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OPERATIONAL DEFINITION OF TERMS
The following terms areoperationally defined as used in this study.

Impact: the ability and readiness of the teacher to convey a meaningful learning
experience and knowledge in a practical means to students effectively and
confidently in such a way that they are able to understand the concepts that
were taught.

Lecture method: method of teaching in which the teacher delivers the lesson to students
with little or no active participation by the students. It is a teacher-centered
approach involving largely a one —way form of communication from
teacher to student Lecture method most often does not give room for
teacher-student interaction during instruction.

Laboratory strategy:describes a strategy that allows the learner to perform and carryout
practical class by applying science process skill and exhibit scientific
attitudes. It is an activity designed to be carried out by an individual or a
group of students for the purpose of making personal observations and
able to arrive at a logical conclusion by them.

Problem-solving strategy:a guide that motivates learners to find out solutions to existing
problems by pulling together information and generalizing knowledge.
This teaching method encourages “learning by doing” through cognitive
and psychomotor domain.

Attitude: the predisposition to react positively or negatively towards objects, ideas,
institution or people.

Varied ability: this is the ability level of individual student according to the cognitive
and retention of learned concept. Varied ability can either be in higher,

middle or lower performance/achievement.
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ABSTRACT

This study investigated the impact of Laboratory and problem-solving strategies on
attitude,retention and academic performance in biology among varied ability secondary
school students in Zaria, Kaduna State Nigeria. All the senior secondary Il students of the
schools in Zaria Educational Zone under study with total number of one thousand six
hundred (1600) were the population for the study. Three out of the six co-educational
SSII in the area with a total number of one hundred and eighty-five (185) i.e. (113male
and 72 female) students were selected as sample of the study using simple random
sampling technique involving balloting method. Two schools formed the experimental
groups that received treatments via laboratory and problem-solving strategies
respectively, while the third school was used as the control group. High, average and low
ability levels were determined using their class work and continuous assessment result
and pre-test scores. The top 25% were ranked the high, middle 50% were the average
while lower or bottom 25% were low ability group. The intact classes of the three schools
were used so as to take careof the issue of gender. The experimental groups were taught
using laboratory and problem-solving strategies while the control group was taught using
lecture method. Two instruments were developed for this study i.e. Ecology Performance
Test (EPT) and Student Attitude Questionnaire, (SAQ). These instruments were used for
data collection. Five research questions and five null hypothesis were formulated and
tested at 0.05 level of significance. The data collected were analyzed using t-test and
Kruskal Wallis statistics to determine the significant difference of the three groups, at
P<0.05. The finding of the study showed that laboratory strategy had significant effects
on the attitude and academic performance of the students of varied abilities. Low ability
students that were taught ecology using problem-solving strategy improved in their
academic performance and retained the learnt conceptsbetter than those taught using
lecture method. Neither male nor female in the two experimental groups performed
significantly better than the other in biology after treatment. Based on the findings of the
study, it is recommended that laboratory and problem-solving strategies should be used to
teach ecology at secondary school level.
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CHAPTER ONE
THE PROBLEM

1.1 Introduction

Science (from Latin Scientia meaning knowledge) is a systematic enterprise that
builds and organize knowledge in the form of testable explanations and knowledge that
can be rationally explained and reliably applied to everyday life. A practitioner of science
is known as a scientist (Thompson, 2006).
Science education, is the field concerned with sharing science contest and process with
individuals not traditionally considered part of the scientific community (Borich, 2004).
The field of science education includes work in science content, science process
(scientific Skill) some social science and some teaching pedagogy (Yeung, 2006). The
public image of science education may be one of the simple learning facts by rote science
education. Recent history also generally concerned with treat on the teaching of science
concepts and addressing issues those learners may hold regarding science concepts or
others influenced by constructive thinking (Borich, 2004).Bichi, (2008) stated that the
purpose of education is not just making a learner literate, but adds rationale thinking,
knowledge, skills, self-efficiency and self-independent. Thus, in every human society,
education is meant to pass onto new generations the existing knowledge of their physical
environment, to introduce them to the organization of the societyand teach them skills for
performing their daily jobs with ease.
Egbunonu and Ugbaja (2011),0bserved that, the education standards call for more than
science as a process in which students learn such skills as observing, inferring,
experimenting etc. Inquiry is central to science learning, when engaged in inquiry,
students describe objects and events, ask questions, construct explanations, test those

explanations against current scientific knowledge and communicate their ideals to others,



they identify their assumptions use critical and logical thinking and consider alternative
explanations (Thomas, 2002., Yeung, 2006). In this way students actively develop their
understanding of science, combining scientific knowledge with reasoning and thinking
skills. To achieve these goals as desired, it is highly required of teachers at all levels to
have high sense of self confidence for the enhancement of teaching and learning of
scientific concepts and principles that can lead to positive scientific and technological
development.

Biology is one of the core science subjects taught in Nigerian secondary schools.
It is the backbone of science as it is the study of life and therefore plays an essential role
in harnessing interaction between living things and its environment. Thompson (2006)
observed that no science subject forms a binding force among various science courses
like biochemistry, pharmacy, veterinary etc. as biology. It plays vital roles not only in
economy but even in contemporary society and essential for continuing one’s profession
or to understanding one’s personal affairs. Moreover, the increase in student enrollment in
the universities and the rapid development in science and scientific techniques have to be
taken into consideration. This situation is creating a greater impetus for teaching reform
in order to improve the quality of higher education. However, Ecology is one of the
branches of biology that deals with the study of interrelationship among plants, animals
and their non-living environment. According to Ige (2001), ecology provides knowledge
and understanding of the mechanism of change brought about by the interaction of the
living things and its effects on their external environment.

Biology gives students the opportunity to relate with some of the most important
ecological issues affecting the environment. These include the influence of human
activity in altering human ecological relationship and difficulties arising from the stress of

modern day life. In secondary school biology curriculum, it was observed that ecological



concepts play very important role in scientific advancement that affects the lives of
mankind. Despite its importance in the society, available statistics from the West African
Examination Council (WAEC 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016) on
senior secondary school students’ academic performance in biology revealed that
although biology had the highest enrolment relative to other science subjects, it recorded
very poor performance at senior School Certificate Examination (Anyanwu, Obochi and
Isa 2015).

According to Nwagbo andChukelu (2011), the poor performance as attributed to
ecological concept with evidence from Chief Examiners Report was traced to one of the
ecological questions asked in WAEC 2008. The students were asked to state five
important uses of water to organism in the rainforest. The Chief Examiners Report shows
that in stating uses of water to rainforest organisms, most students wrote on the uses of
water to man example “drinking, washing and cooking”, rather than maintaining body
temperature, essential for plant turgidity, necessary for photosynthesis etc. In 2007
WAEC question, students were asked to describe three ways each by which animals in
arid habitat are adapted to drought and high temperature. The examiner’s report shows
that students could not attempt the questions. Nwagbo and Chukelu (2011).

Also in 2013, students were asked to list and explain uses of five ecological
instruments/tools that can be used in population studies. The chief examiners report also
showed that the students could not respond to these questions satisfactorily.

The senior secondary school biology curriculum is designed to serve the needs
and interest of the students of different abilities. Consequently, upon the introduction of
the 6-3-3-4 system of education, the new curriculum recommended among others that
experimentation, demonstration, problem-solving and even field trip resting on practical

activities of the students should be used in the teaching of science subjects(FME, 2005 in



NPE, 2013). The expectation could be that a successful implementation of the curriculum
objective is based on the recommended teaching techniques. The learner would be
equipped with adequate knowledge, positive attitude and science process skills that would
enhance his performance, sustain his interest and also serve as springboard for the
nation’s scientific and technological breakthrough. Contrary to these expectations, the
level of performance among secondary school biology students has not been encouraging.
However, review of literature reveals low performance of students at S.S.C.E levels of
education in science subject and biology in particular. (Nwosu,2004., Moore,2006 and
Uza, 2014).

The teaching of biology starts from nursery through primary, secondary and
tertiary institutions and thus form the basis for courses such as biochemistry, medicine,
botany, zoology, microbiology and even pharmacy.The objectives of biology education
curriculum as provided in the National Policy of Education (NPE, 2013) include the
following:

Adequate laboratory and field skills in biology; inculcate in the learners meaningful
relevant knowledge in biology and functional scientific attitudes.

However, in spite of these objectives and numerous efforts aimed at improving students’
performance in biology, the subject has continued to witness low rate of academic
performance especially in ecology questions. This poor performance has been attributed
to the methods the teachers use in teaching the subject. Researchers like Moore, (2006),
Uza, (2014) stated that lecture method is the most commonly used method by science
teachers.

Lecture method is a method of teaching which involvesverbal presentation where the
teacher delivers the lesson to the students with little or no active participation by the

students. It is a teacher centered approach involving largely a one-way form of



communication from the teacher to the students.For this reason, it is termed didactic
approach because most of the talking is carried out by the teacher while the students
remain passive listeners, taking down notes. Lecture method encourages rote learning and
regurgitation of information without aiding assimilation of the information. The persistent
poor performance of students in biology, specifically in ecological concepts at SSCE
leaves one in doubt on effectiveness of the teaching methods popularly used by the
biology teachers for teaching the subject. However, from a didactical point of view,
suitable learning materials are necessary to convert the complexity of natural systems into
linear conceptions, (Thomas, 2002., Adeyemo, 2005). Hence the teaching of ecology is
facedwith the dilemma of either using simplified or more complex materials. Therefore,
teaching certain ecology concept requires basic knowledge about the species involved and
their natural environment. Samara, Giouvanakis, Bousiou and Tarabansi (2006)and
Adeniyi, (2009) suggested that the biology teacher is expected to use different techniques,
approaches and methods to facilitate learning in the classroom and outdoor. Bichi,(2008)
opined that when learning is augmented by method such as experimentation via practical
experience, demonstrations and visual presentation, teaching becomes more appropriate
and meaningful learning takes place.

Laboratory teaching strategy: Recently, advances in ecology, biochemistry,
microbiology and molecular biology have made biology a central focus in most human
activities including problem of water, pollution, health hazard, ecosystem management
and conservation of natural flora and fauna. Laboratory method has been advocated as
part of science curriculum reform by educators and the rationale, the emphasis was that
students would be more interested in science especially biology if they are involved

actively in “learning by doing” (Ajaja,2013).



Laboratory teaching strategy is a strategy that allows the learner to perform experiments
in the laboratory. According to Adeyemo (2005) “it is an activity-based method designed
to be carried out by an individual student or a group of students for the purpose of making
personal observations from experiments in which students or learners candraw conclusion
by themselves”. This strategy has the advantages of reinforcing theoretical learning,
improving cognitivism,promotingself-reliant and process skills ability, developing in the
student’s scientific knowledge and attitudes and developing in them manipulative skills
(psychomotor).Volkmann and Abel (2003) and Abdullahi (2013) observed that the
intrinsic value of a strategy including the capacity to add meaning and values to what is
learned, make learning more interesting and simple, discourage rote learning and enable
the individual to achieve a good level of freedom that is necessary to enhance the
performance of rudimentary levels of knowledge acquisition.According to Gungor,
(2014) Gungor and Morgil (2015), laboratory strategy also serves as a functional key to
greater educational development. Indeed, a laboratory strategy is considered to be
effective if it enhances the learner’s capabilities for self-study and stimulate his interest in
learning. The laboratory should help the students develop a broad array and experience on
basic skills and tools of experimental and data analysis in biology. A growing body of
research in biology education indicates that majority of students have difficulty in
learning basic biology concepts in courses built around conventional teaching methods,
text book problems and verification of experiments. Effective learning may also be
assisted by close interaction of students with their peers in the process.

A laboratory can be an excellent environment for active learning. Thus, Morgil,
Gungor and Secken (2009), stated that in a well-designed laboratory, students interact
closely with teachers and peers, so that learning can be enhanced, monitored and assessed

effectively. Also when students were given a well-designed laboratory exercise, they can



experiment and engage, both individually and collaboratively, in open-ended laboratories
and inquiry-based learning activities that apply theoretical concepts to relevant real life
problems. The aims of laboratory practices in biology education have been classified
under four categories namely: actualizing the conceptual learning, attaining technical
skills, attaining research skills and producing effective learning products. Furthermore,
laboratory experiments can help students to understand abstract concepts in biology.
Practical work is fun, interesting to the students, and as such they are motivated to
explore the material which related to the topics in the classroom. Practical work in the
laboratory encourages students to approach problems and solve it, find the facts and new
principles, develop ability to cooperate and develop critical thinking and positive attitude
towards the subject.

Problem Solving Strategy: If students are to successfully grapple with authentic,
complex biological problems as scientists and citizens, they need to practice solving such
problems during their Secondary years. Physics education researchers have investigated
students problem-solving ability for the past three decades. Although physics and biology
problems differ in structure and content, the instructional purposes align closely:
explaining patterns and processes in the natural world and making predictions about
physical and biological systems are the problems that biology students are typically asked
to solve with authentic, complex problems (Inceaka, Guven and Aydogdu, 2010). The
researchers described the development of research-validated physics curricula
emphasizing process skills in problem solving and showed that solving authentic,
complex biology problems requires many of the same skills that practicing physicists and
biologists use in representing problems, seeking relationships, making predictions, and
verifying or checking solutions. Thus acquiring these skills can help biology students

become competent problem solvers (Jenkin, 2013; Laird, 2014).



In a study by Bichi (2008),he observed that the prevalent use of lecture methods in
instruction may be another factor that impedes meaningful learning of biology concepts
as reflected in low achievement and high misconception of biology concepts. Thus, if
students are to acquire basic science skills, concepts and principles of biology, the need
for teachers to employ students’ activity based approach via problem solving and
laboratory method of teaching must be taken seriously. To ensure effective teaching of
science in our schools, Obeka (2010), Ameh and Dantani (2012) stressed the fact that
science is better taught by “doing” in order to promote and develop scientific and
manipulative skills, interest and attitude in the subject. This study thus employs the use of
laboratory and problem-solving strategies to see if academic performance and attitude of
SSII biology students in Zaria educational zone would improve.

Attitude is another factor that affects learning.According to Ahmed (2011),
attitude is the predisposition to react positively or negatively towards object, ideas,
institution or people. By predisposition it means the state of readiness to respond in some
preferential manner towards a specific object, event or idea. Chen and Howard (2010)
defined attitude as relatively endeavoring tendency to respond to somebody or something
in such a way that reflects a positive or negative evaluation of that person or thing.Elijah,
Lynn and Jason (2015) stressed that the concept of attitude arises from attempts to
account for observed regularities in the behavior of individual persons. Thus, attitude can
be positive, favorable, neutral, negative or unfavorable, one’s inner experiences are
evidence of one’s own attitude. Therefore, if students experience some difficulties in
learning geometry, they will manifest unfavorable attitudes towards the subject.
Favorable and positive attitude of students towards geometry is facilitated by good and
suitable instructional approach. Hence it will yield high level of performance and

retention of the concept (Elijah, Lynn and Jason 2015). Justus (2005) observed that major



determining factors for attitude formation are the individual wants, information on group
affiliation and personality. He further asserted that the importance of attitude arises from
the fact that it has strong influence upon behavior and kinds of satisfaction and values the
individual chooses. Amedu (2015), believes that method of instruction influences attitude
of students towards learning in the classroom. Sambo (2008) argued that the
measurement of attitude is a complex matter and cannot be observed directly, but can be
inferred from the way individual student reacts to a particular stimulus or situation.
Sambo, (2008) also attempted to analyze attitude of students towards mathematics in his
study by using mean scores. He said, "if mean score lies between 0.00 and 1.5 Linkert, it
shows negative attitude, while if the mean scores lies between 1.50 and 5.0Linkert it
shows positive attitude’. His study revealed that students’ attitude towards mathematics
is believed to affect their performance either negatively or positively. He went further to
say that attitude determines readiness or reluctance of students to embrace any new idea.
It also facilitates or hinders students’ desire to learn or acquire new idea or techniques.
White (2009) and Balani (2010) reported that attitude is a critical factor in learning and
stated that attitude is the basis for motivation in learning.

Varied ability: In a normal science class, the entire population of the students have
varieties of learning abilities. Their abilities are referredto as varied abilities. It is well
known that every student has a different way of learning and progresses at different
speeds. Thus, while some students may find the learning task easy to complete, others
may find it difficult to understand. The weakness of candidates inbiologygenerally was
linked to the fact that candidates lack basic concepts and not able to link biological
concepts to real life situation(Lakpini, 2006, Lakpini and Atadoga 2012).Learning also
depends on what students have brought with them into class. Since each student comes

from a different family, a different environment and/or a different nation, the multi-



cultural population of the classroom may be an obstacle for the teachers in reaching the
students, which eventually results in ineffective learning. Moreover, although it is quite
difficult for the teacher to know about each student and to follow what each one does
during the lessons even in small classes, it is important for teachers to monitor each and
every student and to reach their needs in a variety of ways to achieve effective teaching.
According to Lakpini, (2006) varied ability can be determined in three levels (i) High
achievers, (ii) middle/average achievers and (iii) low achievers.

Gender is one of the factors interacting with performance, gender issues both on
the part of the teacher and the students have been documented to affect academic
performance and some other learning outcomes (Erinosho,2005, Obochi, 2016). The
finding of Mari (2002), confirmed that the initial gap between the male and female
students of different abilities was bridged in all the Schemata (conservation, control of
variables, proportional reasoning and probability reasoning) except in correlation
reasoning. Abdulraheem (2012), noted that gender inequalities are interwoven with social
class, ethnicity, sexuality, disability and other factors identified as influencing attainment.

Adebanjo (2014), linked gender and academic achievement with patterns of
behavior. He noted that there are signs of boys being vulnerable to becoming disaffected.
He stated further that boys tend to be less careful about rules and more indifferent to
being reprimanded. Thus, this study investigated the Impact of Laboratory and Problem-
solving Strategies on Attitude,Retention and Academic Performance in Biology among
varied ability Secondary School Students in Zaria Kaduna State.

1.1.1 Theoretical Framework

This study is hinged on the theory of constructivismwhich depends on

aphilosophy of learning founded on the premise that learners construct their own

understanding of the world and also a way of understanding how students learn.
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Constructivism is a learning theory based on the idea that the conceptions the learner
already holds have a considerable influence in the learning process (Lakpini,
2006).Lorsbach and Tobin in Okebukola (2004) defined constructivism as an
epistemology, a theoryof knowledge used to explain how we know what we know.
According to this theory, learning is the result of the constructive activities of the students
where students/learners are expected to form the concept of what he/she learnt. Students
who are confident of their abilities can make sense of things by themselves, rather than
waiting for a teacher, a book, or a set of data collected by someone else. The theory of
constructivism thus states that students actively construct their own understanding and
knowledge of the world, through experiencing things and reflecting on those
experiences.According to Bajah and Asim (2000), theconstructivist view is not new in
education, as far back as early nineteenth century, renown psychologists like Piaget,
Ausubel and Bruner (1961) stressed the importance of prior knowledge or preconception
in learning.

Laboratory teaching strategy is a strategy that allows students or learners or group
of students to perform experiments in the laboratory. According to Adeyemo (2005), “it is
an activity designed to be carried out by an individual student or group of students for the
purpose of making personal observations from experiments in which students or learners
can get conclusion by themselves”. Problem solving is a guide that motivates learners to
find solutions by pulling together information and generalizing knowledge. Problem —
based learning cannot be discussed without recourse to John Dewey’s philosophical
perspective on education. Obeka, (2010 and 2011) stressed the importance of learning
through experience, which is the basis of motivation in students. He also believes that
students learn best by doing, by discovery, by experimenting and by thinking through

problems which are at the root of problem-based learning. Nevertheless, the cognitive
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scientists like Robert Gagne, Schumann and pragmatist like John Dewey can be said to
pioneer studies in problem- solving based learning (Fosnot, 1996).

Problem-solving according to Gagne, (1970) can be viewed as a process by which
the learner discovers the combination of previously learnt rules that can be applied to
achieve a solution for a novel situation, in form of hierarchy of knowledge which is also a
process that yields new learning. Teaching will therefore be more effective when it
supports those activities appropriate to achieving the curriculum objectives, encouraging
the students to adopt a deep approach to learning. Being a good teacher one requires
taking on new roles to ensure that students learn. For example, the teacher, as a
constructor, should understand the subject matter well and appreciate different ways to
teach it in order to accommodate students’ various ways of learning. The teacher, as an
inquirer, should depend heavily on assessment to find out what students have learned and
what they need to learn more about.

Problem-solving teaching/learning strategy encourages critical thinking,
acquisition of skills and problem solving skills along with content knowledge through the
use of real world situations or problems. This is an effective strategy in science teaching
because, in this case, learning is driven by the problem the learner is interested in solving,
and learning is active, integrated, cumulative, and connected. Students gain an
appreciation of how important questions about human experience are interrelated across
discipline lines and areas of interest within disciplines. These strategies are widely
applied to make the students realize that they are responsible for finding the information
necessary to solve problems. The teacher’s role is supportive, not directive. Teachers act
as facilitators and provide resources, guidance and instruction to students as they develop
content knowledge and problem-solving skills, and give frequent feedback to students

about their perceptions of the problem being studied. Problem based learning may take
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various forms, such as group discussion of cases or problems and/or projects designed
and developed by students. It is more important for the teacher to assess the students by
emphasizing the process of the learning experience and the quality of the integration of
knowledge reflected in the solution of the problem.

Bruner on the other hand introduced the concept of learning by discovery via
activity or experimenting and problem-solving strategies. The theory stresses cognitive
effectiveness and development. Bruner declares that “students should be encouraged to
use active techniques via experiments, real-world problem solving to create more
knowledge and then to reflect on what they are doing and how their understanding is
changing. According to Bruner, (1996) learning is an active process in which learners
construct new ideals or concepts based on their current and past knowledge. Thus the
learner selects and transforms information, constructs hypotheses and makes decisions,
relying on his cognitive structure to do so. Bruner (1961) further stressed that there are
two forms of discovery processes; viz:

o Assimilation

. Accommodation

According to him, assimilation occurs when the learner recognizes a new situation that is
familiar to one of the elements in the existing structure of knowledge (cognitive structure)
and he easily assimilates it.

Accommodation on the other hand occurs when a new situation or new knowledge
is incompatible to the existing structure of knowledge the learner first restructures and
reorganizes his cognitive frame work in order to be able to accommodate the new
knowledge. Abdullahi (2013) observed that the intrinsic value of a strategy including the
capacity to add meaning and values to what is learned, make learning more interesting

and simple, discourage rote learning and enable the individual to achieve a good level of
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freedom that is necessary to enhance the performance of rudimentary levels of knowledge
acquisition, and severs as a functional key to greater educational development. Indeed,
laboratory and problem-solving strategies are considered to be effective if it enhances the
learner’s capabilities for self-study and stimulate interest in learning. Thus it is on this
note that the researcher employs the use of laboratory and problem-solving strategies to
see if the retention,attitude and performance of SSII biology students of low ability would

improve.

1.2 Statement of the Problem

Many studies have shown that there is an alarming crisis in relation to students’
attitudeand academic performance in sciencesubjects and especially Biology (Adeniyi,
2009). Biology is one of the major core science subject taught in senior secondary
schoollevel. Thus, poor performance of students in the subject has been a major concern
to many stakeholders in education. Like any other science subject, the syllabus of this
activity based subject emphasis the use of activity-based method of instruction.
Unfortunately, as reported by researchers such as Lakpini (2006) and Lawal,
(2009)teachers shy away from activity-based teaching method and rely mostly on easy
goes lecture method which in most cases are often inadequate and inappropriate for
meaningful learning to take place. However, students continue to perform poorly in
science subject and biology in particular.

Other studies such as Okebukola, (2004) and Obeka, (2010) revealed that students
generally perform poorly in sciences due to lack of appropriate teaching methods. Hence
the question of how students’ academic performance in biology can be improved is still a
pedagogical problem. Moreover, laboratory and problem-solving teaching strategies have
been identified by Bichi, (2008), Ojediran, Oludipe and Ehindero (2014) as activity-

oriented methods which allow students in senior secondary school to have experience
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which are consistent with the goals of scientific literacy. When students are taught
biology theoretically, without the practical aspects done in the laboratory, meaningful
learning will not take place (Bichi, 2008 and Lawal, 2009). In the United Kingdom, the
publication of the Denton Report (Department of Education Science (DES) which
examined the flow of candidates in science and technology into higher education
documented a swing from science in the school-age population as a whole. The list of
countries experiencing declining in academic performance of students in science is on the
increase particularly among the developed countries (Blevins, 2009). One factor which
has contributed to low performance in science by students of varied ability levels is the
method adopted for teaching and learning science (Lawal, 2009., Obeka, 2010.,Lakpini
and Atadoga 2012). The views of students which contribute directly to low performance
in science are; (i) Science teaching is predominantly trans-missive, (ii) The content of
school science subject has an abstractness that makes it irrelevant, (iii) Learning science
is relatively difficult, for both successful and unsuccessful students.

Teachers at all academic levels are faced with the task of making learning
meaningful to students. For most teachers and educators, there is continual internal
struggle associated with making choices related to both content and method of teaching
the subjects (Chiappetta and Koballa 2002; Moor,2006; Anyanwu, Obochi and Isah
2015). It is on this note that the present study is aimed at investigating whether laboratory
and problem solving-strategies would have any effects on the academic performance,
retention and attitude in biology among secondary school students of varied ability levels.
The motivation to conduct this research is the dwindling poor performance of students in
biology examinations as confirmed by WAEC Reports of (2009, 2010, 2011,2012,2013,

2014, 2015 and 2016).
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Table 1.1:  Students’ Performance in SSCE Biology 2008-2014 Sessions in Zaria

Year  Total No of Students  No of Pass % passes  No of failure % Failure

2009 238 108 454 130 54.6
2010 140 65 46.4 75 53.6
2011 325 140 43.1 185 56.9
2012 270 120 44.4 150 55.6
2013 273 103 37.7 170 62.3
2014 258 98 38.0 160 62.0
2015 283 105 37.10 178 62.90
2016 305 111 36.39 194 63.61

Source:Ministry of Education, Zaria Educational Zone (2016)

Nwagbo and Chukelu (2011) opined that some concept of ecology which deals
with ecosystem, water cycle, nitrogen cycles, survivorship and food chain which are
major sub concepts in biology at ordinary level is perceived by students as abstract and
difficult to understand. Other problems facing the teaching /learning of biology in Nigeria
secondary schools have been identified as:

Improper exposure to laboratory activities,Poor science background at the junior
secondary,Lack of problem solving ability,students’ perception of biology as a difficult
subject, Lack of teaching facilities, and of equipped laboratories.Persistent use of lecture
or traditional method of teaching (Kalu and Ndokwo 2006).

Thus, the rational of this study is to investigate the Impact of laboratory and
problem- solving strategies on attitude, performance and retention in biology among

varied ability senior secondary school students in Zaria, Kaduna state Nigeria.

1.3  The Objectives of the Study
The objectives for this study are as follows, to:
1. examine the effects of laboratory and problem-solving teaching strategies

onacademic performance in ecology among students of varied abilities.
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investigate if there is any difference in the attitude of studentsof varied abilities
whentaught ecology using laboratoryteaching strategy and lecture methods.
determine the effects of laboratory and problem-solving teaching strategies on
retention of varied abilitystudents in ecology.

examinethe effects of laboratory teaching strategies on academic performance of
male and female studentsand that taught using lecture method.

examine the effects of problem-solving teaching strategy on academic
performance of male and female students in ecology and those taught using

lecture methods

Research Questions

The study investigated the following research questions:

Are theredifferences in the mean scores of students in the high, middle and low
ability levelstaught ecology using laboratory,problem-solving teaching strategies
and their counterparts taught using lecture method?

Are there differences in the attitude of students in the high, middle and low
abilitylevels taught ecology using laboratory and those taught same concept
usingproblem-solving teaching strategies?

Are theredifferences in the mean retention scores of high, middle and low ability
students taught ecology usinglaboratory and problem solving teaching strategies
and their counterparts taught using lecture method?

What are the differencesin the mean academic performance of male and female
students taught ecology using laboratory teaching strategy and those taught with

lecture method?
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1.5

Hoq:

Ho,:

Hos:

H04:

What are the differencesin the mean academic performance scores of male and
female students taught ecology using problem-solving teaching strategy and those

taught with lecture method?

Null Hypotheses

The study has the following null hypotheses.

There is no significant difference in the mean academic performance scores of
High, middle and low ability biology students taught ecologyusing laboratory and
problem-solving strategies andthose taught using lecture methods.

There is no significant difference in the mean attitude scores of high, middle and
low ability biology students taughtecology using laboratory and problem-solving
teaching strategies and those taught using lecture methods.

There is no significant difference in themean retention scores of high, middle and
low ability students taught ecology using laboratory and problem solving
strategies and those taught using lecture methods.

There is no significant difference between the mean academic performance scores
ofmale and female students taught ecology concept using laboratory teaching

strategy and those taught using lecture methods.

HOs:There is no significant difference inthe mean academic performance scores of male

1.6

and female students taught ecology using problem-solving teaching strategy and

those taught using lecture methods.

Significance of the Study

This study investigates the impact of laboratory and problem-solving strategies on

attitude, retention and academic performance, of secondary school biology students with

varied abilitieswhich lies on practical value and its contributions to the pedagogical body

of knowledge was carried out to find out if the performance of the three ability level
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students particularly that of low ability students would be improved. The
findingswouldhopefully benefit the following groups of people:

Biology Teachers, Students/learners, Tertiary Institutions, Curriculum developers,
Professional Bodies and Researchers, Educational Counselors and
Psychologists.Publishers and School administrators in the following ways:

Biology Teachers: It is hoped that the findings of this study would sensitize biology
teachers to address issues on student’s inability to comprehend ecology concepts.
Consequently,such teachers areexpected to acquire and apply the knowledge of
instructional strategy for dealing with the problem. The result would also hopefully
benefit biology teachers in the area of creating awareness on the need to conduct
laboratory practical and apply problem-solving teaching strategy which would motivate
and arouse the interest of students to participate in the class. The strategies would also
hopefully enhance attitude and academic performance of students in biology and thus
reduce the stress teachers face when students turn into passive listeners. Such change
orientations are expected to help students to relate concepts to real life situations as they
affect personal and societal needs.

Students/Learners: It is also hoped that the result of this research would develop in the
learners’positive attitude and manipulative skills which will help them to acquire science
process skills e.g. observation, measuring, inferring, interpreting results, hypotheses,
collecting data, analyzing the data, reporting biology phenomena and relating it to their
day to day activities.

Tertiary Institutions:institutionsof higher learning where biology teachers are trained
would make use of these instructional strategies so as to equip them to produce more

effective teachers who would in turn help students reconstruct knowledge on their own.
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Curriculum Developersand Authors who develop curricula and recommend
effectivemethods of instruction, may also in-corporate the use of these strategies in
biology curriculum to clarify and enhance students understanding and performance of
ecology terms and concepts.Text book publishers may find the study useful to design
activities that involve the use of these strategies to enhance meaningful learning in
biology.

Professional Bodies and Researchers: The study would be useful to professionals
bodies,researchers and associations concerned with outcomes of research especially those
interested in instructional innovations such as Science Teachers Association ofNigerian
(STAN), Nigerian Educational Research and Development Council (NERDC) and other
educational agencies that carry out seminars, conferences, workshops and research
activities might find the results of this study useful and incorporate them into their
instructional package. The result of this study may also serve as literature review and

reference in related field for other researchers.

Education Counselors and Psychologists: Academic performance among students has
been the concern of Nigerian educational endeavor, as such a study involving student’s
performance would be of paramount interest to instructors, students, parents, education
agencies, and other stakeholders in education.

Studies on attitude of students to science subjects and concepts are important to teachers,
guidance and counselorsand other psychologists who help students decide their future
careers’ hence the relevance of this study to such category of people. Varied abilities and
retention of students in science subjects has been a topical issue and henceof vital
important to educational psychology, relevant to classroom practice and teaching

strategies. Thus, study that might change the mindset of students about a particular
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subject and throws more light in the right direction would be potentially useful to

education.

1.7 Scope of the Study

This research work was undertaken to determine the impact of using laboratory
and problem solving teaching strategieson attitude, retentionand performance of
secondary school biology students with varied abilities. The students used for this study
were SSII studentswith varied abilities drawnfrom three co-educational schoolsin Zaria
Educational Zone of Kaduna State.
Zaria educational zone has schools from Zaria, Sabon-Gari and Soba local government
areas under its jurisdiction. Subjects for experimental group one and two were drawn
from Government Secondary schools Tudun Jukun in Tudun Wada and GSS Aminu in
Sabon- Gari respectively, while subjects for control group were drawn from GSS
Magajiain Zaria city since they were found to be equivalent based on pretest scores. The
study was limited toecological concepts under SSII syllabusfor students of Zaria
Educational Zone of Kaduna State, this is due to time constrains and vast size of Kaduna
State. It is delimited to Government owned/Public Secondary Schools to ensure same
conditions with regards to funding, curriculum and teaching quality. In carrying out the

study, the following sub-topics are the topic to be treated in SSII at the time of this study.

J Ecological succession.

. Population size/estimate

o Food shortage

. Overcrowding

o Population studies and Balance in Nature
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Laboratory and Problem solving teaching strategies were used to teach the topics to SSII

students. The exercise lasted for six (6) weeks.

1.8 Basic Assumptions
The followings are the basic assumptions for the study.

1. The schools sampled are typical secondary schools in the zone with same
facilities, staffing and same academic Calendar.

2. The topics for the study are topics treated at SSII, for the term and are appropriate

for the level of students.
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CHAPTER TWO
REVIEW OF RELATED LITERATURE

2.1 Introduction

This study investigated impact of two teaching strategies on attitude, retention and
academic performance in ecology concepts among varied ability secondary school
students in Zaria metropolis. In Chapter One, the research problems, the objectives of the
study and the corresponding null hypotheses were briefly discussed. The focus of this
chapter is to review the literature relevant to the study. The chapter is organized and

presented under the following sub-headings:

o Historical Development of Science Education in Nigeria.
. Biology as a Science Subject.

o Instructional Strategies for Science Teaching.

. Lecture or Traditional Method of Science Teaching.

o Laboratory Teaching Strategy.

o Problem Solving Teaching Strategy.

. Students’ Attitude and Academic Performance in Biology.
o Varied Ability and Academic Performance in Biology

. Retention of Learned Concepts in Biology.

o Gender and Academic Performance in Biology.

. Factors that Affect the Teaching of Biology.

. An overview of Similar Studies.

o Implications of Literature Reviewed on the Present Study.



2.2 Historical Development of Science in Nigeria

According to Uza (2014), science is the intellectual and practical activity which
encompasses the physical and natural world through observation andexperiment.Science
(from Latin Scientia meaning knowledge) is a systematic enterprise that builds and
organize knowledge in the form of testable explanations and Knowledge that can be
rationally explained and reliably applied to everyday life. (Thompson, 2006).

Science education, is the field concerned with sharing science contest and process
with individuals not traditionally considered part of the scientific community (Borich,
2004). The field of science education includes work in science content, science process
(scientific Skills) some social science and some teaching pedagogy. The public image of
science education may be one of the simple learning facts by rote science education.

According to Walker (2012) biology deals with many varieties of living
organisms, it is a type of science concerned with the study of all living organisms
including their structures, function, growth, origin of evolution, distribution and
taxonomy. He defined biology as the large branch of science which focuses on the study
of life. Sub-disciplines of biology are recognized on the basis of the scale at which
organisms are studied and methods used to study them.

Other aspects of biology are:

Biochemistry which examines the rudimentary chemistry of life.

Microbiology studies the microorganisms and their function.

Molecular biology studies the complex interactions of systems of biological molecules,
Cellular biology examines the basic building block of all life i.e. (the cell) and

Ecology examines, how various organisms interact and associate with one another and

with their environment.
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AworantiandAbimbola (2004) in their study revealed that the negative attitudes
which students held about biology, affect their performance in topic such as genetic,
evolution and other biology concept. However, the work of Bichi(2010) revealed that a
high achievement of biology concepts could be acquired through meaningful teaching and
appropriate strategy. However, it is established from the studies that experimental work
could have a strong motivating effect on the students because what is seen, touched and
felt usually facilitates effective learning and retention (Bichi, 2010).

Krebs (1999) further defined biology experiment as a test of a hypothesis that
suggests an explanation for a biological pattern or process. He accepted the distinction
between measurable experiments, which involve collecting qualitative data on ecological
units without applying an experimental treatment, and manipulative experiments, which
involve assigning treatments and control to experimental units. Many ecologists however
believe that experimental approach in ecology is essential not only for the advancement
of theoretical and applied ecology, but also to produce credible, reliable and scientific
data that will withstand legal scrutiny and guide management of contentious
environmental issues (Krebs,1999).

Ecology focuses on the structures and functions of the entire suite of microbes,
plants and animals and their abiotic environment, thus this branch of biology also focuses
on the energy and nutrient flow of an ecosystem. Most educators agree that scientific
literacy is best achieved by learning science through laboratoryand problem solving
approaches. In these approaches, students acquired knowledge through procedures similar
to those employed by scientists. This can be achieved by performing experiments which
provide evidence to support or reject hypotheses regarding particular theory or theories
(Cooper, 2004). The laboratory approach develops scientific literacy through its emphasis

on learning systematic ways of evaluating scientific questions and by allowing students to
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learn biological concepts through their own experimental experience. Analytically,
literacy is measured by the degree to which students utilize the skills and scientific
knowledge obtained through problem solving- based learning to evaluate practical
application of science in daily life activities.

Ajaja,(2013) suggests that ecological experimentation should be widespread in
secondary school biology curricula. Researchers argued that a good deal of valuable
school laboratory work in biology is based on observation and description and that any
difficulties students have in distinguishing between description and causal explanation
may be less serious in biology than in the physical sciences. Thus, this line of reasoning,
if widespread, among biological sciences, may widely be viewed as a science in which
the experimentation has little place. However, it is the researcher’s suggestion that the
lack of laboratory work in secondary school ecology curricula is alarming for two
reasons. Firstly, failure to use biology laboratory activities in secondary school curricula
units which is the possibility for problem solving learning approach. Secondly such an
omission may not be reflective of the practice of ecology as a science. Biology laboratory
activities and experiments can be used frequently and successfully by biologists to answer
both theoretical and applied questions (Ingrid, Scott and Lori 2016). Thus without the
integration of biological laboratory works into secondary education, students will have
limited exposure to how biologists actually practice their craft and may learn to perceive
biology as an essential and non-experimental science with little practical and
applicability. Such review would help explain why biology students often fail to grasp the
connection between environmental issue and the science of ecology in biology. Ingrid,
Scott and Lori (2016).

Advances in biochemistry, ecology, genetics, molecular biology and physiology

have made biology a central focus in most human activities including problems on foods,
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water, environmental pollution, health, ecosystem management and conservation (Evans
and Vosniadu 2008). Biological literacy and problem solving skills are therefore relevant
in view of the above global issues. However, to overcome such problems a disciplinary
and interdisciplinary approach that focuses on the learner’s activities and practical is
required. Thus the biology teacher(s) are expected to select and use appropriate teaching
strategies that would enhance student’ performance during lesson presentation (Jegede

and Inyang 1990., Taylor, 2009).

2.3  Biology as a Science Subject

The term biology is coined from two Greek words- Bios meaning (life) and Logos
meaning (study), biology can simply mean the study of life. Thus biology is the study of
plant and animal as living things. Basically the two main branches of biology are Botany
which is the study of plants and Zoology the study of animals (Taylor,1963)
The science of biology studies interaction between individual organism and their
environments including interactions with both nonspecific and members of their species.
Biology emerged in the 19™ century much of its theoretical structure emerged in the
twentieth century. Though biology includes a wide variety of sub-fields of ecology such
as Medicine, Pharmacy which have so far been restricted to population community and
biology. The term “ecology” was coined by the German zoologist Ernest Haeckes in 1866
to describe the economies of living forms. According to Taylor (2009) the theoretical
practice of ecology consists of the construction of models of the interaction of living
systems with their environment. These models are then tested in the laboratory and field.
The field —work in biology consists of data collection that need not be inspired by any
theory. Theory in ecology consists of the heuristics or principles used to construct
models. Unlike evolutionary theory, ecology has no generally accepted global principles

such as Mendel’s and other rules of genetic inheritance. However, contemporary ecology
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consists of some sub-disciplines including- population ecology, community ecology,
conservation ecology, ecosystem (Shukla and Chandel, 2009).

Population biology focuses on the abundance and distribution of individual
species and the factors that cause such distribution. Community biology deals with the
members of species found at a given location and their interactions.

Biology is described as a science of life and plays a very vital role in the life of every
human being, it is very vast with many divisions. The benefits of biology to mankind
cannot be over emphasized. The knowledge explosion all over the world through the
internet and worldwide web, inbiology literacy has also expanded. Advances in fields of
science such as biochemistry, microbiology, ecology, genetics, molecular biology and
physiology have made biology a central focus in most human activitiesincluding
problems on foods, water, environmental pollution, health management, ecosystem and
conservation (Rosenzweig, 2005., Shukla and Chandel 2009). Apart from the inter-
relatedness that exists among these branches, biology is closely related with other science
subjects like agricultural science, geography, mathematics and physics. This implies that
biology finds application in many specialized areas like medicine, pharmacy, food
production and processing industries, biotechnology, genetic engineering, agriculture and
horticulture, environmental protection (Osuafor and Okigbo 2013). Considering biology’s
many branches and vast applications in every field of human endeavor as mentioned
above, its importance in a nation’s economic development cannot be underestimated.
Biological literacy and problem solving skills are therefore relevant in view of the above
global issues. However, to overcome such problems a disciplinary and inter disciplinary
approach that focus on the learners’ activity skill is required. Thus the biology teacher(s)
are expected to select and use appropriate teaching strategies during lesson presentation

(Taylor, 2009)
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2.4 Instructional Strategies for Science Teaching at the Secondary School Level

There is a general argument that learning of science is more effective if the learner
is directly involved in seeing and manipulating activities. Most practical work in biology
is therefore regarded as psychomotor which involve manipulative skills and accuracy of
data collection. In science education, teachers and their behavior in the classrooms are
very important, Jakayinsa (2005) stated that “more than anything else, teaching methods
affect the response of students and determine whether they are interested, motivated,
assimilate and involved in the lessons in such a way as to engage on a meaningful
learning”. His statement further emphasizes the key role of the teacher in the teaching-
learning process and indicates possible roles of the teachers’ “instructional strategies”
may play as a measure of teaching effectiveness (Bichi, 2008).

According to Obeka (2011),Karacop and Doymus (2013) effective and
meaningful science teaching involves several activities both in the class and outside the
classroom environment. Such activities include projecting demonstration, individualized
learning, practical work, group discussion, visiting museums, zoo, botanical garden
excursions, building models and other verbal and non-verbal activities. Thus in a
classroom, there is no particular best method of teaching a subject.

However, poor teaching method was observed by Kasuko, (1995), Jakayinsa, (2005) and
Abudllahi (2013) as one of the causes of students’ dismal performance in biology. Soyibo
(2001) stated that the use of didactic method of teaching, which is teacher-centered, is the
common mode classroom instruction in biology and except there is re-orientation and the
use of method(s) that will involve students’ active participation, the present trend of poor
performance in biology may continue. Our modern society is faster paced, globally
networked, technologically oriented and requires workers who can solve problems and

think critically. The Americans believed that poor performance in science, mathematics
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and technology will certainly hamper their leading rule in the global village. ADEA
(2004) emphasizes that better learning achievements of students is ultimately determined
in the classroom by motivated teachers who have the skills and resources to respond
effectively to students’ learning needs.

Atadoga and Onaolapo (2008) pointed out that teaching methods and techniques
have to be varied and mixed with real life situations. However, there are general rules
which facilitate the selection of appropriate and adequate approaches of teaching or
developing a science skill to students. These rules may equally apply to other non-
science subjects hence they have been found to have instructional value for teaching and
learning processes. Atadoga and Onalapo (2008) also stated that, in selecting methods,
approach or strategy for science teaching, the teacher will have to consider the following:
o The pupils age.

. Previous knowledge as it relates to new topic.

J Topic to be taught.

. Behavioral objective (expected outcome).
o Time/period for the lesson.
. Size and available resources at the teacher’s disposal.

They stated that, science teachers should not be dogmatic in their daily choices of
teaching methods. Thus, the teachers should interchange or implore more than one
method as many times as the need arises. The frequency with which the teacher changes
his/her method (s) of teaching will depend on the concept, skill or attitude to be
developed in the learner. However, variety of constructivist approaches to teaching
science abound, such approaches include the strategies of concept mapping (Danmole and

Adeoye, 2004), problem-solving (Akubuilo, 2004), computer based teaching (Child,
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2009), conceptual Displays, simulations, games and role playing, role modeling, use of
aids and resources (CAI and Integrated Video Media) (Alebiosu and Ifamuyiwa 2003).

Therefore, biology practical may be more desirable for the understanding,
reinforcement and retention of basic theoretical facts than imaginative memory. Various
studies also showed that students learn more from science lesson by doing rather than by
mere observation (lbe, 2013). The need to learn biology through an activity-oriented
method has therefore been suggested locally and internationally. Although it is a slow and
expensive method, it is more preferable. Biology techniques section of the practical
biology is also an area where many skills such as manipulative knowledge and
representation can be acquired.
2.4.1 Laboratory Teaching Strategy

The use of Laboratory strategy in science teaching originated from the ideas of
early scientists. The 17" century is very significant in this respect; this century was
characterized as the century of “The scientific Revolution”. This is so because, it was in
the 17th century that the experimental and laboratory method became widely employed
tools of scientific investigation. Taylor (2009) claimed that “the idea of laboratory work
in science begins to have influence in the society when scientists started basing their work
on deliberately contrived experiments. According to him, Galileo Galilei (1564-1643)
was the first to employ the modern scientific method in the fullness, in physics and
astronomy. Galen’s writing on physiology contained examples of laboratory
investigation, thus, current trends in curricula of various countries are endorsed to engage
students in biology/science to use activity based and problem-solving approachin
teaching/learning Taylor, (2009). This approach supports students’ natural interest in
science; students are encouraged and engaged to make their own questions or “problems”,

test hypotheses, gather and present information from various sources. In the contrast,
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traditional learning involves memorization of facts, which often results in students’
negative attitudes towards science and biology in particular; (Ingrid, Scott, and Lori
2016). The instructional aids governed by visual sense, hands-on-mind-on, among other
ones include: books, pictures, maps, charts, films, models and practical demonstration.
When properly used such visual aids result in more effective and meaningful learning
than mere lecturing, (Ingrid, Scott, and Lori2016). Obeka (2010) further stressed the
importance of activity in learning. His believe is sub-stressed by a Chinese adage which
says ‘I hear and forget’, I see and remember, I do I understand. In another study, Usman
(2000) in his evaluation of biology teaching in secondary schools in Zaria, reported that
the teaching and learning of biology has not been given considerable attention at the local
level, hence there is inadequate use of local materials in science teaching. He stressed
further that our local environment is very resourceful in materials for the teaching and
learning of biology.

Ojediran, Oludipe and Ehindero (2014) investigated the impact of laboratory-
based instructional intervention on the learning outcomes of low performing senior
secondary students in Physics. The study adopted the pre-test and post-test control group
quasi-experimental design. The results of the study indicated that there was significant
difference in the achievement in Physics of low performing students exposed to
laboratory-based instructional intervention (LBII) and those exposed to conventional
teaching method (CTM). The study concludes that the use of laboratory based
instructional intervention method of teaching should be embraced as a good asset to
Physics Students and teachers in the senior secondary schools. Maikano (2007) also
investigated the effects of Outdoor and Indoor laboratory experience on secondary school

students’ academic achievement and retention in ecology.
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The traditional ideology of science teaching and learning has taken a dominant
role. It represents the main approach to teaching in most curricula in the university,
although some advanced skills and techniques in teaching, such as video, slides and
multimedia are used now. Moreover, the increase in student numbers in universities and
the rapid developments in science and scientific techniques have to be taken into account.
This situation is creating a greater impetus for teaching reform to improve the quality of
higher education. It is therefore necessary to introduce new strategies to modify
traditional teaching and learning. The aim of this study therefore, is to determine the
efficacy and impact of using Laboratory and problem solving strategies on attitude
retention and academic performance in biology among Senior Secondary School Students
of varied ability levels in Zaria educational zone Kaduna State. A Flowchart designed by

the researcher to guide the teaching as shown below.
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Teacher introduces the topics and gives definition of some
Ecology concept and terms

l

Teacher displays the Instructional Materials

l

Teacher describes the laboratory work

l

Teacher groups the students and engage them in practices to
identify and list ecological disturbance in an environment

l

Instruct and allow students to compile their results and discuss

l

Teacher makes final comment, and points out issues ignored
by students

|

Plenary session group report and discussion

Figure 2.1:  Flowchart for Laboratory Strategy
Source;Adopted from Bruner (1961)

2.4.2 Problem Solving Teaching Strategy

The fast changes in science and technology in recent times have affected education
systems. Students of today need to be able to adapt to a rapidly changing technological
world (Sasan, 2002). As a result of these fast changes, the education systems need to be
modified. The education systems can activate the students to learn ways to enrich
knowledge, to develop solutions for problems yet unknown and to enhance the skills of
decision-making (Inceaka, Giiven & Aydogdu, 2010). Science education reformers have
supported the idea that learners should be engaged in the excitement of science, they

should be helped to discover the value of evidence-based reasoning and higher-order
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cognitive skills and be taught to become innovative problem-solvers (Perkins & Wieman,
2008.,Temel and Morgil,2013). So, it is important for students to be prepared for the
future by facing real problems in their learning environment and producing appropriate
solutions to these problems (American Association for the Advancement of Science,1993,;
Walker & Lofton, 2003).

Accordingly, Walker and Loften (2003),also discovered that student using
problem solving approach through computers had more understanding and more positive
attitude towards biology and natural science than students who were educated by
traditional style. Teaching science in both primary and post primary schools using
problem solving approach aims at training students and develop their ability to solve
problems they encounter in everyday life. Science presented in the form of the problem
will provide motivation to students to learn science more deeply. Sanjaya (2007) and
Agdas (2013) suggested that problem solving approach can develop student’s ability to
think critically and develop their ability to adjust to new knowledge.

The use of Problem solving strategy in field of ecology increased sharply in the
second half of the twentieth century, growing from approximately 5% of field studies in
the 1960s to 10% in the 1970s and over 30% in 1987. Problem-solving is the ability to
identify and solve problems by applying appropriate skills systematically. Problem-
solving approach is a process of activity where we take what we know to discover what
we do not know. It involves overcoming obstacles by generating hypothesis, testing the
predictions and arriving at satisfactory solutions. Problem-solving approach involves
three basic functions, it is therefore evident that all organizations, national bodies and
even individuals emphasized on the need for effective science teaching in Nigerian

institutions and also the need for adequate supplies of materials and equipment needed to

36



undertake practical work that goes hand in hand with the science teaching, (lhejirika and
Onyenemezu 2012).

Adesoji (2008) investigated students’ ability levels and effectiveness of problem-
solving instructional strategy. He reported that there is disparity in the ability to perform
specific tasks. In his word, he stressed that all aspects of Physics could be said to be
problem-solving and students have varying ability when they are confronted
withproblems to solve. He also emphasized the view of Salami (2000)that problem-
solving in Physics depends on students’ cognitive ability level which differentiate
between the high performing and low performing students in Physics in Nigerian
secondary schools. Several studies within the Nigeria environment have, however, shown
that learners are qualitativelydifferent in their performance levels and in learning
problems (Adesoji 2008). However, performance of low performing students has been
found to be lowest while that of the high performing students was the highest (Adesoji,
2008). It has also been observed that problem-solving strategies were effective in
teaching students of different performance level (Salami,2000).

In Gagne’s point of view, problem-solving involves combining previously learned
rules into a new, never-before- used high-order rule (Gagne and Driscoll, 1988,
Adeyegbe, 1993). However, Gagne identified five categories of learning which are verbal
information, intellectual skills, cognitive strategies, motor skills and attitudes. He
suggested that different internal and external conditions are necessary for each type of
learning. It can therefore be seen that problem-solving is one of the prerequisite for the
overall development of a child in Gagne’s perspectives of education. The overall
development of a child is the inclusive function of education as in a balance curriculum

(Gagne, 1970., Baltimore, 2008, Swanson, 2008; Yeung, 2006).
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However, in general, these approaches and strategies of teaching are greatly
neglected by teachers and their short-time effects are thought to be questionable. Bichi
(2002) defines problem as that which arises when a living creature has a goal but does not
know how his goal is to be reached or achieved. Mayer and Wittrock (2006) and Temel
(2014) in their individual research described problem-solving as a cognitive processes
directed at achieving a goal when no solution method is obvious to the problem solver.
Kato and Kemii (2001) also defined problem-solving as application of knowledge and
procedure to a problem situation. Problem-solving approach was also described by Mayer
and Wittrock (2006) as the application of individually acquired set of skill to a situation
which determine completely the method of solution this skill could be inform of holistic
behavior as streamlined by Poyas 4 —stages model as follows

o Understanding the problem
. Formulating of Hypotheses
. Carrying out the plan
. Looking back
Problem solving should be a very real part of the curriculum, it presupposes that

students can take on some of the responsibility for their own learning and can take
personal action to solve problem, resolve conflicts, discuss alternatives and focus on
thinking as a vital element of the curriculum. It provides students with opportunities to
use their newly acquired knowledge in meaningful, real-life activities and assists them in
working at higher levels of thinking. Students can use drawings to help them work at a
problem from many different perspectives.

o Understanding the problem: It is important that students understand the nature of a

problem and its related goals
. Describe any barriers: students need to be aware of any barriers or constraints that

may be preventing them from achieving their goals.

38



o Identify various solutions: After the nature and parameters of a problem are
understood, students will need to select one or more appropriate strategies to help
resolve the problem. Students need to understand that no single strategy will work
for all problems.

. Create visual images: many problem solvers find it useful to create “mind
pictures” of a problem and its potential solutions prior to working on the problem.

o Guesstimate: Give students opportunities to engage in some trial and error
approaches to problem solving.

. Create a table: A table in an orderly arrangement of data. When students have
opportunity to design and create tables of information, they begin to understand
that they can group and organize most data relative to a problem.

o Use manipulative: By moving objects around on a table, students can develop
patterns and organize elements of a problem into recognizable and visually
satisfying components.

. Work backward: it’s frequently helpful for students to take the data presented at
the end of a problem and use a series of computations to arrive at the data
presented at the beginning of the problem.

. Evaluate the results: it is vitally important that students have multiple
opportunities to assess their own problem-solving skills and the solution they
generate from using those skills. Frequently, students are dependent upon teachers
to evaluate their performance in a classroom.

To this end the researcher having gone through quite a number of studies available
both in federal and state government schools including universities, libraries, have found
that not much work has been done particularly on the use of Laboratory and problem-

solving strategies in teaching ecology in biology subjects, more especially in Zaria
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educational zone. The following Problem-solving Flowchart guided the

experimental group 2.

teaching in

Teacher introduces the topics and gives definition of some
Ecology concept and terms

|

Teacher displays the Instructional Materials

]

Possess a problem for students

|

Group the students five per group

|

Instruct and assign the problem to students and distribute
activity Sheets

|

Allow students to sort out answers to the problems

|

Teacher made a general comment, discussion and conclusion

Figure 2.2:  Flowchart of problem-solving strategies

Source;

Adopted from Bruner (1961)

2.4.3 Lecture Method

Lecture method of teaching in its many forms is the most commonly used method

of transferring knowledge or impacting information to learners. However, eighty (80%)

of the scientific information or principles that pupils (learners) receive from their teachers

come through the lecture methods as it leads to an easy coverage of the school syllabus of

a large class size in a single period. Lecture method, as it is traditional of ideals, concepts,

generalization and facts, the objective of this method is to stuff the students with

information. The teacher does much of the activity in form of talking, while the learners
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are either passive or slightly involved. There are however, serious questions regarding
the effectiveness of the lecture approach.

Lawson (2001) pointed out that, although the lecture method is used extensively
in education, academic staff often are not trained in using this method in giving effective
lectures. Ameh and Dantani (2012) have pointed out that despite the thirty years’
existence of learning style theories, most teachers still dispense information using lecture
methods without regards to students learning abilities. The lecture method of teaching is
theoretical, extremely didactic and teacher-centered instead of being practical or student/
activity-based. Lectures are usually and generally described from the instructor’s point of
view, where the student’s need for interaction with the teacher is not addressed. Thus,
lack of interaction (teacher-student relationship) is considered as one of the major
limitations of the lecture method as described by (Maryland, 2012 and Yeung, 2006).
McCoy (2005) and Obeka (2010), in their individual research observe that lecturing is
frequently a one-way process unaccompanied by discussion, questioning or immediate
practice, which makes it poor teaching method, boring and does not inculcate meaningful
learning.

According to Abdulraheem (2012), the amount of material remembered by
students immediately after a lecture is comparatively low, ranging from a maximum of
39.6% to as little as 5% in most cases. He also reported that a number of studies aimed at
comparing lecture method with other teaching methods have been carried out and shown
that ‘lecture’ is not particularly effective in achieving a desired cognitive objective (i.e.
ability to apply such basic facts and principles, comprehending, analyzing, interpreting,
synthesize) or in achieving affective and psychomotor objectives. Arisi (2002) in a
related study on the effects of instructional methods and cognitive style on students’

academic achievement in Junior Secondary School Social Studies examined three
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methods, Advanced Organizer (ADO) Problem-Solving Inquiry (PSI) and Activity
Discussion method (ADM), in the studies found that all the three had positive significant
effects when compared to lecture method. Conventional lecture method is thus, a “one-
way traffic” type of classroom interaction in which the teacher talks and writes notes on
the board while the students listen and copy down notes. Students’ participations are
minimal and they are not given the opportunity to give a feedback to the teacher. This
method has been reported not supporting academic performance of low performing
students, Njoku (2002).

However, no specific method has been set aside for the teaching of biology.
Teaching methods such as inquiry, demonstration, guided discussion and use of audio-
visual materials have been recommended for the teaching of science in schools.
(Macdowell, 2012; Rogus 2005; Adedoyin 2007; New Secondary School Curriculum
2008). There is however the need to understand that different topics in science demand
different approaches to the teaching. Therefore, the teacher should be conversant with the
use of variety of teaching methods. Conventional Teaching Method is a “one-way traffic”
type of classroom interaction in which the teacher talks and writes notes on the board
while the students listen and copy down notes. Students’ participations are minimal and
they are not given the opportunity to give a feedback to the teacher. This method has been
reported not supporting academic achievement of low performing students.

In this present study therefore, Laboratory and problem-solving teaching strategies
were used to determine if the result would be similar or different with that of Baja and
Asim (2000) when compared the effects on students’ retention academic performance,
and attitude towards biology.

Several other methods of teaching have been employed by teachers in biology ranging

from:
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o Project method

o Demonstration method

o Individualized learning

. Discovery (Guided and unguided inquiry method)
o Discussion Method

o Investigative method and Field trip method

2.4.4 Factors that Affect the Teaching of Biology

The significant position of teaching biology in secondary schools and colleges in
our contemporary society cannot be overemphasized. Research has shown that biology
enjoys more patronage by students than the other science subjects such as physics,
chemistry etc. (Battle and Lewis 2002.,Thomas, 2002 and Anyanwu, 2012). It has been
reported however, that the failure rate in biology is highest compared to the other science
subjects. Anyanwu (2012) is of the view that poor results in biology might be due to
indiscriminate patronage by students, both the serious and unserious ones and also the
fact that the subject is prerequisite to professions such as Pharmacy, Medicine,
Agriculture, Biological Sciences, Micro-biology, etc. (Aganga, 2005) reported that there
IS no subject that is in greater need of constant re-evaluation than the science of biology.

The following sub-headings noted are some of the problems associated directly or
indirectly with the teaching and learning of biology:

o Lack of Improvised and instructional materials

Lack of qualified and experienced teachers.

o Lack of interest on the part of students.
o Inadequate laboratory equipment.

. Improper teaching methods.

o Lack of guidance and counseling.
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o Attitude of parents towards their children’s choice of careers.

Improvisation is the act of using alternative materials and resources to facilitate
instruction wherever there is lack or shortage of first hand teaching aids. Improvisation
according to Adamu (2003) is expected to help, though in varying degrees in the
following aspects of learning; The major setback in the teaching and learning of biology
is lack of instructional materials especially laboratory equipment. Essential textbooks are
also lacking in the libraries thereby making the job of teaching and learning of the subject
difficult. Learning science requires constant practice in the laboratory and reading within
and without. In a situation where this is not possible due to lack of relevant materials,
students are greatly disadvantaged. The inability of practical materials in particular often
compels the teacher to resort to lecture method of teaching negating (opposing) the
demonstration and student participation approach. (Kalu and Ndokwo, 2006) suggested
the use of locally made materials in place of foreign sophisticated ones. According to
them, this will go a long way to stimulating, motivating and developing students’ interest
in the teaching and learning of science especially biology.

Obeka, (2010) reported that instructional materials/teaching aids have profound
influence in teaching and learning. Notwithstanding, a vast number of teachers’
underscore this glaring fact. He concluded by saying that any teacher who is concerned
about his public’s/student’s development is bound to give thought to issues that will
enhance teaching and learning. To him teacher’s job largely consists of communication
experience to the child, which he does by sound and sight. Teaching aids such as tape
recorders encourage active intelligent participation of the child and facilitate learning and
listening skills.

The historical background of improvisation is dated back to 1946 after the Second

World War (UNDP, 2005). This idea arose as alternative source to conventional materials
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for instruction in schools as an aid to countries affected by the War. Any successful effort
in teaching and learning of biology must see improvisation as a necessary tool. In other
words, there must be appropriate use of instructional materials whether improvisation or
real ones in order to aid meaningful teaching and learning of the subject especially at the
secondary school level. Teaching biology demands practical lessons which help to give
the students first-hand experience as they learn by doing. Hence, improvisation of
materials, aids specially film, models and photographic survey research has peak in the
biological sciences, Ahmed (2011).

According to Volkmann and Abel (2003), to access the effectiveness of teaching
and learning using improvised materials, certain variables are taken into consideration
which includes: the teacher, the learner, and the learning environment. Thus, any
improvised instructional materials that fail to satisfy the intended use will create
confusion rather than understanding. Again, if stakeholders in the teaching and learning
i.e the teacher, the learner and the laboratory staff are given adequate orientation,
regarding the way forward in improvisation, greater achievements would be recorded in
the study of science of biology.

Kalu, (2005) stressed that a professionally qualified biology teacher is one who
has acquired the required skills and knowledge needed to teach the subject, such teachers
include the NCE, B.Sc.Ed, M.Ed, Bsc/PGDE. Akale (2000), found a significant
difference in the performance ofSS1 students taught by professionally trained teachers
and the unprofessional ones,in his study, he observed that the quality of teaching depends
on the training and qualification of the teacher. It is therefore not surprising that the
Federal Government of Nigeria established under decree 3 of 2013 the National Policy on
Education (NPE) had made recommendations on the full development of teacher

education and teacher training institute.

45



Chiappetta and Koballa (2002) and Alhassan (2006) observed that the colleges of
education are better suited than the university for the training of teachers particularly
those that will function at the pre-primary and post primary levels of education.
According to Yusuf and Balogun (2011), it is worthwhile to assess the performance of
students as schools are responding to NCE as the minimum qualification for teaching
especially in primary schools. This is so because low quality trained teachers will have
serious consequences on teaching including poor performance of students.

It is believed that no matter how good and efficient the aims and objectives of an
educational program may be the achievement of any program is mostly determined by the
teacher (Inyan and Mahmond 2004). Ajaja and Eravwoke (2012) observed that the
success of biology teaching depends to a large extent upon the quality, quantity and the
devotion of biology teachers at different levels of education. Inyan and Mahmond (2004)
and Macdowell (2012) in theirseparate works on survey of science teaching in Nigeria
stated that the present ineffective teaching of science is limited by the employment of
inexperienced and untrained caliber of teachers who do not remain in one school long
enough to provide the needed continuity on science program. In his opinion, the problems
facing the teaching of science is not just that of employing inexperienced and untrained
teachers; but also indiscriminate transfer of teachers from one school to another as well as
mass exodus of trained teachers from their profession to more attractive and rewarding
careers. He also reported that enough graduates abound in Nigeria but science educators
among them are scanty. Thus the few available ones are being overworked. In another
view Kalu and Ndokwo (2006), opined that the problems of biology teaching in Nigeria
should be addressed especially such areas as the syllabus, teaching methods, teaching aids
including relevant literature and evaluation methods. Lawal, (2011) attributed the high

failure rate in biology to a number of factors such as lack of qualified teachers, inadequate
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learning facilities, inappropriate use of teaching and learning methods, over populated
classes and over loaded curriculum.
Abdulazeez (2006) stated that the causes of poor performance in secondary school

students in biology include the following:

o Low quality teaching
. Poor staffing conditions
o Administration of incapable students.

Also Rogus (2005) and Yusuf (2010) reported that science teaching is still
suffering from numerous constraints such as lack of adequate teaching facilities, lack of
trained science teachers, inadequate funds to purchase and maintain infrastructural
facilities, overcrowded classrooms etc. Biology, like other sciences has been plagued by
the problem of poor performance in recent times. Along the line, Adedoyin (2007) asserts
that since the 1960s, Nigeria students’ performance in biology have remained consistently
poor, with biology having the highest enrolment and poorest results. Anyanwu (2012)
examined SS1 biology syllabus and found that students have difficulties in learning some
concepts. The findings of Maduabum (2004) and Alhassan (2006) showed that biology
teachers in secondary schools perceived a good number of topics in the SSCE level
biology syllabus difficult to teach. Olarewaju andBalogun (2005) and also Alhassan
(2006), identified genetics as one of the difficult aspects in secondary school biology. It is
documented that students have difficulties in learning ecology (Aiyedun, 2000; Poewell
and Trowbridge, 2008 Adeniyi, 2009; Balani, 2010).

Although many factors may account for student’s poor performance in biology,
one of such factors might be student’s difficulties in learning some concepts in secondary
school certificate biology. Majority of students who sought do study biology do so in the

assumption that it is relatively easier than other science subjects and perhaps the only
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science subject to select after running away from physics and chemistry (Adedoyin,
2007). However, such students are usually disappointed in the end, particularly when they
equally approach the study with least commitment as they do in the Arts subjects.In his
findings, Ali, (2008) reported that learning and understanding of biology and science in
general is likely to be more effective if learners are actively involved in first hand
manipulative experience during laboratory activities. They confirmed the belief of
developmental psychologists like Kennedy (2000), and Schuman (2008) that active
manipulation of concepts and objects is important in teenage students. The study
emphasized the central position of manipulation of concrete objects in science and this is
an important learning strategy.

Sharehu (2010) found out that shortage of finance to purchase necessary
laboratory equipment is one of the factors affecting the new National Policy on Education
(NPE) and some subjects, especially biology in secondary schools. For better teaching
and learning of biology, there must be a well-planned program, well equipped and
furnished laboratories for valid outcome. Thus, Bichi (2002) confirmed that the whole
work of science is centered on problem solving. A well planned laboratory work affords
convenient learning processes of careful observation, accurate calculations and logical
conclusion. This convenient learning can only be possible in the presence of the
operational materials. Ofeegbu, (2007) in his findings on availability of biology
equipment’s has this to say. “All the secondary schools studied did not have enough
equipment, visual aid or chemicals either by way of varieties or quantity.

Also, Akubuilo (2004) and Agwilo (2007) discovered that out of 75 essential
items prescribed by WAEC as part of laboratory facilities, the highest quality available in
any of the schools he studied was 24 which give 32% score. While some schools had no

apparatus at all. He therefore concluded that facilities in schools were inadequate on the
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80 essential chemicals recommended, it was found that 15 (18.78%) was the highest
quantity met in any school. And the question of inadequacy was found not to be limited to
only experimental manipulated items, the studies also showed that infrastructure were
inadequate in the laboratories (Marzano, 2011, Osuafor and Okigbo 2013). The issue of
non-availability of materials becomes more touching when it is recalled that student can
only be oriented to handle what is available without which effective instruction cannot
take place.

It can then be concluded from the statement that instructional aids and laboratory
facilities can affect the performance of students in science and biology subjects in
particular. Students need to develop objective and critical thinking towards science by
asking questions and using enquiry methods of solving problems through laboratory work
(Sanjaya 2007). This shows that the unavailability of good and well equipped laboratory
for effective teaching and learning of science, may lead to poor performance of students
in science particularly in biology. According to Otagburuagu (2012), laboratory facilities

are of paramount importance as far as biology teaching is concerned because they:

o Bring about meaningful, interesting and permanent learning experience;

. Provide means of extending experience by seeking to provide first-hand
information;

o Also provide the real facts of what is to be learnt especially when they are

effectively used during experimental and practical work.

. Odenbaugh (2005) and Otagburuagu (2012) in their individual reports on the
facilities for science teaching in Nigeria, said financial difficulties faced by
secondary school act as hindrance in the procurement of facilities and equipment

for teaching science especially biology.
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Uchenna (2013) observed that in schools today, many students perceive biology as
difficult because of lack of center illustrations and meaningful interaction with biology
materials and equipment, it has been observed that a concrete effort by the teacher to
present learning materials to the students and permitting them to manipulate things will
help to reduce failure rate in biology subject.

Family background is a collective terminology comprising of social class/status,
economic status, family size, family structure, parents’ educational level, occupation and
other factors pertaining to family life. Thus, the family has the potential to influence a
child’s academic achievement. This is because it is the first environment of the child, and
the initial experience that sharpen the child’s values, aspirations, emotions, interest and
attitudes are offered by the parents/family (Hofstein, Novon, Kipnsi, and VeNaaman
2005., Krashen, 2005., Henes, 2008). Similarly, Obasi (1999) observed that mere making
sure that the children are prepared for school in the morning is important for the
children’s successful achievement at school. The important of this, lies on the fact that it
awaken the consciousness of biology teacher to the fact that students come from different
family background and therefore have different upbringing.

2.5  Students’ Attitude and Academic Performance in Biology

The word ‘attitude’ has been variously defined by many authors. Ahmed (2011
defined attitude as the predisposition to react positively or negatively towards object,
ideas, institution or people. By predisposition it means the state of readiness to respond
in some preferential manner towards a specific object, event or idea. Thus, if students
hold positive attitudes towards a particular course or subject e.g. geometry, it is relatively
easy to lead them towards desirable objectives (high geometry achievement). Chen and

Howard (2010) defined attitude as relatively endeavoring tendency to respond to
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somebody or something in a way that reflects a positive or a negative evaluation of that
person or thing.

The term “attitude’ refers to a hypothetical construct, namely a predisposition to evaluate
some object in a favorable or unfavorable manner (Olarewaju and Balogun 2011). This
predisposition cannot be directly observed and is inferred from individual’s response to
the attitude or object, which can run from over behavior to covert responses. Moor,
(2006) posited that attitudes logically are hypothetical constructs (i.e. they are inferred,
but not objectively observable). They are manifested in conscious experience, verbal
reports, overt behavior, and physiological indicators. Elijah, Lynn and Jason (2015)
stressed that the concept of attitude arises from attempts to account for observed
regularities in the behavior of individual persons. Thus, attitude can be positive,
favorable, neutral, negative or unfavorable, one’s inner experiences are evidence of one’s
own attitude. Therefore, if students experience some difficulties in learning geometry,
they will manifest unfavorable attitudes towards the subject. Favorable and positive
attitude of students towards geometry is facilitated by good and suitable instructional
approach hence it will yield high level of performance and retention of the concept,
(Elijah, Lynn and Jason 2015). Bature, (2005) and Bilgin (2009) in their individual
studies observed that major determining factors for attitude formation are the individual
wants, information on group affiliation and personality. He further asserted that the
importance of attitude arises from the fact that it has strong influence upon behavior and
kinds of satisfaction and values the individual chooses. He believed that method of
instruction influences attitude of students towards learning in the classroom. Sambo
(2008) argued that the measurement of attitude is a complex matter and cannot be
observed directly, but can be inferred from the way individual student reacts to a

particular stimulus or situation.
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Arigbabu and Mji (2004) also attempted to analyze attitude of student towards
mathematics in their study by using mean scores. He said, "if mean score lies between
0.00 and 1.5, it shows negative attitude, while if the mean scores lies between 1.50 and
5.0, it shows positive attitude’. His study revealed that students’ attitude towards
mathematics is believed to affect their performance either negatively or positively. He
went further to say that attitude determines readiness or reluctance of students to embrace
any new idea. It also facilitates or hinders students’ desire to learn or acquire new idea or
techniques. Wikipedia 2014 defined attitude as a way of thinking a posture of the body
feeling informal self-confidence, self-esteem or hostile behavior of a person or individual.
White (2009) and Balani (2010) reported that attitude is a critical factor in learningand
stated that attitude is the basis for motivation in learning. Adegoke, (2011) argued that
learners bring the attitude they acquire from home to the classroom and it has the capacity
to facilitate or hinder learning. He then recommended that significant effort have to be
made to develop and evaluate attitude shaping techniques for the benefit of the students in
school. Much reference has been made to the teacher-related factor in attitude
performance relationship.

Mukhejee (2012) stressed that the teacher has a major role to play in shaping the
student’s attitudes towards their teaching. Kalu (2005) and Anyanwu (2012) in their
separate researches reported that the teacher’s attitude and performance affect their
students in science subjects. According to Alhassan (2006), research findings have
intended to suggest that both intellectual and non-intellectual variables contribute
significantly to the poor academic performance of students. Mukhejee (2012) observed
that lack of study habit of students, lack of commitment, high rate of truancy, lack of
contribution during lessons, inability to study, neglect of assignment, influence of peer

group and pleasure seeking attitude contribute considerably to students’ poor
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performance. Attempts to identify the underlying causes of this trend for the most part
involved quantitative analysis of student’s enrolment rationales and their attitude to
science (Alhassan, 2006 and Abdulrazak and Babikkoi 2012).

Students’ attitudes toward science can be improved through non-formal learning
which creates positive attitudes towards sciences, by encouraging learners to learn science
and maximizing opportunities in society for scientific applications and biology is not left
behind to this order (Salami, 2000., Adebanjo, 2014 and Ahmed 2011). Thus, biologist
and science researchers are concerned with the problem of how to improve the student’s
academic performance. In this study therefore laboratory and problem-solving strategies
were used to seewhether attitudes, retention and academic performance in biology
students of varied abilities would improve among Senior Secondary School in Zaria
Kaduna state.

Blair in Obeka (2009), has this to say,“to achieve is to accomplish or gain by
effort or to do something successfully with an effort and skill”. Alan, (2000), on the other
hand maintained that academic achievement concerns mental health care. According to
him, mental health has it basis, physical health, and intellectual skills which lead to
satisfactory means of adjustment, social sensitivity and adequate self-concept. That is to
say that academic performance of a child is based on the degree of intellectual simulation
that the child could receive from learning situation. Obeka, (2009) noted that teachers
play vital and crucial role in the development of performance motive of the learner by
providing a conducive environment for learning in and outside the class. He stated that in
a classroom environment where the standards are too low, boredom, poor morale,
idleness and noisy behavior leading to poor academic performance can set in. The
relationship between gender and the academic performance of students has been

discussed for decades. According to Eitle (2005), A gap between the achievement of boys
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and girls has been found, with girls showing better performance than boys in certain
instances (Chambers and Schreiber, 2004). Gender, ethnicity and father’s occupation may
be major contributors to student’s academic performance (Mccoy, 2005).
2.6 Varied ability and Academic Performance in Biology

Varied ability level is the level at which individual students can comprehend and
be able to recall and remember learnt concept according to his or her cognitive (Lakpini
and Atadoga 2012). Performance of every individual is not equal, there is a lot of
variability and disparity. There are three levels of ability ie high, middle/average and low
ability. A retention interval on the other hand is the time limit between a test of original
learning and that of a retention test, thus knowledge retention is defined as the proportion
of knowledge retained by an individual after a specific retention interval.
Lakpini, (2006) categorized the ability level of students as follows:
Top 25%  =High ability
Middle 50% =average ability
Bottom 25 % = low ability.
In a search for the solution to underachievement, different ability levels of students have
been identified as another major factor affecting the performance of students in biology.
Alant, (2004)studied students’ intellectual ability and discovered that students of varied
ability levels performed differently depending on the type of method of instruction.
Adesoji, (2008) opined that students are not the same especially when we consider the
rate at which facts and principles in science are being assimilated. This implies that the
rate at an individual performs his task differs. The ability level of students is a construct
of its academic achievement. Salami (2000) discovered that students’ performance
depends on its cognitive ability. Studies have shown that learners are qualitatively

different in their ability levels and in learning problems. Adesoji, (2002) ascertained that
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method of instruction can improve the academic performance of students of low ability

level. He also stated that problem-solving strategy were effective in teaching students of

different ability levels. Okebukola, (1992) confirmed that the use of appropriate

instructional strategies can influence the academic performance of low achieving

students.

2.6.1 Retention of Learned Concepts in Biology

Three main principles pertaining to knowledge retention have been identified

I Knowledge retention between 75-89% of its original level after a relatively short
period of time.

ii. Retention rate decreases over time as a finding of the length of retention interval
in a relatively linear manner.

iii. All performers regardless of their individual levels of achievement have similar

knowledge retention rates.

Retention is generally affected by two variables
. Duration of study session

o Temporal distribution of study time across the session

Retention of material and knowledge is the primary goal of every teacher, but in
today’s school, it is common for a student to learn a material copy note and forget the
material soon after. Therefore, it is important to consider knowledge retention when
evaluating learning strategies, however one such strategy is distributed learning also
known as “spread practice; in this procedure, a total study time is held constant but is
spread across multiple study sessions. For instance, if a student solves five-long division
problems in one day and five others in one week, the study is thus distributed. Moreover,
if same student solves all the ten (10) questions in the same day, it would be considered

mass practice. However, at longer retention intervals, distributed practice procedures have

55



better retention than mass practice, this is termed “spacing effect.According to Arthur
(2013), it is widely accepted that the longer the period of non- use of retained material,
the greater the probability of decay.

Other factors, which affect the amount of skill decay includes:
o Task type

. Over learning

However, knowledge retention during learning can be enhanced and facilitated by

thefollowing:

a. Using relevant teaching strategies

b. Revising, Revisiting and exploring the materials taught.

C. Increasing the number of testing trials during the learning process.
d. Providing relevant and specified information to learners.

Current curricula trends of various countries are endorsed to engage students in
biology science to use problem based/ experimental strategies in teaching. These
strategies support students’ natural interest in science; students are engaged to make their
own questions, test hypotheses, gather and present information from various sources. In
contrast, traditional learning involves memorization of facts, which often results in
students’ negative attitudes and poor retention towards science (Arthur, 2013). Thus, the
researcher implores the use of laboratory and problem solving teaching to see if retention
attitude and performance of learned concept in ecology would improve. Thus in
traditional method, students’ logical understanding and curiosity cannot be supported and
they cannot get opportunities to deal with nature. However, constructivist theory frames
learning as an active continuous process whereby students construct meaning based on
prior ideas and experiences, (Alan, 2000) through physically and mentally acting on

objects. Constructivist theory models have been used to improve students’ motivation and
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attitude toward science and biology in particular Boody Wastson and Aubusson (2003).
Also, Mkpanang (2010) and Duliyemi, Olaginju and Olumide Hadson (2014) found out
that students using visual aids e.g models, charts, computers etc had more positive
attitude and retention towards biology and natural sciences than students who were

educated by traditional style.

2.7  Gender and Academic Performance in Biology

Gender issues have become the order of modern educational forum. The role of
gender in science achievement test has resulted to studies over time by scholars. In Africa
and Nigeria in particular, gender bias is still very prevalent (Arigbabu and Mji 2004).
Nwosu (2004) in his study pointed out that “sex” roles are somewhat rigid in Africa and
Nigeria in particular. Gender related issues have attracted the attention of many
researchers in science education for male and female in secondary schools. Many studies
have investigated the influence of gender on academic performance. The environment and
the personal characteristics of learners play an important role in their academic success.
The school personnel, members of the families and communities may provide help and
support to students for the quality of their academic performance. This social assistance
has a crucial role for the accomplishment of performance goals of students at school
(Goddard, 2003). Besides the social structure, parents’ involvement in their child’s
education increases the rate of academic success of their children (Fatokun and Odegboiji,
2010., Nwona and Akogun 2015).

The relationship between gender and the academic performance of students has
been discussed for decades (Eitle, 2005). A gap between the performance of boys and
girls has been found, with girls showing better performance than boys in certain instances
(Chambers and Schreiber, 2004). Gender, ethnicity, and father’s occupation are

significant contributors to student achievement (McCoy, 2005., Fatokun and Odagboyi
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2010). The performance of students is negatively correlated with the low Social
Economic Status (SES) level of parents because it hinders the individual in gaining access
to sources and resources of learning (Enoh, 2004; Erinosho, 2005.,Fatokun and Odagboyi
2010 and Obochi, 2015). Shofolahan, (2009), observed that low SES level strongly
affects the achievement of students, dragging them down to a lower level. This effect is
most visible at the post-secondary level of education. Aiyedun, (2000), Barnard,
(2004)and Fasiku, (2011) in their individual studies also stated that the economically
disadvantaged parents are less able to afford the cost of education of their children at
higher levels and consequently they do not work at their fullest potential.

Gender is one of the factors interacting with performance, and studies involving
science and gender factors have been unresolved (Nwona and Akogun 2015). Gender
issues; both on the part of the teachers and the students; have been documented to affect
performance and some other learning outcomes (Aiyedun, 2000 and Erinosho, 2005).
Gender gap in science education is an impediment to advancement in science and
technology according to (Alebiosu and Ifamunyiwa 2003). Danmole and Adeoye (2004)
reported that there is no gender difference in the students’ achievement in ecology when
exposed to concept mapping method. Contrarily, some researchers found that male
students have a higher achievement than female students (Novak and Mosunda, 2000.,
Poewell and Trowbridge 2008), while the opposite is observed i.e. female students
perform better than male students (Bilgin, 2009). Research reports are not explicit on the
effect of gender on achievement. Zember and Blume (2011) reported that most studies
show that girls perform better than boys in schools and observed in a study that girls,
though enter Turkish universities with low grades, but upon their entry, outperform their
male counterparts (Ceren, Ozlem, Semra and Sungar 2001). Njoku, (2012) Adu and

Sheyin (2013) and Amedu (2015) in their individual studies reported no significant

58



difference in the mean score performance of boys and girlstaught with different
instructional methods. This agrees with Uduosoro (2011) who found no
significantdifferent between the performance of boys and girls in chemistry and
mathemetics.

Mari (2002)investigated gender related differences in acquisition of formal
reasoning: pedagogic implication of teaching Chemistry using process-based approach.
The findings showed that the initial gap between the male and female subjects in formal
reasoning ability was bridged in all the Schemata (Conservation, Control of variables,
proportional reasoning, probability reasoning, and combinatorial reasoning) except in
correlation reasoning. This is due to the fact that the process-based instruction tends to
have stimulated higher reasoning gained in the female subjects than the male subjects. He
recommended therefore, the need to use science process-based instruction in the early
years in secondary school as a means to reduce, if not totally eliminate, the male/female
negative attitude towards biology, Lagoke, Jegede and Oyebanje (2007).

Abduraheem, (2012) worked on gender differences and academic achievement in
integrated science in Junior Secondary Schools. He confirmed that males performed
better than females and affirmed that males demonstrated significantly more positive
attitudes towards science than females. Owuamanam and Babatunde (2007) also noted
that females exhibit more positive attitudes towards Biology and males towards Physics.
They noted that the girls tend to go for courses that do not require more energy and brain
tasking such as home making while boys looked for jobs in management, engineering,
banking and other brain-tasking professions. In a research carried out in London, Claire
(2005) observed that girls excluded or self-excluded from formal education were rampant

among African girls than White girls.
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In another research carried out in London, Claire (2005) highlighted the high
number of black girls being excluded from school and also looked at the way language is
used in education. Both ethnicity and social class are factors which combined and
interacting with gender and are seen as having a direct negative effect on achievement
and performance of students.Okebukola (2004) and Abdulraheem (2012) noted that
gender inequalities are interwoven with social class, ethnicity, sexuality and disability and
these are other factors identified as influencing performance.

Adebanjo (2014) linked academic achievement with patterns of behavior. He
noted that there are signs of boys being vulnerable to becoming disaffected. He explained
further that boys tend to be less careful about rules and more indifferent to being
reprimanded.Njoku (2002)determined the effects of mixed-sex and single-sex grouping
strategies in co-educational classrooms on girls’ acquisition of Physics process skills. The
results showed that girls in single- sex group scored significantly higher in Physics
process skills than girls in mixed-sex group. The differences in achievement may have
originated from the differential opportunity to engage in learning tasks. Njoku, (2002),
Lagoke, Jegede and Oyebanje, (2007) noted that it is possible for boys in the mixed-sex
group to deny the girls chance of participating in most of the activities during teaching
and learning process because the boys always claim to be superior to the girls and as a
result of this, they normally dominate the group and this could lead to a better
performance of the boys than the girls in the group.

Head,Kane and Cogna (2002) revealed that boys are also more likely to be
referred to Behavioral Support Services. Younger,Warrington, Gray, Rudduck, McLellan,
Bearne, Kershner and Bricheno (2005) cautioned by pointing out that there are many boys
who continue to do well in school and only few of them become affected. Of particular

interest is the fact that girls, to a large percentage, avoid physical science subjects when

60



choice is offered. Studies indicated that girls who are more satisfied with school life and
their school-related attitudes are more positive than those of boys (Head, Kane and Cogna
2002 and Younger etal2005). They explained further that the intellectual potential of girls
is an untapped labour resource for science and technology. Average levels of attainment
for boys are lower than those of girls at all stages and across almost all areas of the
curriculum (Croxford, 2000). A similar picture can be observed in England and Wales
(Younger et al 2005).(Anyanwu 2012) examined the biology syllabus and found out that
students have difficulties in learning some concepts. The findings of Maduabum (2004),
shows that biology teachers in secondary schools perceived a number of topics in the
biology syllabus as difficult to teach. Maduabum (2004) identified genetics as one of the
difficult aspects in secondary school biology. It is also documented that students have
difficulties in learning ecology. Although many other factors may account for students’
poor performance in biology. Bomide (2009) observed that students had difficulties in
coping with certain concepts and topics in biology due to their cognitive complexity. This
study therefore investigates the impact of laboratory and problem-solving strategies to see
if the attitude, academic performance and retention of SSII biology students of varied
ability levels would improve.

2.8 Overview of Similar Studies

A number of studies have been carried out on the impact of instructional strategies on
students’ performance and learning outcome.

Adu and Sheyin (2013) conducted a study to investigate the Effects of activity—
based Instructional Strategy on academic achievement of pre-service teachers in ecology
at llorin, Kwara State, Nigeria. A quasi —experimental design which involved pre-test,
post-test and control groups, consisting of the experimental group that was exposed to

Computer—Based Instruction and the control group that received conventional/traditional
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teaching method. 230 NCE Biology students both male and female were sampled from
the population of all students in Nigerian Colleges of Education. Data were collected by
using Achievement Test in Ecology (ATE), after six weeks of treatments, data were
collected and analyzed using ANOVA. The hypothesis was tested, the result showed that
there was significant effect of treatment on the achievement of students taught with
Instructional AidsF (1,229) = 138.255, p<0.05 and those taught with lecture method. And
there was no significant main effect of gender on the students’ post-test academic
achievement scores (F1,229=209). There was no significant interaction effect of treatment
and gender on students’ academic achievement in ecology at the post test level
(F1,229=.234). The present study is similar in terms of topic(ecology) and academic
performance, but added attitude, retention and varied ability levels. While the former
worked with NCE students the present study sampled SSS2 students in Zaria metropolis.
Therefore, the studies are different in aspect of instructional aids, level and location.
Ahmed (2011) examined the relationship between attitudes towards biology
courses and students’ biology achievement in Isfaham. A total of 185 gradel2 (age 17-18
years) students in Isfahan answered to a 30-item questionnaire provided by authors based
on Simpson Troost Attitude Questionnaire-Revised(STAQ-R) inventory developed by
Owen 2008, to assess adolescent commitment and achievement in science. The results
showed that among attitude towards science dimensions, only ‘’biology is fun for me”’,
have meaningful and positive relation with students’ achievement in biology. Also there
was no significant difference between girls and boys in attitude towards biology, although
girls had better achievement in biology in comparison with boys. The present study is
similar to this study in terms of gender and attitude of students towards biology. But

different in terms of methods and locations.
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Ojediran, Oludipe and Ehindero (2014), investigated the impact of laboratory-
based instructional intervention on the learning outcomes of low performing senior
secondary students in Physics in lle-Ife, Oshun State, Nigeria. The study adopted the pre-
test and post-test control group quasi-experimental design. The treatments were at two
levels (LBII and CTM). A total number of 194 SSS 1l students participated in the study.
Physics Achievement Test (PAT) was the main instrument used to collect data from
students. The data collected were analyzed using descriptive statistics and t-test, using
SPSS 15.00 statistical packages at 0.05 level of significance. The results of this study
indicated that there was significant difference in the achievement in Physics of low
performing students exposed to laboratory-based instructional intervention (LBII) and
those exposed to conventional teaching method (CTM). The study concludes that the use
of laboratory based instructional intervention method of teaching should be embraced as a
good asset to Physics Students and teachers in the senior secondary schools. The study is
similar to the present study in terms of method andboth used SS2 Students, but, different
in subject and location.

Osuafor and Okigbo (2013) carried out a study to investigate the effect of
laboratory and discovery instructional strategies on the academic achievement of SS1
biology students in Akwa Anambra State, Nigeria. The research design was quasi
experimental that employed a pre-test, post-test non-randomized equivalent groups. A
total of 67 biology students found in two intact classes in two randomly selected schools
were used for the study. The instrument used was Biology Achievement Test(BAT)
which was validated and used for the data collection. The instrument had a reliability
coefficient of 0.86. Data collected were analyzed using ‘Mean and ANOVA’, result
obtained showed that there is a significant difference between the achievement of students

taught with laboratory instructional method and those taught with traditional method. The
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present study samples SS2 students using Laboratory and Problem solving strategy to
motivate and stimulate learning. Both works are however similar in terms of subject, but
the present study added attitude and retention of ability levels of SSSII in Zaria Kaduna
State.

Obochi, (2016) investigated the effect of age and gender on attitude, academic
performance and retention™ on Senior Secondary (SSII) Biology students in Zaria Kaduna
State. The sample size used comprises of 120 students [60 males and 60 females] selected
at random from four Senior Secondary Schools. The instrument used for data collection
was Students age and academic performance questionnaire(SAAPQ). The result obtained
was analysed using frequency tables, simple percentage and ANOVA which was tested at
0.05 level of significance with Pearson Moment Correlation coefficient(PMCC). The
results of the study indicate that there is a significant difference between age, gender and
academic performance of students in Biology. There is a significant difference in the
mean score of students’ attitude and retention ability of those older in age with those
younger in age taught with different teaching method. Students between the ages of 12-16
perform better than those between 19 years and above. The researcher recommended
among others that teachers should use different methods in teaching biology subject. The
older ones should be giving opportunity and encourage to ask and answer questions in the
class. Learner centered approach should be used more often to encourage students’
participation in class, effective use of science laboratory should be encouraged to improve
performance of biology students.

Ezeudu and Okeke (2013) investigated the effects of simulation and problem-
solving on students’ academic achievement of SSII Chemistry students in Enugu State,
Nigeria. The design of the study was quasi-experiment with a sample of 159 SSS2

students (80 males and 79 females). The results showed that simulation increases
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students’ achievement in chemistry more than traditional method. The study is similar to
the present study in that the population is both SS2, but different from the present in
terms of subject and location.

Obeka (2010) conducted a study on effects of problem-solving and demonstration
methods on achievement and retention among SS1 and 2 students in Geography. 225
students were sampled for the study. Geography Achievement and Retention Tests
(GART) were the instrumentused for data collection. ANCOVA was used for the
statistical analysis. The result of the study showed that there was no significant difference
in the academic performance between inquiry, problem solving and demonstration
teaching methods. The study used problem solving and demonstration methods in
Geography while the present study implored laboratory and problem solving strategies in
teaching biology. Beside, in the present study, attitude, retention of ability levels and
gender were added.The study used ANCOVA to analysis the data while the present study,
ANOVA, ANCOVA, and Kruskal wallis were used.

Lakpini (2006) investigated the effect of Conceptual Change in Instructional
Strategy, using Powerful Ideas in Physical Science (PIPS) instructional model on
achievement, retention and attitude of secondary school students with varied abilities in
Zaria Kaduna State. One hundred and twenty (120) students, sixty (60) from each school
were drawn from two senior secondary schools in kaduna State. High, average and low
ability levels were determined using their continuous assessments scores and pre-test
scores. Top 25% were ranked the high, middle 50% were the average while the lower or
bottom 25% were the low ability group. Genetics Achievement Test (GAT), Biology
Attitude Questionnaire (BAQ) and Conceptual Change Instructional Package (CCIP)
were used for data collection. Five hypotheses were formulated at P< 0.05, from the

result of the study, it was reported that the experimental group taught using PIPS
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performed better than the control group among the ability levels. She recommended
among others that Conceptual Change Strategy should be incorporated in teacher training
program at secondary school levels.

Afolabi and Akinbobola (2009) investigated the effects of constructivist problem
based learning technique on the academic achievement of physics students with low
ability levels in Nigerian secondary schools. Guasi experimental design involving pre-
test, post-test and control group was adopted for the study. A purposive sampling
technique was used to select 2 schools out of 40 co-educational secondary schools in
Taraba State. 105 senior secondary school Il physics students were used for the study.
Physics Achievement Test (PAT) and Physics Ability Level Test (PALT) were used to
collect data. The Kuder- Richardson coefficient of internal consistency for PAT and
PALT were 0.72 and 0.76 respectively. Three Hypotheses were tested at p<0.05 level of
significance using t-test analysis. The result of the finding showed that the physics
students with low ability level taught with problem based learning technique performed
significantly better than those taught with conventional teaching method. Also, generally
students taught with problem based learning technique performed better than those taught
with conventional lecture method. There was no significant gender difference in the
performance of male and female students taught with problem based technique. It is
therefore recommended that problem based learning technique should be used to teach
various concepts in physics in secondary schools.The work of Afolabi and Akinbobola
involved only one strategyand was carried out among low ability SSliphysics students in
Taraba State, while the present study used two instructional strategies and was carried out
among biology students of varied ability levels in Zaria Kaduna State.

Ajaja (2013) investigated the effect of 5E learning cycle and cooperative learning

groups and compare with those taught using concept mapping and lecture methods with
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the intention of identifying which one among them could be suitable for teaching biology
in Ibadan Oyo State. To guide the study, four research questions were raised and tested at
0.05level of significance. The design of the study was pre-test, post-test, delayed post-
test, quasi experimental repeated measures design was used. The population samples of
the study consisted of four mixed secondary schools with 259, SS2 students and eight
Biology teachers. The major findings of the study include: significant effect of the four
instructional methods on achievement and retention; students in the 5E learning cycle and
cooperative leaning groups significantly outscored those in the concept mapping and
lecture groups on performance and retention tests; students in concept mapping outscored
those in lecture method group both on immediate achievement and retention tests;
students in 5E learning cycle and cooperative learning groups did not significantly differ
on performance and retention tests; males and females in all the four groups did not
significantly differ on the performance tests; and a non-significant interaction effect
between sex and method of instruction on performance. It was concluded that the
adoption of either 5E learning cycle or cooperative learning strategies may be appropriate
for the teaching and learning of biology. The study is similar to the present study in terms
of population i.e. SS2 and subject. The former was carried out in Ibadan while the present
study was in Zaria Kaduna State.

Ibe, (2013) observed that the performances of the students in the Researcher-Made
Biology Test (RMBT) using the expository method and guided- inquiry were compared.
Furthermore, the interests of the two groups of students in Biology were compared. A
purposive sample of 84 senior secondary school two (SSS Il) students was drawn from
two intact classes in a co-educational secondary school in Imo State. Two instruments
were used for the study namely Biology Achievement Test (BAT) and Biology Interest

Scale (BIS). The reliability of BAT was established at 0.78 through the use of Kuder-
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Richardson (K-R 20) statistic. The reliability of Biology Interest Scale (BIS) was
calculated through the use of Cronbach Alpha statistic and the coefficient of 0.91
obtained. The research questions were answered using Means and Standard deviations
while the hypotheses were tested using Analysis of Co-variance (ANCOVA). Major
findings of the study include: Teaching methods have statistically significant effect on
students’ performances in Biology. Students taught with guided-inquiry teaching method
out-performed students taught with expository teaching method in Biology. The female
students out-performed the males in the RMBT. The female students have higher interest
levels in the RMBT than the males. The researcher recommended among other things that
Biology teachers and Science teachers in generalshould take into consideration these
teaching methods when presenting Biology and science materials to the students in the
classroom.

Bichi (2002) investigated the effects of problem-solving instructional strategy and
enriched biology curriculum in secondary schools in Zaria, Kaduna State. The researcher
used experimental design and sample size of 156 SSII students. Research questions and
Null hypothesis were analyzed using t-test at 0.05 level of significant. Biology
Achievement Test (BAT) was used as an instrument for the data collected. The researcher
used t-test as statistical tool at P < 0.05. His result revealed that there was significant
difference in the academic achievement of students exposed to problem-solving with
enriched curriculum and those exposed to the conventional method.Thus, this study
investigated the impact of problem-solving teaching strategy on attitude, academic
performance and retention among SSII biology student with varied abilities.

Odeghoji,(2015) examined the effect of gender on the achievement of students in
biology using the Jigsaw method in Akwanga, Benue State Nigeria. The sample was

made up of 87 students of SS1 in a secondary school. The study utilized an intact class
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comprising of 39 males and 49 females. The Biology Achievement Test (BAT) was
constructed from past WAEC questions. A pretest and posttest were used and the results
were collated by gender. A t- test analysis showed that there was no significant difference
between the mean scores of boys and girls. The class was taught, topics in
microorganisms for 12 weeks. At the end of the 12 weeks, the BAT was administered as
posttest. The results were analyzed using the t-test at 0.05 level of significance. The
results showed that there was a significant difference between the mean scores in favor of
the males. This showed that the males gained more from the jigsaw method compared
with the females. It was recommended that in order to get the best out of instruction,
various methods, or a combination of them must be employed.

Seyhan,(2015), conducted a studyto compare the effects of problem-solving
applications (PSASL) and a research-oriented teaching method in science laboratory. 98
prospective science teachers, who were composed of 50 prospective teachers that had
participated in problem-solving applications and 48 prospective teachers who were taught
within a more researcher-oriented teaching method in science laboratories. A pre-test—
post-test control group design was used. In the study, data were obtained using the
“Problem Solving Inventory (PSI), “Science Process Skills Test (SPST)” and “Test of
Logical Thinking (TOLT).” After the PSASL, five prospective teachers were selected
among the experimental group and were interviewed using the fully structured interview
form about the “PSASL” and the process it involves. Interviews were used to augment the
quantitative data. According to the results obtained within the scope of the study, it can be
observed that the effect of PSASL on the perception levels of problem solving skills,
scientific process skills and logical thinking skills of prospective teachers is more
effective than the more researcher-oriented teaching method application. In addition, the

results obtained from interviews with prospective teachers’ ideas in the experimental
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group about PSASL were parallel with the past test results. The present study implored the
use of laboratory strategy to see if the attitude, academic performance and retention of
SSII biology students with varied abilities in Zaria zone would improve.

Isiaka and Charles (2013) investigated the effect of cooperative, competitive and
individualistic instructional strategies on the performance of high, medium and low
academic achievers using video instructional package. A total of 120 SSII mathematics
students were randomly assigned into cooperative, competitive, individualized and
conventional teaching strategies. Students from each group were stratified into high,
medium and low achievers. Video Instructional Package (VIP) on mathematics and
Geometry Achievement Test (GAT) were used as treatment and test instruments,
respectively. ANOVA and Scheffe test were used for data analysis. The results of the
finding indicated that there was significant difference in the performance of the three
groups in favor of cooperative learning strategy.Students’ achievement levels had
significant influence on their performance in competitive and individualized instructional
strategies. Therefore, the present study implored the use of laboratory and problem-
solving teaching strategies to see if the attitude and academic performance and retention

ofSSII students with varied ability in Zaria Educational Zone would improve.

2.9 Implications of Literature Reviewedfor the Present Study

This study has reviewed some related literature on the previous works done to the
problems which are being faced in the teaching and learning of particularly ecology
concepts in biology. It has also looked at conceptual framework of the study, effects of
other teaching methods, and academic performance in the teaching and learning of
biology and the effects of the teaching strategies on the students’ retention of ecology

concept among students of varied abilities. The major factor is the failure of the most
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science teachers to use appropriate teaching strategies or methods which can enhance
student’s confidence and academic performance in science.

Many research works such as (Eitle, 2005., Oko, 2011., Egbunonu and Ugbaja
2011), aimed at comparing lecture method and other teaching methods have been carried
out and shown that lecture method was not particularly effective in achieving higher
cognitive objectives or in achieving affective and psychomotor objectives. From the
literature reviewed, activity-based teaching methods such as guided inquiry, discovery,
problem-solving among others, may facilitate and enhance both academic performance
and self-efficacy of students. Teaching and learning of science/biology via laboratory and
problem solving strategies may not only enable students grasp scientific information but
also develop fundamental understanding and ability to conduct scientific investigation
and inquiry.

So far, most of the works done using laboratory and problem-solving instructional
strategies to boost academic performance and retention ability on students were mainly in
physics, chemistry and some social sciences in other parts of the country, (Temel and
Morgil 2012., Temel and Morgil 2013 and Temel 2014) worked on problem-solving
application in chemistry, through cooperative grouping versus individual problem-
solving, while Michael (2007) worked on experimental and inquiry- based approach of
biology students in Australia but did not compare it with lecture method. The present
study is carried out in northern part of Nigeria; therefore, it is different from the above
authors in terms of subject and location. The studies of Uchenna (2013), Osuafor and
Okigbo (2013) and others were carried out in different science subjects in secondary
schools in the eastern part of Nigeria. The present study is different from Osuafor and

Okigbo in terms of location, topic, subject, level and methods of teaching.
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Bichi (2002) compared the effectiveness of problem-solving method and lecture
method in promoting students’ academic performance in evolution concepts and found
that problem-solving is more effective than lecture method. Olubumi (1991) compared
the effectiveness of laboratory approach and lecture method on cognitive achievement of
Integrated Science students. The literature reviewed so far shows that laboratory,
problem-solving, performance and attitude are practicable in Nigerian schools. This
implies that the present study is in line with the reviewed literatures. Some of the
researches carried out showed positive relationship between students’ academic
performance and the teaching strategy while some showed negative correlation.
Therefore, this study intends to determine whether laboratory and problem-solving
strategies would enhance attitude, academic performanceand retention among varied
ability SSII, students in ecology concept of biology inZaria educational zone Kaduna

state Nigeria.
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CHAPTER THREE

METHODOLOGY
3.1 Introduction

This study investigates effects of laboratory and problem-solving instructional

strategies onattitude, retention and academicperformance of varied ability senior
secondary school students towards ecology in Zaria, Kaduna State, Nigeria. The focus of
this chapter is to outline the methodology used in conducting the study. The chapter is
therefore presented under the following subheadings:
o Research Design

. Population of the Study

o Sample and Sampling Procedure
o Instrumentation
o Item Specification

o Selection of Topics to be Taught

. Validation and Reliability of the Instruments
o Pilot Testing of the Instruments

. Item Analysis of the Instrument

o Administration of Treatment

o Data Collection Procedure.

. Procedure for Data Analysis.

3.2 Research Design
Inthis study, the researcher employs a quasi-experimental design using pretest and
post-test group design in which three intact classes are involved and assigned to three

different treatments.The experimental groups EG, and EG; received sixweeks’ ecology



lessons using Laboratory and Problem solving strategies while the control group was
taught same topics using traditional lecture method. Pre-test O; was used to determine the
equivalence of the three groups before the start of the experiment, while the post-test O,
was used to find out whether or not the laboratory and problem-solving teaching
strategies have impact on retention,performance and attitude of the students.
The design is illustrated as follows:
EGy, — O — AC—> AT, — X1; —> O, — AC — 03 — VA,
EG, — O — AC—> AT, —* X1; —> O, — AC — 03 — VA,

CG — 0 —> AC— AT,— X, —> 0, — AC—> 03 — VA,

Fig. 3.1: Research Design Illustrated
Key:

EG: - Experimental group 1

EG, - Experimental group 2

cG - Control group

01 - Pre test

O, - Post test

03 - Post-post test

Xo - No treatment (Lecture method)
X1 - Treatment (Laboratory)

X2 - Problem-solving

AC - Academic Performance

AT - Attitude

VA - Varied ability

74



The design is suitable for this study because of the advantages stated by James

(2000) and Sambo (2005) which is summarized as:

o The superiority of instructional strategy over the others can easily be tested.

. It gives indication of concept attainment and understanding gained by students
after they have been exposed to a particular teaching method.

o The pre-test scores give indication as to whether the group (2 experimental and 1
control groups) differ significantly in the concepts they hold before instructions
are given.

. It allows for the determination of retention ability of ecology concept taught.

3.3  Population of the Study

The targeted population for the study comprises all the SS2 Biology students of
public Secondary Schools in Zaria Educational Zone. The reason for using SS2 students
was due to the fact that they are the stable group in senior secondary, they had covered
syllabus for SS1 and currently undergoing SS2 syllabus. The SS3 students are excluded
because they are engaged in their Senior Secondary School Certificate Examination
(SSCE) at the time of the study while SSI have just entered into senior class and are new
to biology topics.

However, there aretwenty (20) government owned secondary schools in Zaria.
Out of the 20 schools six (6) are co-education (mix) while fourteen (14) are singlesexed
schools, six (6) single male,seven (7) single female and one (1) male and female schools.
The total number of students in thepopulation is1600 made up of 791malesand 809
female students. The age range is between 15-21 years and mostly Hausa speaking.The
choice for choosing government owned schools is due to the fact that they have common
socio-economic background, admission procedure, staffing and promotion policy,

availability of teaching materials and teacher discipline. Simple randomize technique in
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balloting method was employed to select the three (3) co-education schools used for the

study (two experimental and one control).Only three schools were used due to financial

and time constrain. The details of the population are presented in Table 3.1.

Table 3.1: Population of the Study
S/IN  Name of School Type No. of student Total
Boys Girls
1 GSS Alhudahuda Male 100 - 100
2 GSS Aminu Co-education 40 42 82
3 GSS Barawa Male 70 - 70
4 GSS Basawa Male 55 - 55
5 GSS ChinditBarrack Male and female 60 50 110
6 GDSS Commercial Co-education 48 30 78
7 GSS Chikaji Male 52 - 52
8 GDSS D/Bauchi Female - 105 105
9 GSS Fadiya T/Wada Female - 68 68
10 GSS Guyabawa Female 140 140
11 GSS Gwangila Co-education 59 41 100
12 GSS KofaDoka Male 80 - 80
13 GGSS Kofa Gaya Female 50 - 50
14 GSS KofanJatau Male 50 50
15 GSS Magajia Co-education 41 38 79
16 GSS Muchia Co-education 43 32 75
17 GSS Pada Female - 52 52
18 GDSS Samaru Female - 106 106
19 GSS Tudun Juku Co-education 43 40 83
20 GGSS Zaria Female 65 65
Total 791 809 1600

Source: Zaria Educational Board (2014)

3.4  Sample and Sampling Techniques

From the population, the co-educational schools were sampled in order to cater for
the gender variable involved in the study.Three out of the six co-educational schools in
the population were selected by using simple random techniques by balloting system. The
three co-educational schools used in the study consists of 113 males and 72 female given
a total number of 185 students. The sample size of 185 is in line with the Central Limit
Theory of Tuckman (1975) which stated that in a research of this kind the sample size
must cover 10-15% of the total population.

Details of sample selected for the study is presented in Table 3.2.
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A class was randomly selected from the three co-educational schools using simple
random sampling techniquesby balloting system. In the exercise, the class selected were
subjected to pretest using Ecology Performance Test (EPT) after which their scores were
subjected to Analysis of Variance (ANOVA) at P = 0.05 to determine the schools that are
not significantly difference in their ability levels. However, from the result of the
exercise, GSS Aminu Road and GSS Tudun/Jukun were the experimental groups while
GSS Magajiya was the control group.

Table 3.2:  Sampled Schools for the Study

S/N  School Group Sample of Students Total
Male  Female
1 GSS Tudun Jukun  Experimental Group (I) 38 22 60
2 GSS Aminu Experimental Group (II) 45 30 75
3 GSS Magajiya Control 30 20 50
Total 113 72 185

Source: State Ministry of Education (2014).

3.5 Instrumentation
For this research work, the following instruments were used:
Q) Ecology Performance Test (EPT).

(i) Student Attitude Questionnaire (SAQ).

3.5.1 Ecology Performance Test (EPT)

The (EPT) is an instruments developed by the researcher, it is an objective test which
consists of 50 objective test items using content on ecology to determine the academic
performance of SSII students of varied abilities in biology. It was also used to determine
students’ retention ability. The instrument was developed using test blue print adopted
from bloom’s taxonomy of cognitive educational objectives which are knowledge,
comprehension, application, synthesis, analysis and evaluation. The EPT was used at 3

levels, Viz:
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(1) Pretest, to determine group equivalence

(2) as Post-test to determine achievement and

(3) as Post-post test to determine retention ability of students.

3.5.2 Student Attitude Questionnaire (SAQ)

Student Attitude Questionnaire (SAQ) developed by the researcher was used. The
questionnaire comprises of 20 items to reflect on overall attitude of students towards
biology. The Students Attitude Questionnaire (SAQ) was based on Likert 5-point rating
scale, which are Strongly Agreed (SA), Agreed (A), Strongly Disagreed (SD), Disagreed

(D), Undecided (UD) respectively. The responses and their points are as follows:

Strongly agree (5)
Agree - 4)
Disagree - 3)
Strongly disagree - 2
Undecided - Q)

Table 3.4:  Table of Specification/Test Blueprint for (Ecology Performance Table)

Content Wg% Kn Comp Ap An Sy Ev Total
30 20 20 10 10 10 100

Ecological Succession 25 5 4 2 1 1 2 15
Population Size 25 5 3 2 1 1 2 14
Food Shortage 20 1 2 1 1 1 1 7
Overcrowding 15 1 2 0o 1 1 1 6
Pop Studies/Bal in Nat. 15 2 2 1 1 1 1 8
Total 100 14 13 6 5 5 7 50

Source: Adapted from Bloom (1956)

Table 3.4 indicates item specification of Ecology concepts to be taught and the
allocations based on Bloom Taxonomy of Cognitive Domain.
Key: Wg% is the weight assigned to the topics Kn = Knowledge, Comp. =

Comprehension Ap = Application, An = Analysis, Sy = Synthesis and Ev = Evaluation.
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3.5.3 Selection of Topics for the Study
In carrying out the study, the following sub-topics were selected for teaching from

ecology topic according to SSII syllabus.

o Ecological Succession

. Population Size/estimate

o Food shortage

. Overcrowdings

. Population Study/Balance in nature

The researcher checked the WAEC/SSCE result of students in some previous
years (that is, 2009, 2010, 2011, 2012, 2013,2014, 2015 and 2016) and discovered that
most students performed poorly in biology topics and such the above topics are SS2

contents as at the time of this research.

3.5.4 Validation of the Instruments

Validity of a test refers to the degree to which the test measures what it is
supposed to measure. To this point, content validity was affirmed by three Senior
lecturers with Ph.DfromDepartment of Biological Science andDepartment of Science
Education, Ahmadu Bello University, Zaria. Also, two senior biology teachers with 15
years teaching experience in secondary schools andwith minimum qualification of
Masters’ degree validated the same instrument. (Appendix I and I11).

The lecturers and the teachers from the two institutions were asked to examine
and assess all the items of the instrument paying particular attention to the following.
I. the content validity of the instrument i.e whether the test confirm to the subject

specification and objective of the study.

ii. Whether the questions are clear, precise and free from ambiguity.
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iii. Whether the questions match the ability of the students.

v, language component of the instrument, appropriateness of the items in terms of
reading difficulty level for the groups that are meant for and clarity of statements
in the instrument.

V. The experts made constructive criticisms in the area of language and content of
(EPT) instrument. The corrections were made leading to the final selection of the

items and the corresponding marking scheme. (See Appendices,I, Il and 111)

The experts made constructive criticisms in the area of language level and content of
(EPT) instrument. The corrections were made leading to the final selection of the items
and the marking scheme as presented in (Appendix | and II). In the case of Ecology
Performance Test (EPT), initially, there were 55 questions but after validation only 50
were retained. Somequestions were reframed example questions 10, 12 and 14 were
corrected as follows:

Q. 10 In an ecosystem the organism which change light energy into stored chemical
energy is called.

a. Consumer

b. Decomposer

c. Producer

d. Carnivore

e. Achiever

Q.12 A dry indehiscent fruit containing one seed and possessing a hairy pappus is
described as:

a. A nut

b. A drupe

c. A cypela
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d. A follicle
e. Kannel
Q. 14 Identify from the following a nitrifying bacteria
a. Nitrobacter
b. Rhizobium
c. Azotobacter
d. Nitrosomonas
e. Pest
For Students Attitude Questionnaire (SAQ) 20 questions were constructed and 4 of the
questions were corrected in terms of language and all were retained.
3.6  Pilot Testing of the Instrument

The instruments for the study i.e. Ecology Performance Test (EPT) and Students
Attitude Questionnaire (SAQ)were pilot tested using thirty (30) SSII students from GSS
Commercial College Zaria whose schoolwere not involved in the main study, but were
equivalent group for the study from SabonGari Zone. The materials designed for the pilot
testing comprised of two instruments Ecology Performance Test (EPT) which consists
fifty (50) structured questions with A-E options and twenty (20) Student Attitude
Questionnaire (SAQ) were used. The result for the item analyzes is shown in (Appendix
V).

The pilot testing was done to:
Q) find out the characteristics of EPT through item analysis.
(i) determine the appropriate length of time required for the test.
(ili)  determine the appropriateness of the workings of the EPT and SAQ items.

(iv)  to find out the reliability of both EPT and SAQ in the study.
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3.6.1 Reliability of the Instruments

Reliability of a test is the degree to which a test on repeated measurement yields
almost the same result as when administered to subjects of similar characteristic (Bichi,
2002). To determine the reliability of the instrument (EPT), test-retest method using the
same instrument. The test was administered to SSII Biology students in Zaria Educational
Zone, Kaduna State which is not part of the sample. The instrument was administered
twice with the interval of two weeks as proposed by Tuckman (1975). Pearson Product-
Moment Coefficient Statistics was employed for analysis. The reliability coefficient of
Ecology Performance Test (EPT) was found to be r = 0.79, which indicates that the
reliability of the instrument is high and can be used for data collection in this study.

In the case of Student Attitude Questionnaire (SAQ), the questionnaire comprised
of 20 items. The researcher administered the test to same group of students in GSS
Commercial College. Split-half method involving odd and even number items were used.
Spearman Rank Order Correlation was employed, the result of rho obtained was
determine to be 0.81 indicating strong positive relation (Appendix VIII) Thus, SAQ is

reliable for the study.

3.6.2 Item Analysis
The pilot test provided data for the item analysis. The data collected were
analyzed to determine the indices of difficulty and discrimination of each of the 50 items.

(Appendix VII and VIII).

3.6.2.1 Facility Index (F.1) of (EPT)
The Facility index of an item in a test as defined by Inyanand Mahmond (2004) is
the percentage of all students who responded correctly to the items. Item difficulty index

can vary from 0.00 to 1.00, and 1.00 indicates that everyone answered correctly while
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0.00 means no one answered correctly. In computing the difficulty index for each item in

the test, the following steps are involved:

o Rank-order of the scores on the test from highest to lowest.

. Identification of the high scoring group and the low scoring group. The top
scoring 1/3 of the students and the lowest scoring 1/3 students were selected.

o The percentage of the high scoring 1/3 and low scoring 1/3 of the total test items
was calculated.

. Computation of the item difficulty index by adding the percentage of thosethat got
the item correct in the high scoring and low scoring group and then divide by 2 as

in the following formula

F=Ru+RL x 100

N
Where:
F = Facility Index
RU = Is the number among the high 27 percent of the respondents who scored the items
correctly.
RL = Is the number among the lower 27 percent of the respondents who scored the item
correctly.
N = Is the total number of respondents in each of the upper and lower groups i.e students
that are involved in the analysis. Lawal (2009) and Adamu (2014) recommended facility
indices between 0.30 -0.70 as appropriate/acceptable for achievement test. For this study,
items which fall between the range of 0.30 — 0.70 was selected. A difficulty index of
0.75% and above is regarded as easy in items of difficulty level, while the index of 0.25%
or less, is regard as hard in terms of difficulty level. In Ecology Performance Test (EPT)

test items with difficulty index which falls between the range of 0.25% -0.75% are

retainedwhich is in accordance with Lawal (2009) and Adamu (2014).
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3.6.2.2 Discrimination Index (DI) of (EPT)

The discrimination index of a test item is used to identify high and low achieving
students. It is used to separate or sort out high and low ranking students in a test as
reported in the pilot testing. According to Ibrahim (2012), the discrimination index of a
test item is the ability to separate and rank any student in a test. Items showing little or no
difficulty or items that show a percentage of success in favor of the poor group should
either be eliminated or re-examined and such items should be reworded or rescored.
Lawal, (2009), and Ibrahim, (2012) recommended 0.30 and 0.80 discrimination indices
for selecting good items for achievement test. For this study, items with discrimination
indices between 0.30 and 0.70 were selected and those with very low indices were
discarded or rejected while some were reconstructed and finally selected (Appendix VII).
The discrimination indices (DI) is determined by the formula given by (Olorukooba,
2001) as presented below. Thus, the Ecology Performance Test (EPT) was calculated
using the formula.

D=Ru+RL xi0

% N

Where:

D = Discrimination Index.

Ry = The number among the Upper 27% of the respondents who scored the items
correctly.

RL = The number among the Lower 27% of the respondents who score the items
correctly.

N = Total number of respondents in each of the upper and lower group.

According to James (2000) and Lawal (2009),items with discrimination index
which range from 0.30 to 0.49 are moderately positive and those above 0.70 are highly

positive. However, the magnitude of discrimination indices which range from 0.30 — 0.70
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are used in accordance with Lawal, (2009). The Facility indices and discrimination
indices calculated from the initial tests which did not fall within the theoretically
acceptable range suitable for use were rejected. Thus, the instrument was reduced from
0.30 — 0.70 which was finally used for the study.The discrimination index was calculated

using the formula stated by (James,2000 and Lawal, 2009) (Appendix VIII).

3.6.3 Administration of Treatment

Both the experimental (EG1 and EG2) and the control groups of varied ability
levels were exposed to teaching for a period of six (6) weeks for 90 minutes per lesson
per week. The three groups were taught by the researcher in order to give them equal
chance and to avoid any bias and dichotomy in the focus of the study and as well to
minimize intervening variable.

The experimental groups were taught using laboratory and problem-solving
strategiesrespectively while the control group were taught using lecture method. In the
experimental classes, the students were assigned to work in groups of (5) students per
group in order to carry out the activities in accordance with the lesson plan. The control
group on the other hand were notgiven the opportunity to carry out activity or practical.

Meanwhile three lesson plans for each topic two for experimental groups
(AppendixIV) and the other for control group (Appendix V1) were prepared for each of
the topics selected for six weeks. Thus, eighteen (18) lesson notes were prepared

altogether for the study.
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Teacher Introduces the topics and gives definition of some Ecology concept and terms

!

Teacher displays the Instructional Materials

!

Teacher describe the laboratory work

V

Teacher group the students and engage them in practicesto identify and list ecological disturbance in an
environment.

V

Instruct and allow students to compile their results and discuss.

|

Teacher makes final comment, and point out issues ignored by students

|

Plenary session group report and discussion

Figure 3.2: Flowchart for Laboratory Strategy
Source;  Adapted from Bruner (1961)

Laboratory chart for Experimental group one was taken in the following steps.

Step 1: Teacher introduces the topic and gives definitions of some ecology terms students
will come across. The objective of this step is to make students familiar with some terms
in ecology.

Step 2: Teacher displays the instructional materials and explains what happens around the
ecological areas. The objective of this is to enable students observe materials that can be
used to study ecology in the laboratory.

Step 3: Teacher describes the laboratory work and the procedures.

Step 4: Students were grouped into five per group and allowed to have discussion within

themselves. The objectives of this step is to make students get interacted with each other
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by listen to the view of their colleagues, the contributions opinion and ensure full
participation. Students will be allowed to work for 20minutes.

Step 5: Teacher guides, direct and instruct students on what to do and at the end allow
them to compile their work and result in a sheet.

Step 6: Students would submit the group report, comments are made by the teacher who
once more explained certain issues and points students may not get right.

Step 7: Teacher concludes by bringing the whole groups together and arrive at a common
solution. The objectives of this is to avoid bias and misunderstanding of ideas about the

topic taught.
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Teacher introduces the topic and gives definitions of some ecology concept and tears

M

|

| Teacher displays the instructional materials

v
| Possess a problem for students
- - - - - v
| Group the students five per group distribute activity sheets
_ \/
| Posses and assign problems to students to solve
\V4
| Allow students to sort out answers to the problems
V

| Teacher make a general comment, discussion and conclusion

Figure 3.3: Flowchart of Problem-solving strategy
Source;  Adapted from Bruner (1961)

Flowchart for Problem Solving Strategy has the following steps

Step 1: Teacher introduces the topic by posing a problem to students’ vis questioning.
The objectives of this is to make students have a critical thinking and reasoning.

Step 2: Teacher displays the instructional materials with a kind of contradictions to allow
students sort out the answers. The aim is to make students find solutions to the problem
by themselves.

Step 3: Teacher makes students work in groupsof five, with problem-solving activity
sheets, teacher establishes a context for the problem. This is to assist the students to
acquire some manipulative skills via science process, and encourage team
work.(Appendix 1X, diagram I)

Step 4: Teacher allow students to sort out answers to their problem, within the groups,
teacher compares the results and reports of the students and makes corrections where

necessary.
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Step 5: Teacher poses new problem base on their results. The objectives of this step is to
make sure the students understand the concept of the work.

Step 6: Teacher concludes the lesson by making comments, contribution and evaluating
the students by asking them questions based on the topic taught.

3.6.4 Control Group Lecture Method

The control group were taught the same ecology concepts by the researcher by using the
traditional lecture method which involves verbal presentation of the ideas about the
topics. During the lesson the students in the group listen and take notes as the teaching

progresses. Lesson plan for the group is presented in (Appendix V1)

3.7  Data Collection Procedure

At the end of the treatment, the students in both groups (that is, experimental and
control) were tested by the administration of the test instrument (EPT) as post-test which
lasted for (1.15) hours based on the pre-test duration. The computed test scripts were
collected and marked based on the marking scheme requirement. The scores of the two

groups were subjected to statistical analysis.

3.8 Procedure for Data Analysis
The data collected for this study were analyzed at P < 0.05, using descriptive
statistics in form of mean scores and standard deviation to answer the research questions
and inferential statistics of ANOVA, t-test and ANCOVA to test the null hypotheses.
Hoi:  There is no significant difference in the mean scores performance of varied ability
students taught ecology using laboratory and problem-solving teaching strategies
and their counterparts taught with lecture method.

The Ho,, was tested using Analyses of Variance (ANOVA).
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Ho,:

Hos:

HO4:

H05:

There is no significant difference in the mean attitude score of biology students
taught ecology using laboratory and problem-solving teaching strategies and those
taught using lecture methods.

The hypothesis was tested using Kruskal-Wallis test.

There is no significant difference inthe mean retentionscore among varied ability
students taught ecology using laboratory and problem solving strategies and those
taught using lecture methods.

The null hypothesis was tested using Analyses of Covariance (ANCOVA).

There is no significant difference between the mean scores of male and female
students taught ecology concept using laboratory teaching strategy and those
taught using lecture methods.

This hypothesis was tested using ANCOVA.

There is no significant difference between the mean scores of male and female
students taught ecology using problem-solving teaching strategy and those taught
with lecture method.

The hypothesis was tested using ANCOVA.
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4.1

CHAPTER FOUR
DATA ANALYSIS, RESULTS AND DISCUSSION
Introduction

This study investigated impact of two teaching strategies on attitude, retention and

academic performance in ecology among varied ability secondary school students in

Zaria metropolis Nigeria. The data generated from the study were analyzed using the

Statistical Package for Social Science (SPSS) and the level of significance adopted for

rejecting or retaining the stated hypotheses was p < 0.05. This chapter was presented

under the following subheadings.

4.2

Data Analysis and Presentation of Result.
Answering the Research Questions.
Testing the Null Hypotheses.

Findings

Discussion of Findings

Data Analysis and Presentation of Results

The data collected for the purpose of this study were analyzed based on the

research questions and hypotheses formulated. Thus, the following data were generated.

Pretest data generated via Ecology Performance Test (EPT) to establish group
equivalence before the experiment.

Posttest data generated via Ecology Performance Test (EPT) to establish academic
performance after treatment.

Post-post test data generated via Ecology Performance Test (EPT) to measure

retention of learned concepts.



. Students’ attitude data generated via Students’ Attitude Questionnaire (SAQ) to
measure their attitude towards ecology concept before and after treatment.

4.3  Answering Research Questions and Testing the null hypotheses

Research Question 1

Are there differences in the mean academic performance scores of students in the high,

middle and low ability level taught ecology using laboratory, problem-solving teaching

strategies and their counterparts taught using lecture method?

To answer research question one, Post-test data generated via EPT were subjected to

descriptive statistics to calculate mean and standard deviation. Summary of the analysis

are shown in Table 4.1.

Table 4.1: Means and Standard Deviation of Post-test Scores of Varied Ability
Students for E1, E2and Control Groups

Ability Levels Treatment Mean Std. Error Mean Difference
Laboratory 12.30 0.24 132
Problem solving 13.62 0.32

Low Laboratory 12.30 0.24 0.67
Control 11.63 0.35
Problem solving 13.62 0.32 199
Control 11.63 0.35
Laboratory 12.77 0.27

Middle Problem solving 15.50 0.25 L5
Laboratory 12.77 0.27 193
Control 14.00 0.57
Problem solving 15.50 0.25 273
Control 14.00 0.57
Laboratory 17.34 0.54 180

High Problem solving 19.14 0.49
Laboratory 17.34 0.54 0.64
Control 16.76 1.11
Problem solving 19.14 0.49 238
Control 16.76 1.11

92



Table 4.1 revealed that among the low ability levels the mean difference between
laboratory, problem solving and lecture is (X= 1.32,0.67 and 1.99) respectively in favour
of problem solving strategy.The Table also showed that students performed better in
problem-solving approach in all the three levels of varied ability (high, medium and low).
It is observed in the Table that students with high ability obtained the highest mean score
among the three ability levels. From the Table,it is also observed that the low ability
students performed better in problem-solving approach (13.62) compared to low ability
students in Laboratory (12.30) and control (11.63) groups.

To find out how significant the difference in the groups was, the data were subjected to 2-
Way Analysis of Covariate (ANCOVA).

Testing Hypothesis One

There is no significant difference in the mean academic performance scores of students in
the high,middle and low abilitylevel taught ecology using laboratory and problem-solving
strategies and those taught using lecture methods.

To test HO,, the Post-test scores of the Experimental Group 1, Exp. Group 2 and Control
Groups were subjected to Analysis of Covariance (ANCOVA). Summary of the analysis

are shown in Table 4.2
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Table 4.2: Summary of 2-Way Analysis of Covariance (ANCOVA) of Students’
Performance in Ecology by Treatment (laboratory, problem-solving
andLecture)with Varied Ability Levels

Source Type 1l Sum  df Mean F Sig. Partial Eta
of Squares Square Squared

Corrected Model 2065.48 9 229.50 101.96 .000 .84

Intercept 875.07 1 875.07  388.77 .000 .69

Pre-test 379.75 1 379.75 168.71 .000 49

Main Effects

Treatment 124.93 2 62.46 27.75 .000 24

Varied ability 206.93 2 103.47 4597 .000 34

2-Way Interaction Effects

Variedability 7.82 4 1.96 .87 48 .02

Level*Treatment

Error 393.90 175 2.25

Total 38106.00 185

Corrected Total 2459.38 184

Table 4.2 shows the summary of Analysis of Covariance (ANCOVA) of Students’
Performance in ecology by Treatment (laboratory, problem-solving) and (Control) and
Varied ability levels. The results in the Table revealed that the effect of treatment on
students’ performance in ecology is statistically significant, Fp175= 27.75, p < 0.05.
Consequently, the null hypothesis which states that there is no significant difference in
the mean scores of students of varied abilities taught Ecology using laboratory and
problem-solving strategies and those taught using lecture methods is therefore rejected.
This implies that treatment has a significant main effect on the students' performance in
ecology ie (F (175= .87, p-value = .48 (p > 0.05). In order to determine which group
differs significantly among the three methods, Bonferroni Post-hoc analysis was done and

the results were presented in Tables 4.3.
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Table 4.3: Post-Hoc Analysis: Pairwise Comparison of Students’ Performance in
Ecology by Treatment (Laboratory, Problem-Solving and Lecture)

(1) Treatment (J) Treatment  Mean Std.  Sig.” 95% Confidence Interval
Difference Error for Difference”
(1-9) Lower Upper
Bound Bound
Laboratory  Problem solving -2.17 .30 .000 -2.89 -1.45
Control -44 A7 1.000 -1.57 .70
Problem Laboratory 217" 30  .000 145 2.89
solving Control 1.74 47 001 61 2.86
Control Laboratory 44 A7 1.000 -.70 1.57
Problem solving -1.74" A7 .001 -2.86 -.61

The result in Table 4.3 which shows the Post-hoc analysis, revealed that the p-
values of .000 and .001 for problem-solving strategy against laboratory and control
groups were less than .005. This is an indication that significant difference exists in the
academic mean scores of students taught using Laboratory, Problem-Solving and Control
group, in favour of problem-solving strategy. Table 4.3 also revealed that there is no
significant difference in the performance of students taught ecology using laboratory
teaching strategy and lecture method (control group).

Research Question 2

Are theredifferences in attitude of students in the high, middle and low ability levels
taught ecology using laboratory and those taught same concept using problem-solving
teaching strategies?

To answer this research question, data generated from Students Attitude Questionnaire
were subjected to Mean and Standard Deviation Statistics. Summary of the Analysis are

shown in Table 4.4 and 4.5.
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Table 4.4: Mean and Standard Error of Attitude of Students Taught Ecology
Using Laboratory, Problem-Solving Teaching Strategies and Lecture

method

Variability_Level Treatment Mean Std. Error Mean diff.
Low Laboratory 77.87 0.37

Problem solving 77.47 0.38 040
Middle Laboratory 78.14 0.30

Problem solving 76.90 0.28 L.23
High Laboratory 78.39 0.54

Problem solving 77.89 0.49 050

Table 4.4 shows the Means and Standard Error of Attitude of students taught
Ecology using laboratory and Problem Solving Teaching Strategies. The table revealed
that differences exist among the two teaching methods. Table 4.4also showed the
comparison of attitude of variedability students taught Ecology using laboratory and
problem-solving strategies. The table revealed that students showed more attitude in
Laboratory group than those in problem-solving group in all the three levels of varied
ability with mean differences of 0.40, 1.23 and 0.50 respectively. However, in order to
determine whether the difference is significant, Kruskal-Wallis test was carried out and
the result is presented in Tables 4.5.

Testing Null Hypothesis Two

There is no significant difference in the mean attitude scores in high, middle and low
ability biology students taught ecology using laboratory and problem-solving teaching
strategies and those taught using lecture methods.

To test HO2, the Post-test Scores of Exp. 1, 2 and Control groups were subjected to

Kruskal Wallis Test as shown in Table 4.5
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Table 4.5: Kruskal-Wallis Test on Students’ Attitude

Variable  Group N  Xyrank Df H-cal P Remark

Laboratory 60 115.57
Attitude  Problem-solving 75 83.45 2 1590 0.000 Sig

Lecture method 50 80.24

Significant at P < 0.05

In the result presented in Table 4.5, Kruskal-Wallis test revealed that there is
statistically significant difference in the mean attitude scores (H-cal = 15.90, P = .000) of
students taught ecology using laboratory strategy (mean rank = 115.57), problem-solving
teaching strategies (mean rank = 83.45) and those taught using lecture methods (mean
rank = 80.24). Since the P-value is less than .05, the null hypothesis is therefore rejected.
This implies that there is a significant difference in the attitude of students taught ecology
using laboratory and problem-solving teaching strategies in favor of laboratory and those
taught using lecture methods. A series of Mann-Whitney tests was conducted as a post-

hoc analysis, and the results are presented in Table 4.6.s
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Table 4.6: Post-Hoc Analysis using Mann-Whitney Test

Group N Mean Rank SumofRanks Z U-value P Decision
Laboratory 60 81.31 4878.50

-3.539 14515 .000 Significant
Problem-solving 75 57.35 4301.50
Laboratory 60 64.76 3885.50

-3.339 9445 .001 Significant
Control 50 44.39 2219.50
Problem-solving 75 64.10 4807.50

-416 17925 .68 Not Significant
Control 50 61.35 3067.50

Research Question 3

Are theredifferences in the mean retention scores of high, middle and low ability level

students, taught ecology using laboratory and problem-solving teaching strategies and

their counterpart taught using lecture method?

To answer this research question, Post-test data of exp. Group 1 exp. Group 2 and the

Control group were subjected to descriptive statistics. Means and Standarddeviations

were calculated and used to draw Table 4.7
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Table 4.7: Mean and Standard Error of Retention Ability of Students Taught
Using Laboratory and Problem Solving and Lecture Teaching

Strategies

Group N Mean Std. Error Mean Difference
Laboratory 60 20.88

.38 .59
Problem-solving 75 20.29
Laboratory 60 20.88

.58 1.68
Control 50 19.20
Problem-solving 75 20.29

.56 1.09
Control 50 19.20

Table 4.7 revealed that differences exist in the retention ability of students taught

using laboratory strategy (X= 20.88), problem solving strategies (X= 20.29) and lecture

method (X= 19.20) with laboratory strategy having the highest score, while control had

the lowest score. The Table also revealed that the mean difference between laboratory and

problem solving strategies is (X= 0.59) in favor of laboratory strategy, while the mean

difference between laboratory and control group is (X= 1.68) in favor of laboratory

strategy. Also, the Table revealed that the mean difference between problem solving

strategy and control group is (X= 1.09) in favor of problem-solving. The Mean

Performance of varied ability students in Exp. 1, 2 and Control were also calculated and

the summary of the analysis are shown in Table 4.8
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Table 4.8: Mean Performance of Varied Ability Levels of students taught ecology
Using Laboratory and Problem Solving strategies and Lecture
Teaching method.

Varied ability Treatment Mean Std. Error 95% Confidence Interval
Lower BoundUpper Bound
Low Laboratory 17.91° 48 16.96 18.84
Problem solving 18.13% .38 17.39 18.87
Control 16.03* .31 15.41 16.65
Middle Laboratory 21.53% 34 20.87 22.19
Problem solving 19.99*° .34 19.32 20.65
Control 19.74% 71 18.34 21.14
High Laboratory 23.21* .75 21.74 24.68
Problem solving 22.76* .76 21.26 24.25
Control 21.83% 140 19.06 24.60

a. Covariates appearing in the model are evaluated at the following values: Post.

In the same vein, the three levels of studentswith varied ability was compared with
their performance when taught ecology using laboratory teaching strategy, problem
solving and those taught with lecture method. The results as shown in Table 4.8, indicated
that students of Low varied ability performed better in problem solving group (X= 18.13)
than those in laboratory (X= 17.90) and control group (X= 16.03). In contrast, students of
medium and high levels of varied ability performed better when taught ecology using
laboratory teaching strategy than their counterpart taught ecology using problem-solving
strategy and lecture method (control group).

To find out whether there is a significant difference in the groups, the data were

subjected to a 2-Way Analysis of Covariate (ANCOVA).
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Testing Null Hypothesis Three

There is no significant difference in the mean retention scores of high, middle and low
ability studentstaught ecology using laboratory and problem-solving strategies and those
taught using lecture methods.

To test HO3 to determine how significant the difference in the groups was, the data were
subjected to a 2-Way Analysis of Covariate (ANCOVA) as shown in Table 4.9

Table 4.9: Summary of 2-Way Analysis of Covariance (ANCOVA) of Students’

Retention Ability in Ecology by Treatment (laboratory, problem-
solving and Control) and Varied ability.

Source Type Il Sum df Mean F  Sig. Partial Eta Squared
of Squares Square

Corrected Model 3282.97° 9 364.78 104.86 .000 .84

Intercept 370.79 1 370.79 106.59 .000 .38

Post-Test 332.10 1 33210 95.72 .000 35

Varied ability 223.72 2 111.86 32.16 .000 27

Treatment 29.62 2 1481 426 .016 .05

Varied ability * Treatment 28.13 4 7.03 202 .093 .04

Error 608.78 175 3.48

Total 71975.00 185

Corrected Total 3891.75 184

Table 4.9 shows the summary of 2-Way Analysis of Covariance (ANCOVA) of
Students’ Retention Ability in Ecology by Treatment (laboratory, problem-solving and
Control) of Varied abilities. The table revealed that the effect of treatment on students’
Retention Ability in Ecology is statistically significant, Fo175 = 4.26, p < 0.05. Thusthe
null hypothesis which states that there is no significant difference in the retention ability

of students taught ecology using laboratory and problem solving strategies and those
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taught using lecture methods is therefore rejected. This implies that treatment has a
significant main effect on the students' retention ability in Ecology. The results also
showed that treatment of students of varied ability and retention of concepts are
statistically difference, F2175 = 2.02, p>0.05. In order to determine which group differs
significantly among the three methods, Bonferroni Post-hoc analysis was done and the
results were presented in Tables 4.10.

Table 4.10: Bonferroni Post-Hoc Analysis: Pairwise Comparison of Students’

Retention Ability in Ecology by Treatment (Laboratory, Problem-
Solving and Control)

m J) Mean Std. Sig."95% Confidence Interval for
Treatment Treatment Difference  Error Difference”
(1-9) Lower Bound Upper Bound

Laboratory  Problem 54 38 377-34 151

solving

Control 1.68" .58 .014 .27 3.09
Problem Laboratory  -.59 .38 377-1.51 34
solving Control 1.09 .56 164 -.27 2.45
Control Laboratory  -1.68 58 .014-3.09 -.27

Problem 4 ng 56 .164-2.45 27

solving

Bonferroni Post-hoc analysis revealed that laboratory and lecture methods (control group)
are significantly difference in their mean scores p = .014 (p < .005). This is due to the
large number of mean score of students taught with laboratory method. The table also
revealed that there is no significant difference in the performance of students taught
ecology using laboratory teaching strategy and problem solving strategy, p = .38 (p <
.005). Problem-solving shows no significant difference to control group, p = .16 (p >
.005).

Research Question 4

What are the differences in the mean academic performance of male and female students

taught ecology using laboratory and lecture method?
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To answer this research question, the Post-test Scores of Exp. Group 1 and the Control
Group were sorted out according to Gender and subjected to descriptive statistics. Means
and Standard Deviation(SD) were computed/calculated. Summary of the analysis is
shown in Table 4.11

Table 4.11: Meansand Standard Deviations of Post-test Scores of Male and
Female Students Taught Ecology Using Laboratoryand Lecture

methods

Treatment Gender Mean Std. Error Mean difference
Laboratory .

Female 12.57° 34

Male .
Lecture method 12.58 42

.10
Female 12.68° 37

Result in Table 4.11 shows that differences exist in the mean scores of male and
female students when taught using laboratory teaching strategy, problem solving and
those taught with lecture method. The difference between male and female in laboratory
group is .69 in favour of male students. (The Table also revealed that female students
performed better than male in problem-solving and control group with differences of .91
and .10 respectively). In order to determine whether the difference is statistically
significant or is just by chance, a 2-Way Analysis of Covariance (ANCOVA) was used to

calculate the difference. The summary of the analysis is shown in table 4.12.
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Testing Null Hypothesis Four

There is no significant difference in the mean academic performance scores of male and
female students taught ecology concepts using laboratory teaching strategy and those
taught using lecture methods.

To test HO4, a 2-Way Analysis of Covariance (ANCOVA) of the Mean Scores of male
and female students in Exp. 1 and Control groups were calculated and the summary of the
analysis is presented in Table 4.12

Table 4.12: 2-Way Analysis of Covariance (ANCOVA) ofMeans Scores of Male and

Female Students’ Taught Ecology Using LaboratoryStrategyand
Lecture method

Source Type 1l SumDf Mean Square F Sig. Partial
of Squares Eta Squared
Corrected Model ~ 1781.78% 6 296.96 78.01  .000 72
Intercept 666.02 1 666.02 174.96  .000 .50
PreTest 1601.52 1 1601.52 420.71 .000 .70
Treatment 324.52 2 162.26 42.62 .000 .32
Gender 51 1 51 A3 716 .00
Treatment * Gender 20.89 2 10.44 2.74 .067 .03
Error 677.60 178 3.81
Total 38106.00 185
Corrected Total 2459.38 184

Result in Table 4.12 shows the summary of Analysis of Covariance (ANCOVA)
of male and female students’ Performance in Ecology by Treatment (laboratory)and
Control. The Table revealed that academic performance according to gender is not
statistically significant, F 1,178y = .13, p > 0.05. Thus, a 2-Way ANCOVA showed that
gender and treatments are not statistically significant. Therefore, the null hypothesis is
thus retained. This implies that gender does not significantly influence academic

performance of students when taught ecology using laboratoryor lecture method.
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Research Question 5

What are the differences in the mean academic performance scores of male and female

students taught ecology using problem-solving teaching strategy and those taught using

lecture method?

To answer this research question, the Post-test scores of Exp. Group 2 and the Control
Group were sorted out according to gender and subjected to descriptive statistics. Means

and Standard Deviation (SD) were computed/calculated. Summary of the analyses are

presented in Tables 4.13 and 4.14.

Table 4.13: Meansand Standard Deviation of Post-Test Scores of Male and
Female Students Taught Ecology Using Problem-Solving Strategy and

Lecture Methods.

Treatment Gender Mean Std. Error Mean difference
Male 14.81° 31
Problem-solving .89
Female 15.50° 32
a
Male 12.35 41
Control (lecture) .07
Female 12.422 .36

Table 4.14: Means and Standard Deviation of Post-Test Scores of Maleand Female
Studentsof Varied Ability Levels Taught Ecology Using Problem-

Solving and Lecture Method

Varied Gender Mean Std. Error Mean diff 95% Confidence Interval
ability Level Lower Bound Upper Bound
Low Male 12.363% .296 453 11.777 12.949
Female 12.816% .264 12.293 13.339
Middle Male 15.166% .342 112 14.489 15.842
Female 15.054* .358 14.345 15.763
High Male 17.919* .666 2.358 16.599 19.238
Female 20.277% .719 18.854 21.701
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Result in Table 4.13 shows that differences exist in the mean scores of male and
female students taught ecology using problem-solving strategy and those taught using
lecture methods. The difference between male and female in problem-solving group is .89
in favour of female students. The table also revealed that female students performed
better than male in control group with mean difference of .07. Table 4.14 also indicated
that female students in low and high level of varied ability had higher mean score than
male with the mean differences of .45 and 2.36 respectively. While male students in
medium varied ability had a mean slightly greater than female with the mean difference
of 0.12.

Testing Null Hypothesis Five

There is no significant difference in the mean academic performance scores of male and
female students taught ecology concept using problem-solving teaching strategy and
those taught using lecture methods.

To test HOs in order to determine whether gender is statistically significant, a 2-Way
Analysis of Covariance (ANCOVA) was conducted as shown in Table 4.15

Table 4.15:  2-Way Analysis of Covariance (ANCOVA) Mean Scores of Students’
Taught Ecology Using Problem-Solving Strategy and Lecture Method.

Eta

Source Type IIl Sum df  Mean Square F Sig. Partial
of Squares Squared
Corrected Model ~ 1218.55° 4  304.64 84.41  .000 74
Intercept 585.60 1 585.60 162.26  .000 .58
Pre-test 1063.20 1 1063.20 294.59  .000 71
Treatment 239.26 1 239.26 66.29 .000 .36
Gender 6.54 1 6.54 1.81 181 .02
Treatment * Gender5.01 1 5.01 1.39 241 .01
Error 433.10 120 3.61
Total 26517.00 125
Corrected Total 1651.65 124
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Result in Table 4.15 shows the summary of Analysis of Covariance (ANCOVA)
of male and female students’ Performance in Ecology after Treatment in experimental
group two (problem-solving), (Control group). The Table revealed that gender is not
statistically significant, F (11000 = 1.81, p > 0.05. Also, a 2-Way ANCOVA showed that
gender and treatments are not statistically significant, F (1120) = 1.39, p > 0.05. Therefore,
the null hypothesis which stated that there is no significant difference in the mean scores
of academic performance of male and female students taught ecology using problem-
solving teaching strategy and those exposed to lecture method is therefore retained. This
implies that gender does not significantly influence the academic performance of students

when taught ecology using problem-solving strategy or lecture method (Control group).

4.4  Findings
The following are the findings after the statistical analysis of the data collected in

the course of this study.

1. There is a significant difference in the mean scores of students of varied ability
taught biology using laboratory and problem-solving strategies and those taught
using lecture methods. The observed difference is in favor of experimental
treatment one and two (laboratory and problem-solving). The finding answered
the stated research question one.

2. There is a significant difference in the attitude of biology students of varied ability
taught ecology using laboratory and problem-solving teaching strategies and those
taught using lecture methods. The positive effect in attitude is in favor of
laboratory and problem-solving strategies. The question thus answered the stated
research guestion two.

3. There is significant difference in the retention of concepts among students of

varied ability taught ecology using laboratory and problem-solving strategies and
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4.5

those exposed to lecture methods. As indicated in the mean scores, the treatments
had positive effects on the three levels of the abilities (high, middle and low). But
the difference is in favor of experimental group two (problem-solving strategy).
The finding answered and rejected the research question three.

There is no significant difference in the mean scores of male and female students
taught ecology using laboratory strategy and their counterpart taught using lecture
methods. As indicated by the mean scores, neither the males nor the females
performed significantly better than the other. This is to say that gender has no role
or influence on theacademic performance of the groups. The finding thus
answered and retained the research question four.

There is no significant difference in the mean scores of male and female students
taught ecology using problem-solving strategy and those exposed to lecture
methods. As indicated in the mean scores, neither the males nor the females
performed significantly better than the other in the two groups. This implies that
sex does not determine academic performance of students. This finding answered

and retained the stated research question five.

Discussion of the Findings

This study investigated the impact of laboratory and problem-solving strategies on

attitude performance and retention among varied ability SSII students in Zaria

Educational Zone of Kaduna State, Nigeria. The data collected were analyzed using

Analysis of Variance (ANOVA) and Analysis of Covariance (ANCOVA) at P<0.05 level

of significance.

Research question one was stated to identify the difference in the mean score

academic performance of students with varied ability taught ecology using laboratory and

problem-solving strategies and their counterparts taught the same concepts using lecture
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method. The result of testing hypothesis one Table 4.1 shows that there is a significant
difference in the mean scores of performances of varied ability students taught ecology
using laboratory and problem-solving teaching strategies compared with their
counterparts taught with lecture method. The table revealed that the mean difference
between laboratory and problem-solving strategies is (X= 1.32) in favor of problem-
solving strategy, while the mean difference between laboratory and control group is
(X=0.67) in favor of laboratory strategy, therefore hypothesis one which stated no
significant difference in the methods was rejected. Thus, the finding is in agreement with
the study conducted byAfolabi and Akinbobola (2009)who recorded a significant
difference among SSII physics students with low ability leveltaught using problem-based
learning technique when compared with those taught with conventional lecture method.
The finding is also in line with the work of Osuafor and Okigbo (2013) who reported a
significant difference in achievement of SSI students taught biology with different
instructional strategies and also that of Ojediran, Oludipe and Ehindero (2014) who also
reported that there was significant difference in the achievement in physics of low
performing students exposed to laboratory based instructional intervention (LBII) when
compared with those exposed to conventional teaching method (CTM).

The result is also in line with that of Adu and Sheyin(2013), who reported that there was a
significant effect on the achievement of students taught with instructional strategy,
compare with those taught with lecture method.

Table 4.2 shows the ANCOVA of students’ performance in ecology by treatments
and varied ability levels. The result of the analysis indicates that the effect of treatments
on students’ performance in ecology is statistically significant, F 2,18 = 27.75, where p <
0.05. Consequently, the null hypothesis which states that there is no significant difference

in the mean scores of students of varied ability taught ecology using laboratory and
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problem-solving strategies and those taught using lecture method is therefore rejected.
This implies that treatment has a significant main effect on the students’ performance in
ecology. The table also revealed the value of varied abilitylevels of students as F (2,18 =
.87, p-value = .48 (p > 0.05). To determine which group differs significantly among the
three methods, Bonferroni Post hoc analysis was done as shown in Table 4.3 and the
result revealed that the p-values of .000 and .001 for problem-solving against laboratory
and control were less than 0.005. This shows that significant difference exists in academic
mean scores of students who receive the two treatments and lecture method in favor of
problem-solving strategy. The result also indicates no significant difference in the
performance of students in experimental group one (laboratory) strategy and those in
control group (lecture method). The findings of this study are in accordance with Bichi,
(2002) who investigated the effects of problem-solving strategy and enriched biology
curriculum on senior secondary school students in Zaria. His result revealed that there
was significant difference in the mean scores of students exposed to problem-solving
when compared with those taught with conventional method. The present study is also in
agreement with the findings of Obeka, (2010), Ajaja, (2013); Ibe, (2013) and Seyhan,
(2015) who worked with different instructional strategies (i.e. laboratory, problem-
solving, inquiry, demonstration and discovery) in their individual studies and reported
that problem-solving and laboratory strategies have positive effect on academic
performance of students when compared with lecture method.

Table 4.4 shows the Mean and Standard Error of Attitude of students taught
Ecology using laboratory and problem-solving strategies and control group. The table
revealed that differences existed among the two teaching strategies and lecture method.
The difference in the mean scores of attitude of students taught ecology using the two

strategies and those taught same concept using lecture method are 6.01,5.07 and
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0.94respectively in favor of problem-solving strategy. Also the mean difference which
exists between laboratory strategy and control method was found to be 5.07. However, to
determine whether the differences are significant and which of the groups differ
significantly, Kruskal-Wallis test was carried out. Thus, Table 4.5, (Kruscal-Wallis Test)
revealed that there is statistically significant difference in the mean attitude scores (H-cal
= 15.90, P = 0.000) of students taught ecology using laboratory strategy (mean rank =
115.57), problem-solving strategy (mean rank = 83.45) and those taught same concept
using lecture method (mean rank = 80.24). Since the P-value is less than .05, the null
hypothesis is therefore rejected. This implies that there is a significant difference in the
attitude of students taught ecology using laboratory and problem-solving strategies (i.e.
experimental groups) over those taught using lecture methods (control group). The result
was further subjected to a series of Mann-Whitney tests as a post-hoc analysis.

Table 4.6 shows a significant effect when using the two strategies, the significant
difference in attitude observed among the groups was likely due to using specimen and
instructional materials where students could see, feel and touch in laboratory and
problem-solving strategies on the experimental groups. If the treatments have no effects,
the three groups are expected to perform equally the same since they were both pretested
and found to be equivalent. The find of this study agrees with that of Ahmad, (2011), who
reported a significant difference in attitude among students when examined the
relationship between attitudes towards biology courses and students’ biology
achievement. The finding also confirms that of Ibe, (2013) who observed significant
effects in attitude among students taught with guided-inquiry when compared with those
exposed the lecture method. The finding of this study is also in line with result of Obochi,

(2016) which recorded a significant effect in the mean scores of students’ attitude when
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investigates the effect of age and gender on attitude and academic performance of SSlI
biology students in Zaria.

The results presented in Table 4.7 indicated that there was a significant difference
in the retention strength of students taught using laboratory, problem-solving strategies
and lecture method with laboratory strategy having the highest scores, while control
group had the lowest scores. The table also revealed that the mean difference between the
three groups is very high among the experimental 1 group (laboratory) followed by
experimental 2 group (problem-solving) and lowest in control group. The finding
confirms the work of Osuafor and Okigbo (2013) who conducted similar study in Akwa
Anambra State, and observed that laboratory based instructional method improved the
performance of SSII biology students. The result is in agreement with that of Ojediran,
Oludipe and Ehindero (2014), who also conducted a similar study in physics in Oshun
State and reported that laboratory strategy improved the performance and retention of
students in physics. The finding of this study is also in line with the work done by Bichi,
(2003) which stated a significant difference in retention and performance in evolution
concepts among student taught with problem-solving strategy when compared with those
exposed to traditional lecture method. In the same vein, the three levels of students of
varied ability were compared with their performance when taught ecology using
laboratory teaching strategy, problem-solving and those exposed to lecture method.

The result presented in Table 4.8 shows varied ability levels, the result indicated
that students with low ability performed better and retain more concept when taught with
problem-solving strategy than those taught with laboratory and lecture method. In the
contrast, students with medium and high abilities performed better when taught ecology
using laboratory strategy (i.e. experimental group 1) than their counterpart taught the

same concept using problem-solving (i.e. experimental group 2) and lecture method
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(control group). To find out how significant the difference in the group was, the data were
subjected to a 2- Way Analysis of Covariate (ANCOVA).

Results of the analysis as presented in Table 4.9, revealed that the effect of
treatment on students’ ‘retention ability’ in ecology is statistically significant. This
implies that treatment has a significant main effect on the students’ retention ability in
ecology. The finding of this study confirms that of Lakpini (2006) which reported that
using PIPS and CCIS Model to teach genetics concepts improved the academic
performance and retention of low ability SSII students in Zaria. The finding also supports
those of Ezeudu and Okeke (2013) and Ojediran, Oludipe and Ehindero (2014) who
observed increase in academic performance of low performing students when taught with
different simulation and laboratory-based instructional models in chemistry and physics
respectively. To confirm the retention rate among the varied ability of the various groups,
Bonferroni Post-hoc analysis was conducted as indicated in Table 4.10 and the result
revealed that laboratory strategy and lecture method are significantly difference in their
mean scores p = .014 (p < .005). The table also revealed that there is no significant
difference in the retention of concepts among students of varied abilities taught ecology
using laboratory and problem-solving strategies.

The result presented in Table 4.11 shows that difference exist in the mean scores
of male and female students taught using laboratory, problem-solving teaching strategies
and those exposed to lecture method. Thus the difference between male and female
students in laboratory group is .69 in favor of male students. The table also revealed that
female students performed better than male in problem-solving and control groups, with
difference of .91 and .10 respectively. In order to determine whether gender is statistically
significant or the difference is just by chance, a 2-Way analysis of covariance

(ANCOVA) was conducted as shown in Table 4.12.
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The results from Table 4.12 indicates that gender and treatments are not
statistically significant, thus the treatmentsare gender friendly hence gender does not
influence the understanding of students in the experimental and control groups.
Therefore, the null hypothesis is retained. The finding of this study is however in
accordance with those of Mari, (2002), Njoku, (2012) Adu and Sheyin (2013) and
Amedu, (2015) which in their individual studies reported no significant difference in the
mean scores of male and female students taught with different instructional methods. The
finding of this study is not in line with that of Abduraheem, (2012) who worked on
gender differences and academic achievement in integrated science in Junior Secondary
Schools. He confirmed that males performed better than females and affirmed that males
demonstrated significantly more positive attitudes towards science than females.
Owuamanam and Babatunde (2007) also noted that females exhibit more positive
attitudes towards Biology and males towards Physics. The result of this study is however
different from that of Ibe, (2013) who reported that female students out-performed the

males in RMBT when taught biology using guided-inquiry method.
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CHAPTER FIVE

5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Introduction

This study investigated the impact of two teaching strategies laboratory and
problem-solving on attitude, retention and academic performance among varied ability
Secondary school biology students Zaria, Kaduna State Nigeria. In this chapter the
summary of the findings from the study are presented, while the conclusion and
recommendations are highlighted under the following subheadings.
o Summary

. Major Findings

o Conclusions

. Contributions to Knowledge
o Recommendations

o Limitations of the Study

. Suggestions for Further Study.

5.2  Summary of the study

The study investigated the Impact of Laboratory and Problem-solving Strategies
on attitude, performance and retention in biology among varied ability Secondary
schoolbiology students in Zaria, Kaduna StateNigeria. The subjects for the study were
SSII students of Government owned Co-educational Schools. Simple random technique
involving balloting method was employed in selecting the sample. Five research
questions were stated and five null hypotheses were formulated and tested using t-test
statistics. Relevant literatures related to the study were reviewed and these provided

insight to already existing problem. The research design was a quasi-experimental design



using pretest and post-test group in which three intact classes were involved and assigned
to three different treatments. The three groups ie two experimental EG1, EG2 and one
Control group received six weeks’ ecology lessons.

Two instruments were developed for the study. (i) A 20 items of Student Attitude
Questionnaire (SAQ) using the Likert Scale was used (ii) Ecology Performance Test
(EPT) which contained 50 items of multiple choice questions were also used by the
researcher. The two instruments were validated, the facility and discrimination indices of
the performance test were determined.These instruments were used for data collection. A
pre and post-test design was used for the study using three groups, i.e. two experimental
and one control. Laboratory and Problem-solving Strategies were used in teaching the
experimental groups, while the control group was taught using lecture method. The top
25% were ranked the high, middle 50% were the average while lower or bottom 25%
were low ability group. The intact classes of the three schools were used so as to cater for
the issue of gender. Five research questions and five null hypothesis were formulated and
tested at 0.05 level of significance. The data collected were analyzed using t-test and
Kruskal Wallis statistics to determine the significant difference of the three groups, at
P<0.05.

The findings of the study showed among others that laboratory strategy had
significant effects on the attitude and academic performance of the students of varied
abilities. Low ability students that were taught ecology using problem-solving strategy
improved in their performance and retained the learnt concept more than those taught
using lecture method. Neither male nor female in the two experimental groups performed
significantly better than the other in biology after treatment. Based on the findings of the
study, it is recommended that laboratory and problem-solving strategies should be used to

teach ecology at secondary school level.
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5.3

study:

Major Findings

The following are the major findings after analyzing the data collected for the

There is a significant difference in the mean scores of students of varied ability
taught biology using laboratory and problem-solving strategies and those taught
using lecture methods. The observed difference was in favor of experimental
group one and two (i.e. laboratory and problem-solving strategies).

There is a significant difference in the change of attitude of biology students of
varied ability taught ecology using laboratory and problem-solving teaching
strategies and those taught using lecture methods. The positive effect in attitude
was in favor of laboratory and problem-solving strategies.

There is a significant difference in the retention of ecology concepts among
students of varied ability levels taught ecology using laboratory and problem-
solving strategies and those exposed to lecture methods. As indicated in the mean
scores, the treatments had positive effects on the three levels of the abilities. But
the difference was in favor of experimental group two (problem-solving strategy).
There is no significant difference in the mean scores of male and female students
taught ecology using laboratory strategy. As indicated by the mean scores, neither
the males nor the females performed significantly better than the other. The
treatment was thus gender friendly.

There is no significant difference in the mean scores of male and female students
taught ecology using problem-solving strategy. As indicated in the mean scores,
neither the males nor the females performed significantly better than the other.
This implies that problem-solving teaching strategy is gender friendly with

regards to academic achievement.

118



5.4

Conclusions

Based on the findings of the study, the following conclusions were made
laboratory and problem-solving teaching strategies have the potentials of
enhancing and improving the academic performance of students in biology subject
of SSII level. This could be due to the fact that students were involved and
exposed more to realities of life and tend to work as scientist and acquire
knowledge by themselves which the teacher only correct their impressions hence
they participated fully in the class unlike in lecture method of teaching, where the
students remained passive.

The attitude of the students of varied ability in the experimental groups i.e.
laboratory and problem-solving improved unlike their counterpart in control
group. Thus, Problem-solving strategy removes the teacher as a dictator and sole
owner of knowledge which renders student passive, rather students are actively
involved in the process of learning which is not so in conventional lecture method.
Students in the experimental groups had better retention of the concept taught
when using the two treatments hence they remember quickly what they see than
what they hear in lecture method.

Since neither the male nor the female in the experimental groups performed
significantly better than the other in Ecology Performance Test (EPT), it means
that gender has no influence on the students’ academic performance thus, the
instructional strategies are gender friendly and this is an indication that hopefully
the gab in biology performance in schools is bridged.

In a nutshell, the findings of this study indicate that activity based learning is

better than teacher centered learning in promoting attitude, performance and
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5.5

retention of learned concept of biology subject among SSII students of varied

abilities.

Contributions to Knowledge

The significant position of teaching biology in secondary schools and colleges in

our contemporary society can hardly be overemphasized. Researches have shown that

biology enjoys more attention by students than other science subjects such as physics,

chemistry etc. It has been reported however, that the failure rate in biology is highest

compared to the other science subjects. The poor results in biology might be due to the

indiscriminate enrolment by students, both the serious and unserious ones and also the

fact that the subject is prerequisite to professions such as Pharmacy, Medicine,

Agriculture, Biochemistry, Micro-biology. Aganga, (2005) reported that there is no

science subject that is in greater need of constant re-evaluation than the science of

biology.

1.

The adapted and modified models and flowcharts used in the experimental groups
land 2 (laboratory and problem-solving strategies) have bridged the gap which
exist among the students about biology as abstract and difficult subject to
understand.

The strategies were also used to improve students’ academic performance,
increase and enhance retention of students and especially those with low ability
levels.

The strategies also promote empowerment and self-reliance and significantly
elevates the self-confidence of the learner which cannot be obtained by using

conventional method.
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5.6

The findings of this study have also added information to the existing literature on
ecology concepts and classroom practices as regards to teaching and students’
performance.

Recommendations

Based on the findings of this study, the following recommendations are made:

The use of laboratory and problem-solving teaching strategies should be
encouraged among secondary school Biology teachers by Ministry of education
and other education agencies.

Government agencies such as Federal and State Ministry of Education and other
Stakeholders in educational sector should provide adequate and relevant
instructional materials for effective utilization of laboratory teaching strategy to
enhance meaningful learning among senior secondary school students of varied
abilities.

Curriculum planners such as Nigerian Educational Research and Development
Council (NERDC),West African Examination Council (WAEC) and Ministry of
Education should incorporate and emphasis on the importance of using laboratory
and problem-solving teaching strategies to facilitate student centered activity
learning.

Teachers of senior secondary schools should ensure provision of equal
opportunities for both male and female students in the classroom and during
practical, hence interactions with one another may enhance their understanding.
School Administrators in secondary schools should assist in provision of
instructional materials either by a way of standard or improvising to facilitate an
effective use of activity-based learning such as laboratory and problem-solving

teaching strategies to enhance meaningful learning.
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5.7

Biology teachers in secondary schools should be encouraged and sponsored by
ministry of education, schools and even Parent Teachers’ Association of such
schools for training and retraining through attending seminars, conferences and
workshops on regular basis so as to acquaint them with new trends and
innovations in science teaching.

Effective use ofLaboratory and problem-solving strategies by biology teachers of
senior secondary schools can provide students with low performance in biology
the opportunity to participate in the activities and maximize individual potentials
in learning the subjects.

Laboratory and Problem-solvingstrategies should be adopted in schools, used in
teaching Biology concepts and mostly ecology topics especially at secondary
school levelthese will allow students interaction and encourages higher order
thinking among them.

Biology students in SS level should be given the opportunities and guided on how
to handle and manipulate some of the biology materials, tools and equipment in

the laboratories

Limitations of the Study

The study has the following limitations:

the study was meant for only SSII students of Government owned Schools in
Zaria Educational zone. The results and conclusions were restricted to the
population from which the sample was drawn. The findings may be different or
otherwise if the samples were larger or if the whole secondary schools in Zaria or
Kaduna State were used.

many of the students could not easily comprehend with English language until

much more explanations were made.
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5.8

Time allocation for biology subject is too short and thus posed a big challenge for
the researcher.
lack of infrastructure (chairs and desks) for the students in the schools was also a

shortcoming since only few were available at the time of this study.

Suggestions for Further Studies

This study can be furthered in the following,

similar study can be carried out in other secondary schools outside Zaria zone so
that the validity and scope of generalization made in this study can be extended.
the study investigated impact of laboratory and problem-solving teaching
strategies on attitude and academic performance in ecology. Thus, there is the
need to try the strategies on other disciplines such as Chemistry, Geography,
Agriculture and other secondary school subjects to see what the result will be.

the strategies used in this study could be used in other higher institution of

learning i.e. Polytechnics, Colleges of Education or even Universities.
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APPENDIX I:
Ecology Performance Test

Time: 45 minutes

Instruction: Read the following instruction carefully before you answer the questions.
1. Use HB pencil for the examination

2. Shade only one letter for each answer in the objective questions.

SECTION A: Bio Data

Gender: Male [ ] Female: [ ]
Age:

Section B: Items of EcologyPerformance Test

Answer the entire question on the question paper by circling the correct option for each
question A —E

1. Example of carnivorous plants are
a. Bladder worf and sundew
b. Citrus & gwava
c. Lemon & pitchers plant
d. Mango & pawpaw plants
e. Lectus and cabbage
2. Saprophytic plants are
Mushroom, asperillus, mucor, fungi
Ringworm, rizoones, roots
Fern, liche, mould, wig
Water hycinte, mosses, mucor
Water plant and mould
3. In the marine food web, the source of energy to the producer come from
a. Seawaves
Sea water
Land
Air
Sun
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4. A population is best describes as
A group of the same species of organisms living together.

A group of animals and plants living together
A group of insects and grasses
Different species of wild animals
Plant and animal in a group.
5. Possessmn of strong adhesive is a feature of animals living in/on
Sandy beaches
Rocky shores
Benthic zone
Desert
e. Pond zone
6. A stable self-sustaining environment produced by an interaction between the biotic
and Abiotic components is best described as
a. Aniche
b. A community
c. An ecosystem
d. A habitat
e. A relationship
7. Which of the following factors is not associated with aquatic habitats?
a. Salinity
b. Turbidity
c. Temperature
d. Edaphic
e. Measurement
8. Trees in savannah habitats usually have heavy thick bark which mainly
a. Reduces the rate of transpiration
b. Protect them from the scorching sun
c. Protect them from heavy winds
d. Resist bush fires
e. Prevent rain fall
9. Example of instruments used to measure the speed of a stream?
a. Simple float
b. Secchi disc
c. Quadrat frame
d. Rain guage
e. Tape
10. In an ecosystem the organism which change light energy into stored chemical energy is
called.
a. Consumer
Decomposer
Producer
Carnivore
Achiever

® o0 oW
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11.

12.

as

13.

14.

15.

16.

17.

18.

Which of the following juices contains the enzyme ptyalin?
a. Gastric juice

b. pancreatic juice

C. Succus

d. Saliva

e. Mucor

A dry indehiscent fruit containing one seed and possessing a hairy pappus is described

A nut

A drupe

A cypela

A follicle

. Kannel

The thunder storm can be beneficial to plants because it
a. Kills the pest that attack crops

b. Destroys some of the major crops

c. Adds nitrates to the soil

d. Makes rain water available to plants

e. Remove decay organism from the soil

Identifyfrom the following a nitrifying bacteria?

a. Nitrobacter

b. Rhizobium

c. Azotobacter

d. Nitrosomonas

e. Pest

State from the following reagents used for test for starch.
a. Million’s reagent

b. Fewing’s solution

c. Sudan Il

d. lodine solution

e. Methylate spirit

Identify one of the followingas an autotrophic mode of nutrition.
a. Chemosynthesis

b. Saprophytism

c. Parasitism

d. Symbiosis

e. commensalism

Mention one of the following that is not a way of reducing air pollution.
a. Siting factories and power stations away from residential areas.
b. Building tall factory chimneys

c. Passing waste gases through filters and absorbers

d. Recycling tin cans bottles.

e. Change of ferlizer

Name one of the factors that is not associated with aquatic habitat.
Temperature

Light intensity

Turbidity

Wave action

Humidity

®o0 oW
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19. List the types of soil that had highest water retaining capacity?
a. Clay
b. Laterite
c. Loamy
d. Gravel
e. Sandy
20. Change in energy flow between organisms in a habitat can be represented by
a. Pyramid of biomass
b. Pyramid of number
c. Pyramid of energy
d. Food chain
e. Food web
21. One of the following processes is not involved in the carbon-cycle?
a. Burning
b. Decay
c. Transpiration
d. Respiration
e. Photosynthesis
22. Which of the following processes are involved in the water cycle?
a. Evaporation
b. Condensation and precipitation
c. Evaporation and transpiration
d. Precipitation and condensation
23. Water in the human body is derived from following sources except through
a. Drinking water
b. Food substances
c. Cytoplasm of worm-out cells
d. Respiratory activity
e. Absorption by the skin
24. Conservation of natural resources can be achieved by the following except
a. Creation of national parks
b. Formation of conservation societies and agencies
c. Establishment of game reserves
d. Deregulated harvesting
e. Making laws on conservation
25. Water rises most rapidly in
Sandy soil
Clay soil
Sandy-Loamy soil
Loamy soil
e. Humus soil
26. The process by which living organisms obtain and utilize materials from external
environment for metabolic activities is known as

oo

a. Respiration
b. Growth

c. Nutrition
d. Excretion
e. Digestion
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27. The host parasite relationship is known as
a. Parasitology
b. Parasitolysis

c. Parasite
d. Parages
e. Parasitism

28. In which of the following do we have extracellular digestion?
a. Autotrophs
b. Spcotrophs
c. Hetrotrophs
d. Paratroph
e. None of the above
29. Parasites that can only survive and grow in living cells are described as
a. Facultative
b. Obligate
c. Biotrophic
d. Hecrotrophic
e. Endosite
30. One of the following is an example of facultative parasite
a. Bracket fungi
b. Mush room
c. Mucor
d. Fern
e. None of the above
31. The three main digestive enzymes being produced by fungal saprostrophs are
a. Carbohydrase, sucrose and lipase
b. Carbohydrase, lactose and secrase
c. Carbohydrase, pepsin and ferin
d. Carbohydrase, lactose and glucose
e. Carbohydrase, lipase and protease
32. In the symbiotic association between fungi and green algal, which of the following
provides moisture (water) minerals salts and

a. Algal
b. Mosses
c. Lichers
d. Letose
e. Fungi

33. Which of the following pairs of enzymes is an example of proteases
a. Maltase and erepsin
b. Pepsin and lactase
c. Erepsin and pepsin
d. Ptypsin and pepsin
e. None of the above
34. In nitrogen cycle, decay bacteria act on dead-organisms and feaces to produce
Ammonia
Nitrites
Nitrates
Urea
All of the above
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35. In nitrogen cycle, the role of nitrosamines is to convert ammonia into
a. Nitrites
b. Chlorine
c. Nutrite
d. Glucose
e. None of the above
36. Nameone of the following elements required in large amounts by plants.
Molybdenum
Boron
Copper
Phosphorous
Sulphur

®o0 oW

37. List one of the following substances that has the highest amount of energyin joules
per unit weight.
a. Carbohydrates
b. Proteins
c. Fats
d. Vitamins
e. Minerals and salt
38. ldentifyone of the following stimuli that is not perceived through the skin of
Mammals?
a. Pressure
b. Light
c. Heat
d. Pain
e. Cold
39. Only specially adapted micro-organisms are found in
a. Salty water
b. Humid air
c. Moist soil
d. Mouth cavities
e. Nasal cavity
40. Nameone of the following pairs of organisms that exist as colonies
a. Obelia and Euglena
b. Pandorina and volvox
c. Chlamydomonas and amoeba
d. Hydra and spirogyra
e. Hydra and volvox
41. The wind vane instrument is used to measure
a. Direction of the wind
b. Height of the wind
c. Depth of ariver
d. Amount of rainfall
e. None of the above
42. Hygrometer is used to measure
a. Pressure of an object
b. Temperature
c. Weight of organism
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d. Water intensity

e. Relative humidity

. Barometer is an instrument used to measure

a. Temperature

b. Pressure

c. Weight

d. Height

e. Relative humidity

. The best soil for farming is

a. Sandy soil

b. Clay solil

c. Loamy soil

d. Humus soil

e. All of the above

. Which of the follow ecological factors are common to aquatic habitats

a. Temperature

b. Rainfall

c. Light

d. All of the above

. Sacchi disc is an ecological instrument used to measure

a. Organisms that live in the soil water

b. Turbidity or transparency of water

c. Height and length of an object

d. Speed of water

e. All of the above

. Colorimeter (PH indicator) is used to measure

a. Salinity of water

b. Alkalinity and acidity of soil or solution

c. Light intensity of water

d. Temperature of objective

e. None of the above

. Salinity of water means

a. Hardness of water

b. Softness of hard water

c. Transparency of water

d. Saltiness or concentration of salt solution in water

e. None of the above

. An ecological niche is referred to as

a. A specific portion of a habitat which is occupied by a particular species or
organisms

b. A special area for man

c. An environment of water animal

d. An area for crop protection

e. None of the above

. Ecology is simply defined as

The study of micro-organism

Study of plant in water

Study of plant and animals in relation to their environment

Non living organism

All of the above
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3.E

4. A

5.C

6.C

7.D

8. A

9.A
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25.

26.

27.
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29.

APPENDIX 11
Marking Scheme

40.B

143

31.

32.

33.

34.

35.

36.

37.

38.

39.

50.C

41.

42.

43.

44,

45.

46.

47.

48.

49.



APPENDIX 111
Student Attitude Questionnaire(SAQ)
SCHOOL.: CLASS:

SEX: SUBJECT:

This instrument is a five point like type scale consisting of 20 statements about your
attitude toward biology. For each statement, think about what and how feel, toward
biology and ecology topic (s) how competent will you be to carry out any experiment in
any of the related topics. They are not yes or no questions; they are just your feelings and
perceptions about the subject or topic. For each of the topic below, indicate the degree to
which you agree or disagree with the statement (s) and then tick one of the following
options of your choice on the boxes provided.

The responses and their points are as follows:

Strongly agree - (5)
Agree - 4)
Disagree - 3)
Strongly disagree - (2
Indicated - Q)

The above indicates that any positive response or option ticked earns the point that tally
with it.

However, any negatively worded statements are scored by reversing the numeric value.

Key:

SA - Strongly agree

A - Agree

D - Disagree

SD - Strongly disagreeUD - Undecided
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S/N

STATEMENTS

SA

SD

ub

1 I like biology as a subject

2 I enjoy biology class (s) at all times

3 I like ecology topics when taught in the class

4 In my school we do biology practical more than theory

5 Topics in ecology are difficult to understand

6 There is a biology laboratory in my school

7 Materials for experiment (s)are available for use in the laboratory

8 | participate fully during practical

9 I score higher in biology subject more than any other subject

10 | We work in groups during practical class

11 | My teacher assigns individual work in every practical class

12 | I can easily understand biology through direct observation via
practical and experiments.

13 | Practical classes are more interesting to attend than theory classes

14 | | can perform biology experiment on my own

15 | Ecology related questions in exams are easier to answer

16 | I can draw biology diagrams without much difficulty

17 | Biology materials and apparatus are difficult to handle

18 | We have enough time at least two periods for biology practical

19 | I want to do biology relate courses in my further studies (medicine,
pharmacy, micro biology)

20 | I'would not like to do biology after secondary school
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APPENDIX IV

Lesson Plan for Experimental Group(Laboratory)

WEEK ONE
Subject: Biology
Class: SS I

Sex: Mixed

Topic: Ecological succession

Time: 50 Minutes

Behavioral objectives: At the end of the lesson, the students should be able to;

I. Define ecological succession

ii. List the types of ecological succession

iii Differentiate between the two types of succession.

iv Explain ecological terms and identify succession processes in their environment.
Previous knowledge:

The students are familiar with basic Ecological Concepts, Ecosystem, and types
(Decomposers, consumers, producers).

Introduction:

The teacher introduces the topic by asking the following questions and the student should
indicate true or false.

Ecological succession is the process of vegetation change on a site over time?

The mechanisms that cause the group of species dominating a site to change over time are
the same for all ecological communities.

Interactions between specie are important in ecological succession

Random events can change the ecological succession.

Presentation:

Step I:

Teacher defines ecological succession as a long term gradual or progressive series of
changes occurring in the structures composition, variety or diversity and number of
species in an area till, a stable or climax community is established.

Step II:

Teacher displays the instructional materials and described the laboratory work.
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Step 1H1I:

Teacher groups the students 5 per group to list and identify the types of ecological
disturbance in an environment.

Step 1V:

Teacher describes Primary succession as that which starts on a base or virgin land surface
which have not previously borne vegetation or tampered with. It usually starts with lower
organisms and takes a longer time to reach a climax community. Examples of primary
succession include ponds, vegetation in rocks, mangrove forest etc.

Factors which can give rise to primary succession are: Erosion, deposition of sand duress:
-Volcanic ash, land-slides, Earthquakes, emergence of bare surface, thunderstorms,
Hurricanes, Tornadoes, Extreme drought Mining or construction activities.

Secondary succession on the other hand starts on already colonial surface. It may start
with fairly complex organisms and it takes a shorter period of time to reach a climax
community. E.g. of secondary succession are found in abandoned farmland and grassland.
Activity I:

Teacher share student into five in a group. Each group member should list as many
ecological disturbances as they can, in their school or home environment.

Activity I1:

Students were asked to identify the plants found in the environment, and suggest how
many years it has survived in the particular environment. In this activity, students analyze
the production and utilization of organic molecules in ecosystems. Students construct
food chain and a food web, which including producers, primary consumers, secondary
consumers and decomposers.

Students learn how organic molecules move and are transformed in ecosystems as a result
of the trophic relationships in food webs, photosynthesis, cellular respiration, and
biosynthesis. This provides the basis for understanding carbon cycles and energy flow
through ecosystems. In the final section, students use these concepts and quantitative
reasoning to understand trophic level. Teacher calls each group of students to report on

their findings.
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Conclusion:

Teacher concluded the lesson by giving the students assignment to write short note to
explain the following: -

Ecological disturbance

Ecological succession

Climax community

Competition
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Lesson Plan for Experimental Group (Laboratory)

WEEK TWO:

Subject: Biology

Class: SS2

Sex: Mixed

Topic: Population size
Time: 50 minutes

Instructional materials:

Pencils, meter, rule/stick, work sheet, textbook, chalkboard.

Behavioral objectives:

At the end of the lesson, the students should be able to:

Describe the Biosphere and its components

Describe an organism.

Identify the methods of estimating population size on population density to the
development of a community (plant and animal community).

Previous knowledge:

The students are familiar with:

Basic measuring, multiplication and division skills

Basic understanding of the Biosphere and Environments.

Introduction:

Teacher introduces the topic by reviewing what the Biosphere is (i.e. Apart of the earth
that includes living and non-living things).

Teacher explains the different types of environments and ecosystems such as tropical
rainforests, deserts etc.

Presentation:

Step I:

Teacher explains the terms population, population density. Bio domes (which contains
both biotic and a biotic factors).

Step 1l

Teacher displays various materials that can be used to estimate a population and also list
the types and methods of estimating population such as (capture — mark — release —
recapture method, quadrate method, removal method, direct counts, random sampling etc.
Teacher further explain the method of estimating population size using the following

instruments.Mark and recapture is a method commonly used in ecology to estimate an

149


https://en.wikipedia.org/wiki/Ecology
https://en.wikipedia.org/wiki/Ecology

animal population's size. A portion of the population is captured, marked, and released.
Later, another portion is captured and the number of marked individuals within the
sample is counted. Since the number of marked individuals within the second sample
should be proportional to the number of marked individuals in the whole population, an
estimate of the total population size can be obtained by dividing the number of marked
individuals by the proportion of marked individuals in the second sample. The method is
most useful when it is not practical to count all the individuals in the population. Other
names for this method, or closely related methods, include; capture-recapture, capture-
mark-recapture, mark-recapture,sight-re-sight, mark-release-recapture, multiple  systems
estimation, band recovery the Petersen method, and the Lincoln method

Quadrat: It is a frame structure made of wooden material which forms a square shape of a
known area.

The size of a quadrate depends on the organisms to be studied e.g. 0.25m? for
lichens, 1m? for plants in an open field, 10m? for tress in a wood area. Quadrate is
particularly useful when studying a habitat supporting several species of plant.

Teacher also explains other method of estimating population size through.

Direct observation which involves directing counting of large mobile or slow moving
organisms and plants.

Removal method: This method is suitable for estimating number of small organisms e.g.
insects within a known area of grassland.

Activity I:

Teachers divides the class into groups of five students each, assign one student to be the
group leader (with the meter stick) and the other recorder (using the drawing/workbooks)
the students calculate the population size of the classroom.

Activity I1:

The students make the following measurements and record them on their
drawing/workbooks: -

Use a meter stick to measure the length and width of the classroom.

Multiply the length and width to get area of the classroom in square meters.

Count the number of individual student in the classroom.

Calculate how much space each person has by dividing the number of square meters in
the classroom by the number of people. Space = Area (Length x width)

Number of people.
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Activity 111:

Students practice more population density problems by completing the worksheet table.
Evaluation

Teacher goes round the class during the activity, studies and observe the teams as they
work.

Conclusion

Teacher concludes with a class discussion to review the worksheet, and discuss
population density tends (e.g. 7how does the population density of the classroom affect
the amount of resources (e.g. paper, chair, tape etc.)

Assignment:

The students to list the groups of living things that might be in the environment near

where they live.
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Lesson Plan for Experimental Group (Laboratory)

WEEK THREE

Subject: Biology
Class: SS2

Sex: Mixed
Topic: Food shortage
Time: 50 minutes

Instructional materials:

Charts and pictures showing various causes of food shortage such as bush burning, flood,
poor storage facility etc.

Behavioral: objectives:

By the end of the lesson, the students should be able to:

Define food shortage

State at least 5 causes of food shortage.

Identify the effects of food shortage on the size of a population.

Previous knowledge:

The students have knowledge on population size of an area.

Introduction

The teacher introduces her lesson by asking the students some questions based on what
was discussed during the last class and linking it to the present topic to be taught.
Presentation:

The teacher presents her lesson by;

Step I:

Definition of food shortage

Food shortage is when there is not enough food available for people to eat due to

difficulties in food distribution as result of famine, drought hunger etc.

Step II:

Teacher lists the causes of food shortage as follows:

Overpopulation, Flood, Drought, Pests, Diseases, Bush burning, Poor harvest
Poor soil or infertility of the soil, Water, Poor storage facilities.

Step I11:

Effects of food shortage on the size of a population.

Competition by species
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Emigration

Decline in the rate of reproduction.

Scarcity of a particular food.

Activity:

Teacher displays some simple of healthy fruits and seeds and some weak and unhealthy
ones, then asks students to identify and state reasons for difference in appearance of the
fruits.

Evaluation:

The teacher evaluates her lesson by asking the students some questions which are: -
Define food shortage

Mention causes of food shortage on the size of a population

Conclusion:

The teacher concludes her lesson by summarizing all she has taught the students and the
teacher gives the students assignment.

Assignment:

List and explain 10 effects of food shortage of the size of a population.
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Lesson Plan for Experimental Group (Laboratory)

WEEK FOUR

Subject: Biology

Class: SS2

Sex: Mixed

Topic: Overcrowding
Time: 50 minutes

Instructional materials:

Charts on a card board paper showing various factors that may cause overcrowding.
Behavioral objectives:

By the end of the lesson, the students should be able to:

Define overcrowding

List at least 5 factors that may cause overcrowding.

Mention at least 5 effects of overcrowding

State various adaptations to avoid overcrowding

Previous knowledge:

The students have knowledge on food shortage and its effects

Introduction

The teacher introduces her lesson by asking the student. Some questions based on what
was discussed during the last class and linking it to the present topic to be taught.
Presentation:

The teacher presents her lesson by

Step I:

Definition of overcrowding

Overcrowding is defined as a situation which occurs when a population in a given habitat
increase beyond a point where the resources in the habitat such as space and food are not
enough to support all the individuals in the population. In other words, overcrowding
occurs where there is an increase in the population of a particular species beyond the
caring capacity of that particular area. For instance, a space designed to accommodate

only 10 rabbits can be said to be overcrowding if 20 or rabbits have to live in such place.

Step II:
Factors that may cause overcrowding

Increase in birth rate (Natality)
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Increase in food supply

Increase in death rate (Mortality)

Immigration

Lack of dispersal

Inadequate space

Absence of predators

Step 111

Effects of overcrowding

The effects of overcrowding include: -

Shortage of space

Shortage of food

Competition

Anti-social behavior

Spread of disease

Preying on each other

Death of organism

Teacher further explains each of the above points.
Step IV:

Adaptation to avoid overcrowding plants and animals have developed various means to
avoid overcrowding such means and ways includes: -
Territorial behavior

Dispersal of seeds and fruits

Emigration

Swimming

Production of chemicals by plants

Productions of canopies

Teacher explains each completely with notes

Evaluation:

The teacher evaluates her lesson by asking the students questions which are:-
Define overcrowding

Mention 5 factors that may cause overcrowding

List 5 effects of overcrowding

What are the adaptations to avoid overcrowding?
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Conclusion:

The teacher concludes her lesson by summarizing all she has taught the students and
teacher gives them assignment.

Assignment:

List and explain 5 adaptive features undertaken by plants and animals to avoid

overcrowding.
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Lesson Plan for Experimental Group (Laboratory)

WEEK FIVE

Subject: Biology

Class: SS2

Sex: Mixed

Topic: Population studies
Duration: 50 minutes

Instructional materials:

An improvised quadrate and a tape

Behavioral objectives:

By the end of the lesson the students should be able to;

define population

explain the word habitat

identify factors affecting population

Previous knowledge:

The students are familiar with the major Biomes of the world

Introduction:

The teacher introduces the lesson by asking them students questions based on their
previous knowledge; List the major biomes of the world?

Tropical rainforest, savanna, desert, shrub, afro-alpines, swamp.

Presentation:

The teacher presents the lesson in the following steps;

Step I:

The teacher defines population as the total number of organisms of the same species
living together in a given area at a particular time. The teacher went further to explain that
in an ecosystem, the community is made up of many populations of different species.
Step II:

Teacher explains a habitat as a dwelling place of living organism. The teacher explains
that in a population studies of a habitat, the following are studies;

Types of organisms, this involves the listing of various types of population that are fund
in a particular habitat it helps to determine the relationship that exist between various

organisms e.g. plant and animal in a habitat.
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Dominance: - Dominance refers to those species that exert greater influence or major
controlling effect on the other members of the community dominance could be expressed
in terms of their: -

Number

Occupation of largest portion of space

Possession of the largest biomass and

The largest contribution of energy flow in the habitat

I. Population size: - This refers to the total number of the same kind in a given area of
habitat. A large population stands a better chance of surviving dangerous and unfavorable
conditions such as fire, disease etc.

ii. Population density: - Population density is defined as the number of individual
organisms’ permit are or volume of the habitat. Mathematically, population density.

Total population or population size

iii. Population frequency: - This refers to the number of times an organism occurs within
a given area of habitat.

iv. Percentage cover: - This refers to the Area covered or occupied by given species in its
habitat and it is expressed in percentage.

population growth rate: - This refers to the net result of the influence of natality (birth

rate) and mortality (death rate) of organism in a given habitat.

Step IHI:

The teacher identifies factors affecting population as;

Natality (birth rate): This refers to the rate of given birth to new organisms. This
generally, be it plant or animal leads to increase in population.

Mortality (death rate): This refers to the rate at which organisms die in a habitat.
Mortality generally leads to a decrease in population.

Immigration (dispersal): This is the movement of organisms from different habitats into a
new habitat. This tends to increase the population of the new area.

Emigration: - This is the movement of organisms out of habitat due either scarcity of food
or unfavorable conditions this however, reduces the population of a habitat.

Availability of food: The availability of food in a given habitat tends to increase the
population of that habitat.

Seasonal climate changes: - Unfavorable climate change may result in the decrease of a

population.
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Breeding period: - Most organisms move out of a habitat during breeding period thereby
reducing the population of that habitat.

Natural disasters: - Natural disasters like fire, drought flood earthquake etc. may lead to
decrease in population as may organism may die or move out of that habitat to a new
area.

Activity: students were asked to list places and areas in their community were natural
disasters has taken place.

Evaluation:

The teacher evaluates the lesson by asking the students questions such as:

What is population

What are the things to study in a population?

List 5 factors affecting population

Conclusion:

The teacher concludes the lesson by giving the students the summary of the note and
assignment to:

Describe how population studies can be conducted in a school garden.
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Lesson Plan for Experimental Group | (laboratory)

Week Six

Subject: Biology

Class:  SSlI

Topic:  Balance in nature

Duration: 45minutes

Instructional materials- Hot object, water, box/empty carton, source of light.

Behavioral objectives- By the end of the lesson, the students should be able to

- Identify biotic and abiotic factors affecting a population

- Mention some environmental resistance

- Explain difference between abiotic and biotic factors

Previous knowledge: Students are familiar with the factors affecting population size
Introduction: Teacher introduces the lesson by asking the students questions based on
their last lesson. E.g. List major factors affecting the population (natality, mortality, food,
immigration, emigration, unfavorable conditions etc.)

Presentation: Teacher presents the lesson in the following ways.

Stepl: Teacher defines balance in Nature as the way organisms (plants and animals)
species accommodate and survive at a stable condition with available resources in a given
habitat or environment. However, a number of factors are referred to as environmental
resistance control of population of organisms in a particular habitat.

The factors are classified as abiotic and biotic factors.

Step Il:Teacher displays the instructional materials and describe the laboratory work.
Teacher further explains the difference between the abiotic and biotic factors as follows

Abiotic factors include:
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Heat: The degree of hotness of a place can determine the size of a population. Hot
environment generally is not conducive for habitation as organisms tend to run away from
such areas. Heat can cause stress and death of an organism.

Water: Availability of water in a habitat determines the rate of survival of the population.
While availability of water can also cause increase in population growth, shortage of
water can cause decrease or death of organisms in a population

Space: Space is an important factor in a population. For an organism to live freely and
survive, there must be space to enhance it movement. Lack of space leads to
overcrowding, competition among organism and sometimes death of such organisms.
Light:

Light is an important abiotic factor which enable plants community for growth and
development. Without light, green plants which are primary producers may not be able to
manufacture food needed in the habitat or environment. Low light, or excess light can
result in weak plant growth and development.

Nutrients: Plants require nutrients in the soil to synthesize their various food substances.
Lack of nutrients can result in stunted growth and poor yield of crops.

Biotic Factors Affecting a Population:

Food: Lack of food in a habitat can adversely affect population of organisms. Food is the
basic material organism required for survival, for growth and development.

Competition: Lack of space, food and other resources leads to competition among
organisms within the environment. Competition at its highest level can lead to fighting
and cannibalism among organisms.

Natality: This refers to the rate at which organisms give birth to young ones. High birth

rate increases a population and can result to overcrowding.
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Mortality:  This is the rate at which organisms die in a habitat, while low death rate
increases a population high death rate decreases the population. Other factors affecting a
population include dispersal, parasite, pathogens, predators.

Dynamic Equilibrium (balance in nature) An environment or habitat is said to have
maintained an equilibrium or a balance when the abiotic factors such as heat, water, space
and biotic factors i.e. food, competition and parasites are favorable, growth is promoted
but when they are scarce or unfavorable, growth is retarded.

A factor which limits population growth is called limiting factors and the sum of all the
limiting factors and the sum of all resisting factor is known as environmental resistance.
Thus, the net effect of these abiotic and biotic factors in that. At a point, the population
size of living organisms tends towards a dynamic equilibrium known as balance in nature.
When population increases the environment resistance increases, and food availability
decreases, this may lead to competition which eventually may result in death or weaker
organisms.

Step Ill: Teacher designs experiment to show example of what happens in an
environment or habitat using the instructional materials, i.e. the empty box/carton.
Teacher describes the effect of biotic and abiotic factors in an environment.

Activity: Teacher groups and engage students in practical in the laboratory, teacher allow
them to compile their result and discuss.

Evaluation: Teacher evaluates the lesson based on the discuss with the students.
Conclusion: Teacher concludes the lesson by summarizing the lesson and answering

questions from the students.
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APPENDIX V
Lesson Plan for Experimental Group 2(Problem Solving)
WEEK ONE

Subject: Biology

Class: SS i

Sex: Mixed

Topic: Ecological succession

Duration: 50 Minutes

Behavioral objectives: At the end of the lesson, the students should be able to;
Define Ecological Succession

Define the types of Ecological Succession

Differentiate between the different types of Ecological Succession

Define Ecological Terms

Be able to identify succession processes in their local environment.

Previous knowledge:

The students are familiar with basic Ecological Concepts, Ecosystem, and types
(Decomposers, consumers, producers).

Introduction:

The teacher introduces the topic by asking the following questions and the student should
indicate true or false.

Ecological succession is the process of vegetation change on a site over time?

The mechanisms that cause the group of species dominating a site to change over time are
the same for all ecological communities.

Interactions between specie are important in ecological succession

Random events can change the ecological succession.

Presentation:

Step I:

Teacher defines ecological succession as a long term gradual or progressive series of
changes occurring in the structures composition, variety or diversity and number of
species in an area till, a stable or climax community is established. (Appendix A)

Step II:

Teacher lists and explains the types of ecological succession as in (Appendix ix pic B and
C)
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Primary succession which starts or a base or virgin land surface which have not
previously borne vegetation or tampered with. It usually starts with lower organisms and
takes a longer time to reach a climax community... Examples of primary succession
include ponds, vegetation in rocks, mangrove forest etc.

Factors which can give rise to primary succession are: - Erosion, deposition of sand
duress: -Volcanic ash, land-slides earthquakes, emergence of bare surface, thunder-storms
Hurricanes, Tornadoes

Extreme drought

Mining or construction activities

Secondary succession on the other hand starts on already colonial surface. It may start
with fairly complex organisms and it takes a shorter period of time to reach a climax
community. E.g. of secondary succession are found in abandoned farmland and grassland.
Step IHI:

Teacher displayed the pictures of various changes as a result of succession. (Appendix X
pictures D,E,F,G,H,I and J)

Activity I:

Teacher share student into five in a group and assigned a group leader. Each group
member should list as many ecological disturbances as they can, in their school or home
environment in their activity worksheet.

Activity I1:

Students were asked to identify the plants found in the school environment and suggest in
the worksheet how many years such plants may have survived in the particular
environment their observation and remark.

Teacher calls each group of students to report on their findings then made a general
comment.

Conclusion:

Teacher concluded the lesson by giving the students assignment as follows: -

Define the following terms

Ecological disturbance

Ecological succession

Climax community and Competition
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Lesson Plan for Experimental group 2(Problem Solving)

WEEK TWO

Subject: Biology

Class: SS2

Sex: Mixed

Topic: Population size
Time: 50 minutes

Instructional materials:

Pencils, meter, rule/stick, work sheet, textbook, chalkboard.

Behavioral objectives:

At the end of the lesson, the students should be able to:

describe the biosphere and its components

describe an organism.

identify the methods of estimating population size on population density to the
development of a community (plant and animal community).

Previous knowledge:

The students are familiar with:

Basic measuring, multiplication and division skills

Basic understanding of the Biosphere and Environments.

Introduction:

The teacher introduces the topic by reviewing what the Biosphere is (i.e. Apart of the
earth that includes living and non-living things).

The teacher explains the different types of environments and ecosystems such as tropical
rainforests, deserts etc.

Presentation:

Step I:

Teacher explains the terms population, population density. Bio domes (which contains
both biotic and a biotic factors).

Step 1l

Teacher list the types and methods of estimating population such as (capture — mark —
release — recapture method, quadrate method, removal method, direct counts, random
sampling etc. Teacher further explain the method of estimating population size using the
following the instruments.Mark and recapture is a method commonly used in ecology to

estimate an animal population's size. A portion of the population is captured, marked, and
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released. Later, another portion is captured and the number of marked individuals within
the sample is counted. Since the number of marked individuals within the second sample
should be proportional to the number of marked individuals in the whole population, an
estimate of the total population size can be obtained by dividing the number of marked
individuals by the proportion of marked individuals in the second sample. The method is
most useful when it is not practical to count all the individuals in the population. Other
names for this method, or closely related methods, include; capture-recapture, capture-
mark-recapture, mark-recapture, sight re-sight, mark-release-recapture, multiple systems
estimation, band recovery the Petersen method, and the Lincoln method

Quadrat: It is a frame structure made of wooden material which forms a square shape of a
known area.

The size of a quadrat depends on the organisms to be studied e.g. 0.25m? for lichens, 1m?
for plants in an open field, 10m? for tress in a wood area. Quadrate is particularly useful
when studying a habitat supporting several species of plant.

Teacher also explains other method of estimating population size through.

Direct observation which involves directing counting of large mobile or slow moving
organisms and plants.

Removal method: This is suitable for estimating number of smell organisms e.g. insects
within a known area of grassland.

Activity I:

Teachers divides the class into groups of five students each, assign one student to be the
group leader (with the meter stick) and the other recorder (using the worksheet the
students calculate the population size of the classroom.

Activity 11:

The students make the following measurements and record them on their worksheets: -
Use a meter stick to measure the length and width of the classroom.

Multiply the length and width to get area of the classroom in square meters.

Count the number of individual student in the classroom.

Calculate how much space each person has by dividing the number of square meters in

the classroom by the number of people. Space = Area (Length x width)

Number of people.
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Activity 111:

Students practice more population density problems by completing the worksheet table.
Evaluation

Teacher goes round the class during the activity, studies and observe the teams as they
work.

Conclusion

Teacher concludes the lesson by going through the worksheet and allow students to ask
questions on the area they did not understand.

Assignment:

The students to list the organisms that might be in the environment near where they live.

167



Lesson Plan for Experimental group 2(Problem Solving)
WEEK THREE

Subject: Biology
Class: SS2

Sex: Mixed

Topic: Food shortage
Time: 50 minutes

Instructional materials:

Charts and pictures showing various causes of food shortage such as bush burning, flood,
poor storage facility etc.

Behavioral: objectives:

By the end of the lesson, the students should be able to:

Define food shortage

State at least 5 causes of food shortage.

Mention the effects of food shortage on the size of a population.

Previous knowledge:

The students have knowledge on population size of an area.

Introduction

The teacher introduces her lesson by asking the students some questions based on what
was discussed during the last class and linking it to the present topic to be taught.
Presentation:

The teacher presents her lesson by;

Step I:

Definition of food shortage

Food shortage is when there is not enough food available for people to eat due to

difficulties in food distribution as result of famine, drought, hunger etc.

Step II:

Teacher lists causes of food shortage as follows

Overpopulation, Flood, Drought, Pests, Diseases, Bush burning, Poor harvest
Poor soil or infertility of the soil, Water and Poor storage facilities

Step I11:

Effects of food shortage on the size of a population.

Competition by species
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Emigration

Decline in the rate of reproduction.

Scarcity of a particular food.

Activity:

Teacher displays some samples of healthy fruits and seeds and some weak and unhealthy
ones, then asks students to identify and state reasons for difference in appearance of the
fruits in activity worksheets.

Evaluation:

Teacher evaluates her lesson by asking the students some questions which are: -

Define food shortage

Mention causes of food shortage on the size of a population

Conclusion:

The teacher concludes her lesson by summarizing all she has taught the students and the
teacher gives the students assignment.

Assignment:List and explain 10 effects of food shortage of the size of a population.
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Lesson Plan for Experimental group 2(Problem Solving)
WEEK FOUR
Subject:  Biology
Class: SS2
Sex: Mixed
Topic: Overcrowding
Time: 50 minutes
Instructional materials:
Charts on a card board paper showing various factors that may cause overcrowding.
Behavioral objectives:
By the end of the lesson, the students should be able to:
define overcrowding
list at least 5 factors that may cause overcrowding.
mention at least 5 effects of overcrowding
enumerate the various adaptations to avoid overcrowding
Previous knowledge:
The students have knowledge on food shortage and its effects
Introduction
Teacher introduced her lesson by asking the student some questions based on what was
discussed during the last class and linking it to the present topic to be taught.
Presentation:
The teacher presents her lesson in the following steps.
Step I:
Definition of overcrowding
Overcrowding is defined as a situation which occurs when a population in a given habitat
increase beyond a point where the resources in the habitat such as space and food are not
enough to support all the individuals in the population.In other words, overcrowding
occurs where there is an increase in the population of a particular species beyond the
caring capacity of that particular area. For instance, a space designed to accommodate

only 10 rabbits can be said to be overcrowding if 20 or rabbits have to live in such place.
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Step 11:

Factors that may cause overcrowding

Increase in birth rate (Natality)

Increase in food supply

Mortality

Immigration

Lack of dispersal

Inadequate space

Absence of predators

Step IHI:

Effects of overcrowding

The effects of overcrowding include: -

Shortage of space

Shortage of food

Competition

Anti-social behavior

Spread of disease

Preying on each other

Death of organism

Teacher further explains each of the above points.
Step IV

Adaptation to avoid overcrowding: plants and animals have developed various organs and
means to avoid overcrowding such means and ways includes: -
Territorial behavior

Dispersal of seeds and fruits

Emigration

Swimming

Production of chemicals by plants

Productions of canopies

Teacher explains each completely with notes
Evaluation:

Teacher evaluates her lesson by asking the students questions which are: -
define overcrowding

list 5 factors that may cause overcrowding

171



list 5 effects of overcrowding

itemize three adaptations to avoid overcrowding.

Conclusion:
Teacher concludes her lesson by summarizing all she has taught the students and teacher

gives them assignment.

Assignment: °
List and explain 5 adaptive features undertaken by plants and animals to avoid

overcrowding.
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Lesson Plan for Experimental group 2(Problem Solving)

WEEK FIVE

Subject: Biology
Class: SS2
Sex : Mixed

Topic: Population studies

Duration: 50 minutes

Instructional materials:

An improvised quadrate, insect net, worksheet, a pencil and a tape.
Behavioral objectives:

by the end of the lesson the students should be able to;

define population

explain what a habitat is

identify factors affecting population.

Previous knowledge:

The students are familiar with the major Biomes of the world
Introduction:

The teacher introduces the lesson by asking the students questions based on their previous
knowledge; List the major biomes of the world?

Tropical rainforest, savanna, desert, shrub, afro-alpine, swamp.
Presentation:

The teacher presents the lesson in the following steps;

Step I:
The teacher defines population as the total number of organisms of the same species
living together in a given area at a particular time. The teacher went further to explain that

in an ecosystem, the community is made up of many populations of different species.

Step 1l

The teacher explains that in a population studies of a habitat, the following are studies;
Types of organisms, this involves the listing of various types of population that are fund
in a particular habitat it helps to determine the relationship that exist between various

organisms e.g. plant and animal in a habitat.
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Dominance: - Dominance refers to those species that exert greater influence or major
controlling effect on the other members of the community dominance could be expressed
in terms of their: -

Number

Occupation of largest portion of space

Possession of the largest biomass and

The largest contribution of energy flow in the habitat

I. Population size: - This refers to the total number of the same kind in a given area of
habitat. A large population stands a better chance of surviving dangerous and unfavorable
conditions such as fire, disease etc.

ii. Population density: - Population density is defined as the number of individual
organism’s permit are or volume of the habitat. Mathematically, population density.

Total population or population size

iii. Population frequency: - This refers to the number of times an organism occurs within
a given area of habitat.

iv. Percentage cover: - This refers to the Area covered or occupied by given species in its
habitat and it is expressed in percentage.

population growth rate: - This refers to the net result of the influence of natality (birth
rate) and mortality (death rate) of organism in a given habitat.

Step I11:

The teacher identifies factors affecting population as;

Natality (birth rate): - This refers to the rate of given birth to new organisms. This
generally, be it plant or animal leads to increase in population.

Mortality (death rate): - This refers to the rate at which organisms die in a habitat.
Mortality generally leads to a decrease in population.

Immigration (dispersal): - This is the movement of organisms from different habitats into
a new habitat. This tends to increase the population of the new area.

Emigration: - This is the movement of organisms out of habitat due either scarcity of food
or unfavorable conditions this however, reduces the population of a habitat.

Availability of food: - The availability of food in a given habitat tends to increase the
population of that habitat.

Seasonal climate changes: - Unfavorable climate change may result in the decrease of a

population.
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Breeding period: - Most organisms move out of a habitat during breeding period thereby
reducing the population of that habitat.

Natural disasters: - Natural disasters like fire, drought flood earthquake etc. may lead to
decrease in population as may organism may die or move out of that habitat to a new
area.

Activity:

Students to answer questions in their activity worksheets provided and determine or

suggest the possible solution to the problem.

Evaluation:

The teacher evaluates the lesson by asking the students questions such as:

what is population

list 5 factors affecting population

Conclusion:

The teacher concludes the lesson by giving the students the summary of the note and
assignment to:

Describe how population studies can be conducted in a school garden.

What are the things to study in a population?
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Lesson Plan for Experimental Group 2 (Problem Solving)

Week Six

Subject- Biology

Class- SSII

Topic- Balance in nature

Duration- 45minutes

Instructional materials- Hot object, water, box/empty carton, source of light.

Behavioral objectives- By the end of the lesson, the students should be able to

- Identify biotic and abiotic factors affecting a population

- Mention some environmental resistance

- Explain difference between abiotic and biotic factors

Previous knowledge: Students are familiar with the factors affecting population size
Introduction: Teacher introduces the lesson by asking the students questions based on
their last lesson. E.g. List major factors affecting the population (natality, mortality, food,
immigration, emigration, unfavorable conditions etc.)

Presentation: Teacher presents the lesson in the following ways.

Step I: Teacher defines balance in Nature as the way organisms (plants and animals)
species accommodate and survive at a stable condition with available resources in a given
habitat or environment. However, a number of factors are referred to as environmental
resistance control of population of organisms in a particular habitat.

The factors are classified as abiotic and biotic factors.

Step IlI: Teacher displays the instructional materials and possess a problem for the
students to solve. Teacher further explains the difference between abiotic and biotic
factors as follows.

Abiotic factors include:

176



Heat: The degree of hotness of a place can determine the size of a population. Hot
environment generally is not conducive for habitation as organisms tend to run away from
such areas. Heat can cause stress and death of an organism.

Water: Availability of water in a habitat determines the rate of survival of the population.
While availability of water can also cause increase in population growth, shortage of
water can cause decrease or death of organisms in a population

Space: Space is an important factor in a population. For an organism to live freely and
survive, there must be space to enhance it movement. Lack of space leads to
overcrowding, competition among organism and sometimes death of such organisms.
Light:

Light is an important abiotic factor which enable plants community for growth and
development. Without light, green plants which are primary producers may not be able to
manufacture food needed in the habitat or environment. Low light, or excess light can
result in weak plant growth and development.

Nutrients: Plants require nutrients in the soil to synthesize their various food substances.
Lack of nutrients can result in stunted growth and poor yield of crops.

Biotic Factors Affecting a Population:

Food: Lack of food in a habitat can adversely affect population of organisms. Food is the
basic material organism required for survival, for growth and development.

Competition: Lack of space, food and other resources leads to competition among
organisms within the environment. Competition at its highest level can lead to fighting
and cannibalism among organisms.

Natality: This refers to the rate at which organisms give birth to young ones. High birth

rate increases a population and can result to overcrowding.
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Mortality:  This is the rate at which organisms die in a habitat, while low death rate
increases a population high death rate decreases the population. Other factors affecting a
population include dispersal, parasite, pathogens, predators.

Dynamic Equilibrium (balance in nature) An environment or habitat is said to have
maintained an equilibrium or a balance when the abiotic factors such as heat, water, space
and biotic factors i.e. food, competition and parasites are favorable, growth is promoted
but when they are scarce or unfavorable, growth is retarded.

A factor which limits population growth is called limiting factors and the sum of all the
limiting factors and the sum of all resisting factor is known as environmental resistance.
Thus, the net effect of these abiotic and biotic factors in that. At a point, the population
size of living organisms tends towards a dynamic equilibrium known as balance in nature.
When population increases the environment resistance increases, and food availability
decreases, this may lead to competition which eventually may result in death or weaker
organisms.

Step I1l: Teacher designs experiment to show example of what happens in an
environment or habitat using the instructional materials, i.e. the empty box/carton.

Step 1V: Teacher describes the effect of biotic and abiotic factors in an environment.
Activity I:

Teacher groups the students five per group and possess problems for them solve in their
worksheets.

Activity II:

Teacher allows them to sort out and compile their result.

Evaluation:

Teacher evaluates the lesson based on the discuss with the students.
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Conclusion: Teacher concludes the lesson by summarizing the lesson and answering

questions from the students.

179



APPENDIX VI

Lesson Plan for Control Group

WEEK ONE

Subject: Biology

Class: SS i

Sex: Mixed

Topic: Ecological succession

Duration: 50 Minutes

Behavioral objectives: At the end of the lesson, the students should be able to;

Define Ecological Succession

Define Ecological Terms

List the types of Ecological Succession

Differentiate between the different types of Ecological Succession

Be able to identify succession processes in their local environment.

Previous knowledge:

The students are familiar with basic Ecological Concepts, Ecosystem, and types
(Decomposers, consumers, producers).

Introduction:

The teacher introduces the topic by asking the following questions and the student should
indicate true or false.

Ecological succession is the process of vegetation change on a site over time?

The mechanisms that cause the group of species dominating a site to change over time are
the same for all ecological communities.

Interactions between specie are important in ecological succession

Random events can change the ecological succession.

Presentation:

Step I:

Teacher defines ecological succession as a long term gradual or progressive series of
changes occurring in the structures composition, variety or diversity and number of
species in an area till, a stable or climax community is established.

Step II:

Teacher lists and explains the types of ecological succession:
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Primary succession which starts or a base or virgin land surface which have not
previously borne vegetation or tampered with. It usually starts with lower organisms and
takes a longer time to reach a climax community. Examples of primary succession
include ponds, vegetation in rocks, mangrove forest etc.

Factors which can give rise to primary succession are: - Erosion, deposition of sand
duress: -

Volcanic ash, land slides

Earthquakes, emergence of bare surface

Thunderstorms

Hurricanes, Tornadoes

Extreme drought

Mining or construction activities

Secondary succession on the other hand starts on already colonial surface. It may start
with fairly complex organisms and it takes a shorter period of time to reach a climax
community. E.g. of secondary succession are found in abandoned farmland and grassland.
Conclusion:

Teacher concluded the lesson by giving the students assignment as follows: -

Explain the following terms

Ecological disturbance

Ecological succession

Climax community

Competition
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Lesson Plan for Control Group

WEEK TWO

Subject: Biology

Class: SS2

Duration: 40 minutes

No. of students: 30

Sex: Mixed

Age: Between 14 — 17
Topic: Population size

Instructional materials:

Chalk and board.

Behavioral objectives:

At the end of the lesson, the students should be able to:

Describe the Biosphere and its components

Describe an organism.

Identify the methods of estimating population size on population density to the
development of a community (plant and animal community).

Previous knowledge:

The students are familiar with:

Basic measuring, multiplication and division skills

Basic understanding of the Biosphere and Environments.

Introduction:

The teacher introduces the topic by reviewing what the Biosphere is (i.e. Apart of the
earth that includes living and non-living things).

The teacher explains the different types of environments and ecosystems such as tropical
rainforests, deserts etc.

Presentation:

Step I:

Teacher explains the terms population, population density. Bio domes (which contains
both biotic and a biotic factors).

Step 1l

Teacher list the types and methods of estimating population such as (capture — mark —
release — recapture method, quadrate method, removal method, direct counts, random
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sampling etc. Teacher further explain the method of estimating population size using the
following the instruments.

Quadrat: It is a frame structure made of wooden material which forms a square shape of a
known area.

The size of a quadrat depends on the organisms to be studied e.g. 0.25m? for
lichens, 1m? for plants in an open field, 10m? for tress in a wood area. Quadrate is
particularly useful when studying a habitat supporting several species of plant.

Teacher also explains other method of estimating population size through.

Direct observation which involves directing counting of large mobile or slow moving
organisms and plants.

Removal method: This suitable for estimating number of smell organisms e.g. insects
within a known area of grassland.

Evaluation

Teacher goes round the class during the activity, studies and observe the teams as they

work.

Conclusion

Teacher concludes with a class discussion to review the worksheet, and discuss
population density as (e.g. how does the population density of the classroom affect the
amount of resources (e.g. paper, chair, table, desk, tape etc.)

Assignment:

The students to list the groups of living things that might be in the environment near

where they live.
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Lesson Plan for Control Group

WEEK THREE

Subject: Biology
Class: SS2
Topic: Food shortage
Time 50mins

Instructional materials:

Chalk and board

Behavioral: objectives:

By the end of the lesson, the students should be able to:

Define food shortage

State at least 5 causes of food shortage.

Mention the effects of food shortage on the size of a population.

Previous knowledge:

The students have knowledge on population size of an area.

Introduction

The teacher introduces her lesson by asking the students some questions based on what
was discussed during the last class and linking it to the present topic to be taught.
Presentation:

The teacher presents her lesson by;

Step I:

Definition of food shortage

Food shortage is when there is not enough food available for people to eat due to

difficulties in food distribution as result of famine, drought hunger etc.

Step Il

Teacher lists causes of food shortage as follows

Overpopulation, Flood, Drought, Pests, Diseases, Bush burning,Poor harvest
Poor soil or infertility of the soil, Water, Poor storage facilities.

Step IHI:

Effects of food shortage on the size of a population.

Competition by species, Emigration, Decline in the rate of reproduction,
Scarcity of a particular food.
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Evaluation:

The teacher evaluates her lesson by asking the students some questions which are: -
Define food shortage

Mention causes of food shortage on the size of a population

Conclusion:
The teacher concludes her lesson by summarizing all she has taught the students and the

teacher gives the students assignment.
Assignment:
State and explain 10 effects of food shortage of the size of a population.
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LESSON PLAN FOR CONTROL GROUP

WEEK FOUR
Subject:  Biology
Class: SS2
Sex: Mixed

Topic: Overcrowding

Time: 50 minutes

Instructional materials:

Chalk and board

Behavioral objectives:

By the end of the lesson, the students should be able to:

Define overcrowding

List at least 5 factors that may cause overcrowding.

Mention at least 5 effects of overcrowding

Mention the various adaptations to avoid overcrowding

Previous knowledge:

The students have knowledge on food shortage and its effects

Introduction

The teacher introduces her lesson by asking the student. Some questions based on what
was discussed during the last class and linking it to the present topic to be taught.
Presentation:

The teacher presents her lesson by

Step I:

Definition of overcrowding

Overcrowding is defined as a situation which occurs when a population in a given habitat
increase beyond a point where the resources in the habitat such as space and food are not
enough to support all the individuals in the population.In other words, overcrowding
occurs where there is an increase in the population of a particular species beyond the
caring capacity of that particular area. For instance, a space designed to accommodate
only 10 rabbits can be said to be overcrowding if 20 or more rabbits have to live in such

place.
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Step 1I:

Factors that may cause overcrowding

Increase in birth rate (Natality)

Increase in food supply

Mortality

Immigration

Lack of dispersal

Inadequate space

Absence of predators

Step I11:

Effects of overcrowding

The effects of overcrowding include: -

Shortage of space

Shortage of food

Competition

Anti-social behavior

Spread of disease

Preying on each other

Death of organism

Teacher further explains each of the above points.
Step IV:

Adaptation to avoid overcrowding plants and animals have developed various means to
avoid overcrowding such means and ways includes: -
Territorial behavior

Dispersal of seeds and fruits

Emigration

Swimming

Production of chemicals by plants

Productions of canopies

Teacher explains each completely with notes
Evaluation:

The teacher evaluates her lesson by asking the students questions which are: -

Define overcrowding
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Mention 5 factors that may cause overcrowding
List 5 effects of overcrowding
What are the adaptations to avoid overcrowding?

Conclusion:
The teacher concludes her lesson by summarizing all she has taught the students and

teacher gives them assignment.

Assignment:
List and explain 5 adaptive features undertaken by plants and animals to avoid

overcrowding.
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Lesson Plan for Control Group

WEEK FIVE

Subject: Biology

Class: SS2

Sex: Mixed

Topic: Population studies
Duration: 50 minutes

Instructional materials:

An improvised quadrate and a tape

Behavioral objectives:

By the end of the lesson the students should be able to;

Define population

Explain what to studying in a habitat

Identify factors affecting population

Previous knowledge:

The students are familiar with the major Biomes of the world
Introduction:

The teacher introduces the lesson by asking them students questions based on their
previous knowledge; List the major biomes of the world?
Tropical rainforest, savanna, desert, shrub, afro-alpine, swamp.
Presentation:

Teacher presents the lesson in the following steps;

Step I:
The teacher defines population as the total number of organisms of the same species
living together in a given area at a particular time. The teacher went further to explain that

in an ecosystem, the community is made up of many populations of different species.

Step II:

The teacher explains that in a population studies of a habitat, the following are studies;
Types of organisms, this involves the listing of various types of population that are fund
in a particular habitat it helps to determine the relationship that exist between various

organisms e.g. plant and animal in a habitat.
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Dominance: - Dominance refers to those species that exert greater influence or major
controlling effect on the other members of the community dominance could be expressed
in terms of their:

Number

Occupation of largest portion of space

Possession of the largest biomass and

The largest contribution of energy flow in the habitat

i. Population size: - This refers to the total number of the same kind in a given area of
habitat. A large population stands a better chance of surviving dangerous and unfavorable
conditions such as fire, disease etc.

ii. Population density: - Population density is defined as the number of individual
organism’s permit are or volume of the habitat. Mathematically, population density.

Total population or population size

iii. Population frequency: - This refers to the number of times an organism occurs within
a given area of habitat.

iv. Percentage cover: - This refers to the Area covered or occupied by given species in its
habitat and it is expressed in percentage.

v. population growth rate: - This refers to the net result of the influence of natality (birth
rate) and mortality (death rate) of organism in a given habitat.

Step I11:

The teacher identifies factors affecting population as;

Natality (birth rate): - This refers to the rate of given birth to new organisms. This
generally, be it plant or animal leads to increase in population.

Mortality (death rate): - This refers to the rate at which organisms die in a habitat.
Mortality generally leads to a decrease in population.

Immigration (dispersal): - This is the movement of organisms from different habitats into
a new habitat. This tends to increase the population of the new area.

Emigration: - This is the movement of organisms out of habitat due either scarcity of food
or unfavorable conditions this however, reduces the population of a habitat.

Availability of food: - The availability of food in a given habitat tends to increase the
population of that habitat.

Seasonal climate changes: - Unfavorable climate change may result in the decrease of a

population.
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Breeding period: - Most organisms move out of a habitat during breeding period thereby
reducing the population of that habitat.

Natural disasters: - Natural disasters like fire, drought flood earthquake etc. may lead to
decrease in population as may organism may die or move out of that habitat to a new
area.

Evaluation:

The teacher evaluates the lesson by asking the students questions such as:

What is population

List 5 factors affecting population

Conclusion:

The teacher concludes the lesson by giving the students the summary of the note and
assignment to:

Describe how population studies can be conducted in a school garden.
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Lesson Plan for Control Group

Week Six

Subject: Biology

Class: SSli

Topic: Balance in nature
Duration: 45minutes

Instructional materials- chalkboard and chalk

Behavioral objectives- By the end of the lesson, the students should be able to

- Identify biotic and abiotic factors affecting a population

- Mention some environmental resistance

- Explain difference between abiotic and biotic factors

Previous knowledge: Students are familiar with the factors affecting population size
Introduction: Teacher introduces the lesson by asking the students questions based on
their last lesson. E.g. List major factors affecting the population (natality, mortality, food,
immigration, emigration, unfavorable conditions etc.)

Presentation: Teacher presents the lesson in the following ways.

Stepl: Teacher defines balance in Nature as the way organisms (plants and animals)
species accommodate and survive at a stable condition with available resources in a given
habitat or environment. However, a number of factors are referred to as environmental
resistance control of population of organisms in a particular habitat.

The factors are classified as abiotic and biotic factors.

Abiotic factors include:

Heat: The degree of hotness of a place can determine the size of a population. Hot
environment generally is not conducive for habitation as organisms tend to run away from

such areas. Heat can cause stress and death of an organism.
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Water: Availability of water in a habitat determines the rate of survival of the population.
While availability of water can also cause increase in population growth, shortage of
water can cause decrease or death of organisms in a population

Space: Space is an important factor in a population. For an organism to live freely and
survive, there must be space to enhance it movement. Lack of space leads to
overcrowding, competition among organism and sometimes death of such organisms.
Light:

Light is an important abiotic factor which enable plants community for growth and
development. Without light, green plants which are primary producers may not be able to
manufacture food needed in the habitat or environment. Low light, or excess light can
result in weak plant growth and development.

Nutrients: Plants require nutrients in the soil to synthesize their various food substances.
Lack of nutrients can result in stunted growth and poor yield of crops.

Biotic Factors Affecting a Population:

Food: Lack of food in a habitat can adversely affect population of organisms. Food is the
basic material organism required for survival, for growth and development.

Competition: Lack of space, food and other resources leads to competition among
organisms within the environment. Competition at its highest level can lead to fighting
and cannibalism among organisms.

Natality: This refers to the rate at which organisms give birth to young ones. High birth
rate increases a population and can result to overcrowding.

Mortality:  This is the rate at which organisms die in a habitat, while low death rate
increases a population high death rate decreases the population. Other factors affecting a

population include dispersal, parasite, pathogens, predators.
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Dynamic Equilibrium (balance in nature) An environment or habitat is said to have
maintained an equilibrium or a balance when the abiotic factors such as heat, water, space
and biotic factors i.e. food, competition and parasites are favorable, growth is promoted
but when they are scarce or unfavorable, growth is retarded.

A factor which limits population growth is called limiting factors and the sum of all the
limiting factors and the sum of all resisting factor is known as environmental resistance.
Thus, the net effect of these abiotic and biotic factors in that. At a point, the population
size of living organisms tends towards a dynamic equilibrium known as balance in nature.
When population increases the environment resistance increases, and food availability
decreases, this may lead to competition which eventually may result in death or weaker
organisms.

Step I1: Teacher designs experiment to show example of what happens in an environment
or habitat using the instructional materials, i.e. the empty box/carton.

Step I11: Teacher describes the effect of biotic and abiotic factors in an environment.

Step 1V: Teacher groups and engage students in practical in the laboratory, teacher allow
them to compile their result and discuss.

Evaluation: Teacher evaluates the lesson based on the discuss with the students.
Conclusion: Teacher concludes the lesson by summarizing the lesson and answering

questions from the students.
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APPENDIX VII

Facility and Discrimination Index

SIN =Ytk pi= 2R
N LN

1 0.7 0.5
2 0.2* 0.1*
3 0* 0.2*
4 0.7 0.5
5 0.1* 0.2*
6 0.8* 08*
7 0.2* 0.2*
8 05 0.4
9 0.1% 0.1*
10 0.2* 0.1*
11 0.7 0.5
12 0.1* 0.2*
13 0.6 0.5
14 0.3 0.3
15 0.5 0.4
16 0.4 0.4
17 0.2* 0.1*
18 0.2% 0.1*
19 0.2% 0.1*
20 0.7 0.5
21 0.2% 0.2*
22 0* 0.1*
23 05 0.6
24 0.5 0.6
25 0.4 0.5
26 0.4 0.5
27 0.3 0.5
28 0.4 0.5
29 0.4 0.5
30 0.4 0.5
31 0.4 0.5
32 0.5 0.4
33 0.4 0.4
34 0.4 0.5
35 0.4 0.5
36 0.3 0.4
37 0.5 0.5
38 0.4 0.5
39 05 0.6
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40 0.5 0.5
41 0.5 0.5
42 0.6 0.5
43 0.5 0.7
44 0.5 0.6
45 0.6 0.5
46 0.6 0.5
47 0.8 0.8*
48 0.6 0.5
49 0.8 0.8*
50 0.9 0.8*
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APPENDIX VIII
Reliability of the Instrument (SAQ)

Scale: ALL VARIABLES

Case Processing Summary

N %
Valid 20 80.0
Cases  Excluded® 5 20.0
Total 25 100.0

a. Listwise deletion based on all variables in the

procedure.

Reliability Statistics

Cronbach's N of Items
Alpha

.807 25

Item-Total Statistics

Scale Mean if Scale Variance | Corrected Item- Cronbach's
Item Deleted if tem Deleted | Total Correlation| Alpha if ltem
Deleted
Q1 53.45 92.787 .631 .785
Q2 52.65 102.450 453 .799
Q3 53.75 99.882 .232 .807
Q4 53.15 96.345 .566 .790
Q5 54.15 99.818 437 797
Q6 53.90 102.305 .219 .805
Q7 53.85 95.397 .592 .788
Q8 54.70 104.011 .181 .806
Q9 52.80 92.484 .703 .782
Q10 53.95 95.839 423 .796
Q11 53.80 101.642 .243 .804
Q12 54.05 97.313 471 794
Q13 53.20 91.537 .562 .787
Q14 54.45 103.313 .256 .803
Q15 53.80 104.695 .076 .812
Q16 54.15 96.555 .554 791
Q17 53.90 106.937 -.022 .815
Q18 53.80 99.747 442 797
Q19 54.15 99.608 .350 .800
Q20 54.30 98.853 457 .795
Q21 54.10 103.147 .208 .805
Q22 54.05 110.155 -.191 .822
Q23 53.50 99.737 .259 .805
Q24 53.65 102.661 126 .813
Q25 53.95 95.208 451 794
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Appendix IX

Samples of Instructional Materials used in the Study

EGOLOGY: 1 Study of the Place We Live

Ecology examines the relationships between the living and non-living at scales
ranging from the individual organism to the biosphere.

Biodiversity

A diverse range of life
indicates ecological

health and often
drives ecological
studies.

Species Interactions

Types of interactions include
predation, mutualism, par-
asitism, commensalism,

and competition.

Energy Succession
Flow Over time,
Energy from an ecosystem
the sun is experiences chang-

es in biodiversity and
nutrient availability.

transformed and
moves through the
ecosystem in a pro-
cess illustrated by the /
food web.

Human Impact

Through construction, agriculture, and
pollution, humans make a significant
impact on the ecosystem. Modern
ecologists focus on measuring this impact.

(A)
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Ecological Succession

2680

1 2 3 4 5
Colonisers  Pioneers Herbaceous plants  Shrubs Climax
lichens grasses weeds shiubs frees

mossos ferns bushes

(B)
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Interaction

(©)
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(D)
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VOLCANIC ERUPTION

&y . e Y 1%

During a volcanic eruption, molten lava flows over the Lichen spores carried on the wind settle on the rock.

ground and into the water. After the eruption i over, Lichens redease acid that helps break down the rock and
the lava coots and hardens into bare rock. create sodl. Lichens add nutrients to the sod as they die
and decay.
w—.

Airborme spores from mosses and ferns settle onto the After many years the soil is deep and has enough

thin soil and add to the il when they die. The soil nustrients for grasses, wildflowers, shrubs, and trees, The
gradually becomes thick enough to hold water. Insects new ecosystem provides habitats for many animals.
and other small organisms move into the area, Eventually, a dimax community develops.

(E)
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After Effect of Primary Succession

A
Primary Succession:

Sand Dune to Forest

Lichens | Grasses Mixed Shrubs Young forest Mature forest Climax forest
Exposed and herba- (tulip poplar) (white oak (beech and
rocks weeds  ceous and hickory) sugar maple)

Mosses plants

(F)
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Effect of Volcanic Eruption

(G)
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Result of Secondary Succession

(H)
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Food Web (Students Activity)

Hognose Snake——» Hawl(-=

et
.-"'-Ff--
- fﬂ
. -
T Garter Snake
o Toad {H& Py -
. “H.\_\“ T
Rabbit e
7, Spider .
\HM "
/“;f”"‘ Af_d_b# Preyving Mantis
Grasshopper—__ S~
asshopper-—____ \ > l
II /’/ e -%{—“_“*—'-7(_____ T
f - T T Sparrow—
b~ ____» Mouse
Grass ————
()
QUESTIONS

In which trophic level would you place a herbivore? ----------
How much energy is transferred from one trophic level to the next?

In which trophic level do you find the greatest amount of biomass?--

1
2
3.
4. What is transpiration?-----------=-==-ecmnmeueu-- e
5 What interactions occur within?------------- e EE R
6

How does biotic and abiotic factors influence an ecosystem?---------
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Appendix X
Instructional Material for Estimating Population Size

Estimating Population Size

B Explon tha b 10 loaer what & avedable for your evostgaton Yol must cick o each
e i 1o checkiat Once you e roady % move on, cek PROCEOURE,

NORTH AMERICAN
MEADOW

PAINT AND PAINY
DBRUSH

LINGECT SWEEP NETS

LARGE PLASTIC
CONTAINER WITH LID

(K)
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Quadrate: Instrument for estimating population of lower organism

(L)
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Energy Flow in an Ecosystem

' Lobster

(M)

210



Rain Forest Zone

"‘0{’.0 a
'

(N)
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Time Lag for Primary Succession among Plants

(O)
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A Forest Biome

(P)
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Appendix XI

Pictures Taken during Data Collection

(A) Interactive Session EG; (Laboratory)
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(B) Interactive Session EG, (Problem Solving)
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(C) Interactive Section of Lecture Method CG (Control Group)
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Appendix XIlI

Validating of Instrument for Ecology Performance Test
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Appendix X111
Biology Attitude Scale Questionnaire (BASQ)

Te— ¢

BIOLOGY ATTITUDE SCALE QUISTIONNAIRE (BASQ)

. TIMIE: 40 BTN TES
SCHOOL: |
CLASS: o
SEN: .

SUBIECT:

e e Lﬁl like tvpe scule consisting of 20 statements about your
- b=t . o o
attituce toward bielogy, B cach stat

ZIMen .,

about what and Low feal, toweard

Bology and ecology tople (57 how cansest w

Ui you be to carry oot agy experiment”

inoany of the relate ropics. ey dr

‘ol ves or no guastions; ¢ * JUST vour

leeiing

opic helow,

and perceprions abour the subject or fonic. For each o

Cidicate the degree to whidh vou s

er with the statement (8) and then

tick ome of the (bllowing ¢

stions of yours cholee on the boxes provided. |
ki

The responses and their poihts are as Tollows: ' : ’

Slengly apree ' (5]
Agre. - (4
- ! (_3 )'|

CSuongly disagree - 7 (2)

Indicated - { |)

» The shove indicales thar any positive response or option ticked exrns the pointdhal
~laliy o . '
i

il SOT Oty r -;- e - - - I N
shidwever, any n ¥ wloldh{_ sleroments ave scorsd by reversi

Cvalie, ; | ) R
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Appendix X1V
Validating of Attitude Scale Questionnaire
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Appendix XV
Introductory Letter to Access Research Data from Science Education Department
ABU Zaria

DEPARTMENT OF SCIENCE EDUCATION_ o - ]
AHMADU BELLO UNIVERSITY ZARIA b

Fpr:'d Of I)euahmenf Dy, Mamman Musa 5Ed ,‘: Ed, Ph D "‘11’}( FMAN, FANE, DAC

Vour Ref:

Our Ref: DSE/R/1/Vol 1 - _ " Bate:
—(b—2514

Dzar Sir/Madam, - N '
PG ANINTRODUCTORY LETTER TO ACCESS RESEARCH _I)ATA; : e
This'is to introduce the bearer, CJEﬁU{H‘( U CHE R[?_.Hﬂr L mth‘ '
~ - : ;

registration number i" 1-\,-0 [ E:'D'(.i G 3 L D'” — 2019 . 45 one of our
G o - students w ho isconducting a research on the ropu, i i

AMPACT B USinG L ARTRATOR A Pﬁoﬁiﬁﬂ
SOl TES NG 1"1,141 TeGres org &f,ﬁ-Dqﬂ'\{C
LERmP e g {LQ.! O A ATTITUNE. Antost

P
5588 U 2 1UL--DQ‘{ =i u DE:?\-ﬁ_S [q\l\ A L UCATIOMAL ?{5,\“_: 12
- ' T ;mE N«(

Please accord _YHE& cvery necessary assistance to build on 1o be able t
contribute _HER. quota to knowledge.
Yours faithfully,

/“\/"}

}/ / I

Dvr. ’Wﬂ mmap Musa
Head, Science Educationt Department
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Appendix XVI
Letter of Introduction from Ministry of Education Science and Technology, Zonal

Office Headquarters, Zaria to GSS Tudun Jukun

Ministry of Lducation Science andTechnology
=1

Zonal Office Headguarters

Zaria.

The Prfncipal,:‘Proprieror,

@55 Tilert Jukuin

e

LETTER OF INTPODUCFIION
—Obrdr M Uche

The l'*mareruua .
Elﬂ D pu‘éégw__ mihedcpartmmu}a%l
Gy 2@ &.{_____.Gj:_ Eou ?Qt&l_m__ 4 arici .

, S on Reratitng. At
| s 28 u. 2,@4\09 }_LM C;»Tpr
Ley P

{d"'ﬂ d]re{. ed G q 1 Jf(}a Q g T i 1 = e g i 1][:] 2
t Eques YO ” W r ,f]]C‘ 1 Cuse o yf} i |1.
L 5

accordingly please, W :
: S
Wuemmg{;w: )

) - ,-\ ’ ‘ . |
Wj Mfgi g W‘ Ho ke ;
| A€ ) for: Director
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Appendix XVII

Letter of Introduction from Ministry of Education Science and Technology, Zonal

A A T

Office Headquarters, Zaria to GSS Aminu (Senior)

Mihistrv of Edﬁwi.i0r1 Science and Technology,
Zonal Office Headquarters,
Zarfa.

pate. 25— 10=2816

The I-"rincip-al}"Pfopriétd'r,-

Gss Ammu @maﬂ)

{Q«m .qu_,

I.E'I'I'ER OF ENTRODUCTIDN

@anuﬁ M. uc%e

'_ _,The hearer i&a FB [n-D. QILQQQ.(‘G)«J-( in the department of frore-

D8 e E}w FAC O Sy

wish to conduct a resea rch in the fol!owmg areas:-

|MPACT o LOGSRATRY  Aab PRolien R
STERATEOE S bet - ROTeTiort  AxTITubu - AN depdone
. _PERGRMNANCE Amont  dse, Schb STUDSME ([~

4 _7081A SBUCATENRL %NE Kﬁ«bu&iﬂ- M AT

5, . MLCLZ\QJ&- .

W

I am, directed to reqUESt you to allow him/her the use of your facilities
. accnrdmgly please k

i1 | ;'n._ —
- Mimgy mgﬁ%ﬁlou :

. Zonal Ofr:,
; Hogtg;l! ’Zﬂria,

" For: Director
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Appendix XVIII
Letter of Introduction from Ministry of Education Science and Technology, Zonal
Office Headquarters, Zaria to GSS Magajiya

Manintiy ol Sducaiiem e v o
Lonil Dffice Headouaiters,

Zaria,

ch_g_:Z LN ) 2 g l{;

fhe Principal/Proprietor,
_C_ ﬂ’lht i .C',_p NB-
(_,’i {_'_pc

] G0 e el
1 '1e beare. isa T\ D p ESsatcoyre _inthe department oftfresr

(4 iE}L{ 'P—F\(_ oE- Z2hy PCR'_LH z’ el aid
wish to conduct a research in the following areas:-

", o
1 t!_ﬂ/l_\(_{d:’\{d o Lafs @mhy ¥ Aol T)finlf)[l_n’\, S h WY
;‘“ tg ({lgﬁ o ‘Rs (S‘Mf‘*\ﬁf‘d ?”T‘ﬁ [Ty ,:"\T‘ﬂ) ﬁ{h_‘,“«-g“k i O

. [3?{ 1ch_ i Fr il ("(# Tl L‘_\F”\ G o };___ L H..« &y TLINE AlTS fivg
L S len- e LU)MF V“R_Bﬁ‘i_ M -

e e A e

5. G ﬂq@‘_ . : T -

am directed to request you to ailow him/her the use of vour facilitic s
accordingly please,

For: Birector
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