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Abstract

This study investigated the effect of demo kit on the teaching and learning of biology among senior secondary school students’ in Omu-Aran, Nigeria. The study is aimed at finding out how the use of demo kit influences students’ achievement in biology based on their gender. Quasi-experimental design of the pre-test, post-test, non-equivalent and non-randomized control group was adopted for the study. One hundred and seventy-three senior secondary school three (SSS III) biology students from four purposively selected senior schools participated in the study. Biology Achievement Test (BAT) consisting of 49 questions was used for data collection and determining students’ overall achievement. The BAT was subjected to item analysis and was also validated by three science education experts from the university of Ilorin, Ilorin, Nigeria. The reliability of the BAT was carried out using test re-test method, with an interval of three weeks and Cronbach alpha statistics was used to analyze the data in which a reliability index of 0.76 was obtained. At the commencement of the study, (after researchers had sought the consent of the biology teachers, parents and students of the participating schools) study technology principle was explained and used to guide the students in the experimental group through the use of demo kit with the BAT being used for the pre and posttest. Descriptive statistics of standard deviation and mean scores were used to answer the two research questions raised while Analysis of Covariance (ANCOVA) was used to test the two null hypotheses formulated at 0.05 level of significance. Findings from the study revealed that, there was no significant difference in the achievement of male and female students because F(1, 94)= 2.134, p = .147 (p>0.05); also, there was no interaction effect between treatment and gender on the achievement of students in biology because F(1, 168) = .213, p = .645 (p>0.05). Based on the findings, it was recommended among others that male and female students should be given equal consideration when using demo kits in teaching and learning of biology.
Keywords: Effect, demo kits, biology, secondary school.

Introduction


Biology occupies a central and unique place among the pure science subjects. The uniqueness of biology is evident in its many applications in the fields of biochemistry, bioengineering, biotechnology, biomedicine, cell biology, microbiology, agricultural biology and molecular biology (Abimbola & Omosewo, 2006). In fact, the place of biology in proffering solutions to social problems relating to health, poverty, food shortage, crop production, environmental pollution and conservation of recourses cannot be overemphasized. It is however heartrending that despite the many importance of biology to humankind, the achievement of students in the subject had consistently remained low.



The poor academic achievement of students in biology has been attributed to a number of factors such as the poor quality of biology teachers, inadequate facilities and the prevalent use of the expository method of teaching (Imhan kim & Aguele, 2006). Ndioho (2007) also observed that the reoccurring poor performance recorded in biology is due to students' inability to understand some abstract concepts in the subject. The West African Senior School Certificate Examinations (WASSCE) Chief Examiner’s report for 2009, 2010, and 2011 also identified shallow knowledge of some large variety of scientific concepts as a contributing factor to students' poor performances in biology and therefore suggested the need for students to cultivate good study habits. In the same vein, Abimbola (2013) observed that:

the system of education in Nigeria provides little opportunities for students to engage in self-instruction because they are always being taught by either teacher in schools or coaching classes, or parents and siblings at home, without knowing how to study by themselves, with the exception of, perhaps, students in boarding schools. (p. 26) 


In this era of technological explosion, students at all levels ought to be the major player in their own education. They must be made to discover things and come to conclusions on their own rather than accepting information dogmatically from the teachers. Student-directed learning, is based on the belief that active students’ involvement in the learning process increases learning and motivation with the teacher playing the role of a guide or a facilitator in which learners are assisted in becoming autonomous (Akanbi, 2013). Teachers therefore, need to help learners develop effective study and learning skills (Razia, 2015). It then implies that the role of teachers in education should be to aid the students in construction of their own idiosyncratic understanding of concept and natural phenomena. Therefore, Atomatofa (2014) recommend that students should be encouraged to be active participants in their own learning. Udo and Udofia (2014) also submitted that personalization of learning demands that the learner shows commitment and interest, as well as actively participate in the learning process for meaningful understanding and assimilation of facts and this is where study technology, a research-based system of learning how to learn provides an answer.   


Applied Scholastics International (whose educational methods is also called study technology), is a unique program enabling students to overcome the basic barriers to studying and learning any subject (Association for Better Living and Education International, n.d.). Hubbard (1972) who is also the founder of study technology programme, identified three major barriers to learner's study namely: (i) Absence or lack of "mass", (ii) Too Steep a study "gradient", and (iii) a bypassed definition "misunderstood word" these barriers constitute the three principles of Applied Scholastics International (ASI) study technology. This study stemmed from the first principle of study technology which states that, it is important to have an example physically present when introducing a new concept in order to get its "mass". 


Mass is a measure of mental tangibility that students ascribe to a subject so that the students has a picture in their mind of the thing they are learning about (Wikipedia, the free encyclopedia, n.d.). Abimbola (2013) also submitted that mass is the real thing or object meant for study. Learning in abstraction due to the absence of the real thing or object meant for study does not help to develop the mind of the learners instead, it encourages rote-memory and memorized facts or information that are not relevant to learners existing experiences, are easily forgotten (Cetin, 2003).


In order to supply mass, real specimens or photographs of the objects being studied are provided or demonstrations are done. One way of accomplishing this is with a demonstration kits. A "demo kits," as it is called, is a collection of odds and ends, such as rubber bands, paperclips, corks, pen tops, thumbtacks, erasers, phone recharge cards and other similar objects that are easily available everywhere (Abimbola, 2015). A student is supposed to "demo" a concept by choosing several objects, assigning them significance and verbalizing or physically demonstrating the relationships between them (Touretzky, 2003). Demonstrations are usually done in study technology to show a principle, idea or datum by using small objects to represent it and to remove the incidence of the lack of mass. It is usually done on a table. 


Chapman (n.d.) noted that the use of demonstration kits in study technology provides a way to use manipulatives to check understanding by having the student manipulate paper clips, objects, etc. as symbolic representations of concepts. By show - and - tell the student makes a demonstration which helps to make the ideas and data more real. Ifa student ran into something he could not quite figure out, demonstrating the idea with a demo kits would assist him to understand it. Demo kits demonstrations are used when a student needs to visualize and add mass to what he is studying as the objects can be moved about in relation to each other to show the mechanics and actions of a given concept which can help to enhance students learning and retention skills. Adeoye (2016) observed that the use of demo kits could facilitate the ability of students to learn and master concepts and processes related topics on their own.


The achievement of male and female students in biology as reported by different science educators shows that the issue of gender as it relates to students’ achievement remains unresolved. It is crucial to investigate the effect of gender because it permeates every aspect of human endeavour be it social, religious, economic, political and the educational development of any nation (Igbudu, 2015). Nussbaum (2000) also observed that gender is an important factor interacting with the performances of students in any subject. However, researchers hold conflicting views on issues relating to gender and students’ achievement in biology. Ezenwuosu and Nworgu (2013) for example observed that male students performed significantly higher than female students when they are taught biology using peer tutoring. Nwagbo and Okoro (2014) in a related study also found out that the average scores for boys were higher than that of girls in biology achievement based on students’ interest in biology due to interaction patterns and concluded that gender was a significant factor for students’ achievement in biology. Jiya (2011) also observed a significant difference in favour of the males when both sexes (male and female) were taught evolution concepts using analogy. 


However, Gbadamosi (2013) observed a significant difference in the utilization level of innovative teaching strategies based on gender in favour of female biology teachers. Other researchers like (Abdulkadri, 2011; Adodo & Oyeniyi, 2013; Cetin, 2003; Gbigbadua, 2014; Ibe, 2015; Muraya & Kimamo, 2011; Nwagbo & Chukelu, n.d; Nwagbo & Obiekwe, 2010; Sakiyo & Waziri, 2015; Umoke & Nwafor, 2014; Yadav, Singh, & Singh, 2015) found out in their individual studies that there is no significant difference in the achievements of male and female students in biology. In addition, Ibe (2015) observed a no interaction effect between learning styles and biology students' gender. Abdulkadri (2011) also reported a no interaction effect between group and gender when students were taught biology using checksheet and conventional method. Conversely, Anyichie and Onyedike (2012) noted a significant interaction effect between mathematics students' gender and self-instructional learning strategy. This study also probed into the effect of gender on the achievement of senior school students’ in biology using the demo kits.

Purpose of the Study


The main purpose of this study is to find out the effect of demo kit on the teaching and learning of biology among senior secondary school students’ in Omu-Aran, Nigeria. Specifically, the study investigated;
1.
If there exists any difference in the achievement of male and female students that learned biology through the use of demo kits.

2.
The interactive effect of treatment and gender on the achievement of students that learned biology using demo kits and those that learned it without using demo kits.

Research Questions

The following research questions were developed for this study;

1.
Will there be any difference in the achievement of male and female students when they learned biology through the use of demo kits?

2.
Will demo kit have any effect on the teaching and learning of biology based on the interaction effect between treatment and gender?

Research Hypotheses


The following null hypotheses were formulated and tested in this research work.

HO1:
There is no significant difference in the achievement of male and female students when they learned biology using demo kits. 

HO2:
There is no interaction effect between treatment and gender on the achievement of students that learned biology using demo kits and those that learned it without using demo kits.

Methodology


The target population for this study consisted of all the secondary school biology students in senior secondary school III (SSS 3) in Omu-Aran, Kwara State, Nigeria. Quasi-experimental design of the pre-test, post-test, non-equivalent and non-randomized control group involving the use of two groups an experimental and a control group was considered appropriate for the study. The experimental group was exposed to the use of demo kits while the control group was taught by practicing biology teachers who were at liberty to use their usual instructional strategies without the interference of the researchers. Intact classes consisting of senior secondary school III (SSS 3) biology students from four purposively selected co-educational senior secondary schools in Omu-Aran, Kwara State, Nigeria participated in the study. Biology Achievement Test (BAT) consisting of forty-nine standardized multiple choice test items adapted from WASSCE past biology questions and demo kits which is composed of items like rubber bands, paperclips, corks, pen tops, thumbtacks, erasers, used phone recharge cards, and biro pens constitute the instruments used for the study.


To ensure equal distribution of the test items over the content to be treated, a table of specification was prepared using Bloom’s Taxonomy of educational objectives. Item analysis was carried out to ensure that the BAT was appropriate, not too difficult or too easy and to know if the test effectively differentiates between students who did well in the overall test and those who did not. The research instruments were also given to three experts in the Department of Science Education of a university and two experienced senior secondary school biology teachers for face and content validity. The reliability of the achievement test was determined by administering the BAT items to all the biology students in SS III class in another school that did not participate in the study using the test-retest method, with an interval of three weeks between the first and the second test in order to eliminate the effect of remembering. Cronbach alpha reliability coefficient was used to analyze the resultant data and a reliability index of 0.72 was obtained.


The consent of the biology teachers, parents, and students in the schools (experimental and control) that participated in the study was sought before the administration of any treatment or instrument. The pre-test was administered to determine students' level of understanding of the selected topics. At the commencement of treatment administration, study technology principle was explained to the experimental group to remove grey areas in its implementation and application. Students were also directed to interact with their twins (that is, the study partners) in their use of the demo kits to conceptualize each of the biology concepts through discussion between each other and any need for further clarification was directed to the researcher who serves as a facilitator of learning in the classroom. After a period of three weeks of exposure to treatment, students in the control and experimental schools were post-tested to determine their achievement level. The results obtained from the BAT was used to answer the two research questions raised by using descriptive statistics, standard deviation and mean gain scores while Analysis of Covariance (ANCOVA) was used to test the two null hypotheses formulated in this study at 0.05 level of significance.

Results


The results are presented according to the research questions and hypotheses.

Research Question 1

Will there be any difference in the achievement of male and female students when they learned biology through the use of demo kits?

Table 1: Descriptive statistics of students' BAT posttest scores in term of gender
	Group
	Gender
	N
	Mean
	Mean difference
	Std. Deviation

	Experimental
	Male
	34
	20.15
	0.91
	6.248

	
	Female
	63
	21.06
	
	7.927

	Control
	Male
	37
	16.95
	0.38
	5.467

	
	Female
	76
	16.57
	
	5.049



A comparison of the posttest mean scores (20.15 and 21.06) and (16.95 and 16.57) obtained for male and female students in the experimental group and control group respectively as shown in Table 1 revealed that the mean scores followed the same pattern. This implies that both male and female students in each groups benefitted from the strategies used.

 Hypothesis 1


There is no significant difference in the achievement of male and female students when they learned biology using demo kits. 

Table 2:  ANCOVA showing difference in the achievement of male and female students that learned biology using demo kits
	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Decision

	Corrected Model
	3599.440a
	2
	1799.720
	105.528
	.000
	 

	Intercept
	5604.366
	1
	5604.366
	328.616
	.000
	 

	Pretest
	3580.894
	1
	3580.894
	209.969
	.000
	 

	Gender
	36.389
	1
	36.389
	2.134
	.147
	NS

	Error
	1603.117
	94
	17.054
	 
	 
	 

	Total
	46936.000
	97
	 
	 
	 
	 

	Corrected Total
	5202.557
	96
	 
	 
	 
	 


a. R Squared = .692 (Adjusted R Squared = .685)


The ANCOVA analysis of the set of data obtained for the experimental group in the pretest and posttest as shown in Table 2 reveals that the significance probability (0.147) obtained for F-value 2.134 is more than the alpha level of significance 0.05 (p>0.05). Therefore, Hypothesis 1 was hereby not rejected. Hence, there was no significant difference in the achievement of male and female students when they learned biology using the demo kits.

Research Question 2


Will demo kit have any effect on the teaching and learning of biology based on the interaction effect between treatment and gender?
Table 3:  Descriptive statistics of students' BAT posttest scores in term of gender
	Gender
	Group
	N
	Mean
	Average Mean Score
	Std. Deviation

	Male
	Control
	37
	16.95
	18.55
	5.467

	
	Experimental
	34
	20.15
	
	6.248

	Female
	Control
	39
	16.21
	18.64
	4.663

	
	Experimental
	63
	21.06
	
	7.927

	Total
	Control
	76
	16.57
	18.66
	5.049

	
	Experimental
	97
	20.74
	
	7.362



On the interaction effect of group and gender, Table 3 shows that a total posttest mean scores of (16.57 and 20.74) was obtained for the control and experimental group while an average mean score of (18.55 and 18.99) was obtained for male and female students respectively. This implies that both male and female students benefitted in the same pattern (with an average mean score difference of 0.09 in favour of the female students) from their use of the different strategies of learning as used in this study (that is the use of demo kits and regular methods adopted by practicing biology teachers). However, the experimental group achieved better than the control group. 

Hypothesis 2


There is no interaction effect between group and gender on the achievement of students that learned biology using demo kits and those that learned it without using demo kits.

Table 4: ANCOVA showing the interaction effect of group and gender on the achievement of students that learned biology using demo kits and those that learned it without using demo kits
	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Decision

	Corrected Model
	5775.800a
	4
	1443.950
	116.474
	.000
	 

	Intercept
	4907.266
	1
	4907.266
	395.838
	.000
	 

	Pretest
	5003.541
	1
	5003.541
	403.604
	.000
	 

	Group
	1422.583
	1
	1422.583
	114.751
	.000
	 

	Gender
	36.174
	1
	36.174
	2.918
	.089
	 

	Group * Gender
	2.645
	1
	2.645
	.213
	.645
	NS

	Error
	2082.720
	168
	12.397
	 
	 
	 

	Total
	69705.000
	173
	 
	 
	 
	 

	Corrected Total
	7858.520
	172
	 
	 
	 
	 


R Squared = .735 (Adjusted R Squared = .729)


From Table 4, there is no interaction effect between group and gender on the achievement of students that learned biology using demo kits and those that learned it without using demo kits. This is because at F (1, 168) = .213, p = .645, therefore, the null hypothesis is not rejected since p > 0.05. This means that there was no interaction effect between group and gender on the achievement of students that learned biology using demo kits and those that learned it without using demo kits.


The finding in Table 4 is further corroborated by the profile plot in Figure 1 where the lines are parallel and so there is no interaction between the treatment received by each of the groups (experimental and control) and gender (male and female). In general, there was no main effect of gender since the average scores (16.49 and 16.64) obtained for male and female students are about the same though the female slightly achieved better than the male but this was not significant enough to cause a main effect of gender. However, the average score (20.71) obtained for the experimental group was higher than that of the control group (16.50) and so there is group main effect. Covariates appearing in Figure 1 are evaluated at the pretest scores value of 6.04.
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Figure 1: Plot of marginal means showing the interaction effect between group and students’ gender

 

Discussion


This study investigated the effect of gender on the achievement of senior school students’ in biology using the demo kits. Findings from the study revealed that gender played no significant role when students learned biology using demo kits and so the effect of the use of demo kits will not vary based on the gender of students. This finding may be attributed to the fact that the students in this study had a twin (study partner) to work with and as such, some of the male students were paired up with a female twin. Thus, the students were able to work together in groups and this facilitated the sharing of ideas between the male and female students which translated into a better achievement of the students in the experimental group. The researchers observed that the schools used for the study do not place precedence on the issue of gender for students' placement in the SS 3 classes and why the ratio of male to female biology students is not equal. This finding corroborates with Gbigbadua (2014), Sakiyo and Waziri (2015), Umoke and Nwafor (2014), Yadav, Singh and Singh (2015) who in their individual studies observed no significant difference between gender and students' achievement in biology. 

Furthermore, in a typical biology classroom, the gender of students had no interaction effect on their achievement in biology. Although, in this study the female participants slightly achieved more than their male counterpart but this was not significant enough to cause an interaction between the group and students' gender. This finding implies that both male and female students benefitted from the use of the different treatment as used in this study, that is the use of demo kits (experimental group) and regular strategies adopted by practicing biology teachers (control group). The result of the above finding is in conformity with the work of Abdulkadri (2011) who observed no interaction effect between group and gender when senior school students were taught biology using checksheet and conventional methods. It also corroborates with the work of Ibe (2015) who discovered that there is no interaction effect between group and gender on students' learning style and their performance in biology. 

Conclusions


Based on the findings of this study, it is established that gender had no significant influence on senior school students’ achievement in biology. This implies that the achievement of male and female students was uniform when they learned biology using the demo kits. In addition, there was no interaction effect between group and gender on the achievement of senior school students that learned biology using demo kits and those that learned it without using the demo kits.
Recommendations


The following recommendations were made based on the findings of the study:

1.
In a typical biology classroom, male and female students should be given equal consideration irrespective of the instructional strategy (including demo kits) that is utilized for effective teaching and learning.

2.
Teaching and learning strategies that will ensure adequate interaction of male and female students should be used by biology teachers.
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