (4), 341-359. 
Lorenzo, M., Crouch, C. H., & Mazur, E. (2006). Reducing the gender gap in the physics classroom. American Journal of Physics, 

74 (2), 118-122. 
Maloney, D. P. (1994). Research on problem solving: Physics. In Gabel, Dorothy L. (Ed.), Handbook of research on science teaching 

and learning, 327-354.  New York: Macmillan. 
Mogari, D., & Lupahla, N. (2013). Mapping a group of northern Namibian grade 12 learners’ algebraic non-routine problem- solv-

ing skills. African Journal of Research in Mathematics, Science and Technology Education, 17 (2), 94-105. 
Mulhall, P., McKittrick, B., & Gunstone, R. (2001). A perspective on the resolution of confusions in the teaching of electricity. 

Research in Science Education, 31 (4), 575-587. 
Okebukola, P. A. (1986). The influence of preferred learning styles on cooperative learning in science. Science Education, 70 (5), 

509-517. 
Okebukola, P. A. (1997). Some factors in students’ under-achievement in senior secondary school biology. Journal of Science 

Education, 2 (2), 9-12. 

EFFECTIVENESS OF POLYA PROBLEM-SOLVING AND TARGET-TASK COLLABORATIVE 
LEARNING APPROACHES IN ELECTRICITY AMONGST HIGH SCHOOL PHYSICS STUDENTS  
(P. 765-777)



777

Journal of Baltic Science Education, Vol. 17, No. 5, 2018

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

Okoronka, U. A., & Wada, B. Z. (2014). Effects of analogy instructional strategy, cognitive style and gender on senior secondary 
school students’ achievement in some physics concepts in Mubi Metropolis, Nigeria. American Journal of Educational 
Research, 2 (9), 788-792. 

Olaniyan, A. O., & Omosewo, E. O. (2015). Effects of a target-task problem-solving model on senior secondary school students’ 
performance in physics. Science Education International, 25 (4), 522-538. 

Olorundare, A. (1989). An investigation into the difference between men and women in science. Ilorin Journal of Education, 9, 
103-120. 

Omaga, J., Iji, C., & Adeniran, S. (2017). Effect of problem-based learning approach on secondary school students’ interest and 
achievement in electricity in Bauchi State, Nigeria. ATBU Journal of Science, Technology and Education, 5 (1), 63-70. 

Orji, A. (2000). Comparability of two problem-solving models in facilitating students’ learning outcomes in physics. Journal of 
Science Teachers Association of Nigeria, 35 (1), 25-30. 

Piaget, J. (1985). The equilibration of cognitive structures: The central problem of intellectual development. Chicago: University of 
Chicago Press.

Roschelle, J., & Teasley, S. D. (1995). The construction of shared knowledge in collaborative problem solving. In C. O’Malley (Ed.), 
Computer supported collaborative learning (pp. 69-97). Heidelberg, Berlin: Springer.

Saner, H., McCaffrey, D., Stetcher, B., Klein, S., & Bell, R. (1994). The effects of working in pairs in science performance assessments. 
Educational Assessment, 2 (4), 325-338. 

Sayid, D. G., & Milad, K. (2001). Gender differences in factors affecting academics performance of high school students. Procedia 
Social and Behavioural Sciences, 15, 1040-1045. 

Sencar, S., & Eryilmaz, A. (2004). Factors mediating the effect of gender on ninth-grade Turkish students’ misconceptions con-
cerning electric circuits. Journal of Research in Science Teaching, 41 (6), 603-616. 

Stanton, M. (1990). Students’ alternative conceptions of the DC circuit–1. Spectrum, 28 (2), 28-33. 
Stott, A. E. (2017). The effectiveness of a conceptually focused out-of-class intervention on promoting learning of electricity by 

township learners. African Journal of Research in Mathematics, Science and Technology Education, 21 (3), 304-315. 
Tao, P. K. (1999). Peer collaboration in solving qualitative physics problems: The role of collaborative talk. Research in Science 

Education, 29 (3), 365-383. 
Tao, P. K. (2001). Developing understanding through confronting varying views: The case of solving qualitative physics problems. 

International Journal of Science Education, 23 (12), 1201-1218. 
van Boxtel, C., van der Linden, J., Roelofs, E., & Erkens, G. (2002). Collaborative concept mapping: Provoking and supporting 

meaningful discourse. Theory into Practice, 41 (1), 40-46. 
Van Heuvelen, A. (2001). Millikan lecture 1999: The workplace, student minds, and physics learning systems. American Journal 

of Physics, 69 (11), 1139-1146. 
Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes: Cambridge, MA: Harvard University Press.
Webb, N. M. (1984). Sex differences in interaction and achievement in cooperative small groups. Journal of Educational Psychol-

ogy, 76 (1), 33. 
Webb, N. M., & Mastergeorge, A. M. (2003). The development of students’ helping behavior and learning in peer-directed small 

groups. Cognition and Instruction, 21 (4), 361-428. 
Young, J. W., & Fisler, J. L. (2000). Sex differences on the SAT: An analysis of demographic and educational variables. Research in 

Higher Education, 41 (3), 401-416. 

Received: March 27, 2018 Accepted: September 08, 2018

Ademola Olatide Olaniyan Post doctoral Researcher, School of Education, University 
of KwaZulu-Natal, Durban, South Africa. 

Nadaraj Govender
(Corresponding author)

PhD, Associate Professor  in Science Education, Science 
and Technology Education Cluster, Room Cu140, Tutorial 
Building, University of KwaZulu-Natal, Edgewood Campus, 
Durban, South Africa. 
E-mail : govendern37@ukzn.ac.za

EFFECTIVENESS OF POLYA PROBLEM-SOLVING AND TARGET-TASK COLLABORATIVE 
LEARNING APPROACHES IN ELECTRICITY AMONGST HIGH SCHOOL PHYSICS STUDENTS  

(P. 765-777)


