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Abstract 
This research study was aimed at investigating the effect of problem – based 
learning techniques (PBLT) and Discovery-based Instructional Strategies 
(DBIS) on student’s achievement in Physics in Ikot Ekpene Education Zone of 
Akwa Ibom State.  The sample comprised of 450 senior secondary class two 
(SSII) Physics students from three intact classes. The classes were assigned 
randomly to experimental and control groups. Experimental groups were 
taught the concepts of light in Physics using problem based technique and 
discovery based instructional strategies. Control group were taught the same 
topics using expository method. Data was collected using two instruments, pre 
and post achievement tests in physics with a reliability co-efficient of 0.78 
obtained using Kuder Richardson 20 (KR-20) formular. Data collected were 
analyze d using mean and standard deviation to answer the two research 
questions while analysis of covariance (ANCOVA) tested the two hypotheses at 
0.05 significance level with respect to gender. The findings of investigation 
revealed that PBLT significantly enhanced students’ achievement in physics 
more than the discovery –based and the expository strategies. Also, female 
students benefited more from PBLT and discovery-base strategies 
though not significantly from their male counterparts. The study therefore,  
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recommend that PBLT be adopted in teaching for effective learning of physics 
concepts in Nigeria Schools. 

 
Keywords: Problem-based learning technique (PBLT), Discovery-based Achievement, 
Gender and Physics. 
 
 In recent times, attention has been drawn more to how best to teach science for 
meaningful results that would lead the country to being one of the leading sustainable 
economies in the world (Njoku, 2004). Researches have however, shown that students 
in the secondary schools seem not to be doing well due to such reasons as the use of 
poor and inappropriate methods of science teaching (Omole, 2002), students’ attitude, 
poor and inadequate instructional strategies adopted by science teachers (Ekpo, & Udo, 
2004), as well as poor teaching quality (Ige, 2003). Perhaps these are the likely reasons 
why students’ performance in science subject and in physics particularly has waned 
considerably in recent times. 
  

The downward trends in the performance of students appear to affect both 
sexes, (males and females). Studies by Essien (2008) revealed that there was no 
significant relationship between students sex and their attitude towards physics as a 
subject while in contrast Nwahunaya (2003) and Eyenaka (2013) in their studies 
showed that, there exist a significant differences between the performance of male and 
female students in the sciences, with the male performance being better in biology, 
chemistry and physics. 
  

Nnaka and Anaekwe (2006) gave a good picture of male and female students 
performance in the sciences in 2004 SSCE results as follows: 18% male and 17% 
female success in mathematics; 16% male and 15% female success in biology; 22% 
male and 21% female success in physics. These pictures truly indicate performance 
advantage of male students over their female counterparts in the science process skills 
and subsequently in physics. 
  

Physics, a science subject is like a pivot joint in the Nigeria secondary school 
curriculum, since it cut across other subjects like chemistry, biology, geography, 
mathematics and even ICT. The learning of physics develops the scientific habits in 
students which are transferable to other areas of life. Such habits include non-reliance 
on superstition, critical thinking and respect for other people’s opinions. The above 
qualities if well learnt can be useful not only in career placement but also in adaptability 
to life (Okere, 1996). Physics also prepares students for vocations and career at tertiary 
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levels of learning and in life respectively. The teaching of physics should, therefore be 
done in such a manner that learners understand and like it. 
  

Many countries are strengthening and investing in new methods and approaches 
to teaching / learning physics and science courses in order to produce more and better 
qualified candidates for higher level technical and scientific skills (Tyler, 2003). 
  

Traditional method of teaching/learning are being revised for maximum outputs 
while student - centered approaches have been embraced to sustain students motivation 
and cultivate in them a feeling of ownership (Ainsworth, 2006). 
  

The scenario has therefore led to intensified effort to ensure adoption of the 
most effective strategy for the teaching/learning of science and physics in particular, 
that will enhance students’ acquisition of basic science process skills and subsequent 
better achievement in physics. 
  

Problem-based learning technique (PBLT), guided discovery, guided inquiry, 
concept mapping, co-operative learning as well as active learning approaches have been 
deemed sound science teaching approaches by science educators (Udo & Udo, 2007). 
  

Problem-based learning technique (PBLT) is one constructivist instructional 
strategy that has shown much promise in its application to discipline and domains where 
learners have to tackle complex problems in ambiguous situations. This approach to 
instruction “Structures courses and entire curricula on problems rather than on subject 
content” (Smith & Ragan, 1999). It reduces teacher’s instruction where learner are seen 
as active listeners and passively involved in classroom activities as in the case of 
conventional method (Afolabi; 2009), where students work in small groups to acquire 
the conceptional knowledge and procedural skill needed to develop one or more 
plausible solutions to each of the problem presented to them. 
 

Learning that is meaningful to students is developed through discoveries that 
occur during exploration motivated by curiosity (Bruner, 1964). Okere (1996) discussed 
that teachers should maximize the degree to which learners expand their knowledge by 
developing and testing hypotheses rather than merely reading or listening to verbal 
presentations of information. Emphasis is to be put on activities that encourage students 
to search, explore, analyze or actively process input rather than merely respond to it. 
When this approach to teaching is practiced in physics, the student’s mind is opened to 
understanding how the general principles and laws came about. Failure in discovery 
learning is seen as a positive circumstance (Bonwell, 1998). Thomas Edison tried 1,200 
designs for light bulbs before finding one that worked (Love, 1996). He never got 
discouraged because he felt that he had learnt thousands of designs that do not work. 

Effects of Problem – Based Learning Techniques (PBLT) and Discovery – Based 
Instructional Strategies (DBIS) on Students Academic Achievement in Physics – 
F.D. Eyenaka, Dr. Patrick J. Uko and D.E. John 
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Therefore, learning also occurs through failure. This is in agreement with Schank & 
Clearly, 1994). Psychologists who showed that failure is central to learning. They 
argued that if a student does not fail while learning, the student probably has not learnt 
something new. 
  

Over the years, the predominant method of instruction in schools has been the 
expository method (Nwabufo, 2005). By this method, learners were encouraged to 
master course content through constant repetition of facts and drill. The method 
guarantees the completion of the course outline on time, but incidentally encourages 
learners to memorize and regurgitate content of learning experiences instead of 
digesting and assimilating them. Most teachers in Nigerian schools use the expository 
method which unfortunately provides little or no room for active students participation 
in the lesson. This expository (conventional) method of teaching has no laid down 
principles of learning. 
The problem-based learning technique (PBLT) exposes students to circumstances of 
failure hence learning through mistake. 

 
Students exposed to PBLT go through a natural progressive process which 

enhances learner’s internalization of concept (Papert, 2000). This makes learning more 
permanent as opposed to traditional method of learning that are fact based that result in 
rote learning (Mosca & Howard 1997, Bonwell, 1998 & Papert, 2000). 

 
Employers are now interested more in employees with good problem – solving 

techniques. Learners in huge business enterprises such as general motors, Microsoft, 
Safaricom and Rank Xero look for employees who can easily adapt to change by 
requiring little training once they are hired (Lunenbery, 1998). Graduates from schools 
are expected collaborate, work in teams, teach others and negotiate (Rice and Wilson, 
1997). Further more, business and society expects graduates to acquire, interpret and 
evaluate data to learn, reason and solve problems. It is possible to sharpen these skills 
by training students through problem-based learning technique (PBLT) in physics. In 
this study therefore, the effect of three instructional methods (problem-based, discovery 
based and expository method) and gender on students’ performance in physics is the 
focus. 
  
Statement of problem 

The consistent and steady increase in failure rate in physics within the last two 
decades attests to the fact that physics teaching/learning among secondary school 
students has not been properly addressed (Stephen, 2008). Review of the past 
achievement in physics has been low (Olotu 1992, Ivowi 1993, Owolabi 1999 & 
Atadoga 2001) at senior secondary school certificate examination (SSCE). The situation 
appears to still remain the same till date. This view was further stressed by the chief 
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examiner’s report of 2011, 2012, 2013 and 2014. The observed failure rate accordingly 
to Onwioduokit and Efut (2000) is mostly attributed to improper exposure to laboratory 
activities, poor science background at junior secondary school level and lack of 
problem-solving ability. Hence, these students fail to see the inter-dependent 
relationship that exists between the academic contents of physics subjects offered in 
school and their applicability in real life. As a result, there is low transfer of what is 
learnt in the school to the real-world. This is the gap that this study is constructed to fill. 
  

Research Questions 
The following research questions guided the study  
i. What are the differences in the mean achievement scores of students taught 
 with problem-based, discovering based and expository instructional strategy?   
ii. How do male and female students taught using problem-based, discovering 
 based and expository methods of teaching differ in their performance in 
 physics?  
Research Hypotheses  
In this study, two null hypotheses (H01, and H02) were formulated and tested for 
significance at 0.05 error margin. They are: 
* H01: There are no significant differences among the mean achievement scores 
 of students taught with discovering-based, problem-based and expository 
 instructional strategies. 
* H02: There are no significant difference among the performance of male and 
 female students when taught using problem-based, discovering based and 
 expository methods of teaching. 
  
Methodology 
 A quasi-experimental (the non-equivalent, pre-test – post-test control group) 
design was adopted for the study. All the senior secondary school II (SS2) physics 
students in the Ikot Ekpene Education Zone of Akwa Ibom State, Nigeria formed the 
population of the study. Specified random sampling technique across gender was used 
to select ten (10) out of eighty-five (85) schools in this education zone. The data was 
collected using two instruments, the pre-achievement test in physics and post-
achievement test in physics which were duly validated by three research experts. The 
pre-test was administered to all groups (experimental and control groups) before the 
commencement of the treatment. Treatment was administered for a period of 6 weeks 
consisting of 12 period of 80 minutes each, after which a post – test in physics was 
administered to the subjects. The test-re-test techniques were used to determine the 
reliability co-efficient of the instrument and the reliability co-efficient of 0.78 was 
obtained. The regular physics teacher subjected the experimental groups to instructions 
and the concepts of light comprising laws of reflection, image formed in plane mirror, 
laws of refraction, refractive index of water and refractive index of rectangular and 
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triangular glass prism while the control group was taught using expository 
(conventional) strategy. Data obtained were analyzed using mean, standard deviation  
 
 
and analysis of covariance (ANCOVA). Specifically, mean and standard deviation were 
used to answer the research questions while ANCOVA was used to test the hypotheses 
at 0.05 level of significance.      
  
Result  
Research question one: 
1) What are the difference in the mean achievement scores of students taught 
 physics with problem-based, discovery based and expository instructional 
 strategies? 
 

Table one: Relative Mean Scores of students taught with problem-based, 
discovery-based and expository instructional strategies in physics. Post test? 
      
Variables    N  X  SD 
Problem-based strategy   142  17.67  4.86 
Discovery-based strategy  128  14.66  3.65 
Expository strategy   180  14.51  3.32 
Overall     450  15.61  3.94 
 
Table 1 above shows that mean scores of students taught using problem-based 
instructional strategy was 17.67 with standard deviation of 4.86. Also, the mean scores 
of students taught the same topic using discovery based instructional strategies and that 
of expository strategy interms of their means and standard deviation are as follows: 
14.66 and 3.65: 14.51 and 3.32 respectively. 
  
 A comparison of the result in table 1 shows that, the highest mean score was 
recorded by students taught with the problem-based strategy followed by that of 
students taught with the discovery-based strategy. The least mean score was obtained by 
students taught with the expository instructional strategy. Hence, it also follow that, 
there are more extreme scores in the problem-based group (SD = 4.86) than in the 
discovery-based group (SD=3.65). The least standard deviation (3.32) was obtained for 
students taught with expository method. 
 
Research question two 

How do male and female students taught using problem-based strategy, 
discovery-based strategy and expository methods of teaching differ in their performance 
in the concept of light. 
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Table 2: Means scores and standard deviation of students’ post test and 
performance classified by gender and treatment groups. 
 
Instructional Strategies  Gender   N    Pre-test SD Post-test        SD   Mean Gain 

                         x                      x 

Problem based   Male        65     35.07        11.83    62.47       8.63 27.40

   Female      50     31.82     15.34       59.84       8.28     28.02 

Discovery based  Male          85      34.78     12.82      58.88       8.34     24.02 

   Female       90     32.61     14.35       56.76       9.27      24.15 

Expository based  Male         110    31.78    11.82        57.00       7.43      25.22 

   Female       50     35.00     13.87      56.08     10.08      21.08 

Total         450      13.32    58.51        8.68     24.98     24.97 

 As shown in table 2, the mean gains of the male and female students in 
problem-based group are 27.40 and 28.02 respectively and the discovery group has 
24.02 for male while the females has 24.15, and in expository method group, the 
achievement gains for male are 25.2 while the female had 21.08. 
  
 A comparison of the males and female performance shown in table 2 indicate 
that except in expository method group, the females out performed their male’s 
counterparts with the best performance being that of the females in the problem-solving 
group. 
 
Hypotheses 
H01: There are no significant differences among the mean achievement scores of 
students taught with discovery-based, problem-based and expository instructional 
strategies in the physics achievement test. 
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Table three: Analysis of covariance of (ANCOVA) of the students’ posttest 
performance classified by treatment groups and gender with pretest as covariate.  
 
 
Source of variation  Sum of squares Df   Mean square   F-cal     P<0.05     Decision                                                                                 
Covariate (Pretest) 3699.07           1       3699.07           74.36      0.00           S  
Main Effect: 
Treatment   380.46            2        195.22           4.08    0.02         S 
Gender      7.56            1          35.47           0.87      0.3        S 
(2-way interaction)       
Treatment *Gender  43.37              2             22.18              0.57   0.64         NS 
Error                       7080.75       443         48.38    
Corrected Total  12187.77      449  
(S = Significant, NS= Not Significant at 0.05 level of significance). 

 
Table 3 shows that the calculated f-value for the effect of treatment on students’ 

achievement in the physics test is 4.08. This is greater than the critical f-value of 0.02 at 
2df for the numerator and 443 for the denominator, at 0.05 level of significance. As 
such, the null hypothesis is therefore rejected. This implies that there are significant 
differences in the mean achievement scores of students taught with problem-based, 
discovery and expository learning strategies. 
 
H02: There is no significant differences among the performances of male and female 
students in the concepts of light taught using problem based, discovery based and 
expository instructional strategy. 
Table 3 shows that, the calculated f-value for the effect of gender on the students’ 
performances, given the instructional strategies used was 0.57 at 0.64 probability level 
which is greater than 0.05 alpha. Thus, the null hypothesis was upheld. In other words, 
there were no significant differences in the performances of male and female students 
on exposure to the three instructional strategies used (problem-based, discovery based 
and expository based). 
 
Discussion of findings 

The study investigated the effects of problem-based learning techniques (PBLT) 
and discovery-based instructional strategies (DBIS) on students academic achievement 
in physics. The data collected from the Posttest administered were analyzed employing 
mean, standard deviation and analysis of covariance (ANCOVA) statistics at P< 0.05 
levels of significance. 
  

In table 1 and 3, the result analysis have shown that students taught with 
problem based and discovery-based instructional strategy performed significantly better 
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on the achievement test than their counterparts who were taught using the expository 
strategy. The result confirms earlier findings of Udo & Udo (2007) who recommended 
that students should be provided with appropriate method of instruction in science 
(physics in particular) such as problem-based learning technique (PBLT), guided 
inquiry, guided discovery, concept mapping, co-operative learning as well as active 
learning approaches in order to make abstract concept better understood. Student taught 
using problem-based achieved higher than those taught with discovery-based 
instructional strategy (Table 1) which may well be indicative of the demand each of the 
method makes of students’ learning processes. Whereas, the discovery-based 
instructional strategies suggest that the learner is not provided with the target 
information or conceptual understanding and must find it independently and only with 
the provided materials, the problem-based approach avails learners of the opportunity to 
carefully select and design problems that demand from the learner acquisition of critical 
knowledge, problem solving proficiency, self-directed learning strategies and team 
participation skills (Maloney, 2004). Problem-based strategy reduces teachers’ 
instruction where learners are seen s active listeners and passively involved in 
classroom activities as in the case of expository (conventional method). Hence, 
problem-based strategy as an example of constructive learning strategy, poses 
significant contextualized real world situation and provide resources, guidance and 
instruction to learners as they develop content knowledge and problem solving skills 
(Yager, 2001). 
  

As indicated in table 2, the achievement gains of the students by gender and 
treatment groups shows that except for those in expository method group i.e control 
group, the female out performed their males counterparts. That is, the problem-based 
and discovery base strategies were more gender friendly than the expository method for 
teaching concepts of light in physics. 
  

However, result in table 3 on the students’ performance by instructional 
strategies namely problem based, discovery based and expository based strategies by 
gender showed no significant difference between the performances of male and female 
students given the instructional strategies used. This implies that gender is not a strong 
predictor of students’ performance in the concepts of light. Given equal opportunity and 
the right teaching strategy, the females can out perform their male counterparts. The 
finding is however in disagreement with that of Eyenake, etal; (2013), Nwahunaya 
(2003), Mosa (2002), Mar (1994) and Shaibu & Mari (1997) who reported a significant 
difference in the performance of male and female of the experimental group- favouring 
male of the experimental. Also in studies of Biehler (2003) and Reedy (2001), it was 
observed that, female students in the problem-based group achieved significantly higher 
than those in the other two groups (discovery-based and expository groups). 
  

Effects of Problem – Based Learning Techniques (PBLT) and Discovery – Based 
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Moreover, similar conclusion was drawn by Ibe and Nwosu (2003) who show 
that gender does not combine with teaching strategies to affect students’ performance. 
Also, in line with these studies is the finding of this study that there is no gender 
difference in the academic achievement of physics students at senior secondary school 
level when exposed to the three instructional strategies (problem based, discovery based 
and expository based). Since the method allows students to carry out investigation on 
their own and arrive at a particular concept, it makes what they learn meaningful and 
promote their understanding of the concept despite gender difference among the 
students.  
 
Conclusion 
From the finding of this study the following conclusions are drawn; 
* Students taught with problem-based strategy performed significantly better on 

 the physics achievement post-test than bota the discovery-based and the control 
 (expository) groups. 
* The achievement gains of the students by gender and treatment groups shows 

 that except for those in expository strategy group, the female out performed 
 their males counterparts. That is, the problem-based learning technique and 
 discovery strategy were more gender friendly that the expository method. 
* Neither the male nor the female students performed significantly better than the 

 other when taught light concepts using problem based, discovery-based and 
 expository based instructional strategies at senior secondary school level. 

 
 Recommendations  

On the basis of finding emanating from this study, the following recommendations are 
made: 
* The teaching of physics should be conducted in such a way that students learn 

 meaningfully and develop positive attitude towards the subjects. The use of 
 problem-based learning technique (PBLT) seems to be appropriate in that 
 respect. It should therefore be incorporated into the main stream of padagoyy in 
 the teaching of physics at senior secondary school level. 
* In service training for science teachers in form of seminars, workshops and 
 conferences should focus more on how to use problem-based learning technique 
 (PBLT) for the teaching of physics concepts.  
* This study showed that gender does not play a significant role in the learning of 

 light concepts using problem-based learning technique (PBLT). 
  Hence, the method is recommended as it is gender friendly and aided learning 

 for both males and females. 
 There should be proper provision of facilities/equipments which are necessary 
 for effective problem-based learning technique (PBLT). 
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