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Abstract 
As the nation strives to catch up with growing challenges in improving 
students’ performance in science, it has become imperative to design new 
approaches of instructional delivery that will positively impact on students 
learning outcomes. Several alternative methods have been proposed, one of 
which is the blended learning approach. This study was undertaken to 
investigate the effects of blended instructional strategies on senior secondary 
students’ learning outcomes in Chemistry. A 2 X 2 factorial quasi 
experimental nonequivalent pretest, posttest control group design was 
adopted for this study. A sample of 200 chemistry students (118 male and 
82 female) randomly drawn from four schools were randomly assigned to 
the treatment and control groups. The post test scores were subjected to t-
test and analysis of covariance to test the five hypotheses stated. Findings 
showed that students taught using the blended cooperative/technology 
interactive strategy performed significantly better than their counterparts 
taught using the conventional lecture method. Also, boys performed 
significantly better than girls with both learning strategies. Based on the 
findings it was recommended that blended cooperative/technology 
interactive strategy should be introduced in all the secondary schools in 
Nigeria to help boost students’ performance. 

 
The strong pull of the forces of rapid changes, the predominance of ICT and pervasive socio-

economic uncertainty of the 21st century poses serious challenges for science education. This is 
because in a world based on science and technology, it is science education that determines the level 
of prosperity, welfare and the security of the people as modern development is no longer possible 
outside the framework of science and technology. The universal acceptance of the above position is 
responsible for the pride of place that is accorded science education in the school curriculum of 
various nations of the world. 

 
At the centre of the science curriculum is Chemistry. Research evidence has proved that 

chemistry contributions to quality of life and nation building are worthwhile in all aspects (Festus and 
Ekpete, 2012). Based on the relevance of the subject, the Federal Government of Nigeria through her 
National Policy on education, made chemistry a compulsory science subject at the secondary school 
level (Federal Ministry of education, 2004, FRN, 2008).  

 
Unfortunately, many studies persistently report of the poor performance of students in 

Chemistry (Etiubon, 2011; Festus and Ekpete 2012, & Umobong, 2004). This abysmal situation has 
been attributed to a number of factors which include, home related, student related, teacher related, 
and school related factors. According to Etiubon (2011), Nigeria as a developing nation needs to catch 
up with the changing face of education globally. This involves well planned curriculum 
implementation for her sustainable growth. The teacher who is at the center of the students learning 
must therefore, be sufficiently equipped with appropriate learning strategies that can guarantee 
creative thinking and innovation as an end to be attained in all phases of the secondary school 
curriculum especially in chemistry. However, there are obvious tendencies that the traditional lecture 
method predominantly employed by most teachers muddle up the course content to the extent that 
theoretical understanding of Chemistry concepts is distorted. The lecture method of teaching 
chemistry is teacher-centered with the teacher acting as a repertoire of knowledge while the students 
are passive listeners or dormant recipients of the lesson. Although the lecture method is less tasking, 
permits a wider coverage of content within a short time, useful for instruction in a large class, it does 
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not however, produce positive learning outcome in many science students as it can often lead to rote 
learning (Okoli and Egbunonu, 2011). 

 
Stacey and Gerbic (2007) explained that students learning experience and performance can be 

improved when online resources are integrated with traditional forms of course delivery, such as face-
to-face, lectures and tutorials. Thus, a better alternative to improving students learning could be the 
application of the blended approach to learning. Blended learning is a mix of different approaches 
from traditional classroom to online resources. Blended learning is used interchangeably with mix 
mode, integrated, multi-method or hybrid learning. Blended learning provides opportunity for greater 
quality of human interaction in the learning process. It also provides a mix of technologies and 
interaction that result in a socially supportive and constructive learning experience (Holm, 2011).  

 
 Researchers recognize the potentials for improving teaching and learning using blended 
learning such as when combining both face-to-face and technology mediated instruction (Graham, 
2006, Smart and Cappel, 2006, Young (2008)). Kukolja, Taradi, Radic (2004) carried out a study to 
identify the impact of the blended web-based and problem-based collaborative (WBL –PBL) learning 
environment on students learning outcome. The researchers compared students’ scores on summative 
acid-based physiology exam in a blended WBL-PBL collaborative environment with those of the 
traditional PBL classes. The result showed that WBL students achieved significantly higher scores 
than their counterparts in the traditional PBL classes and expressed a positive attitude to the new 
learning environment. 
 
 Johnson and Aragon (2003) posited that students’ performance is directly improved by the 
quality of instructional design. Chen (2007) suggested a modification of the instructional design 
strategy in order to improve quality of learning. Accordingly, Chen used a blended approach, 
combining objectivists and constructivist instructional strategy in her design of intensive summer 
online course. The study found that students had positive learning experiences and were highly 
satisfied with their learning outcome. In another study by Dean and associates in 2001 as reported in 
Holm (2011), research showed that providing online options in addition to traditional classroom 
environment actually increased what students learned. Yet, another study showed students interaction 
and satisfaction improved along with students learning more, in subjects that incorporated blended 
learning (Holm, 2011). 
 

Yusuf (2004) carried out an investigation into the effects of cooperative instruction strategy 
on a sample of 93 junior secondary school students’ performance in Social Studies. A quasi 
experimental non-equivalent pre-test, post-test control group design of the form 2X2X3 factorial was 
adopted for the study. The findings showed that students taught using cooperative instructional 
strategy performed significantly better than their counterparts taught using the conventional 
instructional strategies. He concluded that cooperative instructional strategy is one teaching method 
that consistently results in both achievement and attitudinal gains. In a similar study, Adeyemi (2008) 
using a sample of 150 students investigated the effects of three learning strategy (co-operative, 
problem solving and conventional) on students achievement in Social Studies. The result showed that 
students exposed to cooperative learning strategy performed better than their counterparts in the other 
groups. The result also indicated that the effect of teaching strategies was gender sensitive. 
Cooperative instructional strategy involves the use of small groups in which students work together to 
maximize and gain from each other.  

   
Hwang and Arbaught (2008) using a sample of 217 students from north-eastern university 

tested the effects of cooperative and competitive attitudes on face-to-face and virtual feedback 
interactions on multiple-choice test performance. Results indicated that participation in discussions 
through blackboard, an electronic discussion forum, predicted test performance while the traditional 
face-to-face feedback seeking behaviours had significant influence on test results. Smart and Cappel 
(2006) in a similar study demonstrated that students’ active involvement in the learning process 
enhances learning. 
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In contrast to these studies, Sweat-Guy and Wishart (2008) sought to determine whether 
student performance differs based on delivery method, course and instructional strategies on a sample 
of 293 business majors using a causal comparative design. The findings revealed that the delivery 
method did not impact on student performance (chi-square = 5.458 p>.05 with 3 df).The contingency 
table shows that students in face-to-face sections (58.4%) outperformed those in the online sections 
(41.6%). Similarly, Chen and Jones (2007), Sapp and Simon (2005) findings, showed a 
disproportionately high percentage of students who failed their online courses as compared to the 
conventional face-to-face courses.  

 
Young (2008) working on redesigning an intensive Spanish transition course to provide data 

on the effectiveness of instructional approaches using online instructional technology as compared to 
the face-to-face technique reported that students in the experimental group outperformed those in the 
comparison group in most measures of achievement test. Similar findings were reported by Bawaneh 
(2011); Connolly, MacArthur, Stansfield and McLellan (2007); Okoye and Okechukwu (2006); and 
Shiratuddin (2001) who all concluded that employing internet (online resources) in educational 
settings proves to have significant effect on students learning outcomes. 
 
Statement of the Problem 

Independently, each of the following methods of instruction: cooperative learning, 
technology-interactive, problem-solving and face-to-face techniques support active learning in a rich 
educational environment. It is reasonable to expect that a combination of any two or more could help 
students to achieve more meaningful learning that will result in a positive cumulative impact on their 
learning outcomes. It is with this in mind that the researchers set to examine if blended learning can 
enhance positive learning outcomes. 
 
Purpose of the Study 

The aim of this study was to investigate the impact of blended learning approaches 
(cooperative/technology interaction) and conventional lecture method on learning outcome of senior 
secondary school students in Chemistry. This study also investigated the effect of blended approaches 
on students’ academic outcomes in Chemistry with respect to gender. 
 
Research Hypotheses 
 The following research hypotheses were postulated: 
1. There is no significant difference in the mean pre-test and post-test score of students taught 

using the blended cooperative/technology interactive and conventional Lecture strategy. 
2. There is no significant difference in the pre-test and post-test scores of male and female 

taught using the blended learning approach and those taught using the conventional learning 
approach. 

3. Blended learning approach will not significantly enhance higher performance in organic 
chemistry achievement score than conventional approach. 

4. Secondary school boys and girls do not significantly differ in their achievement in organic 
chemistry when taught using the blended strategy. 

5. Gender does not significantly influence the academic achievement of students taught using 
the conventional learning strategy.  

 
Methodology 
 
Research design 
 The 2 X 2 quasi experimental non-equivalent pre-test and post-test control group design was 
employed in the study. 
 
Population 
 The population for this study was made up of all senior secondary three (SS 3) chemistry 
students in all the senior secondary schools in Calabar Municipality of Cross River state, Nigeria. The 
total population stood at 2,318 students. 
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Sampling Technique and Sample 
 The sample for this study consisted of two hundred students randomly sampled from four 
schools. Fifty students were randomly selected from each of the selected schools making a total of 
200 students consisting of 118 boys and 82 girls. 
 
Instrumentation 
 Two parallel form of the same test were developed – one as a Pre-test and the other as a Post-
test. The instruments were each a 40-item multiple-choice Pre and Post Organic Chemistry 
Achievement Test (PEOCAT and POCAT respectively) developed by the researchers based on an 
already developed table of specification.  
 
Validity and Reliability of the Instruments 

The PEOCAT and POCAT were subjected to both content and face validity through expert 
judgments by two experts in test construction and three experienced chemistry teachers to ensure the 
representativeness of the items based on the table of specification. ITEMAN 4 Item Analysis Package 
was used to establish the psychometric properties of the tests after which the items were selected 
based on the suitability of the item analysis indices while the reliability indices of 0.91 and .94 were 
obtained for the PEOCAT and POCAT respectively. The two tests were equivalent or equal in content 
and other psychometric properties.      
 
Procedure 
 Research assistants were subjected to rigorous 4 weeks training on how to carry out teaching 
using the blended learning approach in order to ensure uniformity and mastery of the different 
strategies. The research assistants were given the copies of the validated lesson plans and the 
Instructional Packages on the blended approach. The group was divided into experimental and a 
control group. The Experiment Group was taught using the blended Cooperative and Technology 
interactive strategy. The teachers in the control group did not receive any training but were required to 
teach the chemistry concepts using the conventional lecture method. The researchers ensured that the 
teachers followed the lesson plan normally used for the conventional lecture method. The PEOCAT 
was administered as a pre-test to both the experimental and the control groups before treatment 
commenced to test the homogeneity of the treatment groups. The POCAT was administered to the 
groups after six (6) weeks of treatment. After administration, the scores in both the PEOCAT and 
POCAT were collated, scored and subjected to the appropriate statistical analysis. The hypotheses 
were tested using t-test and analysis of covariance (ANCOVA) at the .05 level of significance. 
 
Treatment 
 For the Experimental Group Organic Chemistry Concepts were taught using a mix of 
Cooperative and Technology assisted materials in an interactive manner. Students were first arranged 
in small groups of 5-6 members according to the number of computers available in the school. With 
the research assistants, students embarked on interactive activities with the computers and the CD-
ROMS to view and discuss the structures of the different forms of the hydrocarbons, their methods of 
preparation, chemical and physical properties and uses. In addition, students carried out the activities 
built into the lesson as packaged in the CD-ROMS while the research assistants acted as facilitators. 
          The control group was taught the same Organic Chemistry Concept using the conventional 
lecture method where the students were taught through verbal explanation using little or no 
instructional materials. The interaction between the teacher and the students was minimal.  
 
Results 

Data collected from the two hundred students who took the Organic Chemistry Achievement 
Test (OCAT) was analyzed using independent t-test and analysis of covariance (ANCOVA) in order 
to provide answers to the research questions.  
 
Hypothesis 1: There is no significant difference in the mean pre-test and post-test score of students 
taught using the blended cooperative/technology interactive and conventional Lecture strategy. 
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Table 1: Independent t-test Analysis of the Mean Pre-Test and Post-test Scores of Students 
Taught Using the Blended Learning and Conventional Learning Strategy 

 
Treatment Group 

 Pre-Test Scores Post-test Scores 
N ഥ  SD T ഥ  SD T 

Blended Learning Strategy 100 22.34 2.36  60.46 5.36  
    0.28NS   19.62* 
Conventional Learning Strategy 100 22.25 2.16  47.42 3.93  

*Significant at .05 level; df = 199, Critical t = 1.96 
 
 Results indicate that there is no significant difference in the mean pre-test scores of students 
taught using the blended and conventional lecture method. However, a significant difference was 
observed between the mean post test scores of students exposed to the blended and those exposed to 
the conventional lecture strategy in favour of the blended learning strategy, with t = 19.62 which was 
higher than the critical t of 1.96.This means the result was significant. 
 
Hypothesis 2: There is no significant difference in the pre-test and post-test scores of male and 
female taught using the blended learning approach and those taught using the conventional learning 
approach. This hypothesis was tested using the mean scores of male and female taught using the two 
strategies and presented in table 2. 
 
Table 2: Mean Scores of male and female Students Taught Using the Blended Learning and 
Conventional Learning Strategy 
 

 
Treatment Group 

Male Students Female Students 
N ഥ  SD N ഥ  SD 

Blended Learning Strategy 62 63.65 4.17 38 55.26 1.86 
       
Conventional Learning Strategy 56 50.32 2.31 44 43.73 1.95 

 
 Result shows that the mean scores of male in both the blended and conventional learning 
strategy was higher for male students than their female counterparts. 
 
Hypothesis 3: Blended learning approach will not significantly enhance higher performance in 
organic chemistry achievement score than conventional approach. Table 3 shows the result of the 
analysis of covariance (ANCOVA). 
 

It is observed from table 3 that there was a significant effect of treatment on organic 
chemistry achievement scores. The analysis showed that at 0.05 level of significance the treatment 
produced an F-value of 349.704 which was higher than the critical value, implying that a significant 
difference existed between the blended cooperative/technology interactive strategy and conventional 
lecture method.  
 
Table 3: Summary of Analysis of Covariance of Organic Chemistry Achievement Scores of 
Students Taught Using Blended Cooperative/Technology Interactive Strategy and Conventional 
Lecture Methods.  
Sources of Variation Sum of 

Squares 
Df Mean 

Squares 
F Significance 

Covariates 33.616 1 33.616 1.526 .218 
Pre-test 33.616 1 33.616 1.526 .218 
Main effects 7703.398 1 7703.398 349.704 .000 
Treatment 7703.398 1 7703.398 349.704* .000 
Explained 8535.696 2 4267.848 193.743 .000 
Residual 4339.584 197 22.028   
Total 12875.280 199 64.700   
*Significant at .05 level; R-square = .663; adjusted R square = .80; Critical F = 3.91 
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A look at table 1 above showed that the blended approach enhanced chemistry achievement 
score (ഥ  = 60.46) more than the conventional lecture method (ഥ  = 47.42). 
 
Hypothesis 4: Secondary school boys and girls do not significantly differ in their achievement in 
organic chemistry when taught using the blended strategy. Analysis of covariance was carried out and 
the result presented in table 4. 
 

Result presented in table 4 shows that gender has a significant influence on the achievement 
scores of students taught using the blended learning approach [F(1,99) = 135.705; p<.05]. Result 
presented in table 2 above showed that male students (ഥ= 63.65) performed better than female 
students (ഥ  = 55.26) when the blended learning approach was used. 

 
Table 4: Summary Analysis of Covariance of Organic Chemistry Achievement Scores of Boys 
and Girls Taught Using Blended Cooperative/technology Interactive Strategy  
Sources of Variation Sum of 

Squares 
Df Mean 

Squares 
F Significance 

Covariates 6.375 1 6.375 .523 .471 
Pre-test 6.375 1 6.375 .523 .471 
Main effects 1655.350 1 1655.350 135.705 .000 
Gender 1655.350 1 1655.350  135.705* .000 
Explained 1661.653 2 830.826 68.113 .000 
Residual 1183.187 97 12.198   
Total 2844.840 99 28.736   
*Significant at .05 level; R-square = .584; adjusted R square = .76; Critical F = 3.91 

 
Hypothesis 5: Gender does not significantly influence the academic achievement of students taught 
using the conventional learning strategy. Analysis of covariance was used and the result presented in 
table 5. 
 
Table 5: Summary Analysis of Covariance of Organic Chemistry Achievement Scores of Boys 
and Girls Taught Using Conventional Learning Strategy. 

Sources of Variation Sum of 
Squares 

Df Mean 
Squares 

F Significance 

Covariates 9.525 1 9.525 2.065 .154 
Pre-test 9.525 1 9.525 2.065 .154 
Main effects 1046.907 1 1046.907 226.969 .000 
Gender 1046.907 1 1046.907 226.969* .000 
Explained 1080.943 2 540.471 117.174 .000 
Residual 447.417 97 4.613   
Total 1528.360 99 15.436   

*Significant at .05 level; R-square = .707; adjusted R square = .83; Critical F = 3.91 
 Table 5 shows that gender has a significant effect on students achievement scores [F(1,99) = 
226.969; p<.05) when exposed to the lecture learning strategy with male students performing better 
ഥ)  = 50.32) than their female counterparts (ഥ  = 43.73) (see table 2). 
 
Discussion 
 One of the findings of this study is that students taught using blended cooperative/technology 
interactive strategy had a mean gain score significantly higher than those students taught using 
conventional instructional strategy. This means that students’ performance was better enhanced when 
they were taught using the blended instructional strategy. This findings is in line with Arbaught 
(2008), Bawaneh (2011), Holm (2011), Okoli & Egbunonu (2011), Smart and Cappel (2006);  and 
Young (2008) who all found that students taught using the blended approach had enhanced 
performance which also made them to have higher scores and outperformed their counterparts. 
Blended learning which is the teaching practice that combines teaching methods of face-to-face and 
online learning is an established, rapidly growing instructional model that proves highly effective in 
helping students improve their achievement (Graham, 2006; Johnson & Aragon, 2003). Blended 
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learning models are said to be more flexible and adaptive such that teachers can create instructional 
activities and assignments that give them the opportunity to work collaboratively, tapping their 
interest and abilities in the social learning situation (Connolly, MacArthur, Stansfield & McLellan, 
2007; Young, 2008). 
 
 Results also reveal the effect of gender on blended and conventional learning strategy. 
Findings show that male students generally outperformed their female counterparts in Chemistry 
achievement test both with the blended learning strategy or in the conventional learning strategy. This 
finding is in agreement with the findings of Adeyemi (2008), who found significant effect of gender 
on different learning strategies. The findings of this study is however contrary to the findings of Ojo 
(1997 and Yusuf (2005) whose findings revealed that gender did not have any significant effect on 
students’ performance. 
 
Conclusion 
 It is obvious from the result that blended learning approach is more effective than the 
conventional learning strategy in improving students’ performance in chemistry. It is also revealing 
that, male students performed significantly better than their female counterparts when taught with 
either the blended learning approach or the conventional learning approach. 
 
Recommendations 
 Based on the result of the study, it is recommended that students should not be limited to only 
the conventional method of teaching, rather efforts should be made to incorporate the blended 
learning strategy in whatever form it might be possible. 
 To improve the performance of both boys and girls, it is important that both sexes should be 
encouraged to take science more seriously and whatever strategy is needed to captivate their attention 
should be used. In this case, female students should be encouraged to make more use of ICT facilities 
like going to cyber café to browse, send mails and also engage in face book, Yahoo messenger and 
twitter. 
 Teachers need to encourage students to carry out teamwork either by giving assignments or 
giving works in groups. Also, assignment that will encourage students to visit the web and work using 
the internet should be given. 
 Government should ensure that ICT facilities are made available to the different schools and 
should ensure the workability of such facilities by ensuring constant power supply. It should also 
constantly train and retrain teachers on the use of ICT facilities in teaching certain concepts in 
schools. 
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