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OPERATIONAL DEFINITION OF TERMS

The following terms have been used to suit this study:

Academic Performance: Is an exhibition of knowledge attained or skills developed
by students in a subject designed by test scores assigned by teachers
after training.

Biology: Is a natural science subject concerned with the study of life and living
organisms, including their structure, function, growth, evolution,
distribution, and taxonomy taught at secondary school.

Critical Thinking (CT): Is the process of actively and skillfully conceptualizing, applying,
analyzing, synthesizing, and evaluating information to reach an
answer or conclusion

Ecology: Is the study of biotic and abiotic components in the ecosystem and
relationship with the environment.

Hands-on Learning Strategy (HLS): Is an educational strategy that directly involves learners

by encouraging them to do something in order to learn about it. It is
therefore, learning by doing.
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ABSTRACT

This study investigated the Effects of Hands-on Learning Strategy on Performance and Critical
Thinking in Ecology among Senior Secondary School Students in Zaria Education Zone, Nigeria.
Quasi-experimental pretest and posttest design was used for the study. The population of the
study comprised 4138 biology students of SS II in sixteen public secondary schools in Zaria
Education Zone. Simple balloting was used to select four schools that were pilot tested. Two
schools whose students do not differ significantly were later selected. The sample comprised 263
out of which 198 were males and 65 were females. The experimental group was exposed to
Hands-on learning strategy while the control group was taught using conventional (Lecture)
method. Two instruments; Ecology Concept Performance Test (ECPT) with reliability coefficient
of r = 0.72 and Ecology Concept Critical Thinking Questionnaire (ECCTQ) which yielded r =
0.85, were used to collect data for the study. Four research questions with their corresponding null
hypotheses were raised and tested at p<0.05 level of significance. The data collected were
analyzed using T-test and Mann Whitney. Major findings from the study were: Biology students
taught using Hands-on learning strategy performed significantly better in performance test than
those taught using lecture method. Hands-on learning strategy (HLS) was gender friendly to
academic performance and critical thinking. Based on the findings, it was recommended that
Hands-on learning strategy be used by biology teachers in the teaching and learning of biology to
improve students’ academic performance and should also be incorporated together with other
methods of teaching for better result.
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CHAPTER ONE
THE PROBLEM

1.1 Introduction

Science as a concept is a process that is geared towards problem solving in order to enhance the
living standard of man. Nwago (2005) defines science as intellectual activity carried out by
humans and designed to discover information about the natural world in which he lives as well as
to discover the ways in which information can be organized to benefit human race. Similarly, the
Microsoft Encarta Reference Library (2005) defines science to consist of the following: the
systematic observation of natural events and conditions in order to discover facts about them and
to formulate laws and principles based on these facts; the organized body of knowledge that is
derived from such observations and that can be verified or tested by further investigation.

From these definitions, science can be seen as not just mere acquisition of facts but rather active
involvement of students through activity-based methods such as, discussion method, project
method, fieldtrip, discovery, co-operative learning, and guided inquiry. These teaching methods
make teaching and learning of science more meaningful in such a way that students would be able
to unfold concepts by themselves as a means of achieving one of the objectives of the National
Policy on Education, (FRN, 2014). Students’ interest and performance in science should therefore
be aroused at the secondary school level in order to prepare them for further studies in science
courses the tertiary level to realize these goals.

In every school setting, students are perpetually in search of academic success, the success of
academic performance is their ultimate goal. Academic performance can be expressed in the form
of good scores and prizes as a result of hard work and exceptional performance in class room

tests, assignments and examination (Robinsonm, 2001).
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Biology is a natural science subject consisting of contents from microscopic organisms to the
biosphere in general, encompassing the earth’s surface and all living things (Okwo & Tartiyus,
2004). Considering its fundamental characteristics and importance, biology is today a standard
subject of instruction at all levels of our educational systems, from pre-primary to tertiary. It is the
only core science subject at Secondary School Certificate Examination (SSCE), whose study is
very relevant to man’s successful living (Akindele, 2009). Araoye (2009) opined that exposure to
biology education offers the learners a wide range of relevance to all aspects of life.

As a subject discipline, it is quite popular at all levels of Nigerian education. It has a large student
enrolment than any other science subject especially at the upper basic level of the Nigerian
education (Ofoegbu, 2003).This has been attributed to several factors including the students’
perception of the subject as simple and non-availability of other science subjects in some schools
such that biology is made compulsory for both science and non-science students. In spite of the
popularity of biology among students, the failure rate has remained very high (Akubuilo, 2004).
Biology is a natural science concerned with the study of life and living organisms, including their
structure, function, growth, evolution, distribution, and taxonomy. Modern biology is a vast and
eclectic field, composed of many branches and sub disciplines. However, despite the broad scope
of biology, there are certain general and unifying concepts within it that govern all study and
research, consolidating it into single, coherent fields. In general, biology recognizes the cell as the
basic unit of life, genes as the basic unit of heredity, and evolution as the engine that propels the
synthesis and creation of new species. It is also understood today that all organisms survive by
consuming and transforming energy and by regulating their internal environment to maintain a

stable and vital condition (Alberts, 2002).

19



Biology education is meant to expose the learners to biological nature (facts, principles and
concepts), processes and attitudes and then equip them with skills of a professional Biology
teacher. The objectives (goals) of Science Education in Nigeria as provided in the National Policy
on Education (FRN, 2014) stated that there will be provision for:
a. Cultivating inquiring, knowing and rational mind for the conduct of a good life and
democracy;
b. Produce scientists for national development;
c. Service studies in technology and the cause of technological development; and,
d. Provide knowledge and understanding of the complexity of the physical world, the forms
and the conduct of life.
Teachers who are the implementers of the curriculum have the sole obligation in ensuring
that Biology students attain the above goals. However, the learners may have their peculiar
characteristics which may demand special learning needs (Elliot, Kratochiwill, Cook &
Travers, 2001) learners expected that the materials and method of instruction should be easily
transferable to the real world. Thus, the task of the Biology teacher according to Moses and
Olajide (2008) include, among others, to provide the materials and experiences to aid
learning and meet the learner’s expectations.
The National Policy on Education (FRN, 2014) stated that “the aim of education is to
inculcate in the child, the spirit of inquiry and creativity through the exploration of nature.
Therefore, education should equip students to live effectively in our modern age of science
and technology. According to James (2000), the objectives of National Policy on Education
will not be achieved as desired if appropriate teaching methods, among other factors are

closely monitored in the teaching/learning of scientific concepts at various level of education.
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In line with these objectives, the three basic science subjects that are taught at senior
secondary school level in Nigeria are Biology, Chemistry and Physics. Biology is
compulsory for both Arts and Science oriented students. Biology is also a requirement for
admission into Nigerian Universities as stated in JAMB Brochure 2007/2008, for many
science disciplines among which are Botany, Nursing, Medicine, Pharmacy, Biological
Science, Science Education, Agriculture and Environmental studies, in which a pass grade
between Al and C6 must be obtained by the candidates. In this study, an investigation was
made on the Effect of Hands-on Learning Strategy on Performance in Biology and Students
Perception Level of Critical Thinking involved in Zaria, Nigeria.

For the term critical thinking, Facione (2011) described that the word critical, derives its
meaning from the word ‘critic’ which implies a critique; it identifies the intellectual capacity
and the means "of judging", "of judgement", "for judging", and of being "able to discern"
Critical thinking is variously defined as: "the process of actively and skillfully
conceptualizing, applying, analyzing, synthesizing, and evaluating information to reach an
answer or conclusion", "disciplined thinking that is clear, rational, open-minded, and
informed by evidence", "reasonable, reflective thinking focused on deciding what to believe
or do", "purposeful, self-regulatory judgment which results in interpretation, analysis,
evaluation, and inference, as well as explanation of the evidential, conceptual,
methodological, criteriological, or contextual considerations upon which that judgment is
based".

Core critical thinking skills includes: observation, interpretation, analysis, inference,

evaluation, explanation, and metacognition. According to Reynolds (2011), an individual or
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group engaged in a strong way of critical thinking gives due consideration to establish for

instance:

a) evidence through reality;

b) context skills to isolate the problem from context;

c) relevant criteria for making the judgment well;

d) applicable methods or techniques for forming the judgment; and,

e) applicable theoretical constructs for understanding the problem and the question at hand
Critical thinking can be used or taught. Teaching it involves breaking down the process or
thinking of it as a number of steps. Each step needs to be explained and practiced explicitly and
students given opportunity for undertaking this practice as part of formative assessment (Tittle,
2011). In this regard, the steps can be taught, the actual process, however, of thinking cannot. The
academic needs to take the role of facilitator (instead of instructor) in supporting students to
develop an explicit understanding of the critical thinking process. Students then need to be
allowed time to practice and to receive feedback (Black and Parks, 2006). In this regard, Critical
thinking is the art of analyzing and evaluating thinking with a view to improving it. Hence, it is
self-directed, self-disciplined, self-monitored, and self-corrective thinking. It requires rigorous
standards of excellence and mindful command of their use. It entails effective communication and
problem solving abilities and a commitment to overcome our native egocentrism and
sociocentrism.

Thinking is a neural activity aimed at maintaining homeostasis, that is, when the brain functions
well. When the thinking process disrupts homeostasis, we usually can say that the subject has a
mental disorder or stupid or crazy. The brain correlates the input data from the eyes, ears, taste.

The term hands-on is used commonly in science education. It means that teacher should do more than
lecturing about science. It allows the students to experience science by doing it involving using the hands.
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Like many other terms in educational practice, these terms have no standard definition that has one
meaning for all practitioners. It may also be defined as any activity that allows the learner to handle,
observe or operate a scientific process. In hands-on science activities, learners interact with materials and

equipments (Lumpe, & Oliver, 1991 in Munir & Mumtaz, 2013). Hands-on strategy has a long and
successful legacy in the sciences and math (Basista & Matthews; Bredderman, Haury & Rillero in
RAFT, 2013), and shows promise for teaching social studies, history, English and other subject
areas. By using hands-on strategy, educators are fostering the 21st century skills that students
need to be successful: critical thinking, communication, collaboration, and creativity. Hands-on
activities encourage a lifelong love of learning and motivate students to explore and discover new
things (Bass, Kristin, Danielle and Julia, 2011). Thus, Hands-on learning can be described as an
educational strategy that directly involves learners by encouraging them to do something in order
to learn about it. It is therefore, learning by doing.

The concept “gender” refers to the amount of masculinity or femininity found in an individual.
The influence of gender on students’ performance has a long time been a concern to many
educational researchers. But surprisingly, no consistent results have been obtained (Muhammad,
2008). Thus, Aliakbari and Sadeghdaghighi (2011) surveyed 84 University students regarding
their critical thinking skills and found male students gain more critical thinking skill compared to
female students.

In general, educators using hands-on activities reported an increase in students’ engagement,
knowledge retention, and learner independence. Teachers who see these results more engagement
and excitement to learn want to keep that spark alive in their students. The poor performance in
Biology has been the major concern of parents, teachers and the general public. Studies have
shown that students perform poorly in biology. In relation to this study, Yilwa, (1998), Jibrin and
Nuru  (2007), independently identified poor methods of teaching and improper use of

23



instructional materials as some of the deficiencies of science teachers. Okebukola (2009) also
attributed the poor performance in Biology to the use of ineffective teaching and learning
strategies and lack of appropriate learning environment under which Biology teaching take place.
In this study, the Effect of Hands-On Learning Strategy on Critical Thinking and Performance in
ecology concept among SSII Biology Students, Zaria Zone, Kaduna State, Nigeria was
investigated.

The Chief Examiners Report of West African Examination Council (2005 & 2009) identified
some weaknesses of secondary school students in Biology to include poor mathematical skills,
inability to plot graphs, inability to interpret tabulated results, poor performance in questions
requiring detailed explanation, comprehensions, wrong spellings of technical terms and labels and
application questions. This study therefore investigates the effect of Hands-On Learning Strategy
on Critical Thinking and Performance in ecology among secondary school students, Zaria,
Kaduna, Nigeria.

The effectiveness of teaching science subject is measured in terms of the knowledge of what to
teach, how to teach it and when to teach it. The ‘how’ of teaching constitutes what is called
teaching (Hermann, 2005). Differences in intellectual functioning among learners required
variations in instructional strategies. Students learn effectively if the teaching methods emphasize
practical applications in terms of use of instructional materials like hands-on learning. So in
science much of the instructions are hands-on in order to enhance students understanding in many
abstract concepts (such as Evolution and Genetic concepts in Biology), developed cognitive and
psychomotor skills as well as appropriate attitudes towards science and technology.

One of the most common methods of teaching science at senior secondary level is lecture method.

According to Bichi (2002) this is a method of teaching that emphasizes “talk and chalk” in the
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teaching of science subject. More than 80% of the scientific information and principles are
delivered as lectures. Teachers embrace this method for easy coverage of the school syllabus. It is
characterized by one way flow of information from the teacher who is always active, to the
students who are always passive. In its true nature, the lecture method is not effective for science
teaching. Bichi (2002), James (2000) and Usman (2000) all argued against it because it does not
promote meaningful learning. Hence, Science teachers have been using lecture method of
teaching effectively. This may be due to shallow knowledge of the subject matter on the part of
the teachers, insufficient or non-availability of instructional materials or the need to cover
syllabus within a short period of time for examination. Bichi (2002), James (2000) and Usman
(2000) opined that the use of lecture method of teaching lead to rote learning, leading to missing
essential part of science learning. However, this method of teaching should not be totally
discouraged, but there is need to improve on it for effective teaching and learning of Biology
using hands-on learning in enhancing critical thinking and performance in the learners.
Academic performance is defined as the exhibition of knowledge attained or skills developed by
students in a subject designed by test scores assigned by teachers (Ogundokun & Adeyemo,
2010). The teaching learning process has to do with the attainment of set objectives of instruction
that is reflected on the academic performance of the students. In science education, for instance, if
a learner accomplishes a task successfully and attains the specified goal for a particular learning
experience, he is said to have achieved (Eze, 2005). The attainment of the science education is a
major concern of education policy makers and one of such goal is the inculcation of good
academic performance for all by the end of the 21* century.

According to Aremu (2000), poor academic performance is adjudged by the examinees/testees as

falling below an expected standard. The interpretation of this expected or desired standard is
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better appreciated from the perpetual cognitive ability of the evaluator of the performance. The
evaluator or assessor can therefore give different interpretations depending on some factors.
While Bakare in Abdullahi (2013), described poor academic performance as any performance that
falls below a desired standard. The criteria of excellence can be from 40% to 100% depending on
some subjective criteria of the evaluator or assessor. Just as in universities in Nigeria, any grade
below 40% is considered as poor or failed.

1.1.1 Theoretical Framework of the Study

The theoretical framework of this research is based on Swiss psychologist Piaget. Piaget (1896-
1980) is renowned for constructing a highly influential model of child development and learning.
Piaget’s theory is based on the idea that the developing child builds cognitive structures—in other
words, mental “maps,” schemes, or networked concepts for understanding and responding to
physical experiences within his or her environment. Piaget further attested that a child’s cognitive
structure increases in sophistication with development, moving from a few innate reflexes such as
crying and sucking to highly complex mental activities. Hence, to a constructivist, learning is seen
as the construction of meanings by the learner. This theory stemmed from the philosophical
school of thought has influenced educational view of learning. Constructivism learning theory
evolved from the extensive study of cognitive development theory of Piaget. Piaget (1940)
described elements that helped predict what children learn at different stages of development.
Similarly Piaget in his stages of cognitive development emphasized the use of concrete materials
such as hands-on learning materials for enhancing cognitive development of individual. The
influence of Piaget stages is age dependent, as in the formal operation stage which is between the
ages of 11-15 years and above is regarded as the final period of intellectual development. This

period coincides with the Senior Secondary School period and the adolescent period which is
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characterized by attainment of the intellectual skills of the adult to do abstract and critical
thinking. Therefore when concept such as ecology, genetics and evolution among others are
taught with the aid of hands-on learning, it will enable students to understand and explain the
concept, processes, structures and relationships.

The concept of critical thinking is supported with the works of Bloom (1956), who identified six
levels within the cognitive domain, each of which related to a different level of cognitive ability.
Knowledge focused on remembering and reciting information. Comprehension focused on
relating and organizing previously learned information. Application focused on applying
information according to a rule or principle in a specific situation. Analysis was defined as critical
thinking focused on parts and their functionality in the whole. Synthesis was defined as critical
thinking focused on putting parts together to form a new and original whole. Evaluation was
defined as critical thinking focused upon valuing and making judgments based upon information.
In the context of this study, critical thinking is deemed to take place when students are required to
perform in the Analysis, Synthesis, and Evaluation levels of Bloom’s taxonomy.

To provide the greatest benefit to students, teachers should provide many opportunities for
students such as hands-on teaching strategy to engage in the upper levels of Bloom's taxonomy
where critical thinking takes place. While most teachers believe that developing critical thinking
in their students is of primary importance (Albrecht & Sack, 2000), few have an idea exactly what
it is, how it should be taught, or how it should be assessed (Paul, Elder, & Batell, 1997).

1.2 Statement of the Problem

The problem of effective teaching and learning of science in Nigerian schools has become a
sensitive issue that needs urgent attention. It has been observed that the issue is affecting the

performance of students at the secondary as well as higher levels of education in both internal and
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external examinations adversely. It has also been discovered that the poor academic performance
of students is related to the conventional lecture method used to teach them by the teachers, as it
was observed by Gyuse (2009) that many students experienced difficulty in science courses as a
result of the lecture method used by their teachers. Hence, Olayinka (2016) identified that poor
method of teaching and improper use of instructional materials as being the cause for the poor
performance of students. Deep understanding of scientific concepts is of utmost importance,
particularly at the secondary school level, because misconceptions as well as negative attitudes
acquired at this level could translate into poor performance and create negative disposition
towards learning the sciences (Esiobu, 2005). Biology is generally conceived by most students as
the easiest science subject and so, enjoys larger number of enrolment than other basic science
subjects (Ajewole, 2006). However, the yearly percentage pass in the subject is very low
compared with students’ performance in other basic sciences as well as other subjects. This, it
should be stated, does not translate to it’s being easy (Nzelum, 2010). It was observed by Olajide
(2002) that, students do not perform well academically in biology at secondary school level.
Empirical studies such as, Ibe and Maduabum (2001), and Daramola and Gbore (2013),
respectively, argued that candidates’ performance at the Senior School Certificate Examination
(SSCE) conducted by West African Examination Council have consistently remain poor, with
biology having the highest enrolments and poorest result over the years; looking at the importance
of biology to the national development and considering the state of poor academic performance in
this very subject at the secondary level, the poor academic performance observable in the biology
result of the students should be a thing of serious concern to any citizen of Nigeria. These have
also shown that students perform poorly in biology and also in ecology, which is an aspect of

biology (Chief Examiner’s report of West African Examination Council, 1999; & 2007). One of
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the reasons preferred was that students have poor understanding of the basic concepts in biology.
The West African Examination Council (2005-2017) reported that students perform poorly in the
area of ecology and revealed that only very few number of candidates attempt questions on
ecology. Despite the various innovations on the use of activity-based teaching strategy and others
such as questioning method, demonstration, process approach, cooperative learning, laboratory
activity method, the low performance of students still persist in biology at senior secondary
school level. However, the WAEC and NECO Chief Examiners report of 2010 to 2014 revealed
that only 34% to 53% of the students pass biology annually at credit level and above. Table 1.1
and 1.2 show the students’ performance from 2010-2017 for both WAEC and NECO biology
results, though the failure rate is not consistent, where; pass at Credit Level (%) and Rate of
Failure (%) referred to those with Al— C6 and D7 — F9 respectively. Note that, Al - C6
determined the requirement grade for Admission into any university for science courses, and
those with D7 - E8 can be admitted into other courses apart from the Sciences (such as Arts and
Social Sciences) while those with F9 would/are not considered.

Table 1.1 Biology Results for WAEC Students from 2010-2017 in Kaduna State, Nigeria

Year Total Pass at Credit Level (%) Rate of Failure (%)
2010 1,467,121 34.20 65.80
2011 1,445,311 33.90 66.10
2012 1,611,232 43.38 56.62
2013 1,578,049 48.62 50.38
2014 1,597,247 46.09 53.91
2015 1,562,323 45.70 54.30
2016 1,438,679 52.97 47.08
2017 180,253 40.35 59.65

Source: West African Examination Council 2010-2017 Annual report.
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Table 1.2 NECO Examination Result for Biology Students from 2010-2017 in Kaduna State.

Year Total Pass at Credit Level (%) Rate of Failure (%)
2010 1,249,028 52.27 47.73
2011 1,268,213 47.04 52.96
2012 1,348,528 41.95 58.05
2013 1,306,535 42.98 57.02
2014 1,508,965 52.17 47.83
2015 1,427,096 51.90 48.10
2016 1,022,474 84.54 15.46
2017 180,253 40.35 59.65

Source: National Examination Council 2010-2017 Annual report.

The report attributed to this poor performance in biology to low performance in ecology concepts
among others and visible improvement is not yet in sight. This is of great concern to the
researcher. If this trend is not checked, the result is that the teaching of biology in senior
secondary schools and development of science in the nation will be affected. Students can learn if
well taught but no teacher can give what he does not have when teaching. This situation calls for
intervention in method employed by teachers. This has necessitated the need to employ
approaches/strategies for improving teaching and learning of students in ecology which will
enhance their critical thinking and performance at secondary schools. The approaches considered
in this study for improvement is Hands-on Learning Strategy (HLS). Although HLS is purported
to have the potential to enhance student critical thinking and performance, it is not quite clear
whether HLS may be more effective in enhancing critical thinking and sustain student
performance in ecology. It is on the above premise that the study is carried out to determine the
Effect of Hands-on Learning Strategy on Performance in Biology and Students Perception Level

of Critical Thinking involved in Zaria, Nigeria
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1.3 Objectives of the Study

This study has the following objectives: to;

1.

determine the effect of hands-on learning strategy on academic performance of Senior
Secondary II Students in ecology.

determine the effect of hands-on learning strategy on critical thinking skills of SSII
students in ecology.

find out the effect of hands-on learning strategy gender on hands-on learning strategy of
teaching ecology among senior secondary school students.

find out the effect of hands-on learning strategy on the mean Critical thinking scores of

Male and female students in ecology.

1.4 Research Questions

The following research questions were formulated for answering as follows:

1.

What is the effect of hands-on learning strategy on mean academic performance of
Senior Secondary II Students in ecology?

What is the effect of hands-on learning strategy on critical thinking skills of SSII
students in ecology exposed to hands-on learning strategy and those exposed to lecture
method?

What is the effect of gender on hands-on learning strategy of teaching ecology among
senior secondary school students?

What is the effect of hands-on learning strategy on the mean Critical thinking scores of

Male and female students in ecology?
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1.5 Research Hypotheses
The following Hypotheses were formulated and tested at P < 0.05 level:
Hy;. There is no significant difference between the mean academic performance score of students

in ecology concept exposed to hands-on learning strategy and those exposed to lecture method.

Hy,. There is no significant difference between the mean critical thinking skills of students in

ecology exposed to hands-on learning strategy and those exposed to lecture method.

Hys. There is no significant difference between the mean academic performance scores of male

and female students taught ecology when exposed to hands-on learning strategy.

Hy4. There is no significant difference between the mean Critical thinking skills scores of male
and female students exposed to hands-on learning strategy of teaching ecology.

1.6 Significance of the Study

Researches in science education have been geared towards improving the methods of teaching
science in order to improve students’ performance in science subjects. In progressing search for
more effective methods or strategies for teaching science and for enhancing meaningful learning
of science subjects, hands-on learning strategy in relation to critical thinking has been proposed to
have significant impact/ benefit to the following:

1. Biology Teachers will benefit from the present study by adopting the strategies used in
teaching of sciences, biology in particular. The strategy will assist the teacher to identify if
critical thinking skills have effect in teaching and learning of sciences in our secondary
schools. By adopting the strategy of activities by the teachers, this will make their lessons
interesting and real. Hence, this study could provide new teaching techniques to other teachers

in stimulating the interest of our esteemed students in knowledge construction.
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2. Biology Students will also benefit when suitable methods of instructions are introduced that
will promote their performance in ecology. Thus, ecology is one of the most important
topic/area in biology which informs students how they are influenced by, and have influence
on, the ecosystems and the biosphere. In addition, understanding ecology facilitates the
understanding of photosynthesis and respiration easily (Anderson, Sheldon, & Dubay, 1990;
Capa, 2000, Ozkan, 2001); for example, students have to learn distinction between producer
and consumer before photosynthesis (Capa, 2000; Ozkan, 2001). Students will be able to cope
with more complex concepts as a result of clear, more efficient and dynamic presentation. It
could also enhance and increase students’ engagement, critical thinking and academic
performance which are evidence by student at-task activities through manipulation of
object(s) and solve personal problems during the learning. Provide a teaching method for
teaching ecology in order to inculcate in students the skills of diligent search/manipulation
and enhance critical thinking skills toward ecology.

3. It is also hoped that this research will be of great benefit to both Education Planners and
Science Curriculum Planners to modify where necessary the current science curriculum by
incorporating the arranged hierarchical concepts (pre-requisite concepts) before embarking on
the higher concepts. This will serve as a source of motivation. Hence, the study will assist the
curriculum planners in developing learning strategies inform of activity base that will be more
of student-centered. This will motivate and encourage interaction among students.

4. The findings from this study will also help government concern or policy makers to know
the implication of lecturing in sciences and value the activity-based method or strategy,
especially in our secondary schools. The findings will help them to take more appropriate step

in making sure that teachers are enhancing critical thinking skills among the learners.
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5. Professional Bodies and associations such as National Education Research Development
Council (NERDC), National Teachers Institute (NTI), Science Teachers Association of
Nigeria (STAN), and Mathematics Association of Nigeria (MAN) will benefit from this study
by way of production of basic science course materials in schools in order to reflect the
process skills and products of science in our schools or localities. Through courses, seminars,
conferences and workshops that shall be organized from time-to-time, teachers will improve
in their pedagogical approach of teaching basic sciences, particularly biology.

6. Textbooks Authors should emphasize on hands-on learning strategy as an instructional
procedure that should be adopted for effective teaching and learning of various concepts in
biology.

7. Researchers: The findings of this study serve as a foundation for researchers who may
develop interest to carry out further investigations on the effect of Hands-on learning strategy
on Critical Thinking and Performance of senior secondary biology students. And also the
study will add new information to the existing literature in basic science education which
other researchers can refer to.

8. Philanthropic Organizations such as Parents-Teachers’ Association may benefit from this
research.

1.7 Scope and Delimitation of the Study

This study is aimed at investigating the Effect of Hands-on Learning Strategy on Performance in

Biology and Students Perception Level of Critical Thinking involved in Zaria, Nigeria. SS II

students were used for the study because of their stability. Two (2) senior secondary schools were

used; one for experimental and the other one for control. Ecology concept was chosen for the

study because it is one of the widest area and also one of the difficult topics (Oyedokun, 2002 &
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WAEC, 2006) for students’ understanding among other concepts in biology. Furthermore, the
study of ecology is very important to the students in that, it is fully exploring the potentials of
environment. The SSII students were considered due to the fact that they were rooted and more
knowledgeable in biology concept than SSI students who have not yet gained much academic
while SSIII students are busy preparing for Senior School Certificate Examinations (SSCE). The
concept that will be taught using hands-on learning strategy is ecological Basic ecological
concepts, Components of ecosystem, Population studies, Functioning ecosystem, Ecological
factors, Trophic levels, Energy transformation in nature. The study was delimited to two public
senior secondary schools; both male and female schools (Co-educational). This is out of sixteen
public senior secondary schools in Zaria Education Zone, Kaduna State. Two instruments were
used for this study; Ecology Concept Performance Test (ECPT) and Critical Thinking
Questionnaire (ECCTQ).
1.8 Basic Assumptions

In carrying out this studys, it is based on the following assumptions that:
i.  All the variables in this research work are measurable;
ii. ~ The schools are operating using the same National Curriculum;

iii. The students of SSII are taught by qualified biology teachers;
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CHAPTER TWO
REVIEW OF RELATED LITERATURE

2.1 Introduction

The study investigated Effect of Hands-on Learning Strategy on Performance in Biology and
Students Perception Level of Critical Thinking involved in Zaria, Nigeria. This chapter outlines
previous studies that have direct relevance to this study. Also, it highlights some theories which
could guide Science teachers to select appropriate strategies for teaching biology. The chapter is
organized under the following sub-headings:

2.2 Teaching of Biology at Secondary Schools Level

2.3 Methods of Teaching Science

2.4 Concept of Hands-on Learning Strategy (HLS)

2.4.1 Benefits / Needs for Hands-on Learning Strategy in Science Education
2.5 Concept of Critical Thinking (CT)

2.5.1 Studies on Critical Thinking and Academic Performance in Sciences
2.5.2 Educator’s Role in Developing Critical Thinking Skills

2.5.3 Critical Thinking and its Usage in this study

2.5.4 Relationship between Critical Thinking and Creative Thinking

2.6 Hands-on Learning/Active Learning for Enhancing Critical Thinking and Performance
2.6.1 Hands-on Learning on Academic Performance and Gender

2.7 Overview of Similar Studies

2.8 Implications of the Literature Reviewed for the Present Summary
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2.2 Teaching of Biology at Secondary School Level

According to Ormrod (2004), learning is observed when a change in behavior is seen. Science
education has become very central in the emerging globalization of knowledge particularly at the
higher education levels. This is because of the observable impact of science and technology on
the world of today and the future (Marginson & Van der Wende, 2007). Science had become the
hub of national growth and when it is well applied, it further boosts technology astronomically
without exaggeration. Science in the context of this study encompasses biology otherwise known
as life science, chemistry and physics (physical sciences). The study of biology is usually well
embraced especially at the senior secondary and Further Education and Training (FET) levels as a
key subject for the study of medicine and other health science courses at the university level. It is,
therefore, expected that schools should have adequate number of trained and qualified biology or
life science educators to teach this very important subject from the grass-root to the higher levels.

The National Policy on Education (FRN, 2014) refers to secondary education as the education
given in institutions for children aged 11 to 16 years old. It further stresses that since the tertiary
education system is built upon it, the Primary education being the foundation and followed by
secondary level, is the key to the success or failure of the whole national educational system. In
other words, the secondary education is the second tier of the 6-3-3-4 educational system which is
for six years duration in Nigeria. According to Ali, Toriman and Gasim (2014), Adepoju (1998),
secondary education is the type of education which is exposed to children in secondary institution,
whether students acquire fundamental knowledge, skills, thought, feelings and actions, which are
considered necessary for all citizens, regardless of social status, vocation or sex. It should be
noted that secondary education has direct impact on development of citizen or nation as a result of

the cognitive skills of literacy.
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Biology is a natural science that deals with the living world: How the world is structured, how it
functions and what these functions are, how it develops, how living things came into existence,
and how they react to one another and with their environment (Umar, 2011). It is a prerequisite
subject for many fields of learning that contributes immensely to the technological growth of the
nation (Ahmed, 2008).This includes medicines, pharmacy, nursing, agriculture, forestry,
biotechnology, nanotechnology, and many other areas (Ahmed & Abimbola, 2011). Biology is
seen as one of the core subjects in Nigerian secondary school curriculum. Because of its
importance, more students enrolled for biology in the senior secondary school certificate
examination (SSCE) than for physics and chemistry (West African Examination Council, 2011).
Biology is introduced to students at senior secondary school level as a preparatory ground for
human development, where career abilities are groomed, and potentials and talents discovered
and energized (Federal Republic of Nigeria, 2009). The quality and quantity of science education
received by secondary school students are geared toward developing future scientists,
technologists, engineers, and related professionals (Kareem, 2003). Even those students who are
not science oriented often offer biology as a science subject, in order to gain scientific literacy.
Thus, the Senior Secondary School Biology Curriculum places the basic ecological concepts to be
studied under year one. And some include the ecological system, ecosphere/biosphere,
lithosphere, environment, habitat, biome, food chain, food web, measuring instruments etc. Thus,
the curriculum specified the performance objectives to be achieved as well as activities to be
carried out in the course of teaching and learning process to facilitate understanding of the

concepts being taught (Nzewi, 2008).
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In spite of the importance and popularity of biology among Nigerian students, performance at
senior secondary school level has been poor (Ahmed, 2008). The implication of this failure in
education is that Nigeria may have shortages of manpower in science and technology-related
disciplines. This may affect Nigeria’s vision to become one of the 20 industrialized nations in the
world by year 2020. Poor teaching methods adopted by teachers at senior secondary school level
in Nigeria have been identified as one of the major factors contributing to poor performance of
students in biology (Kareem, 2003; Ahmed & Abimbola, 2011; Umar, 2011). The conventional
teaching method is classroom-based and consists of lectures conducted by the teacher. This
teacher-centered method emphasizes learning through the teacher’s guidance at all times.
Students are expected to listen to lectures and learn from them. Just passing the tests, consisting
of descriptions, matching, and other forms of indicators, is all that matters to complete the
curriculum (Adegoke, 2011; Umar, 2011).

The persistent use of lecture method makes students passive rather than active learners. It does
not promote insightful learning and long—term retention of some abstract concepts in biology
(Kareem, 2003; Ahmed & Abimbola, 2011; Umar, 2011; Ahmed, 2008). The results of the Senior
Secondary School Certificate Examination (SSCE, 2010 to 2015) of biology students in Nigeria
are highly disturbing, considering the fact that the students would become future scientists. Thus,
in this 21st century, a motivating and captivating approach should be encouraged to help students
better learn, understand, and retain biology concepts and promote their future involvement.

A review of students’ enrolment in science subjects in the senior secondary school in Nigeria
showed that students enrolled more in biology than other science subjects. Though student
enrolment in biology is high, their academic performance in this subject is low particularly in the

senior secondary certificate examination (James, 2013). Even in schools with well-equipped
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science laboratories, qualified science teachers and other facilities needed for the teaching and
learning of science subjects, many students still perform poorly particularly in biology. The poor
performance of students in science subjects is of major concern to all and particularly to those in
the mainstream of science education in Nigeria. This is probably because the special position that
science and technology now occupy in the race for national development dictates that all of our
students should be achieving very positively in school science. In addition, there is a worldwide
trend of science for all currently sweeping through the globe (Adu and Olatundun, 2007). The aim
is to make every one literate in science. Underachievement in the subjects in schools does not
only make nonsense of the drive but points to its failure and a possible negative attitude of the
general populace to the learning of science.

2.2.3 Recognizant Survey

The Zaria Education Zone is the terrain where the recognizant survey case study took place. The
researcher undertook the reconnaissance survey case study within Zaria and its environs. The
researcher discovered that, the ecology of population study is characterized with different types of
ecosystem ranging from biotic and abiotic components/factors of ecosystem which described
functioning ecosystem in biotic components that identify food chain, food web and tropical level.
The researcher undertook the reconnaissance survey at the following areas: Kofan Kuyan Bana,
Dakace, Gyallesu and Tudun Jukun etc. The surveyed areas share in common the types and

patterns of Ecology/Ecosystem in the study area.
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2.3 Methods of Teaching Science

A method can simply be described as the way in which one does something. The method a
teacher uses to bring the desired outcome in the teaching and learning process cannot be over-
looked. There are various methods available for achieving effectiveness and the teacher has full
responsibility for selecting the most appropriate method for the prevailing circumstances in order
to achieve the aims of teaching Science in Secondary Schools. The methods of teaching Science
in the Secondary Schools among others are laboratory, practical work, demonstration, project,
guided discovery, inquiry methods and hands-on learning strategy.

Laboratory Method

The laboratory is an indispensable tool in the teaching of Science which provides students with
a place or setting, to attack and solve problems, collect data, prove ideas and carry out
investigations which emphasizes learning by “doing”. Arubayi (2009 & 2015) opined that, the
laboratory method of teaching comprised of variety of activities ranging from the experimental
investigations to confirmatory exercises and skill learning. Arubayi (2003 & 2015) summarized
the major objectives sought in laboratory work, as the development of skills, concepts, cognitive
abilities and understanding of the nature of Science. Skills such as manipulative, inquiry,
investigation, organizational and communicative, can be developed from laboratory experiences.
Also, concepts such as hypothesis, theoretical models and taxonomic category are developed.
Cognitive abilities such as critical thinking, problem solving, application, analysis, synthesis,
evaluation, decision making, and creativity are developed through laboratory experiences.
Through well planned and carefully executed laboratory work the participant is able to gain a
better understanding of the nature of Science.. The laboratory method of teaching Science

assists learning and it is the true nature of Science which teaches practical skills; help to
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develop some desired traits such as appreciation which are necessary for problem solving and
skill acquisition. Unfortunately, Operation Reach all Secondary Schools (ORASS) 2006, findings
revealed that less than 10% of Secondary Schools in Nigeria have well equipped laboratories.
Again, Inomiesa (2010) opined that most of the laboratories are empty and equipment for
the laboratories are seldomly bought and it is not uncommon for Secondary Schools Students to
migrate from one School to the other for external examinations such as West African
Examination Council (WAEC) and National Examination Council (NECO), in search for
equipment and chemicals for laboratory work.

Practical Work

Another method of teaching Science is Practical Work. Science Community Representing
Education (SCORE), 2008 in the report “Practical work in science: A report for a strategic
framework” admits that, “good quality practical work; can engage students, help them to
develop important skills, help them to understand the process of scientific investigation and
develop the understanding of concepts. Students understand scientific concepts better through
the full adoption of practical works in science teaching. Woodley (2009) said that “practical
science supports skills development, experimental learning, independent learning, learning in
different ways and the development of personal learning and thinking skills”. The concept of
practical work may be extended to include simulated experiences and even students exercises
involving pencil and paper calculations. Practical work may be done in the laboratory but not
strictly at the laboratory. Inomiesa (2010) opined that practical works are carried out to help
the learner, clarify and extend the learner’s experience of natural phenomenon. It provides
opportunities for students to practice the correct use of apparatus. Students develop manipulative

skills; develop ability to form concepts and the ability to communicate the results of the finding.
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If practical method of teaching Science is carefully and properly planned and utilized, it will
enhance effective teaching of Science in Secondary Schools.

Demonstration Method

Another method of teaching Science is the Demonstration Method. Enemali (2006) described this
method of instruction as a showing procedure, to explain, teach and inform students, while
Arubayi (2009) described demonstration method as a visible presentation of ideas, skills,
attitudes, processes and other intangibles. Demonstration lessons include facts and principles
used along with materials for showing or teaching someone else. For demonstration methods to be
effective, the lesson should be planned ahead of time, have all necessary materials and equipment
needed for the demonstration lesson. Participants should be given clear and simple instructions.
The sitting arrangement for the demonstration should be organized so that participants can see
and hear clearly. After demonstrating generally, the students should be given opportunity to
practice individually or in groups. The teacher should provide assistance and guidance to students
who have not gasped the basic concept yet. Demonstration method of teaching Science has many
merits and demerits. One very important merit of using demonstration method is that it aids
learning, as the students see, hear and do. Despite this very valuable merit, a poorly planned and
executed demonstration lesson will not promote optimum learning and may not make room for
individual differences.

Project Method

Another method of teaching Science in Secondary Schools is Project Method. Uzoka (2002)
described project method as an activity unit that learners do usually mentally and physically learn
in a real life situation under the guidance of a teacher. The main purpose is to allow students first-

hand experience on how to do something. A student may select a project from a prepared list of
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projects given by a teacher, or the learner may submit an idea to the teacher for approval. The
project method of teaching can only be effective if the learner selects a problem the learner is
interested in, which will motivate the learner to complete a selected project. The learner should be
aware of the duration of the project, the point for which marks will be awarded and the type of
report expected. The learner with teacher’s supervision decides and plans activities for completing
his project. The project method of teaching Science can provide practical experience to students
and help to make learning from that particular experience permanent. Thus, furnishing real-
life setting for the person doing the project which will motivate students and sustain the interest in
the learning situation. Project work encourages independent thinking and teaches the participants
the ability to make decisions on their own. The project method of teaching can require a large
amount of time to complete a project, and if students’ works are not properly supervised it can
create problems. The teacher’s role is to ensure that the project work is well planned and the
student must clearly know what to do. The curiosity of students will be awaked thus creating a
demand for new information.

Guided Discovery Method

Guided discovery is another method of teaching Science in Secondary Schools. Inomiesa (2010)
recommended the use of guided discovery approach in teaching Science in schools. This
recommendation is in line with the suggestion from the Federal Government as enshrined in
the National Policy on Education (2004 & 2014), that guided discovery approach should be
adopted for teaching Science. It is the hope of the Federal Government that through this
method, students will learn Science better. Activity based Science teaching allows students to
explore their environment and discover nature. To successfully adopt the guided discovery

approach, students must perform certain mental processes, such as: observing, classifying,
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measuring, predicting, inferring, and hypothesizing. Thus, a lot of inquiry goes on in the class
room where the teacher mainly serves as a moderator, moving from point to point to guide the
learning of students and help them to overcome difficulties. The teacher is the resource person
who guides students’ sources of information. To be successful, an inquiry based classroom should
operate in a free and democratic atmosphere in which discipline is relaxed but not laxed.
The students may work in a variety of locations while the classroom is filled with a variety of
instructional materials, these could be real objects or models, pictures or diagrams. These could
help students to concretize the information gathered from the learning situation.

Experimental Method

Experiment is core of doing investigation in science classroom. Teachers tend carryout
experiment as it encourages students’ interest in learning science via provision. Students often
find the opportunities to manipulate objects, test hypothesis, and work together to solve or prove
something exciting. Also, through experiments, students are usually able to ‘see’ or ‘relate’
concepts better, hence contributing to sound science conceptions. For instance, Olympiou and
Zacharia’s (2011) study found that the use of a blended combination of physical manipulative
(PM) and virtual manipulative (VM) enhanced students’ conceptual understanding in the domain
of light and colour topic more than the use of PM or VM alone. Demeo (2005) also noted that
experiments —particularly the transformation of traditional laboratory instruction to one using
teaching of manipulative skills - help produce more “mature” type of science education. It is said
that the teacher’s actions of redistributing authority between teacher and student when laboratory
pedagogy is taking place, as well as the nature of interaction when discussing science issues and

findings, do contribute to such outcome.
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Field Study/Trip Method

Field work is an academic or other investigative studies undertaken in a natural setting, rather
than in laboratories, classrooms, or other structured environments (Noel, 2007). Often when a
field study is carried out, students learn science content or concepts via observation,(structured or
unstructured) discussions as well as through analysis of other forms of collected data. The
collected data could be in the form of specimens, video and/or audio recorded objects and
phenomenon. Field study does not only allow students’ active engagement with each other but
also helps develop an understanding of the experience and process of learning in natural settings.
Preusch (2009) who used field study as an approach to teaching found his students accurately
described plants and animals they had observed in different habitats during the field trip. Also,
they were able to develop ‘continuity’ between theory and reality via discussions on the lessons
learned in classrooms, and relating those with their home life and other experiences in the
outdoors. Other advantages of field trip as highlighted by Harder (2010) are students and teachers
found the activity enjoyable, learning was more real and more challenging than those done inside
the classroom, and learning activities and environment promote aspects of discovery, open
discussions, and the freedom to choose how to find and record information deemed most
beneficial.

Inquiry Method

The method of inquiry is adopted in the teaching of Secondary School Science which evolved
from man’s inquiring ways, which are refined by the development of attitudes and methods
which became part of the scientific enterprises. Stephenson (2011) opined that “the power of
an inquiry-based approach to teaching and learning of Science is its potential to increase

intellectual engagement and foster deep understanding through the development of hands-on,
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minds-on and research based disposition towards teaching and learning” The nature of inquiry is
complex, the complex nature of inquiry technique, has accounted for the minimal use of this
method of teaching Science. The inquiry method of teaching can be most effectively used when
students are actively involved in the learning process and the learning environment permit
freedom of movement and expression. The teacher must provide this kind of climate so that
students can collect data, form and test their theories using their own methods. Inquiring
technique can help the learners develop ability to think critically and aid in the development of
skills such as defining, questioning, observing classifying, generalizing, verifying and applying.
These skills are very vital in the acquisition of the knowledge and nature of Science.

It has long been known that active learning is better than passive learning (Scholes, 2002). A shift
from the traditional to a progressive mode of education had led to an increased interest in
learners’ individual differences. The new paradigm is Student-centered, based on inclusiveness,
cooperative learning and encouraged diversity (Zywno, 2002). An increasing amount of research
in the past years points out that the interactive process between individual student and the teacher
is very important in determining the nature and quality of learning and development that result
from instruction (Nwagbo, 2001). Some researchers have taken the position that it is the teaching
method and not the teacher that is the key to the learning of science. While Olajide (2017) opined
that, it is both the teaching method and the teacher since the teacher uses the method(s). It is
believed that most effective learning takes place when the interactive process is one that is best
suited to the individual students in terms of learning styles (Zywno, 2002).

Learning can be considered as any response to stimuli that leads to residual change in behavior.
Learners learn when they interact with resources in their environment that results in change of

behaviour. To foster learning teachers decide, usually ahead of time, how they will teach a given
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objective, for example a concept, a skill or an attitude (Muzumara, 2007& Muhammad, 2014).
This signifies that, sorting and understanding methods/strategies by teachers to use and teach a
given objective is inevitable. Effective teaching and learning in any subject at any institution are
dependent on the individual strategies used and other variables (Muhammad, 2001). Muzumara
(2007) pointed that, there are a number of factors that determine what strategy a teacher should
use to accomplish a given learning outcome. These factors may include age level of pupils,
amount of time available, type of weather, availability of teaching/ learning resources and the
topic being delivered. The choice of the type of strategy to be used for a particular lesson or topic
is entirely up to the teacher and he/she feels appropriate for that topic. These being the case it is
not usual to see teachers teaching the same topic using different strategies and even if the strategy
may be the same the way it is used will differ from teacher to teacher and from class to class.
What is important is for the teacher to know and understand his/her pupils. Muhammad, (2001)
noted that instructional strategy is a major responsible for the level of performance in any subject
by the students. Learning difficulties can be solved to a great extent by using appropriate teaching
methods. Teaching methods/strategies may be classified in different ways; those in which the
teacher is directly in control are referred to as ‘teacher-centred’. These include lecture method,
teacher demonstration and teacher questioning. Strategies in which pupils/learners are actively
involved are referred to as ‘learner-centred’. They include laboratory activities, hands-on
learning, panel discussions, quizzes, and pupils’/learners’ project and so on. Teacher-centred such
as lecture method, keeps learners passive and do not benefit most while pupils/learners-centred
such as hands-on allows learners to be actively involved in learning and generate meaningful
ideas / experiences. Teacher usually utilizes a variety of teaching methods in one lesson for them

to successfully accomplish their tasks. Students can acquire different skills and experiences when
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allowed to interact among themselves and exchange ideas. Several methods could be used to
teach biology practical which provide skills and experiences. These methods include laboratory
methods, hands-on learning, group learning, discovery method, pupil-led seminars, programed
instruction and so on.

From the fore-going, it has been alluded to a major reason alluded to the persistent poor
performance in science subjects at School Certificate level is that, most science teachers in secondary
schools in Nigeria probably do not generally vary the teaching strategies they use. Consequently, they are
not to cope with some specific difficulties associated with the teaching and learning of science by
both the teachers and the students respectively (Anchor, 2003; Ogbeba, 2009). Hence, classroom
teachers could be knowledgeable in the science content but in the pedagogical aspects. For
instance, studies have shown that most science teachers do not possess the prerequisite knowledge
needed for activity-based learning (Nwosu, 2004; Johnson, 2004). The Consequence of this is that
the most prevalent method of teaching has been the ‘chalk and talk’ (lecture) method. Buttressing
this, Ezeliora (2004) pointed that most of the time: science is taught to the learners using the
descriptive or lecture method instead of hands-on learning strategy. The possible ineffectiveness
of this approach is strongly supported by persistent poor performance of students in public
examinations in Nigeria.

Science teachers are expected to deliver a particular content (that is, knowledge) in a specific
term, week and time of the year to learners. However, how to put the required knowledge across
to learners is often a problem to teachers. This problem could arise from either having to teach
much in short time (that is workload) or not having the pedagogical wherewithal (that is,
preparation and knowledge of available methods). Further, it is found that some teaching

strategies could be more facilitative than others when used in teaching. However, this depends on
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the subject or topic/concept. Much and specific work by researchers in this area (Longjojhn,
2009; Ogbeba, 2009; Umoren and Ogong, 2007; Barbosa, Jofili and Watta, 2004). Hence, the
objective of this study is to investigate the effect of hands-on learning strategy on performance
and critical thinking in ecology among SSII biology students in Zaria, Kaduna State, Nigeria.

2.4 Concept of Hands-on Learning Strategy

A learning/teaching strategy refers to an approach, method or combination of carefully designed
classroom interactions that could be followed meticulously to teach a topic, concept or an idea
(Olorundare, 2000). There are however many teaching and learning strategies or methods that a
classroom teachers could use as mentioned earlier. Hands-on learning strategy is not completely a
new idea in the literature but it broadens the meaning from the past terms such as “laboratories” to
cover a variety of settings i.e. from laboratories to classrooms. Descriptions of science education
have shifted from vocabulary and text materials to activities. Teachers are now seeking to
recognize what students are learning as a consequence of busy hands (Flick, 1993 in Munir and
Mumtaz, 2013). The term hands-on is used commonly in science education. It means that teacher
should do more than lecturing about science. It allows the students to experience science by doing
it involving using the hands. Like many other terms in educational practice, these terms have no
standard definition that has one meaning for all practitioners. It may also be defined as any
activity that allows the learner to handle, observe or operate a scientific process. In hands-on
science activities, learners interact with materials and equipments (Lumpe, et al in Munir et al,
2013).

Hands-on science activities may also be defined as a variety of activities that may or may not be
actual experiments, such as observation or measurements, not necessarily carried out in

laboratories (Ruby, 2001). Generally hands-on science activities are defined as the activities that
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allow the students to handle, manipulate or observe the scientific processes (Lumpe, et al in
Munir et al, 2013). In these hands-on activities, students interact with materials to observe
scientific phenomena. Flannery (2001) states that hands-on science foster the mind in more basic
ways by extending the links between the brain and the hand. Different memories have been
identified for different functions. Those are auditory, visual, tactile and body motor functions
(Korwin and Jones, 1990 in Munir et al, 2013). It implies that any information which utilizes all
four memories would be a stronger and easily retrievable. Because hands-on activities utilize all
these memories, therefore the information gathered through these, would be more powerful and
easily retrievable.

Science educators have attempted to classify hands-on science activities into different categories.
One dimension addressed by various experts in science education is inquiry. It has been argued
by prominent educators and psychologists that science is an inquiry based subject and should be
taught in that fashion. Within the inquiry dimension, distinctions might be made keeping in view
the level of inquiry involved. Lumpe and Oliver, 1991 (Lumpe, et al in Munir et al, 2013)
differentiated the verification activities from inquiry activities that verification activities are those
activities in which the learner knows the result of the activity prior to conducting the activity
while in inquiry activities; the learner has no understanding of the concept or phenomenon prior
to conducting of activity.

The abstract nature of science content and teaching put unpleasant effects on learners. Currently,
almost all major science curriculum development projects have emphasized on hands-on practical
activities as both an effective and enjoyable way of learning science content. These activities
provide the students concrete experiences as far as possible to reduce the abstraction (Johnson et

al in Munir & Mumtaz, 2013). Effectiveness of hands-on activities in learning science has long
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been hotly debated and accepted by science education community (Klahr, 2005). The need of
concrete experiences in science instruction is advocated because they enhance students’ learning
and provide a more authentic view of science (Yore, 2000). He believed in doing first and reading
and writing later. According to (Korwin & Jones, 1990 in Munir & Mumtaz, 2013) John Dewy
was of the strong opinion that experiences specifically hands-on activities are vital in educational

process. Physical operations provide feedback of learning that allows learners to see it happen.

Hands-on learning strategies/activities are effective learning experiences. Research has evidenced
that hands-on approach in science improves understanding of concepts resulting in better
performance score and success in science subject area, such as biology. In a study conducted by
(Korwin et al in Munir et al, 2013) on 50 eighth graders in teaching technical concept on geodesic
domes, it was found that there existed a significant difference between learning with and without
hands-on activities. They concluded that hands-on activities are effective in learning any
applicable concept. It was found in a study conducted by (Stohr-Hunt,1996 in Munir,2013) that the
students who were engaged in hands-on activities every day or once a week scored significantly
higher on a standardized test of science performance than the students engaged in hands-on
activities once a month or never. Young and Lee (2005) conducted a study on 399 fifth graders.
The study provided evidence that the students who were taught through science kits outperformed
as compared to the students taught science without using science kits (Young & Lee, 2005).

In a study conducted by (Randler, & Hulde, 2007) on 123 fifth and sixth graders from a middle
school, it was found that the students involved in hands-on activities scored significantly
better than those taught through teacher centered experiments (lecture method). Similar results
were found in the study conducted by (Odom, Stoddard & Lanasa 2007) on a sample of 611

seventh and eighth grade students enrolled in middle school science, it was concluded that near
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daily implementation of hands-on activities yield the greatest positive impact on students’
performance.

Various interpretations of what is meant by “hands-on learning” has been proposed so far and the
most common and accepted definition was that hands-on learning strategy is learning by doing
(Ozlem & Jale, 2011). Hands-on learning has also been defined as any science laboratory activity
which allows the students to handle, observe and manipulate a scientific process (Lumpe &
Oliver, 1991; Ozlem & Jale, 2011). Hands-on instruction has a long and successful legacy in the
sciences and math (Basista and Matthews; Bredderman; Haury and Rillero, 2002), and shows
promise for teaching social studies, history, English and other subject areas. By using hands-on
instruction, educators are fostering the 21st century skills that students need to be successful:
critical thinking, communication, collaboration, and creativity. Thus, Hands-on activities
encourage a lifelong love of learning and motivate students to explore and discover new things
(Bass, Kristin, Danielle & Julia, 2011). RAFT (Resource Area For Teaching, 2013) is a non-profit
organization founded in 1994 to help educators inspire the joy and discovery of learning through
hands-on teaching. While hands-on learning in education is a proven best practice for engaging
and motivating learners, educators are faced with many challenges to adopting this approach
(RAFT, 2013). So, why do most teachers spend so much time talking? First be reminded that
most young people have an attention of only 3 to 10 minutes depending upon their age, maturity
level, and disability.

Hands-on science is not completely a new idea in the literature but it broadens the meaning from
the past terms such as “laboratories” to cover a variety of settings i.e. from laboratories to
classrooms. Descriptions of science education have shifted from vocabulary and text materials to

activities. Teachers are now seeking to recognize what students are learning as a consequence of
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busy hands (Flick in Munir & Mumtazl, 2013). The term hands-on is used commonly in science
education. It means that teacher should do more than lecturing about science. It allows the
students to experience science by doing it involving using the hands. Like many other terms in
educational practice, these terms have no standard definition that has one meaning for all
practitioners. It may also be defined as any activity that allows the learner to handle, observe or
operate a scientific process. In hands-on learning strategy/science activities, learners interact with
materials and equipments (Lumpe & Oliver, 1991 in Munir & Mumtaz, 2013).

Hands-on science activities may also be defined as a variety of activities that may or may not be
actual experiments, such as observation or measurements, not necessarily carried out in
laboratories (Ruby, 2001). Generally hands-on science activities are defined as the activities that
allow the students to handle, manipulate or observe the scientific processes (Lumpe, et al in
Munir et al, 2013). In these hands-on activities, students interact with materials to observe
scientific phenomena. Flannery (2001) states that hands-on science foster the mind in more basic
ways by extending the links between the brain and the hand. Different memories have been
identified for different functions. Those are auditory, visual, tactile and body motor functions
(Korwin et al in Munir et al, 2013). It implies that any information which utilizes all four
memories would be a stronger and easily retrievable. Because hands-on activities utilize all these
memories, therefore the information gathered through these, would be more powerful and easily
retrievable.

Science educators have attempted to classify hands-on science activities into different categories.
One dimension addressed by various experts in science education is inquiry. It has been argued
by prominent educators and psychologists that science is an inquiry based subject and should be

taught in that fashion. Within the inquiry dimension, distinctions might be made keeping in view
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the level of inquiry involved. Lumpe and Oliver (Lumpe, & Lee in Munir & Mumtaz, 2013)
differentiated the verification activities from inquiry activities that verification activities are those
activities in which the learner knows the result of the activity prior to conducting the activity
while in inquiry activities; the learner has no understanding of the concept or phenomenon prior
to conducting of activity. The abstraction of science content and teaching put unpleasant effects
on learners. Currently, almost all major science curriculum development projects have
emphasized on hands-on practical activities as both an effective and enjoyable way of learning
science content. These activities provide the students concrete experiences as far as possible to
reduce the abstraction (Johnson, Wardlow & Franklin in Munir et al, 2013). Effectiveness of
hands-on activities in learning science has long been hotly debated and accepted by science
education community (Klahr, 2005).

The need of concrete experiences in science instruction is advocated because they enhance
students’ learning and provide a more authentic view of science (Yore, 2000). He believed in
doing first and reading and writing later. According to (Korwin & Jones in Munir & Mumtaz,
2013) John Dewy was of the strong opinion that experiences specifically hands-on activities are
vital in educational process. Physical operations provide feedback of learning that allows learners
to see it happen.

Hands-on strategies/activities are effective learning experiences. Research has evidenced that
hands-on approach in science improves understanding of concepts resulting in better performance
score and success in science subject area, such as biology. In a study conducted by (Korwin &
Jones in Munir et al, 2013) on 50 eighth graders in teaching technical concept on geodesic domes,
it was found that there existed a significant difference between learning with and without hands-

on activities. They concluded that hands-on activities are effective in learning any applicable
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concept. It was found in a study conducted by (Stohr-Hunt et al, 1996 in Munir, 2013) that the
students who were engaged in hands-on activities every day or once a week scored significantly
higher on a standardized test of science performance than the students engaged in hands-on
activities once a month or never. Young and Lee (2005) conducted a study on 399 fifth graders.
The study provided evidence that the students who were taught through science kits outperformed
as compared to the students taught science without using science kits (Young, et al, 2005).

In a study conducted by (Randler, et al, 2007) on 123 fifth and sixth graders from a middle
school, it was found that the students involved in hands-on activities scored significantly
better than those taught through teacher centered experiments (lecture method). Similar results
were found in the study conducted by (Odom, et al, 2007) on a sample of 611 seventh and eighth
grade students enrolled in middle school science, it was concluded that near daily implementation
of hands-on activities yield the greatest positive impact on students’ performance.

Hands-on learning strategy is important to enhance learners’ success because students are actively
involved in the learning process by manipulating objects or materials to gain knowledge; so that
they can construct their own understanding of scientific concepts. By working with materials or
objects, students become more motivated and excited to join the lesson. It enables them to
become critical thinkers, active learner, and researcher. Hands-on activities also enhance
students’ interest and curiosity to follow and understand environmental problems or scientific
phenomena in real life (Poude, Vincent, Anzalone, Huner, Wollard, Clement, DeRamus &
Blakewood, 2005).

Science teachers and researchers can get benefits about how to implement hands-on activities
enriched instruction in science, and how hands-on activities affect students’ science achievement

and attitude toward science in the topic of sense organs. By this way teachers will have an
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opportunity to use of hands-on activities with simple and low-cost daily life materials in their
classrooms to attract students’ attention and to make science lesson fun. Besides, students can
make connections between science concepts when they carry out different hands-on activities for
different subjects of the science (Ozlem & Jale, 2011).

Research of Haury and Rillero (2012) showed that once educators incorporate hands-on teaching,
they are more likely to continue using hands-on learning in their classrooms. Hands-on learning
can be accommodated to a typical classroom because students can participate in hands-on
activities while remaining at their desks or coming together in small groups. Hands-on learning
incorporates the applicability of cognitive active learning, making it a practical and feasible
learning approach. It also supported by Piaget’s theory of the stages of cognitive development,
specifically his theory that children from ages seven to twelve are in the concrete operational
stage. In the concrete operational stage, children are able to “reason logically about concrete
objects and events” (Siegler, Deloache, & Eisenberg, 2006).While they are able to think and
reason about concrete objects and events, children in this stage still have trouble thinking and
reasoning about abstract ideas. This theory of the concrete operational stage suggests, then, that
children between the ages of seven and twelve-approximately between second grade and seventh
grade-learn better by using concrete objects and events rather than referring to abstract ideas.
Hands-on learning, which allows children to learn through the use and manipulation of concrete
objects and activities, seems to be an appropriate and logical extension of Piaget’s theory.

Most of the previous literature focuses on various types of active learning, but few studies focus
specifically on hands-on learning. An example of a study that does focus on hands-on learning
was done by Ward, Sadler, and Shapiro (2008), who found that hands-on learning groups

significantly outperformed traditional learning groups in an astronomy curriculum. In the study by
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Ward Sadler and Shapiro (2008), approximately 750 third- through sixth-grade students were
assigned as the hands-on group. Using the Astronomy Resources for Inter-curricular Elementary
Science (ARIES) curriculum, they participated in hands-on activities relating to exploring the
concepts of time, light and color, and the earth in motion. Approximately 650 fourth- through
sixth-grade students were assigned as the traditional group; they were taught the same three topics
using traditional methods. Results showed that students in the hands-on ARIES group performed
significantly better on post-tests, which consisted of open-ended questions about the topics
covered, than students in the traditional group (Ward, Sadler, & Shapiro, 2008). This study
suggests that hands-on learning is more beneficial than traditional learning and therefore provides
support for the implementation of hands-on activities into the traditional classroom curriculum.
However, open-ended questions are not typical of standardized assessments, and there is a debate
over whether non-traditional approaches to learning, such as hands-on learning, would lead to
gains on standardized assessments.

2.4.1 Hands-on and Minds-on Activities

Hands-on science is defined mainly as any instructional approach involving activity and direct
experience with natural phenomena or any educational experience that actively involve students
in manipulating objects to gain knowledge or understanding (Haury & Rillero, 1994; Ates &
Eryilmaz, 2011). Some terms such as materials-centered science and activity-centered science are
used synonymous with hands-on science or terms such as materials-centered activities,
manipulative activities and practical activities are used synonymous with hands-on activities
(Doran, 1990; Hein, 1987; Ates & Eryilmaz, 2011). Unlike the laboratory works, hands-on
activities do not necessarily need some special equipment and special medium. According to Jodl

and Eckert (1998), Ates and Eryilmaz (2011) hands-on activities are based on the use of everyday
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gadgets, simple set-ups or low-cost items that can be found and assembled very easily. McGervey
(1995), Ates and Eryilmaz (2011), state that “some hands-on activities can be done for less than a
dollar per hand, a few have zero cost. Thus, it will be no disaster if a piece breaks or disappears”.
Thus, hands-on activities were perceived as an enjoyable and effective form of learning of almost
all the major U.S science curriculum reforms of the late 1960s and early 1970s (Hodson, 1990;
Ates & Eryilmaz, 2011).

For students to truly learn science concepts, they both need practical opportunities to apply
knowledge and also need help in integrating or exchanging the knowledge they gain. According
to the U.S. National Science Education Standards (1995), students should have minds-on and/or
heads-on experiences during hands-on activities. While doing hands-on activity, the learner is
learning by doing but while minds-on learning, the learner is thinking about what she or he is
learning and doing. Hofstein and Lunetta (1982), Ates and Eryilmaz (2011) state that a minds-on
science activity includes the use of higher order thinking, such as problem solving compared to
the hands-on activity. Therefore, students should be both physically and mentally engaged in
activities that encourage learners to question and devise temporarily satisfactory answers to their
questions (Victor & Kellough, 1997; Ates & Eryilmaz, 2011).

As collection of the most popular methods, interactive engagement methods also give emphasis to
hands-on activities (usually) as well as minds-on activities (always), which provide immediate
feedback through discussion with peers and/or instructors (Hake, 1998; Ates & Eryilmaz, 2011).
2.4.2 Benefits / Needs for Hands-on Learning Strategy in Science Education

There are several benefits of Hands-on Learning Strategy. They are:

i. Develops critical thinking skills. By investigating the subject matter through hands-on

activities, students learn both content and thinking strategies (Hmelo-Silver, 2004). Hands-on
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activities support problem-based approaches to learning by focusing on the experience and
process of investigating, proposing and creating solutions. As a result, students learn how to
gather information and solve problems.

ii. Encourages communication and builds language skills. Hands-on activities use real objects
to support multiple modes of communication, linking visual learning to what is being said and
discussed (Lee, Penfield, and Maerten-Rivera, 2009). Hands-on activities enable students to
discuss, debate, verbalize and explain processes and concepts while working together. An
observation of hands-on learning noted that students’ demonstrated strong communication tied to
working in teams (Bass, Kristin, Danielle & Julia, 2011).

iii. Restores focus and spark engagement. With the right kind of planning and presentation,
hands-on teaching can restore focus and spark engagement. An independent observation of
teachers using hands-on learning noted that students were enthusiastic and generally stayed on-
task during guided hands-on activities (Bass, Kristin, Danielle & Julia, 2011).

iv. Provides a path to success for disadvantaged students. It has been demonstrated that
students who are disadvantaged economically or academically gain the most from activity-based
programs (Bredderman & Ted, 2012).

Every learner is provided with the same materials and guidance, and can interact with the lessons
in the way that builds on their unique level of prior knowledge, past experiences and current
abilities. Hands-on learning inspires all students to meet and exceed high standards for learning
and participation, while engaging multiple senses (sight, sound, touch, and so on). The learner can
interact with the materials in a way that makes sense for them (for example, students who tend to
learn visually may connect with the colors and sights while tactile learners can appreciate being

able to manipulate objects).
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v. Teaches Teamwork. Business leaders regularly complain that our education system fails to
teach students the 21st-century skills they need for the work world, such as problem-solving,
communication, and the ability to work well in teams (Casner-Lotto and Barrington, 2006). In the
course of doing a hands-on project, students learn to work well with other team members who
may have different socioeconomic backgrounds, different learning styles, and different cultures.
As a result, students are better prepared to take their place in the business world.

Case in point: Dr. Anna Pollack, a fourth-grade teacher and former pediatrician, has noted that
while using hands-on activities in her classroom, the kids discover that one person’s weakness is
another person’s strength. Students are then able to learn from, and appreciate, the skills of their
peers while developing their own skill-sets. “With hands-on learning, kids can be successful
wherever they’re coming from” (Anna in RAFT, 2013).

vi. Improves the Teaching Experience. The benefits for educators are also numerous. For
example, professional development workshops that stress hands-on learning are significantly
more successful in improving teacher confidence in math and science instruction (Basista and
Mathews, 2002). Hands-on activities help teachers cut the time needed for remediation, improve
classroom management by unifying students around a common organized activity, and foster a
greater interpersonal and supportive emotional connection with students through sharing the
process of learning with them (rather than one-way lecturing).

vii. Makes Teaching and Learning fun (again). Finally, hands-on teaching is fun. Not just for
students but for educators who are eager to go beyond merely presenting information and
administering tests. Larry Laskowski, a middle school instructor, emphasizes this fact: “Students

want to have more fun. If it’s fun, the experience stays with you.” Dr. Pollack shares Laskowski’s
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sentiment: “You don’t hear a lot of laughter without hands-on. I love this about hands-on. The
students laugh. They enjoy learning” (RAFT, 2013).

One recommended strategy is Hands-on Learning Strategy (Hmelo-Silver & Cindy, 2004). By
investigating the subject matter through hands-on activities, students learn both content and
thinking strategies. Hands-on activities support problem-based approaches to learning by focusing
on the experience and process of investigating, proposing and creating solutions. As a result,
students learn how to gather information and solve problems. Teachers are expected to diversify
their teaching strategies to create conducive learning environment that promote effective teaching
and learning. The benefits for educators are also numerous. For example, professional
development workshops that stress hands-on learning are significantly more successful in
improving teacher confidence in math and science instruction (Basista and Mathews, 2002).
Hands-on activities help teachers cut the time needed for remediation, improve classroom
management by unifying students around a common organized activity, and foster a greater
interpersonal and supportive emotional connection with students through sharing the process of
learning with them (rather than one-way lecturing).

Hands-on teaching is an extremely effective strategy for increasing performance and depth of
knowledge and supports the 21st century skills that target learning and innovation abilities (the
4Cs): communication, creativity, collaboration, and critical thinking (Partnership for 21st Century
Skills). Well-designed hands-on activities focus learners on the world around them, spark their
curiosity, and guide them through engaging experiences all while achieving expected learning

outcomes (RAFT, 2013).
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2.5 Concept of Critical Thinking (CT)

According to Paul and Elder (2009) they define critical thinking in the following way, “A well-
cultivated critical thinker raises vital questions and problems, formulating them clearly and
precisely gathers and assesses relevant information, using abstract ideas to interpret it effectively
comes to well-reasoned conclusions and solutions, testing them against relevant criteria and
standards thinks open-mindedly within alternative systems of thought, recognizing and assessing
as need be, their assumptions, implications, and practical consequences, and communicates
effectively with others in figuring out solutions to complex problems”. According to a definition
analysis by Kompf and Bond (2001), critical thinking involves problem solving, decision making,
metacognition, rationality, rational thinking, reasoning, knowledge, intelligence and also a moral
component such as reflective thinking. Critical thinkers therefore need to have reached a level of
maturity in their development, possess a certain attitude as well as a set of taught skills. Thus,
Critical thinking may be a key organizing concept for all educational reform (Bulach, Lunenburg,
& Potter, 2012).

Critical thinking involves the formation of logical inference (Cottrell, 2011). Some scholars and
educators erroneously assume critical thinking to be higher order thinking (Brookhart, 2010).
According to Paul and Elder (2003), critical thinking is best understood as the ability of thinkers
to take charge of their own thinking based on sound criteria and standards. Leicester (2010) refers
to critical thinking as the active, purposeful, and organized effort to make sense of our world by
carefully examining our thinking, and the thinking of others, in order to clarify and improve our
understanding. According to Cottrell (2011), critical thinking involves solving problems,

formulating inferences, calculating likelihoods, and making decisions.
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2.5.1 Studies on Critical Thinking and Performance

The Association of American Colleges and Universities, Standards for Accreditation of Medical
Education Program, Accreditation Council for Pharmacy Standards and Guidelines for the
Professional Program in Pharmacy, American Dental Education Association, and many more
organizations list critical thinking as a major intellectual and practical skill, particularly in the
area of health science education (Rowles, Morgan, Burns, & Merchant, 2013). This major
intellectual and practical skill seems to be a skill that the majority of students coming into higher
education and the workforce are not only lacking in function, but also in understanding what the
concept is (Rowles, Morgan, Burns & Marchant, 2013; Choy & Cheah, 2009; Henderson Hurley
& Hurley, 2013). Oftentimes, critical thinking is something that has been overlooked at the
elementary, middle, and high school levels where students are taught how to learn, as well as how
to analyze information. When these students make it to the level of higher education or the
workforce, the educators and trainers are forced to begin by teaching critical thinking skills as
opposed to beginning with the information that needs to be conveyed. Halx and Reybold (2005)
determined, after much review and research, that learning requires effort, but critical thinking
requires maximum exertion of intellectual capability and that students and teachers alike find
critical thinking discomforting because it requires personal reflection. For this reason and the
lack of time available to K-12 /Secondary educators, much critical thinking has been left for
higher education to teach and utilize.

It can be argued that critical thinking skill (CTS) and reasoning skill as some authors call it, is a
purposeful, self-regulatory judgment which results in analysis, evaluation, deduction, induction as
well as explanation of evidential, conceptual, methodological, criteriological, or contextual

considerations upon which that judgment is based (APA, 1990). Critical thinking skills can be
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set apart from problem solving (McWhorter, 2010) in that problem solving is a linear process
of evaluation, allowing the inquirer to properly facilitate each stage of the linear problem solving
process. According to Black and Parks (2006), CTS is an active, purposeful and organized effort
to make sense of our world by carefully examining thinking, and the thinking of others, in order
to clarify and improve our understanding. Brookhart (2010) argues that CTS is thinking that
is purposeful, reasoned and goal directed. It is the kind of thinking involved in solving
problems, formulating induction, calculating likelihoods, and making decisions.

Brookfield (2011) maintains that it is a way of reasoning that demands an adequate support for
one’s beliefs and a willingness to be persuaded unless support is forthcoming. David (2011)
defines it as a reasonable, reflective thinking that fuses analysing arguments and generating
insights into particular meanings and interrelation. On the other hand, content specialists are of
the view that CTS involve analytical thinking for evaluating what we read (David, 2011).
Recently, Brookhart (2010) and Lavery, Hughes, & Doran (2009) attempted to define CTS as a
conscious and deliberate process, used to interpret or evaluate information or experiences with a
set of reflective attitudes and abilities that guide thoughtful experiences with a set of reflective
attitudes and abilities that steer thoughtful beliefs and actions.

Critical thinking skills are a process that supports belief and action. Fisher (2001) asserted that
CTS depend on belief in its value and attitudes towards it. CTS can facilitate reasoning and
understanding of past, present, and future events (Brookfield, 2006). It is goal directed,
purposeful, abstract, logical, rational, and evaluative; it is also moral thinking and justification
of ideas and knowledge (Daly, 1998). CTS are central to reflective thinking, and it is a

principled process employing the cognitive skills of analysis, evaluation, deduction and induction.
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a) Analysis: Determine significance, interpret meaning, and detect possible inferential
relationships.

b) Evaluation: Testing the efficiency and validity of a statement and the strength of
argument and solutions.

c) Deduction: Reasoning is one in which it is claimed that it is impossible for the premises
to be true but the conclusion false. Thus, the conclusion follows necessarily from the
premises and inferences. In this way, it is supposed to be a definitive proof of the
truth of the claimed conclusion.

d) Induction: Reasoning is one in which the premises support the conclusion in such a way
that if the premises are true, it is improbable that the conclusion would be false. Thus, the
conclusion follows probably from the premises and inferences.

In order to be successful in inculcating and developing CTS, it was argued that a significant
mechanism is demanded, that the public at large must acknowledge CTS as essential to the
education of today’s learner and dependent on the several definitions above. The researchers
believe that critical thinking is a complex process, and it is generally higher order thinking or
cognitive processing. A critical thinker is able to solve problems, make decisions, evaluating
information and formulating inferences. This means that CTS involve the ability to use our mind
to achieve our goals (Nazem, Abu-Hayati & Talib, 2013).

Therefore, it is an established fact that in deductive reasoning, the conclusion is certain while in
induction, the inference is probable. The deduction reasoning is logical while the induction
statements are based more on observation. In induction, the inference may be true even if some
of the evidence is false. However, in a deduction, if the evidence is false, it will lead to a

false inference. The difference between deduction and induction is mostly in the way the
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arguments are expressed. Any induction can also be expressed deductively, and any deduction can
also be expressed inductively.

The theory of critical thinking began primarily with the works of Bloom (1956), who identified
six levels within the cognitive domain, each of which related to a different level of cognitive
ability. Knowledge focused on remembering and reciting information. Comprehension focused on
relating and organizing previously learned information. Application focused on applying
information according to a rule or principle in a specific situation. Analysis was defined as critical
thinking focused on parts and their functionality in the whole. Synthesis was defined as critical
thinking focused on putting parts together to form a new and original whole. Evaluation was
defined as critical thinking focused upon valuing and making judgments based upon information.
In this regard, critical thinking is deemed to take place when students are required to perform in
the Analysis, Synthesis, and Evaluation levels of Bloom’s taxonomy.

To provide the greatest benefit to students, teachers should provide many opportunities for
students to engage in the upper levels of Bloom's taxonomy where critical thinking takes place.
While most teachers believe that developing critical thinking in their students is of primary
importance (Albrecht & Sack, 2000), few have an idea exactly what it is, how it should be taught,
or how it should be assessed (Paul, Elder, & Batell, 1997). The following model (Figure 2.1) is a
5-step framework that can be implemented in any classroom or training setting to help students

gain critical thinking skills.
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Figure 2.1: 5-Step Model to develop/move Students toward Critical Thinking

Step 1: Determine learning objectives
* Define behaviors students should exhibit
» Target behaviors in higher order thinking

Step 5: Provide feedback and
assessment of learning

* Provide feedback to students

* Create opportunities for self-assessment
» Utilize feedback to improve instruction

Step 2: Teach through questioning
* Develop appropriate questions

* Employ questioning techniques

* Encourage interactive discussion

Step 3: Practice before you assess

* Choose activities that promote active
learning

» Utilize all components of active
learning

Step 4: Review, refine, and improve
* Monitor class activities
* Collect feedback from students

5-Step Model to move Students toward Critical Thinking (Duron et al., 2006)

Step 1: Determine learning objectives. Considering the importance of a course, its placement in
a program of study, and its role in providing a base of knowledge to be built upon by other
courses, a teacher should first identify the key learning objectives that define what behaviors
students should exhibit when they exit the class. To make critical thinking happen, these learning
objectives, as well as the activities and assessments, must include those tied to the higher levels of
Bloom's (1956) taxonomy.

A well-written objective should include a behavior that is appropriate for the chosen level of the
taxonomy. Bloom's Knowledge level requires an answer that demonstrates simple recall of facts.

Questions at this level could ask students to answer who and what and to describe, state, and list.
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Comprehension requires an answer that demonstrates an understanding of the information.
Questions at this level might ask students to summarize, explain, paraphrase, compare, and
contrast. Application requires an answer that demonstrates an ability to use information, concepts
and theories in new situations. Questions at this level may ask students to apply, construct, solve,
discover, and show. Analysis requires an answer that demonstrates an ability to see patterns and
classify information, concepts, and theories into component parts. Questions at this level could
ask students to examine, classify, categorize, differentiate, and analyze. Synthesis requires an
answer that demonstrates an ability to relate knowledge from several areas to create new or
original work. Questions at this level might ask students to combine, construct, create, role-play,
and suppose. Finally, Evaluation requires an answer that demonstrates ability to judge evidence
based on reasoned argument. Questions at this level may ask students to assess, criticize,
recommend, predict, and evaluate (Duron, Libach & Waugh, 2006).

Step 2: Teach through questioning. Questioning is a vital part of the teaching and learning
process. It allows the teacher to establish what is already known and then to extend beyond that to
develop new ideas and understandings. Questions can be used to stimulate interaction between
teacher and learner and to challenge the learner to defend his or her position, (that is, to think
critically). Clasen and Bonk (1990) posited that although there are many strategies that can impact
student thinking, it is teacher questions that have the greatest impact. He went on to indicate that
the level of student thinking is directly proportional to the level of questions asked. When
teachers plan, they must consider the purpose of each question and then develop the appropriate
level and type of question to accomplish the purpose. All students need experience with higher
level questioning once they become familiar with a concept. Thoughtful preparation on the part of

the teacher is essential in providing that experience.
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Questioning techniques can be used to foster the thinking ability of students. Questions can be
categorized in a number of different ways. One simple method is to use the general categories of
convergent and divergent questions. Convergent questions seek one or more very specific correct
answers, while divergent questions seek a wide variety of correct answers. Convergent questions
apply to Bloom's lower levels of Knowledge, Comprehension, and Application and may include
questions like “Define nutrition,” “Explain the concept of investing,” and “Solve for the value of
X.” Divergent questions apply to Bloom's higher levels of Analysis, Synthesis, and Evaluation;
are generally open-ended; and foster student-centered discussion, thereby encouraging critical
thinking (Duron, 2006).

Step 3: Practice before you assess. In the past decade, a major shift has taken place in
education; that shift is toward active learning. Teachers that have used this approach generally
find that the students learn more and that the courses are more enjoyable. In Duron (2006),
Bonwell and Eison (1991) described hands-on/active learning as involving the students in
activities that cause them to think about what they are doing. Fink (2003) indicated that the
concept of hands-on/active learning supports research which shows that students learn more and
retain knowledge longer if they acquire it in an active rather than passive manner. To make
learning more active, we need to learn how to enhance the overall learning experience by adding
some kind of experiential learning (hands-on) and opportunities for reflective dialog.

According to Fink (2003), there are two guiding principles that should be considered when
choosing learning activities. First, activities should be chosen from each of the following three
components of active learning: Information and Ideas, Experience, and Reflective Dialog.
Information and Ideas include primary and secondary sources accessed in class, outside class, or

online; Experience includes doing, observing, and simulations; Reflective dialog includes papers,
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portfolios, and journaling. Second, whenever possible, direct kinds of learning activities should be
used. Examples of direct activities include doing in an authentic setting, direct observation of a
phenomenon, reflective thinking, service learning, journaling, and dialog in or outside of class.
Step 4: Review, refine, and improve. Teachers should strive to continually refine their
subjects/courses to ensure that their instructional techniques are in fact helping students develop
critical thinking skills. To accomplish this, teachers should monitor the classroom activities very
closely. To track student participation, a teaching diary can be kept that identifies the students that
participated, describes the main class activities, and provides an assessment of their success.

Step 5: Provide feedback and assessment of learning. Teacher feedback, like assessment,
compares criteria and standards to student performance in an effort to evaluate the quality of
work. However, the purpose of feedback is to enhance the quality of student learning and
performance, rather than to grade the performance, and, importantly, it has the potential to help
students learn how to assess their own performance in the future. Feedback allows the teacher and
student(s) to engage in dialogue about what distinguishes successful performance from
unsuccessful performance as they discuss criteria and standards (Fink, 2003).

Teachers should provide good feedback to their students through frequent opportunities to
practice whatever they are expected to do at assessment time. Teachers should spend ample time
helping students to understand what the criteria and standards are and what they mean. Student
peers may also provide feedback and evaluation. Each of these techniques help students learn to
distinguish between satisfactory and unsatisfactory performance.

Finally, it is important to note the importance of assessment to the 5-step model itself.
Information gleaned from student feedback and assessment provides an immediate and significant

source of information to the teacher with respect to which objectives were met, the effectiveness
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of specific learning activities, things to start or stop doing, effectiveness of feedback on standards,
and so on.

John (2010) opined that thinking critically means asking questions. Instead of accepting ‘at face
value’ what you read or hear, critical thinkers look for evidence and for good reasons before
believing something to be true. This is at the heart of what it means to be a scientist, researcher,
scholar or professional in any field. Whatever you are studying, critical thinking is the key to
learning and to making progress. Hence, the common question words: what, who, where, when,
how, and why will help you to get started; along with the phrases: what if, what next, and so what.
Attempting to answer these questions systematically helps fulfil three vital functions for any
serious study - description, analysis and evaluation. These are the things you need to do:

Describe ... for example; to define clearly what you are talking about, say exactly what is
involved, where it takes place, or under what circumstances. Fulfilling this function helps you to
introduce a topic. More complex description will become analysis.

Analyse ... for example; examine and explain how parts fit into a whole; give reasons; compare
and contrast different elements; show your understanding of relationships. In this way analysis
forms the main part of any in-depth study.

Evaluate ... for example; judge the success or failure of something, its implications and/ or value.
Evaluations lead us to conclusions or recommendations and are usually found at the end of a
piece of academic work, a paper, chapter or other text.

To summarise what were discussed so far, the diagram in figure 2.2 shows how asking and
answering questions helps to fulfil the three key connected functions of description, analysis and

evaluation. This is a reliable basis for introducing, discussing and drawing conclusions about your
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topic. Beginning with ‘what’, this systematic questioning will encourage you to consider every

aspect of your topic or question.

Figure 2.2:

Model to Generate Critical Thinking

—> Description

Who? Where? Why?

Analysis

What next? So What? What if?
Evaluation <

Source: John Hilsdon (2010), Learning Development Advisor. University of Plymouth.

You should aim to address most, but not necessarily all, of these questions for your topic and
subtopics. The crucial questions for almost any topic are: ‘what’, which identifies the issue;
‘why’, which explores it in depth, addressing causes and using theory; ‘how’, which helps you
look at the processes at work; and ‘so what’, which helps you make judgements or conclusions,
showing that you have reflected on implications.

The model can be used in a number of ways at different stages of tackling an assignment. Use it
before and during your reading; for planning the structure of a whole assignment; and also to

structure each point within it.

73



Model to Generate Critical Thinking

1. Identify a topic. This can be your essay title, a subtopic, or a point you might want to explore in
a particular section or paragraph. Write key words in the middle of a sheet of paper, or a blank
document screen. This is the “Topic or Issue’ in the diagram above. Or you could do it in a linear
way and put these keywords in the place of a title, with the questions that follow spaced out in the
margin, or as subheadings.

2. Try to answer the questions on the diagram starting with ‘what’ questions. Your answers may

become part of an introduction, defining your terms or identifying issues.

3. Using the ‘who’, ‘when’ and ‘where’ questions, generate descriptive background information.
This will provide context or scene-setting material which is also useful for an introductory

section.

4. ‘How’ requires consideration of the ways that something operates or works — e.g. processes or
procedures. Attempting to answer questions using ‘how’ takes you from descriptive to more

analytical work.

5. “‘Why’ also moves you deeper into analytical territory. It gets you to find reasons, explanations
or causes. Think about all the possible questions to do with ‘why’ (see the model below for some
suggestions). Answers to such questions are likely to emerge over time from your reading and use
of specific theories and findings reported in academic journals; published books and research

reports; or from other authoritative sources such as policy documents.

6. Asking questions using ‘what if> moves you into a more evaluative phase of your thinking. It

helps you to consider the possible implications or results of a particular action. This question is
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also useful for considering predictive work done by others, or engaging in forecasting of your
own.

7. ‘So what?’ is really the key question for an evaluation. It gets you thinking about value or
values, meaning and significance. It is also about discriminating between more or less important
factors in any situation. It helps you to think through and justify your own position, and discuss its
implications.

8. “‘What next?’ might refer to recommendations and predictions that your argument has brought
to light. It leads you to consider and plan for more specific actions that might be necessary in
certain kinds of assignment, such as a project or business report.

Nazem, Abu, Hayati, and Talib (2013) conducted a study to measure the Critical Thinking Skills
(CTS) of undergraduate students at Universiti Putra Malaysia based on a pilot study involving
433 students randomly selected. The main purpose of the study was to describe the process in
determining the suitability of all the items in the CTS instrument which would be used in the
actual study. Four factors of the CTS (Analysis, Evaluation, Deduction and Induction) were
tested for their validity and reliability. The CTS knowledge test comprised of 22 multiple-
choice questions with two alternatives. All the four factors in the instrument were adapted from
(Choi et al., 2007, Goel et al., 1997, & Stanovich and West, 1997). Results from the pilot study
have shown that the items to measure CTS have good discriminating quality, validity and
reliability.

Research suggests that a more in-depth focus on enhancing critical thinking skills in K-12
(Secondary school) can add academic rigor and increase the scores on the standardized
assessments (VanTassel-Baska, Bracken, Feng, & Brown, 2009; McCollister & Sayler, 2010;

Snodgrass, 2011; Tsai, Chen, Chang, & Chang, 2013). By utilizing activities to enhance critical
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thinking, students are better able to understand why something has occurred as opposed to just
understanding what has occurred. This deeper understanding allows the students to better analyze
the circumstances surrounding the occurrence and differing viewpoints about the occurrence
(Tsai, Chen, Chang & Chang, 2013). “In order to engage students in critical thinking, the educator
needs to act as a facilitator to allow for discussion and encourage a freer thought process ...”
Critical thinking can be infused in lessons throughout all disciplines by utilizing in depth
questioning and evaluation of both data and sources (McCollister & Sayler, 2010). Having
students track patterns in information forces them to look at the information as a process instead
of simply information to be memorized and helps them develop skills of recognition and
prediction. Evaluation of information and sources helps students to learn appropriate procedures
for finding and utilizing credible information, as well as helping students learn acceptable and
appropriate ways to use discretion (McCollister & Sayler, 2010). These are skills that will help
with reading comprehension and problem-solving skills, both of which play an important role in
standardized assessments (VanTassel-Baska, Bracken, Feng, & Brown, 2009; McCollister &
Sayler, 2010; Tsai, Chen, Chang & Chang, 2013).

These types of activities could be worked into the normal instructional time, with little additional
time needed, simply by utilizing things such as online discussion boards, in-class discussions,
Hands-on strategy or alternative modes of assessment in classroom settings (Snodgrass, 2011). It
is also important that any changes to the curriculum be met with training about the new activities
and how to utilize them to their full effect. The establishment of professional learning
communities allows educators to think critically about the methods they are using to teach, and is
a good starting point for ideas about inclusion of critical thinking skills in the classroom (Smith &

Szymanski, 2013). Thus, Tsai, Chen, Chang, & Chang (2013) found that enhancing the critical
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thinking among students in science classes helped the students better understand the scientific
process as well as encouraging students to become more experimental and questioning of the
different aspects of the sciences. Choy and Cheah (2009) and Rowles, Morgan, Burns, and
Merchant (2013) all found that while educators feel they are teaching critical thinking skills, their
teaching can be enhanced by having a more standard definition of what critical thinking
entails. This definition would allow educators at all grade levels to enhance their current
curriculum with activities and lessons that help to develop critical thinking among students and
educators.

2.5.2 Educator’s Role in Developing Critical Thinking Skills

It is important for educators to understand that the role they playing developing critical thinking is
different than the role they are typically playing. In order to engage students in critical thinking,
the educator needs to act as a facilitator to allow for discussion and encourage a freer thought
process, as well as to encourage understanding that thinking critically does not always end with a
right answer, but instead sometimes ends in more questions or differing evaluations of the topic
(Halx & Reybold, 2005; Arend, 2009). The educator’s role as facilitator also encourages a peer
review process, even in the youngest of children, and helps students to learn appropriate
responses to conflicting evaluations and opinions (Henderson-Hurley & Hurley, 2013; Tsai,
Chen, Chang & Chang, 2013).

Activities such as writing essays, Hands-on activities and utilizing questions that adhere to
Bloom’s Taxonomy higher order thinking are examples of ways to engage students in critical
thinking in the classroom(Smith & Szymanski, 2013). Another option for an activity that helps to
enhance critical thinking is the use of wikis in education. This activity can be utilized by having

students create a wiki about the subject content they are studying or by having them analyze the
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information currently available in existing wikis (Snodgrass, 2011). This utilization of wikis, a
web 2.0 application, also appeals to education in that it enhances the student’s skills in
technology, another vital skill for both higher education and the workplace.

It is suggested that this endeavor for more critical thinking is a holistic endeavor, which would
require cooperation among different departments, divisions, and classes (Henderson-Hurley &
Hurley 2013). The development of critical thinking skills is not only applicable to core subjects
such as reading, math, language arts, science, and social studies. Kokkidou (2013) sets forth ways
that critical thinking can be developed in music education by examining musical environment,
comparing and contrasting different eras or pieces of music, and self-evaluation of performance.
2.5.3 Critical Thinking and its Usage in this Study

Critical thinking is a complex mental process involving paying attention to details, selecting
relevant information, analysing carefully and skeptically, making judgments, and metacognitive
thinking such as reflection and higher-order planning (Cottrell 2005). It is an essential skill for
both academic achievement and for dealing with various real-life problems. Critical thinking, as a
generic thinking skill, is emphasized in a variety of content areas of curriculum planning
documents across cultures, for example, the US (National Commission of Excellence in
Education 1983), Hong Kong (Curriculum Development Council 2007), Singapore (Sale, Leong
and Lim 2001), Taiwan and Japan (Li, 2010). Critical-thinking curriculums are relatively more
difficult to implement in Asian classrooms because the teachers and students are more
accustomed to the passive, transmissive, and knowledge-based model of learning; thus, more
clear practice guidelines and more transitional time are needed for Asian learners to practice and
acquire this essential skill (Vandermensbrugghe 2004). The trend of moving away from a

knowledge-based, examination-driven system to a student-centred, performance-driven system is
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widely emphasized across cultures, although it may be at different stages in different contexts
due to historical and cultural reasons. For example, the United States (US) has a hybrid of
examination-driven and performance-driven culture, Canada generally has a performance-driven
culture, and Asia predominantly has an examination-driven culture in their educational systems
(Hudson 2009). It has been recognized that knowledge, skills and understanding are three
essential elements of learning, and the ties among them set guidelines for curriculum
designers (Skelton 2002). Important learning abilities and skills (for example, critical thinking,
creative thinking, metacognitive ability) have emerged as important educational goals indicated in
the curriculum objectives across different educational systems. Constructivist approaches and
student-centred approaches are supported by contemporary learning theories. A brief comparison
of the educational objectives in the US common core, European framework and Hong Kong
curriculum council shows many commonalities and overlap in the educational objectives
across the three educational systems. Those educational objectives and standards are
demonstrated in the curriculum enactment and pedagogical strategies across different disciplines
and also show how those curriculum guidelines are enacted in teaching mathematics, language
and science.

Critical thinking has been studied since at least the 1910s, when John Dewey first published his
landmark book, How We Think (1910/1933), and it is included in many models of skills that are
important for education and workforce success (Trilling & Fadel, 2009), including the P21
Framework for 21st Century Learning as one of the Learning and Innovation Skills
(www.P21.org/ Framework). Also known as the “4 Cs,” these skills include critical thinking,
creativity, collaboration, and communication. Reasoning, logic, and judgment are all widely

understood to be useful cognitive skills, in both schools and the workplace, and as these are

79



important components of critical thinking, it becomes clear why educators have pushed for the
inclusion of critical thinking instruction within their classrooms (Wagner, 2008).

Arum and Josipa (2011) argue that a goal of instruction is students learn to solve problems and
think critically. Questions arise, such as: What is critical thinking? What are the differences
between thinking, creative thinking, and critical thinking? Can critical thinking simply be
explained as operating on the higher levels of Bloom’s (1956) cognitive taxonomy? Does one
determine if a student is able to think critically by self-report, tests, or behavior? What specific
student behaviors and classroom instructional strategies lead to thinking critically and what can
teachers do in their classrooms to move students towards developing critical thinking skills?
Indeed, scholars and practitioners alike have wrestled with questions about the nature of thinking
and critical thinking for decades.

Many traditional educators cite Bloom’s (1956) cognitive taxonomy (whether it be the original
one devised in the 1950’s or the more recent adaptation by Anderson and Krathwohl (2001)) as
the best way to model and determine critical thinking skills. The three highest levels of operation
(analysis, synthesis and evaluation) all involve the ability to think critically. At the analysis level
students must determine how to divide something into its component parts and determine how
those parts relate with one another. At the synthesis level, students must be able to create
something new, given their ability to operate successfully at the four lower levels. Creativity is
also cited as evidence of the ability to think critically, but evaluation and the ability to make
discerning judgments is most frequently cited as a critical thinking skill.

Moore (2009) defines thinking as “the act of withholding judgment to use knowledge and
experience in finding new information, concepts, and/or conclusions,” and reinforces Lipman’s

definition of critical thinking as “the ability to analyze complex situations critically, using
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standards of objectivity and consistency”. Moore (2009) also lists non-thinking behaviors that
negatively affect the development of thinking skills in the classroom which include (on the part of
the student) impulsiveness, overdependence on the teacher, dogmatism, and inflexibility. On the
other end of the scale he lists activities which contribute to critical thinking which include
brainstorming, inductive thinking, inference making, problem-solving, analysis, and
interpretation.

Paul and Elder (2009) define critical thinking in the following way, “A well-cultivated critical
thinker raises vital questions and problems, formulating them clearly and precisely gathers and
assesses relevant information, using abstract ideas to interpret it effectively comes to well-
reasoned conclusions and solutions, testing them against relevant criteria and standards thinks
open-mindedly within alternative systems of thought, recognizing and assessing as need be, their
assumptions, implications, and practical consequences, and communicates effectively with others
in figuring out solutions to complex problems”.

Bean (2011) suggests the Instructor adopt the role of coach, “the teacher presents students with
critical thinking problems, gives students supervised practice at addressing them, and coaches
their performance by critiquing their solutions, providing helpful intervention and advice, and
modeling critical thinking themselves”. Bok (2006) said that instructors who do best at teaching
critical thinking tend to follow a set of four principles. First, instructors concentrate on what they
want their students to learn and not just focus on what material should be covered in the syllabus.
This includes delineating what reasoning skills should be mastered in order to handle the
problems posed. Second, they think about how to awaken students’ curiosity and generate
intrinsic interest in the subject. Third, instructors search out, expose, and debunk any

misconceptions students bring to the course that may interfere with their thinking, thus opening
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up new possibilities for transformation and growth. Fourth, they “encourage learners to think for
themselves by challenging them with interesting questions and using class discussions,
collaborative projects, and other forms of active-learning to develop habits of critical thinking and
respect for the power of careful reasoning and analysis”.

In this regard, the researcher sees critical thinking as skillful and responsible thinking that is
conducive to good judgement because it is sensitive to context, relies on criteria and it is self-
correcting. While some experts based on their consensus regarding critical thinking and the ideal
thinker say that, “we understand critical thinking to be purposeful, self-regulatory judgment
which results in interpretation, analysis, evaluation, and inference, as well as explanation of the
evidential, conceptual, methodological, criteriological, or contextual considerations upon which
that judgment is based (Facione and Peter, 2011).

2.5.4 Relationships between Critical and Creative Thinking.

Creative and critical thinking skills are considered essential for students (Crane, 1983; Baker &
Rudd, 2001). Crane (1983; Baker &Rudd, 2001) expressed the importance of both of these skills
when she wrote: “When reasoning fails, Imagination saves you! When Intuition fails, reason
saves you! There has been an abundance of research on each construct but very little examining if
they are related. Scriven (1979), Baker and Rudd (2001) stated “Critical skills go hand in hand
with creative ones”. Only by understanding if there is a relationship between these two essential
constructs will educators be able to enhance the capacity of their students to utilize both creative
and critical thinking (Baker & Rudd, 2001).

2.6. Hands-on Learning/Active-Learning as a Means for Enhancing Critical Thinking and
Performance

Hands-on Learning/Active-Learning does not necessarily imply mental activity. Students can be

physically active and/or verbally active in a learning experience, but neither of these actions
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ensures the student is mentally involved or developing any kind of thinking skill. Hands-on
Learning/Active-Learning strategies that teach students to think critically must therefore be the
type of activities that are designed to mentally stimulate and engage thinking in a relevant
context. Therefore, the question becomes which active-learning strategies lead to the acquisition
of critical thinking skills defined above?

Bean (2011) describes many active-learning exercises as strategies that make students more
powerful thinkers and better performance. He recommends the use of case studies, role-playing,
small group work, and creative activity which stretches thinking skills that can be applied to
applicable situations. Bean warns that the goal of the small group work is not to come up with the
right answer, rather develop reasonably supported answers that students are asked to defend later
in front of the class. According to Browne and Freeman (2000), the strength of the active-learning
classroom is that it facilitates personal involvement with the material, thereby provoking students
into relevant discussion and evaluation. Burbach, Matkin, and Fritz (2004) found that the active-
learning strategies they used (small groups, scenarios, case study, and so on) did improve critical
thinking skills as measured by the Watson-Glaser Critical Thinking Appraisal, which assesses
decision making ability as well as predicts judgment, problem solving, and creativity.

The concept of critical thinking may be one of the most significant trends in science education
relative to the dynamic relationship between how teachers teach and how students learned
(Mason, 2010). Critical thinking shifts classroom design from a model that largely ignores
thinking to one that renders it pervasive and necessary (Cohen, 2010; Tittle, 2010; Vaughn,
2009). Critical teaching views content as something alive only in minds, as modes of thinking
driven by questions, as existing in textbooks only to be regenerated in the minds of students. Once

we understand content as inseparable from the thinking that generates, organizes, analyzes,
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synthesizes, evaluates, and transforms it, we recognize that content cannot in principle ever be
“completed” because thinking is never completed. To understand content, therefore, is to
understand its implications. But to understand its implications one must understand that those
implications in turn have further implications, and hence must be explored thoughtfully. The
problem with didactic teaching is that content is inadvertently treated as static, as virtually
“dead”. Content is treated as something to be mimicked, to be repeated back, to be parroted. And
since students only rarely process content deeply when they play the role of passive listeners in
lecture-centered instruction, little is learned in the long term. Furthermore, because students are
taught content in a way that renders them unlikely to think it through, their minds retreat into rote
memorization, abandoning any attempt to grasp the logic of what they are committing to memory.
Those who teach critically emphasize that only those who can “think” through content truly learn
it (Numrich, 2010). Content “dies” when one tries to mechanically learn it. Content has to take
root in the thinking of students and, when properly learned, transforms the way they think. Hence,
when students study a subject in a “critical” way, they take possession of a new mode to thinking
which, so internalized, generates new thoughts, understandings, and beliefs. Their thinking, now
driven by a set of new questions, becomes an instrument of insight and a new point of view.
History texts become, in the minds of students thinking critically, a stimulus to historical thinking.
Geography texts are internalized as geographical thinking. Mathematical content is transformed
into mathematical thinking. As a result of being taught to think critically, students study biology
and become biological thinkers. They study sociology and begin to notice the permissions,
injunctions, and taboos of the groups in which they participate. They study literature and begin to

notice the way in which all humans tend to define their lives in the stories they tell. They study
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economics and begin to notice how much of their behavior is intertwined with economic forces
and needs.

There are ways, indeed almost an unlimited number, to stimulate critical thinking at every
educational level and in every teaching setting (Dunn, 2010; hooks, 2009; Liecester, 2010). When
considering technology for this stimulation, the World Wide Web (WWW) is important to
instructional design; it contains three keys to educational value: hypertext, the delivery of
multimedia, and true interactivity (Stewart, 2010). These values are operant and alive in the
classroom through such applications as: graphics, sound, and video which bring to life world
events, museum tours, library visits, world visits, and up-to-date weather maps (Griffin, 2010).
2.6.1 Hands-on Learning on Academic Performance and Gender

The classroom and instructional methods, as environmental factors have a significant role in the
dynamics of learning. Gender studies in the last 25 years have sought to identify what role gender
has on the learning of, involvement in, and success in science and science related fields,
especially in females (Kahle & Meece, 2004). Though in the last 20years, programs have focused
on encouraging women to participate in the sciences, the end result is still yielding limited
involvement by females (Fuselier & Jackson, 2010). In light of science education, studies have
observed different male and female behavior starting in early education years (Osborne et al.,
2003). Many countries are experiencing a growing gender gap in students entering science and
technology fields (Sjoberg, 2001). Science in general and biology or life science in particular is
expected to be humanistic and not gender-biased in nature (Ochonogor, 2006). This implies that
irrespective of natural gender differentiation, all learners (old or young) in any given science class

are expected to be taught in a common learning environment, using non-stereotyped pedagogical
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approaches, contents and activities. With such foundation for all recipients of science knowledge
contents, their performances can, therefore, be evaluated and analyzed on a common platform.
Academic performance in students' learning has been a matter of concern in the present day
research. Busari (2000) in Ogundokun and Adeyemo (2010) defined academic performance as the
display of knowledge attained or skills developed by students in the school subject. It is the level
of performance in the subject as exhibited by an individual. Thus, Academic performance is the
exhibition of knowledge attain or skills developed by learners in the school subject usually
designed by test scores or by marks assigned by teachers which can be low or high.

In agreement with the ongoing discussion, Poopola, (2010) ascertained that, academic
performance is an expression used to present student scholastic standing and which is a function
of a various factors such as method of teaching, teachers qualifications, child's home background,
school environment, attitude, interest among others.

Several researches conducted by scholars on the effect of academic performance on gender in
science education showed significant differences between boys and girls (Mari, 1994; Bichi,
2002; Usman, 2007, and Obeka, 2009) while others opined no difference between gender and
academic performance (Haruna, 2000 & Usman, 2010). Alpha (2007), in his research on Gender
disparity on performance in mathematics of senior secondary school, opined that performance of
boys is higher than that of girls. In support of this, Usman (2007) in his work "relationship
between Students performance and their academic achievement in Biology using NISTEP mode
of teaching revealed that senior secondary male biology students perform well in any rigorous
work than their female counterparts.

Nuruddeen, (2013) findings from research studies, which have demonstrated differences due to

gender in various academic achievements, have become popular and generally accepted by
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scholars. Isotuok, averred that females tend to score higher on verbal test and always do better on
coding tests, which call for short memory, speed and draftiness. The males on the other hand,
invariably achieved higher score on arithmetic, although there is no enough evidence that males
and females differ in average intelligence, the constitutions of intelligence, in the two sexes are
far from similar.

Oloyede, (2011) in his findings showed that there was no significant difference between the
achievements of male and female chemistry students taught with pictorial and written organizers.
The non-significant difference in the achievement of male and female chemistry students agreed
with the findings of Nsofor, (2001) who reported that both male and female could do well in
science if exposed to similar learning conditions. Bacchus, (2004) in his analysis of the two
genders believe that womens' tendencies are toward the emotional and psyche, whereas mans'
tendencies are towards intellectualism and materialism.

Nuruddeen, (2013) averred that many scholars have carried out research on gender and reported
out varying result for example, Ohikpe, (2000), Umo, (2001) and Anyanwu, (1995) reported that
gender was a major factor that determined achievement, whereas Asogwa and Nwarogwu (2010),
Uzoegwu, (2004) Okoll (1995) and Preston, found otherwise. In a similar vein Obeka, (2009)
conducted a research on EOODEWALAD and Power Simulation Games on Geographical and
Environmental Education. His findings, among others, revealed that gender was a significant
factor in students' achievement in environmental education concepts of Geography with male
students perform than their female counterparts.

The work of Maikano, (2007) revealed that there is no significant difference in the academic
performances of male and female students taught ecological concepts using the outdoor

laboratory instructional strategy. Mari, (2010) supports this assertion in his study on entry
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qualification and performance. The result showed that male and female students admitted with the
same entry qualification have no difference in their performance. Also, Usman (2010) opined that
teaching methods (outdoor and indoor) enhances academic achievement of students in integrated
science concepts inspite of their gender. In this study, an attempt is made to determine if
academic performance in genetic concepts of biology is gender sensitive. Data obtained from
students’ academic performance pre-test and posttest of Biology Performance Test (BPT) were
used, activity based/grouped based on gender and analyze using t-test to determine if there is
difference in gender academic performance.

2.7 Overview of Similar Studies/Related Literature

The relevance of Hands-on Learning Strategy and Critical Thinking in science education has
attracted multidimensional researches to be carried out by various educators. The following are
some research studies carried out in Nigeria and elsewhere in the world, which are directly or
indirectly related to this study.

Randler and Hulde (2007) studied on the effect of hands-on programme on student’s achievement
about soil ecology. A population of 123 fifth and sixth grade students contributed in the study.
Result indicated that students in the hands-on group demonstrated higher achievement than
students in traditional textbook based programs. Similarly, Taraban, Box, Myers, Pollard and
Bowen (2007) studied with 408 students from high schools who investigated the effect of a
hands-on inquiry laboratory programme on students’ biology achievement. The results revealed
that use of hands-on inquiry laboratory gave an advantage to students to become more active
learner, to enhance content knowledge and to develop science process skills. The present study

therefore unlike Randler and Hulde (2007) was carried out to examine the Effect of Hands-on
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Learning Strategy on Performance and Critical Thinking in Ecology among senior Secondary

School Students in Zaria Education Zone, Nigeria.

Margareta, Mojca, and Natasa (2008) investigated the impact of the hands-on approach to visible
spectrometry on students’ academic performance and its correlation with students’ motivational
orientations was envisaged as one of the important outcomes of the Leonardo da Vinci project
“Hands-on Approch to Analytical Chemistry for Vocational Schools II”’, LLP-LDV-TOI-2008-SI-
15. Altogether, 295 students from Slovenia and Poland took part in the study. While for 104
students from the UK only results of the motivation questionnaire were obtained. The average age
of the participating students was 18.2 years — altogether 59% females and 41% males. In order to
identify the number of clusters in the data set based on the motivational dimensions defined by
controlled and autonomous motivation, k-means clustering was used. The results revealed two
distinct motivational orientations; that is, profiles): cluster I- low quantity motivation group (with
low autonomous and controlled motivation) and cluster II — good quality motivation group with
high autonomous and low controlled motivation. Students’ cluster membership is reflected in
their academic achievements and their attitudes towards the hands-on approach. Students from the
good quality motivational group achieved higher scores at the post-test and they expressed more
positive attitudes towards the hands-on approach than students from the low quantity motivational
group. Apart from students’ motivational orientation, the study program also contributes to the
students’ academic achievements. Students enrolled in the chemistry technician program with a
solid chemistry background achieved the highest scores at the pre-test and post-test respectively.
The study also revealed that the hands-on approach supports not only the achievement of better
understanding of the concepts taught, but also the capability to apply knowledge in a new

situation, and data analysis. The present study unlike Margareta, Mojca, NataSa (2008) was
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carried out to investigate the Effect of Hands-on Learning Strategy on Performance and Critical

Thinking in Ecology among senior Secondary School Students in Zaria Education Zone, Nigeria.

Nina, Dietmar and Susanne (2010) investigated the influence of hands-on activities on students’
interest. This is to find out whether students with experience in specific hands-on activities show
higher interest in these activities than students without experience. Furthermore, the relationship
between the quality of the hands-on experience and interest in the respective activity was
examined. In total, 28 typical hands-on activities of biology education were considered. The
activities were divided into the categories experimentation, dissection work with microscopes,
and classification. A total of 141 students from the 11th grade completed questionnaires on
interest in the hands-on activities, their experience with each activity, and the quality of the
respective experience. Students’ interest in experimenting, working with microscopes, dissecting
and classifying tends to benefit from performing hands-on activities. However, findings indicated
that the performance of various hands-on activities can influence students’ interest differently. For
seven hands-on activities, it was identified that a positive effect of hands-on experience on
interest exist, while in one case, practical work appeared to have influenced students’ interest
negatively. However, for most hands-on activities, no effect of experience on interest was found.
The quality of hands-on experiences showed positive correlations with interest in the respective
hands-on activities. Therefore, it was argues in favour of designing biology lessons that allow for
experiences with hands-on activities that also interest students. The present study unlike Nina,
Dietmar and Susanne (2010) was carried out to determine the Effect of Hands-on Learning
Strategy on Performance and Critical Thinking in Ecology among senior Secondary School

Students in Zaria Education Zone, Nigeria.
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Ates and Eryilmaz (2011) investigated the effectiveness of hands-on and minds-on activities on
ninth grade students’ achievement in and attitudes towards simple electric circuits. Quasi-
experimental design was adopted for this study. The study was conducted with 130 students, 70 of
which were assigned as experimental group and instructed by hands-on/minds-on activities, while
the 60 were assigned as control group and instructed by the traditional method. Three instruments
(measuring tools) were used for the study; the Physics Achievement Test, Physics Attitude Scale,
and observation checklist. When the data were analyzed by using multivariate analysis of
covariance (MANCOVA), the results indicated that there was a significant difference between the
means of the students’ physics achievement in favor of the experimental group. However, the
analyses failed to show any significant differences between the means of the students’ attitudes
towards simple electric circuits. The results of this study are important especially for developing
countries that cannot use expensive materials to make students physically active. The present
study unlike Ates and Eryilmaz (2011) was carried out to determine the Effect of Hands-on
Learning Strategy on Performance and Critical Thinking in Ecology among senior Secondary

School Students in Zaria Education Zone, Nigeria.

Ozlem and Jale (2011) conducted a research in Turkey on the effectiveness of hands-on activity
enriched instruction on sixth grade students’ achievement and attitudes toward science. The
design of the research was Multivariate Analyses of Covariance (MANCOVA). Two instruments;
Science Achievement Test and Science Attitude Scale were used to assess students’ achievement
on sense organs and students’ attitudes toward science respectively. Two teachers with four
classes and total population of 140 sixth grade students were participated in the study. One class
of each teacher was assigned as experimental group and treated with hands-on activity enriched

instruction and other class was assigned as control group and treated with traditional instruction.
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The Science Achievement Test and the Science Attitude Scale were administered twice as pre-test
and after three weeks of treatment a post-test was administered to both experimental and control
groups to measure students’ achievement and attitudes. Multivariate Analyses of Covariance
(MANCOVA) results revealed that hands-on activity enriched instruction were more effective
than traditional instruction. This means that, the findings showed that the experimental group
performed significantly better in the achievement test, than the control group. Based on the
findings, the study strongly recommended the use of Hands-on instructional Strategy by
secondary school teachers in teaching biology. However, the study was similar to the present as
both involved the use of hands-on learning strategy on performance. The present study
investigated the Effect of Hands-on Learning Strategy on Performance and Critical Thinking in

Ecology among senior Secondary School Students in Zaria Education Zone, Nigeria.

Salvador, Debra, Janette and Peter (2011) examined on a study which compared student
perceptions of critical thinking practice in four types of courses offered at an English immersion
liberal arts university in Japan. Students were provided with an on-line survey containing 80 items
describing critical thinking practices in interpretation, analysis, evaluation, inference, explanation,
and self-regulation. Upper-class students (N=62) identified third and fourth year content courses
taught in English by a single instructor as the type of course in which critical thinking practice
was significantly more prevalent compared to both English and Japanese language courses taught
by a single instructor, as well as to 1st/2™ year team-taught content courses taught in English.
First year students (N=48) identified single instructor English language courses as the type of
course for which they perceived critical thinking practice to be most prevalent. These results are
discussed in the context of future assessment of critical thinking practice by type of course as well

as by individual instructor. In this regard, the present study unlike Salvador, Debra, Janette and
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Peter (2011) was carried out to investigate the Effect of Hands-on Learning Strategy on
Performance and Critical Thinking in Ecology among senior Secondary School Students in Zaria

Education Zone, Nigeria.

Munir and Mumtaz (2013) examined the Impact of Hands-on Activities on Students’
Achievement in Science: An Experimental Evidence from Pakistan. The study aimed to
investigate the effectiveness of hands-on activities on 8 grade students’ achievement in science.
The study was conducted on 342 students (145male, 197 female) of which 169 were assigned as
experimental group and instructed by hands-on activities, while the 173 were assigned as control
group and instructed by the traditional method. For the study, Science Achievement test was used
to collect the data. The data were analyzed by using Independent Sample t-test through SPSS. The
results indicated that there was a significant difference between the means of the students’ science
achievement in favour of the experimental group. The results of this study are important
especially for developing countries that cannot afford to use expensive science equipments to
make the students physically active and engaged in learning science. In this regard, the present
study unlike Munir and Mumtaz (2013) was carried out to investigate the Effect of Hands-on
Learning Strategy on Performance and Critical Thinking in Ecology among senior Secondary

School Students in Zaria Education Zone, Nigeria.

Nelson (2013) investigated the Impact of Critical thinking on Performance in Mathematics among
Senior Secondary School Students in Lagos State. The study would benefit students and teachers
by promoting creativity in solving mathematical problems. Quasi-experimental design was
adopted for the study. Multi-stage sampling was applied to generate a sample of 195 students for
the study. Mathematics performance test and Watson-glaser Critical Thinking Appraisal were

used for the study. Three hypotheses were formulated and tested using Analysis of covariance
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(ANCOVA). The study revealed that there was a significant difference in Mathematics
performance test scores among the experimental groups. The study also found out that there was
no significance gender difference in Mathematics performance test. Critical Thinking Skills was
also an effective means of enhancing students’ understanding of Mathematics concepts. It
therefore recommended that in teaching Mathematics in secondary schools, Critical thinking
skills should be infused in the curriculum of teacher education so as to improve students’
performance in Mathematics. The present study unlike Nelson (2013) was carried out to examine
the Effect of Hands-on Learning Strategy on Performance and Critical Thinking in Ecology

among senior Secondary School Students in Zaria Education Zone, Nigeria.

Ishola (2014) investigated Hands-on/Minds-on Activity-Based strategy: The effect on Pre-Service
Teachers subject matter knowledge in Primary Mathematics Methods Course. The research
findings of this study have shown that this strategy is not adopted in training pre-service primary
mathematics teachers in colleges of education in Nigeria rather, direct instruction is
commonly used. Past studies on activity-based have focused more on the effectiveness of such
strategies on pupils/students’ performance but did not sufficiently determine the effect of the
strategy on the teachers’ subject matter knowledge (SMK), hence this study. Pretest-posttest
control group quasi-experimental research design was adopted and the participants were 215 pre-
service primary Mathematics teachers in two colleges of education in Southwestern Nigeria.
Primary Mathematics Achievement Test (0.81) and two instructional guides were the research
instruments used. Hands-on/Mind-on activity-based strategy enhanced pre-service primary
mathematics teachers’ subject matter knowledge more than the conventional strategy. This study
has shown the instructional strategy that can be used to develop the capacity of pre-service

primary mathematics teachers in the area of subject matter knowledge in a way to ensure
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sustainable effective mathematics learning. It was recommended that lecturers of primary school
mathematics methodology courses in the colleges of education should be encouraged to acquire
and utilize hands-on/mind-on activity-based strategy. The present study unlike Ishola (2014) was
carried out to examine the Effect of Hands-on Learning Strategy on Performance and Critical

Thinking in Ecology among senior Secondary School Students in Zaria Education Zone, Nigeria.

Anabelie, Annaliza Samsia, and Manis (2015) carried out a research on Developing Critical
Thinking through Activity-Based and Cooperative Learning Approach in Teaching High School
Chemistry. The study aimed to develop critical thinking in chemistry using the Third International
Mathematics and Science Survey Questionnaire (TIMSS-Like Test Items) and to lessen or
eradicate misconception of students in the scientific concepts. A total of 99 third year Muslim
students were selected and grouped into experimental and control group based on their respective
section assignment. The experimental group underwent treatment using activity-based learning in
a cooperative learning environment, while the control group used only the chalk and board
discussions without hands-on. Three (3) instruments were used namely: activities lifted from the
TIMSS-R manual, the TIMSS-Like test items, and the self-assessment questionnaire. Both groups
were exposed to pre-test and post-test after the conduct of the study. Findings revealed that the
experimental group performed better than the control group. Majority of the students in the
experimental group realized that the treatment motivated them to think critically. Through hands-
on, their misconceptions was corrected and lessened. Moreover, they also realized that the
activity-based technique in the teaching-learning process is interesting, more fun and
encouraging. The present study unlike Anabelie, Annaliza Samsia, and Manis (2015) was carried
out to determine the Effect of Hands-on Learning Strategy on Performance and Critical Thinking

in Ecology among senior Secondary School Students in Zaria Education Zone, Nigeria.
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Cecilia, Ekon and Dorthy (2015) investigated the impact of Hands-on-approach on the students’
academic performance in Basic Science and Mathematics based on the students’ opinion about
this activity-based methodology. The general objective was to assess the impact and provide
another platform for students to display their understanding of what they have learnt other than
the usual written tests with memorized formulae. The activity focused on Mensuration and
Geometry (with 25% questions in each area) and separation of mixtures (pure and impure
substances). This paper includes the analysis of the feedback of the pre-test and post-test scores of
the students before and after the Hands-on-approach was given as well as students’ interview
responses. The study showed positive improvement on both the students’ performance and
participation on mathematics and basic science activities and willingness on the part of the
teachers to use Hands-on-approach in communicating mathematical and scientific concepts to
their students. The present study unlike Cecilia, Ekon and Dorthy (2015) was carried out to
examine the Effect of Hands-on Learning Strategy on Performance and Critical Thinking in

Ecology among senior Secondary School Students in Zaria Education Zone, Nigeria.

Jacob, Sababa, and Filgona (2016) investigated the Effect of Hands-On Learning Strategies on
Senior Secondary School Students’ Academic Achievement in Topographical Map Studies in
Ganye Educational Zone, Adamawa State, Nigeria. Four null hypotheses were raised to guide
the study. The research design employed was the quasi-experimental non-equivalent pre-test,
post-test control group design. The sample size for the study was 263 senior secondary school (SS
II) geography students from six intact classes in public senior secondary schools in three Local
Government Areas of Ganye Educational Zone. A 40-item Topographic Map Achievement Test
(TMAT) constructed by the researcher but structured in line with WAEC/NECO standardized test

items in practical geography was used to obtain data. The instrument was validated by two
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experts from Geography Education and Test and Measurement. A reliability index of 0.80 was
obtained using Guttmann’s Split half statistic. One Way Analysis of Variance (ANOVA) was
used to test hypotheses one and two; and Tukey’s Honestly Significant Difference (HSD)
Post Hoc Mean Comparisons Test was used to establish the effect size. The independent samples
t-Test statistic was used to test hypotheses three and four. The findings from this study revealed
that: there was a statistically significant difference in the mean scores of students taught
topographical maps using hands-on learning strategy alone, conventional method alone and
hands-on learning strategy combined with conventional method in senior secondary schools of
Ganye Educational Zone, Adamawa State (F (2,260)=52.105, p <0.05). There was a significant
difference in the retention scores of students taught topographical maps using hands-on learning
strategy alone, conventional method alone and hands-on learning strategy combined with
conventional method (F (2, 260) = 48.477, p < 0.05). There was no statistically significant
difference in the mean scores of male and female students taught topographic maps using hands-
on learning strategy (t = 0.880, df = 95, p > 0.05). There was no significant difference in the
mean scores of male and female students taught topographic maps using hands-on learning
strategy combined with conventional method (t = 0.544, df = 83, p > 0.05). Based on the findings
of this study, it was recommended that geography teachers should endeavour to use hands-on
learning strategy as an alternative strategy or incorporate this instructional technique with other
teaching methods in order to improve the teaching and learning of topographical maps in senior
secondary schools. The present study unlike Jacob, Sababa, and Filgona (2016) was carried out to
examine the Effect of Hands-on Learning Strategy on Performance and Critical Thinking in

Ecology among senior Secondary School Students in Zaria Education Zone, Nigeria.
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Jacob, Joel and, Linus (2016) investigated the Effect of Hands-On Learning Strategy on Senior
Secondary School Students’ Achievement in Topographical Map Studies in Mayo Belwa Local
Government Area, Sokoto State, Nigeria. Four null hypotheses were formulated to guide the
study. The study adopted a quasi-experimental non-equivalent pre-test, post-test control group
design comprising two groups made up of one experimental group and a control group. Four
schools and two hundred and five (205) SS III Geography students made up the sample size of the
study. Four intact classes (two each) were randomly selected through balloting without
replacement and assigned to experimental and control groups. The instrument used for data
collection in this study was Topographical Map Achievement Test (TMAT), constructed by the
researcher but structured in line with WAEC and NECO standardized test items in practical
Geography. The validity of this instrument was established by two experts in Geography
Education and Test and Measurement. The reliability of the instrument was established using
Kendall tau statistic. A reliability index of 0.78 was obtained. Hypotheses one, two and three
were tested using independent samples t-test statistic. While hypothesis four was tested using
Analysis of Covariance (ANCOVA). The findings of the study revealed that there was a
statistically significant difference in the mean scores of students taught topographical maps using
hands-on learning strategy and lecture method. There was a statistically significant difference in
the retention scores of students taught topographical maps using hands-on learning strategy and
lecture method. There was no significant effect of gender on the achievement of students taught
topographical maps using hands-on learning strategy. There was no significant interaction effect
of treatment and gender on students’ achievement in topographical map studies Based on the
findings of this study, it was recommended that geography teachers should use hands-on learning

strategy as an alternative strategy or incorporate this strategy with other instructional methods in
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order to promote effective teaching learning outcomes of students in topographical map studies.
The present study unlike Jacob, Joel and, Linus (2016) was carried out to examine the Effect of
Hands-on Learning Strategy on Performance and Critical Thinking in Ecology among senior

Secondary School Students in Zaria Education Zone, Nigeria.

Elizabeth, Linus, and Jacob (2017) investigated the Effect of Hands-On Teaching Strategy on
Students’ Academic Achievement in Keyboarding Skills Acquisition in Federal Polytechnic,
Mubi, Adamawa State, Nigeria. Three hypotheses were formulated and tested in the study. The
research design adopted was the quasi-experimental non-equivalent pre-test, post-test, control
group design. The sample comprised of 120 ND I students purposively selected from the
department of Office Technology and Management, Federal Polytechnic, Mubi. A research
instrument titled <’Keyboarding Achievement Test (KAT)’’ was constructed by the researcher and
used to obtain data. The instrument was validated and pilot tested. The Guttmann statistic was
used in calculating the reliability coefficient. This gave a reliability index of 0.72. The
independent samples t-test statistic and Analysis of Variance (ANOVA) were used in analyzing
data obtained from the study. The Scheffes post hoc test was used to establish the magnitude of
significance between the experimental and control groups’ mean scores. The study revealed that
students exposed to keyboarding skills acquisition through hands-on teaching strategy achieved
remarkable results than their counterparts taught using the conventional method. There was no
significant effect of gender on academic achievement of students exposed to keyboarding skills
acquisition using hands-on teaching strategy with conventional method. It was concluded that
hands-on teaching strategy was effective in teaching keyboarding skills; hence teachers should be
encouraged to use the strategy in teaching keyboarding from the onset of the ND programme. The

present study unlike Elizabeth, Linus, and Jacob (2017) was carried out to examine the Effect of
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Hands-on Learning Strategy on Performance and Critical Thinking in Ecology among senior

Secondary School Students in Zaria Education Zone, Nigeria.

Emil and Joana (2017) conducted a study which aimed to assess the academic performance,
critical thinking skills, and problem solving skills in mathematics of Grade-7 students in the five
central public secondary schools of Area 2, Division of Batangas, Philippines. This study utilized
descriptive method of research. Three hundred and forty one (341) students of the public
secondary schools out of the total of 2,324 Grade-7 students were selected through systematic
random sampling as the subjects of the study. It was found out that the level of performance in
Mathematics of the Grade-7 students is proficient. The level of critical thinking skills of students
from the different schools is above average as well as their level of problem solving skills. The
mathematics performance of the students is positively correlated to their level of critical thinking
skills and problem solving skills. Students considered the following learning competencies in the
different content areas of Grade-7 Mathematics as difficult to master: solving problems involving
sets, describing the development of measurement from the primitive to the present international
system of units, finding a solution of an equation or inequality involving one variable, using
compass and straightedge to bisect line segments and angles, and analyzing, interpreting
accurately and drawing conclusions from graphic and tabular presentations of statistical data. The
present study unlike Emil and Joana (2017) was carried out to determine the Effect of Hands-on
Learning Strategy on Performance and Critical Thinking in Ecology among senior Secondary

School Students in Zaria Education Zone, Nigeria.

Oluwatosin (2017) conducted a study on the effect of hands-on activities on senior secondary
chemistry students’ achievement and retention in stoichiometry in Zone C of Benue State. The

moderating effect of gender was also examined. The study adopted the pretest, posttest, control
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group, quasi-experimental research design. The instrument used for data collection was
Stoichiometry Achievement Test (SAT) with the reliability value of 0.92 using Pearson Product
Moment Coefficient. The target population of this study was 8381 which was the population of
SSII chemistry students in study area. A sample of 292 students comprising 158 boys and 134
girls drawn from 8 schools within 4 Local Government Areas (LGA) out of nine (9) LGA in the
Zone selected using Multi-stage sampling techniques. Four (4) research questions and six null
hypotheses guided the study. The research questions were answered using Mean and Standard
Deviation scores while the hypotheses were tested at 0.05 level of significance using Analysis of
Covariance (ANCOVA). The study revealed that students taught Stoichiometry using hands-on
activities had significantly higher mean achievement scores than those taught using demonstration
method F=555.374, P(0.0001<0.05) and students taught Stoichiometry using hands-on activities
had significantly higher mean retention scores than those taught using demonstration method
F=117.523, P(0.0001<0.05). There was no significant difference between the mean achievement
scores of male and female student taught stoichiometry using hands-on activities. Based on the
findings, it was recommended among others that Chemistry teacher’s trainee should be trained on
the use of hands-on activities and serving teachers should use it. Hands-on activities teaching
method is not gender sensitive therefore both male and female students should be involved in
hands-on activities to enhance their achievement and retention in stoichiometry. The present study
unlike Oluwatosin (2017) was carried out to determine the Effect of Hands-on Learning Strategy
on Performance and Critical Thinking in Ecology among senior Secondary School Students in

Zaria Education Zone, Nigeria.
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2.8 Implications of the Literature Reviewed for the Present Study

Literature reviewed from studies in the area of hands-on learning strategy, critical thinking and
academic performance as well as gender differences have been undertaken. The review was on
the previous works done pertaining to the problems students encounter/have with learning biology
concepts. The problems of lecture method of teaching predominantly used by science teachers for
instruction to improve students’ performance are vivid example. Several researches have been
conducted on the use of hands-on learning strategy (HLS) to aid students learn biology concepts
and improve their performance. Other literature have also indicated the effects of critical thinking
skills on students’ academic performance in biology. From the literature reviewed it was recorded
that, effective methods of instruction such as hands-on learning strategy improves students’
performance in different angles. Till date, the problems associated with learning biology persist
that is why the researcher deemed it necessary to use hands-on learning strategy to help students
in their critical thinking and academic performance. However, most of the research works (Ozlem
and Jale, 2011; Ishola, 2014; Elizabeth, Linus, and Jacob, 2017; Filgona and Sababa, 2017) done
were carried out at national and international levels and in different subjects such as Chemistry,
Geography, mathematics, physics and integrated science, while the presenet study is in biology. It
was also showed that, students’ results based on gender have been consistent. Research work on
the use of hands-on learning strategy to improve skills of critical thinking and academic
performance is very scanty. Most researches were separately done either on the use of hands-on
learning strategy to enhance students’ performance or the use of critical thinking skills to enhance
students’ performance as shown from reviewed literatures. The effect of hands-on learning
strategy (HLS) on critical thinking (CT) and performance in ecology concepts among secondary

school students is relatively new, more especially in the field of biology at Senior Secondary
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School. This signified the need to carry out research on the effect of hands-on learning strategy
(HLS) on critical thinking (CT) and performance in ecology concepts among secondary school
students. This study therefore, is unique from other studies reviewed and indebted to fill this gap
by investigating the Effect of Hands-on Learning Strategy on Performance and Critical Thinking

in Ecology among senior Secondary School Students in Zaria Education Zone, Nigeria.

103



CHAPTER THREE
METHODOLOGY
3.1 Introduction
The aim of this study is to investigate Effect of Hands-on Learning Strategy on Performance and
Critical Thinking in Ecology among senior Secondary School Students in Zaria Education Zone,
Nigeria. The study will also not ignore the influence of gender, year of study, and participation
toward biology, bulky nature and the suitability of hands-on learning strategy. This chapter
outlines the methodology adopted to conduct this study under the following sub-headings:
3.2 Research Design
3.3 Population of the Study
3.4 Sample and Sampling Techniques
3.5 Instrumentation
3.5.1 Validation of the Research Instruments
3.6 Pilot Testing of Instruments
3.6.1 Reliability of the Instruments
3.6.2 Item Analysis
3.7 Administration of the Treatment
3.8 Data Collection Procedure

3.9 Procedure for Data Analysis
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3.2 Research Design

A pretest, posttest, quasi-experimental control groups designed using intact classes which do not
allow randomization of the subjects (Sambo, 2005) were employed for this study. Two groups of
students were used for data collection i.e the Experimental group (EG) and Control group (CG). A
pretest (O;) was administered to the two groups in order to determine the equivalence of the
groups in ability before the commencement of the treatment. Treatment (X;) was given to the
experimental group i.e. students were taught ecology concepts using the Hands-on learning
strategy for six weeks. The control group (X,) was taught the same ecology concepts using the
lecture method for six weeks. At the end of the treatment period, a post-test (O;) was
administered to both groups of students in order to evaluate the effectiveness of the treatment in
enhancing the learning of ecology concepts among SS II students.

According to John and James (2011) Quasi-experimental research design is useful in research
involving cause and effect relationships where the independent variable(s) can be manipulated. In
addendum, this design has been recommended by Kerlinger (1973) and used by Bichi (2002),

Lawal (2007), and Aliyu (2014). The research design is represented symbolically in Figure 3.1.

AP AP
EG———>0; X1 —>s O

CT CT

AP AP
CG >0, Xo > O

CT CT
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Fig. 3.1 Research Design

Where:

EG
CG
X
Xo
O
0}
AP

CT

= Experiment Group

= Control Group

= Teaching using Hands-on Strategy
= Teaching using Lecture Method

= Pretest

= Posttest

= Academic Performance

= Critical Thinking

Kerlinger (1973), Bichi (2002) and Sambo (2008) affirmed that this design offered numerous

advantages such as:

1.

It can be used to statistically find out any difference between the groups at the beginning
of the study from the results of the pretest, that is to compare the equivalence of the two
groups academically.

It can be used to give indication gained in understanding of selected test due to
application of the treatment.

It can also give an indication of the skills gained by students after instruction.

The mean scores of the two groups can be calculated. Therefore it is assumed that any
difference in the performance of the groups can only be attributed to the treatment given,

since the treatment administered is the major difference.

106



3.3 Population of Students for the Study
The target population for this study constitutes all public secondary schools in Zaria Educational
Zone. Kaduna State Ministry of Education Science and Technology has the total number of
twelve (12) Zonal Education offices. These are: Anchau Zonal Education; Birnin Gwari; Zaria;
Giwa; Rigachikun; Kaduna; Sabon-Tesha; Lere; Kachia; Kafanchan; Godo-godo; and, Zankuwa.
But for the sake of this research exercise, attention was focused on Zaria Zonal Education simply
because they have peculiar features in common (in terms of students, teachers, curriculum,
calendar and so on), and therefore represents the whole town. Zaria Zonal Education has a total
number of 49 Public Secondary Schools that are categorized into three:

a. Rearticulated public secondary school;

b. Public Senior Secondary School; and,

c. Public Junior Secondary School.
These Schools cut across five (5) Local Government Areas of Kaduna State; Zaria, Sabon-Gari,
Soba and some part of Kudan and Giwa respectively.
The population of this study constitutes 4138 SSII students in sixteen public secondary schools
offering biology under Zaria Education Zone, Kaduna State. There are sixteen public secondary
schools in the area. Out of this figure, 2575 are males while 1563 were females with age ranging
from 16 years and above. The population comprised of five boys schools, three girls schools and
eight co-educational schools. The co-educational schools consist of 1625 males and 672 females.

The population of the study is presented in Table 3.1.
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Table: 3.1 Population of the Study.

S/N  Name of School Types of School Male Female Total
1. Govt. Sec. Sch. Dakace Co-education 119 56 175
2. Govt. Sec. Sch. Gyellsu, Co-education 288 139 427
3. Govt. Sec. Sch. Kaura Co-education 361 186 547
4. Govt. Sec. Sch. K/Kuyan-Bana Co-education 346 60 406
5. Govt. Sec. Sch. Kugu Co-education 47 08 55
6. Govt. Sec. Sch. Magajiya (Senior) Co-education 149 32 181
7. Govt. Sec. Sch. Tudun-Jukun, Co-education 205 180 385
8. Sheikh Ibrahim Karau-karau (B) Co-education 110 11 225
9. Alhuda-huda College Male 360 00 360
10. Barewa College, Zaria Male 386 00 386
11. Govt. Girls Sec. Sch. (WTC), Zaria  Female 00 250 250
12. Govt. Girls Sec. Sch. Fada (Senior) Female 00 235 235
13. Govt. Girls Sec. Sch. Kofan Gayan  Female 00 299 299
14. Govt. Sec. Sch. Bogari Male 12 00 12
15. Govt. Sec. Sch. Zaria (Senior) Male 174 00 174
16. Senior Sec. Sch. Kufena Male 128 00 128
Total 2575 1563 4138

Source: Zaria Education Zone, Zaria, Kaduna State (2018).

3.4 Sample and Sampling Procedure

Since gender is considered in this research, only co-educational schools were used. Eight schools
in the population are co-educational which comprise up 2297 students out of which 1625 are
males while 672 are females. Two schools that do not differ significantly were chosen and
assigned as experimental and control groups. The names of all the co-education schools in the
population written on separate pieces of papers and the papers were put in a container. Four
schools were drawn-out one at a time from the container using simple balloting method. The four
schools were given the research instruments (ECPT & ECCTQ) to answer in 1 hour 30 minutes
each at separate time. The results of the test were analysed using Analysis of Variance (ANOVA)
to choose two schools that do not differ significantly. The results of ANOVA test showed no

significant difference between the schools. Scheffe’s test was also used and no difference was
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indicated (See Appendix H). Therefore two schools were selected which were later assigned into
experimental and control groups by means of throwing a coin. The schools are: GSS Gyallesu
(experimental group - A) and GSS Kofan Kuyanbana (control group - B), separated by distance of
about 10 kilo metres apart with the total number of students 263 as sample size from which 198
are males while 65 are females. The sample selected was considered viable for research according
to Tuckman, (1975), Wallen & Franklrn (2000) and Sambo, (2008). Hence, the choice of sample
from the selected schools was guided by central limit theory which recommended a minimum of
30 subjects of a sample for quasi-experimental research (Tuckman, 1975; Sambo, 2005). Detail of
the sample is presented in Table 3.2.

Table: 3.2 Sample Schools for the Study

S/N  Name of School Groups Male Female Total
1. School A Experimental 95 35 130
2. School B Control 103 30 133
Total 198 65 263

3.5 Instrumentation
The following instruments were used by the researcher for data collection
1. Ecological Concept Performance Test (ECPT) developed by the researcher from
past WAEC and NECO questions due to their standard at both National and
International levels.
2. Ecology Concept Critical Thinking Questionnaire (ECCTQ) adapted from Shuaibu

(2017) and Van Zyl, Bays, and Gilchrist (2013).

109



3.5.1 Selection of Topics taught

The following topics in Ecology were taught to the subject of the study:

i. Basic ecological concepts;

ii. Components of the Ecosystem;

iii. Population Studies;

iv. Functioning Ecosystem;

v. Ecological factors;

vi. Trophic levels; and,

vii. Energy Transformation.

These topics were selected because they are part of SSII syllabus. Also, ecology has been
used for the study because it has been identified to be contributing to students’ poor performances
(WAEC, 2010-2014; Agboghoroma & Oyovwi, 2015). The table of specification based on the
topics taught is presented in Table 3.3
3.5.2 Ecology Concept Performance Test (ECPT)

The instrument was a 40 items performance test adapted by the researcher from both WAEC and
NECO SSCE past questions (2005-2017) to determine the performance of the students in ecology
concepts. The topics were developed from the Ecology of Senior Secondary School Biology
syllabus (Table 3.3). The (ECPT) items consist of 40 objectives (multiple types) test items each
with four alternatives (A-D). The items took into consideration all the seven topics of senior
secondary school biology syllabus on ecology in order to ensure equal distribution of the items
over the topics. The items were considered under the six taxonomy cognitive domain purported

by Blooms to ensure equal distribution. The distribution showed to be knowledge (30),
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comprehension (21), application (17), analysis (11), synthesis (11) and evaluation (10). The
number of questions and weight allocated to each contents/topic are shown in Table 3.3.

3.5.3 Ecology Concept Critical Thinking Questionnaire (ECCTQ)

Ecology Concept Critical Thinking Questionnaire (ECCTQ) is a 30 items critical thinking
inventory questionnaire adapted by the researcher from Shuaibu (2017) and Van Zyl, et al, (2013)
to determine the critical thinking of students before and after treatment on ecology concepts of
Biology. The items were developed using the Likert 5 point rating scale involving; Strongly
Agreed (S.A), Agreed (A), Disagreed (D), Strongly Disagreed (S.D) and Undecided (U.D). Each
option carries weight in the order of priority from 4-1. The students were asked to freely indicate
using their critical thinking on Ecology of Biology by simply ticking one of the four options that
suit their critical thinking. It was adapted by the researcher and was validated by three experts
with rank not less than senior lecturer in the Department of Science Education and Psychology
Department of Ahmadu Bello University, Zaria. ECPT consists of forty multiple short answer
questions test items on ecology underlying students’ performance the selected ecological
concepts. The test consists of two parts. Section “A” seeks information on the respondent
personal data such as name, gender, and age, while section “B” consist of twenty objective test
items on students’ performance of ecology. This instrument was administered when the two

groups were post-tested using ECPT. Detail of the instrument in the appendix D.
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Table 3.3: Table of Specification for ECPT Based on Construction (Topics Selected)

S/N  Content Weight Kn. Co. Ap. An. Sy. Ev. Total

(%) (30) (2D a7 (A1 A1) (10) (100)
Ecology

1. Basic ecological concepts (13) 1 0 0 1 1 1 5

2. Components of ecosystem (18) 1 1 1 1 1 2 7

3. Population studies (17) 1 1 1 2 1 1 7

4. Functioning ecosystem (15) 1 1 1 1 1 1 6

5. Ecological factors (13) 1 0 1 1 1 1 5

6. Trophic levels (12) 1 1 0 0 1 1 5

7. Energy transformation in nature (12) 1 1 1 I 1 0 5

Total 100 7 8 5 7 7 7 40

Key: Kn = Knowledge; Co = Comprehension; Ap = Application; Analysis; Sy = Synthesis;

Ev = Evaluation
Source: Researcher (2018) adapted from Bloom, (1964).

3.5.4 Validation of the Instruments

Contents Validity was done. Experts in the Department of Biology, Department of Science
Education and Department of Educational Psychology and Counseling, ABU, Zaria validated the
instruments. All observations and corrections were effected based on the following: whether;

the test items can test/measure what they are meant to test/measure;

the questions adequately cover the concepts chosen;

the language expression used is simple, clear, precise and free from ambiguity;

the questions conform with ability level of the students; and,

suggest possible correction(s) on the observed errors.

The experts made constructive criticisms in the language construction and content of the
instruments. The corrections were made leading to the final selection of the items and the
respective marking scheme as contained in Appendix A & D. For example, in the case of Ecology
Concept Performance Test (ECPT), some items were corrected and modified.

Item 17 initially read thus:
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The main kinds of habitats are

Arboreal and ground habitat
Underground habitats

Aquatic and terrestrial habitats
Salt and fresh water habitats.

oO0w

This was modified to:
The main kinds of habitats are

Arboreal and ground habitat
Underground and Arboreal habitats
Aquatic and terrestrial habitats

Salt and fresh water habitats.

o0 W >

Item 27 reads as:
An association between two organisms in which both benefit is called

Parasitism
Symbiosis
Commensalism
Predation.

Cowp»

This was modified to:
An association between two organisms in which both benefit is known as:

Parasitism
Symbiosis
Commensalism
Predation.

oow

Item 32 reads as:

In complex food relationships in a community, the primary, secondary and tertiary consumers are
referred to as

Symbiosis
Omnivores
Heterotrophs
Autotrophs

oO0w
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This was modified to:

In a complex feeding relationships in a community, where the organisms benefit from each other
is referred to as:

Symbiosis
Omnivores
Heterotrophs
Autotrophs

Cowp

In the Ecology Concept Critical Thinking Questionnaire (ECCTQ), some items were also
corrected and modified as follow:

Item 3 initially reads:

My teacher asks questions that check that I understand how to do something in terms of
classifying organisms around me based on ecology concept.

This was modified to:

My teacher asks questions that check I understand how to do something in terms of classifying
organisms around me based on ecology concept.

Item 12 reads as:

My teacher provides opportunities for me to ask questions.

This was modified to:

My teacher provides opportunities for me to ask questions on ecology concepts.

The items after effecting the corrections were used appropriately for collecting the data to be used
for the study.

The validators also validated the lesson plans and observations were effected accordingly.

3.6. Pilot Testing of Instruments
The two instruments for the study were pilot tested using SSII students in GSS Tudun-Jukun,
Zaria, because they have similar characteristics with the target population. The Ecology Concept

Performance Test (ECPT) and Ecology Concept Critical Thinking Questionnaire (ECCTQ) were
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administered to 30 SSII biology students who were selected randomly from GSS Dogon Bauchi,

Zaria.

The purpose of the pilot study according to Bichi (2002) and Muhammad (2014) was to:

(a) determine the reliability coefficient of the instruments before administration;

(b) assess the feasibility of the study before trial;

(c) identify possible problems or difficulties that respondents may encounter with a view to
eliminate them; and,

(e) determine the approximate time duration which the subjects would need to answer the test

items properly. The appropriateness of the instrument in terms of clearity of the items and the

reliability of the test items was determined. Also the discriminative indices and difficulty indices

were determined using the students’ scores from the pilot study.

3.6.1 Reliability of the Instruments

Reliability is the degree of error or precision in measuring an estimate of a test (Bichi, 2002 and

Muhammad, 2014). A test is said to be reliable if repeated measurements using the test gives

more or less the same results. Using the data that was obtained from the pilot study, the reliability

of the instruments (ECPT & ECCTQ) were calculated by employing test-retest method. The test

was administered to SSII Biology Students of GSS Tudun-Jukun, Zaria which was not part of the

sample but part of the population. Thus, the instruments were administered twice with the interval

of two weeks as proposed by Tuckman (1975) and Sambo (2005). Pearson Product-Moment

Correlation Coefficient Statistics was used for analysis. The reliability coefficient of Ecology

Concept Performance Test (ECPT) was found to be r = 0.72, which shows that the reliability of

the instrument is moderate and can be used for data collection for the study. The reliability

coefficient of Genetic Concepts Attitude Questionnaire (GCAQ) adapted from Shuaibu, (2017)
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was r = 0.71 while the reliability coefficient of Ecology Concept Critical Thinking Questionnaire
(ECCTQ) was found to be r = 0.85, using Spearman Rank Correlation Coefficient after split half
method of the instrument; which showed that the reliability of the instrument was high and can be
used for data collection for the study.
3.6.2 Items Analysis of the Instruments.
Item analysis was carried out on the results of the Ecology Concept Performance Test (ECPT) and
Ecology Concept Critical Thinking Questionnaire (ECCTQ) to determine the facility indices (FI)
and discrimination indices (D.I) of the instruments, from the data collected in the pilot testing.
They were derived as follows:
Facility Index (F.I) of the Instruments
Facility index is otherwise called difficulty index. It is the percentage of students who obtain the
correct answer on an item. According to Sambo (2008), item difficulty index is the measure of
percentage of candidate who got the item right over the total number of candidates that attempted
the question. For computing the difficulty index for each item, the steps are as follow:

- The scores on the whole test scripts would be ranked in the order from highest to lowest.

- One third of the scores of the high scoring students and one third of the scores of the bottom scoring
students would be selected.

- The percentage of the high scoring one third and the low scoring one third of the total test items
would be calculated.

- The items difficulty index were computed by adding the percentage of those that got the items correct in
the bottom scoring and high scoring groups and then divide by two, The formula is;

RU +RL
P:

N
Where:

P = item difficulty
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RU = number of students that got the item right in upper one third percent.
RL = number of students that got the item right in bottom one third percent.
N = number of students involved in the analysis (not the entire students that sat for the test).

According to Tristan (1999) and facility indices between 0.3 — 0.7 are recommended for selecting
good items for performance test. For this study, items which fall between the range of 0.3 — 0.7

were finally selected.

Discrimination Index (D.I):

Discrimination indices of a test refer to the capacity of such a test to discriminate or distinguish or
separate between high and low achiever/ranking among students in the sample/test. If an item has
positive discrimination, it implies that a large proportion of the more competent students than
poor ones got the item right. If the value is zero, the item has zero discrimination, which means
that the items are unable to distinguish between the competent and incompetent students. The
negative value of discrimination index indicates that more of the low achievers got the item right
compared to the more competent ones. Mehrens and Lehmann (1984) emphasized that the higher
the discrimination indices the better, recognizing that there are situations where low
discrimination indices is to be expected. For example, classroom test. Furst (1958) identified that
discrimination indices which range from 0.30 to 0.7 are described as moderately positive and
above this are highly positive. The discrimination index was calculated using the formula given
by (Olorukooba 2001; Muhammad, 2014).

RU-RL
D.I=

N
Where:

D.I = discrimination index

RU = number of upper 27% of respondents
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RL = number of lower 27% of respondents
N = total number of respondents

Tristan (1999), Field (2006) and Sambo (2005) recommended discrimination indices between 0.3
— 0.7 for selecting good items for performance test. For this study, items which fall between the
range of 0.3 — 0.7 were finally selected. Items with discrimination indices between 0.0 — 0.29 are
difficult and should be rejected, while those between 0.3 — 0.7 are moderately positive and should
be selected, and those with discrimination indices above 7.0 are highly positive and should be
rejected. For this study, items with discrimination indices between 0.3 — 0.7 were selected and
those with very low indices were discarded and some reconstructed and finally selected. This is in
line with Field (2006) and Sambo (2008).

3.7 Administration of Treatment / Treatment Procedure

The treatment that was administered to the participants involved teaching the concept of ecology
by the researcher using: Hands-on Learning Strategy model adapted from Jegede, (2004), Aliyu
(2014), and Shuaibu (2017). One intact Biology SS II class containing 83 students were used. The

model was adapted because it has the following advantages for the present research.

a) It is a students learning centered in it characteristics

b) It provides opportunity for activity based teaching and learning.

C) It provides room for teamwork learning.

d) It identification of prior ideas step provide flexibility for Hands-on learning i.e. to
acquired students communal beliefs and personal beliefs at the beginning of the lesson
on ecology concept.

Lesson plan was prepared to teach the selected Biology concepts for the period of six weeks. That

is, the instruction was designed based on Hands-on Learning Strategy cycle model, which
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includes five specific components: Identification of prior ideas, exploration, discussion,
application, and evaluation.

The identification of prior ideas stage of the model is meant to elicit questions on prior knowledge
from students and, of course, to motivate them to learn. During the exploration stage students will
carry out activity using Hands-on Learning Strategy by collecting data, making observations, etc.
and these explorations will give formal names in the discussion stage. In the application stage
students have the opportunity to extend their learning to other topics or to satisfy previously held
questions. Seemingly self-explanatory, the evaluation stage will provide both teachers and
students with the chance to both formally and informally reflect upon what was learned (Jegede,
2004). The lesson plans of Hands-on Learning Strategy were guided by the following steps:

Step 1: Identification of prior knowledge: The teacher introduces the lesson by guiding the
students to identify various ecological concepts and make connection from new to known.

Step 2: Exploration: The teacher guides the students using Hands-on Learning Strategy to explain
the specific objectives of the lesson through mind-on and hands-on activities which the students
will carry out.

Step 3: Discussion: The teacher guides the students to discuss what they have learned in
exploration steps through written report in a group.

Step 4: Application: The teacher guides the students to expand on their knowledge connect it to
similar concepts applied to other situation which can lead to new knowledge

Step S: Evaluation: The teacher guides the students to access their knowledge, skill and abilities
through answering questions and provides opportunities for teacher to evaluate students’ progress

toward achieving the educational objectives. (The flow-chart is presented in Figure 3.2)
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Step 1:—>

Identification of Prior Knowledge
(Based on Students Thinking), which was enhance by teacher
and students activities where the teacher serves as a guide

A 4

Step 2:—>

Exploration Using Hands-on Learning Strategy
The teacher guides the students to explain the specific

objectives of the lesson and students activities which the
students will carry out

'

Step 3:—>

Discussion

Which was enhance by teacher and students activities where
the teacher serves as a guide

'

Step 4: ——>

Application
The teacher guides the students to expand on their knowledge
connect it to similar concepts applied to other situation

v

Step 5——¢

Evaluation
Which was enhance by teacher and students activities where
the teacher serves as a guide

Fig.3.2: Flow-Chart of Hands-on Learning Strategy Model.
Source: Adapted from Shuaibu (2017).

Before the commencement of the treatment, the subjects in both groups (experimental and
control) were pretested on ecology in term of academic performance in order to determine group
equivalence. Subjects in the experimental group were taught the concept of ecology by the
researcher in order to ensure effective utilization of the adapted Hands-on Learning Strategy
model and to ensure that the teaching procedure was in conformity with the direction of the
model. This comprised practical activity, problem solving and discussions. The subjects were
allowed to explore the concept in question through practical activities and problem solving and
small group discussions. In the exploration session, they was asked focusing questions based on

the specific objectives of the lesson using Hands-on Learning Strategy meant to lead them to
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observe and discuss their experiences. This is with a view to stimulate the subjects to articulate
the inconsistencies and discrepancies between the phenomenon under consideration and their own
previously held ideas. The teaching was lasted for six weeks consisting of 6-double periods of 80
minutes each. Thus, the subjects will be taught ecology terminologies, components of ecosystem,
population studies by sampling method, ecological factors, functioning ecosystem, trophic level
and energy transformation.

The control group was taught the same concepts by the researcher using the lecture methods for
the same duration. The notes of the lesson plans prepared by the researcher were strictly adhered
to in the teaching of the subjects in the control group. The concepts were discussed and explained
verbally using talk and chalk method; students wrote notes where necessary and ask questions on
the area(s) where they find difficult to understand any concept. The detail of the lesson plans for
the control group is presented in Appendix G.

3.8 Data Collection Procedure

The procedure for administration of research instrument and data was described as follows:

The test is design to investigate the critical thinking ability of SSII biology students before
treatment and impact of Hands-on Minds-on after treatment. The pretest was administered to the
subjects before the commencement of the teaching. Teaching lasted for six weeks; one and half
hours every week base on the lesson note. The experimental group was taught using Hands-on
Learning Strategy (HLS). After a period of teaching, both the experimental and control groups
were post-tested with both ECPT and ECCTQ. The responses were scored using the marking
scheme (See appendix B). Each correct score was marked one point and for incorrect responses

zero. After collate and record based on research question and Hypotheses formulated.
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The pre-test was administered before the intervention to identify learners’ pre-existing knowledge
on the concepts of ecology. After the intervention, the same questions in the pre-test were used as
a post-test except that the item numbering in the post test was different from pre-test to avoid
recognition of items. Post-test was used to explore learners’ concepts associated with ecology in
order to determine how their understanding had changed due to the Hands-on intervention. The
tests covered most aspects of ecology.

This study was conducted over a period of six weeks to alter learners’ performance. The
independent variable was the intervention using hands-on learning strategy, and the dependent
variable was learners’ understanding (performance) measured by pre-test and post-test scores.
The EG was taught using the Hands-on learning strategy/approach, while the CG was taught
using the traditional approach (lecture method). Educator facilitated learners’ activities in the EG
through implementation of the Hands-on learning strategy/approach. In the CG, where the
traditional approach was utilized, the textbook method; whole class discussion and lectures was
employed for instructional purposes.

3.9 Procedure for Data Analysis

The results and responses of the subjects obtained from the two instruments were scored using the
marking guide for each instrument respectively, and the data collected was analyzed by re-stating
the research questions and null hypotheses, while appropriate statistical tools were used for
testing the stated hypotheses at P< 0.05 level of significance to retain or reject the null
hypotheses.

The data were re-encoded in several ways. The first analysis consolidated results from research
questions and hypotheses: correct answer had value 1, incorrect answer value 0. To identify

performance, each question was evaluated separately and showed as a percentage (see Figure).
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Answers of explanation part were re-encoded so that it is possible to distinguish the correct
interpretation of scientifically incorrect.

Research Questions

The following research questions were formulated for answering as follows:

1. What is the effect of hands-on learning strategy on mean academic performance of
Senior Secondary II Students in ecology?

2. What is the effect of hands-on learning strategy on critical thinking skills of SSII
students in ecology exposed to hands-on learning strategy and those exposed to
lecture method?

3. What is the effect of gender on hands-on learning strategy of teaching ecology among
senior secondary school students?

4. What is the effect of hands-on learning strategy on the mean Critical thinking scores
of Male and female students in ecology concepts exposed to hands-on learning
strategy?

Research Hypotheses

The following research hypotheses have been formulated for testing at P < 0.05
Hy;: There is no significant difference between the mean academic performance score of students
in ecology exposed to hands-on learning strategy and those exposed to lecture method.

This hypothesis was tested using Independent t-test statistics.

Ho,: There is no significant difference between the mean critical thinking skills scores of students
in ecology exposed to hands-on learning strategy and those exposed to lecture method.

This hypothesis was tested using Non parametric test of Man Whitney (U-test).
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Hys: There is no significant difference between the mean academic performance scores of male

and female students taught ecology when exposed to hands-on learning strategy.

This hypothesis was tested using Independent t-test statistics.
Hy4: There is no significant difference between the mean Critical thinking skills scores of male
and female students exposed to hands-on learning strategy of teaching ecology.

This hypothesis was tested using Man Whitney (U-test).
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CHAPTER FOUR

DATA ANALYSIS, RESULTS AND DISCUSSION

4.1 Introduction

The aim of this study is to investigate the effects of hand-on learning strategy on critical thinking
and performance in Ecology concepts among Secondary School biology students in Zaria
Education Zone Kaduna state Nigeria. This chapter is presented in the following sub-headings:
4.1.1 Analysis of bio data variables in frequencies and percentages

4. 2 Data Analysis and Presentation of Results

4.3 Summary of Major Findings

4.4 Discussion of Results

4.1.1 Analysis of bio-data variables in distribution of respondents by their gender and study

groups was done with the frequencies and percentages.

Gender
Frequency Percent
Male 198 75.3
Female 65 24.7
Total 263 100.0

Table 4.2.1 shows a total of 198 of the students in this study representing 75.3 0% are male

students and the rest 65 or 24.7% are female students.

Table 4.1.2 Frequency Result of Experimental and Control Groups exposed to Hands-on
Learning and Lecture Method respectively

Groups
Frequency Percent
Exp. 130 49.4
Cont. 133 50.6
Total 263 100.0
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Table 4.1.3 shows a total of 130 representing 49.4% of the total samples students were the
experimental group exposed to the hands-on learning strategy while the rest 133 or 50.6% were
the control group exposed to the lecture method.

4.2 Data Analysis and Result Presentation

Two instruments; Ecology Concepts Performance Test (ECPT) and Ecology Concepts Critical
Thinking Questionnaire (ECCTQ) were used to collect two instruments: Ecology Concepts
Performance Test and Ecology Concepts Critical Thinking Questionnaire scores for analysis. In
this study, four research questions were answered with the descriptive Mean statistics and Mean
Rank Non Parametric test while four research null hypotheses were tested with the independent t-
test and Non-Parametric U-test of Man Whitney. The research questions were presented as
follows:

4.2.1 Answering the Research Questions

Research Question One: What is the effect of hands-on learning strategy on academic
performance of SSII students in ecology concepts exposed to hands-on learning strategy and those
exposed to lecture method?

To answer this question, pretest and post test scores of both the experimental and control groups

were used so as to determine the effect of the hands-on learning strategy on performance
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Table 4.2.1: Descriptive statistics on difference between the mean perception levels of
academic performance scores of students in ecology concepts exposed to hands-on
learning strategy and those exposed to lecture method

Descriptive Statistics
Dependent Variable: performance

Groups Tests N Mean Std. Deviation
pre test 130 14.0462 6.88652
Exp post test 130 33.0615 3.43884
Total 260 23.5538 10.96612
pre test 133 12.6391 3.21535
Cont post test 133 16.9248 2.83545
Total 266 14.7820 3.70993
pre test 263 13.3346 5.39032
Total post test 263 249011 8.67246
Total 526 19.1179 9.24901

Table 4.2.1 shows the outcome of the descriptive mean statistics, huge differences exist in the
mean performance scores of students taught ecology using hands-on learning strategy and those
exposed to lecture method.

Results of the descriptive statistics showed that among the experimental group their pretest and
posttest scores were 14.0462 and 33.0615 respectively. Among the control group their pretest and
posttest performance mean scores are 12.6391 and 16.9248 respectively. This implies that
differences existed at the post test levels of both experimental and control groups when compared
with the performances at pretest levels. This confirms that there is positive effect of hands-on
learning strategy on students’ academic performances.

Research Question Two: What is the effect of hands-on learning strategy on critical thinking
skills of SSII students in ecology concepts exposed to hands-on learning strategy and those

exposed to lecture method?
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To answer this question, the Mean Ranking test using pretest and post test scores of both the
experimental and control groups were used so as to determine the effect of the hands-on learning

strategy on critical thinking skills

Table 4.2.2: Mean-Rank Non Parametric tests on difference between the mean perception
levels of critical thinking skills of students in ecology concepts exposed to hands-on
learning strategy and those exposed to lecture method.

Ranks
Variable Group tests N Mean-
Rank
Experimental pretest 130 52.13
. L Experimental posttest 130 70.13
tical Think

Sg)g: TENE Control pretest 133 51.36
control post test 133 52.88

Total 526

Table 4.2.2 shows the results of the Mean-Rank Non-parametric test that difference exists
between the mean critical thinking skills of students in ecology concepts exposed to hands-on
learning strategy and those exposed to lecture method. Their computed mean-rank critical
thinking pretest and post test scores are 52.13 and 70.13 respectively, while in the control group
their computed Mean-Rank critical thinking scores are 51.36 and 52.88 respectively. This shows
that the critical thinking was higher at the experimental Posttest when compared with the rest of
the three groupings. This implies that the hands-on learning strategy has effect on the Mean-Rank
critical thinking skills of the students.

Research Question Three: What is the effect of hands-on learning strategy on the mean
academic performance of male and female students in ecology concepts exposed to hands-on

learning strategy?
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To answer this question, the pretest and posttest scores of both the male and female experimental

group were used so as to determine the effect of the hands-on learning strategy on male and

female students’ performance.

Table 4.2.3: Descriptive statistics on difference between the mean academic performance of
Male and female students in ecology exposed to hands-on learning strategy

Descriptive Statistics

Dependent Variable: performance

Tests Gender N Mean Std. Deviation
Male 95 14.3263 7.46971
pre test Female 95 13.2857 3.41287
Total 190 23.5000 10.86948
Male 35 32.6737 4.98569
post test Female 35 34.1143 3.33230
Total 70 23.7000 11.30262
Male 130 14.0462 6.88652
Total Female 130 33.0615 3.43884
Total 260 23.5538 10.96612

Table 4.2.3 shows the outcome of the Mean descriptive statistics that there is no difference in the

mean performance scores of male and female students taught ecology using hands-on learning

strategy. Results of the descriptive statistics showed that among the male students their pretest

and posttest scores were 14.326 and 32.673 respectively. And in the same vein among the female

students their pretest and post test scores were 13.286 and 34.114 respectively. This implies that

at the pretest levels both male and female had almost the same level of performance. And at the

post test level both male and female had slightly increased same level of performance. This

confirms that there is positive effect of hands-on learning strategy on both male and female

students’ academic performance.
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Research Question Four: What is the effect of hands-on learning strategy on the mean Critical
thinking scores of Male and female students in ecology exposed to hands-on learning strategy?

To answer this question, the Mean Rank non-parametric test using pretest and post test scores of
both the experimental Male and female were used so as to determine the effect of the hands-on

learning strategy on critical thinking skills.

Table 4.2.4: Mean-Rank Non Parametric tests on difference between the mean perception
levels of critical thinking skills of male and female students in ecology exposed
to hands-on learning strategy.

Ranks
Variable Gender N Mean-Rank
groups
Male Pretest 95 26.33
Female pretest 35 26.63
male Post test 95 36.55

Critical Thinking Scores Female Post
erate Fos 35 33.66
test

Total 260

Table 4.2.4 shows results of the Mean-Rank test Non-parametric test that there is no significant
difference between the mean critical thinking skills of Male and female students in ecology
exposed to hands-on learning strategy. Their computed mean-rank critical thinking skills show
that among the males their pretest and posttest critical thinking mean-ranks are 26.33 and 36.55
respectively. In the same vein, among the females their pretest and posttest critical thinking mean-
ranks are 26.63 and 33.66 respectively. This shows that the critical thinking of both male and
female were the same at the pretest level. And at the post test level both male and female critical
thinking skills have increased to the same levels. This implies that the hands-on learning strategy

has positive effect on the Mean-Rank critical thinking skills of both male and female the students.
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4.3 Testing of Null Hypotheses

The following null hypotheses were formulated and tested at 0.05 level of significance:

Null Hypothesis One (Ho¢): There is no significant difference between the mean academic
performance scores of students in ecology exposed to hands-on learning strategy and those
exposed to lecture method. This null hypothesis was tested using t-test analysis at «=0.05, as
shown in table 4.3.1.

Table 4.3.1: T- test Analysis on Academic Performance of students for Experimental and
Control Groups

Group N Mean SD Mean diff df T t P R

Experimental Group 130 33.06 343
16.14 261 41.56 196 0.001 S
Control Group 133 1692 2.84

The result of the independent t-test statistics in table 4.3.1 showed that there is significant
difference in the mean performance scores of students taught ecology using hands-on learning
strategy and those exposed to lecture method. Reasons being that the calculated p-value of 0.001
was less than the p<0.05 alpha level of significance and the computed t-value observed was 1.96
at df 261, T = 41.56. Their mean academic performances were 33.06 and 16.93 for students in
ecology exposed to hands-on learning strategy and those exposed to lecture method respectively.
Therefore, the null hypothesis which stated that there is no significant difference between the
mean academic performance scores of students in ecology exposed to hands-on learning strategy

and those exposed to lecture method, was hereby rejected.
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Null Hypothesis Two (Hoz): The null hypothesis states that there is no significant difference
between the perception level of critical thinking scores of students taught ecology using hands-on
learning strategy and those exposed to lecture method. This null hypothesis was tested using Man
Whitney (U-test) analysis at x=0.05, as shown in table 4.3.2.

Table 4.3.2: Man Whitney (U-test) analysis among the perception level of critical thinking
scores of students for Experimental and Control Groups

Group N Mean Rank  Sum of Rank U P R

Experimental Group 130 190.89 24816.00
9900.00  0.001 S
Control Group 133 7444 9900.00

The result in Table 4.3.2 compared the perception level of critical thinking scores of students for
Experimental and Control Groups. The result showed that, the experimental and control groups
have mean rank value of 190.89 and 74.44 respectively. The Man Whitney (U-test) observed was
9900.00 and p-value observed was 0.001 is less than p<0.05 alpha level. This indicated that there
was a significant difference between the mean perception level of critical thinking scores of
students taught ecology using hands-on learning strategy and those taught using lecture method.
Therefore, the null hypothesis which stated that there is no significant difference between the
mean perception level of critical thinking scores of students taught ecology using hands-on
learning strategy and those exposed to lecture method was rejected.

Null Hypothesis Three (Ho3z): The null hypothesis states that there is no significant difference
between mean academic performance scores of male and female students taught ecology using
hands-on learning strategy. This null hypothesis was tested using t-test analysis at «c=0.05, as

shown in table 4.3.3.
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Table 4.3.1: T- test Comparison on Academic Performance of Male and Female Students in
Experimental Group

Group N Mean SD  Mean diff df T t P R
Male 95 3467  3.41

0.44 128 1.15 196 0.074 NS
Female 35 34.11 3.33

Result in Table 4.3.3 of the independent t-test statistics showed that there was no significant
difference in the mean performance scores of male and female students taught ecology using
hands-on learning strategy. Reason being that the calculated p-value of 0.074 is less than the 0.05
alpha level of significance and the t-value observed was 1.96, T=1.15. Therefore, the null
hypothesis was accepted and retained.

Null Hypothesis Four (Ho4): The null hypothesis states that there is no significant difference
between the mean perception level of Critical thinking scores of male and female students in
ecology taught using hands-on learning strategy. This null hypothesis was tested using Man
Whitney (U-test) analysis as shown in table 4.3.4.

Table 4.3.2: Man Whitney (U-test) Statistics between the Perception Level of Critical

Thinking Scores of Male and Female Students in ecology exposed to Hands-on Learning
Strategy

Group N Mean Rank  Sum of Ranks U P R

Male 85 66.32 5637.50
1842.50 0.734 NS
Female 45 63.94 2877.50

Results in Table 4.3.4 of the Non-parametric test of Man Whitney statistics showed that there was
no significant difference between the mean perception level of critical thinking scores of male and

female students in ecology exposed to hands-on learning strategy. Reason being that the
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calculated p-value of 0.734 is greater than the 0.05. Their mean Rank critical thinking scores are
66.32 and 63.94 by male and female respectively. Their Sum of Rank critical thinking scores are
5637.50 and 2877.50 by male and female respectively. Therefore, the null hypothesis was

accepted and retained.

4.4 Summary of Major Findings

The major findings from the data analysis and test of hypothesis for the study are summarized

below:

1. Hands-on learning strategy had significantly effect on the academic performance of Ecology
Students exposed to it more than those taught using lecture method. Evidence from students’
responses has indicated that the difference in academic performance between Ecology
students in the experimental group and those in control group was statistically significant.

2. Ecology Students taught with Hands-on Learning Strategy (HLS) have improved significantly
in critical thinking skills of ecology in the way they responded to the skills tested in Ecology
Critical Thinking Skills.

3. The academic performance of male and female students in the ecology when taught using
Hands-on Learning Strategy did not differ significantly.

4. The perception level of male and female students in ecology in critical thinking skills did not
differ significantly when exposed to Hands-on Learning Strategy.

4.5 Discussion

This study investigated the Effect of Hand-on Learning Strategy on Performance in Biology and

Students Perception Level of Critical Thinking involved in Zaria, Nigeria. Four hypotheses were

tested for the study.
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It was indicated that the use of hands-on learning strategy significantly influenced critical
thinking of students who were exposed to it. The critical thinking of students taught biology with
Hands-on Learning Strategy was significantly higher than those taught with lecture method. In
Hands-on Learning Strategy, students share common goal and have different perspectives on the
best way of attaining the goals, this sharing of different points of view in the attempt to achieve a
common goal results in critical thinking and problem solving. Hands-on learning strategy is
increasingly, becoming a popular method of teaching in view of its intuitive benefits and
advantages of allowing students do and experience what is being taught, thus enabling them to
develop critical thinking and understanding of the basic concept of what is being learnt (Jacob,
Sababa & Filgona, 2016).

The academic performance of students exposed to hands-on learning strategy and those exposed
to lecture method were compared. The outcome of the comparison indicated that the use of hands-
on learning strategy significantly improved the academic performance of students taught biology
with it. Their performance was indicated to be significantly higher than those taught biology with
lecture method. This implies that hands-on learning strategy (HLS) has multifaceted benefits over
lecture method. That is, the results of this study revealed that hands-on learning strategy increased
students’ performance in biology more than the traditional instruction/lecture method did.

This result is not surprising considering the fact that it agrees with many studies that indicated
hands-on learning strategy if regularly incorporated classroom instruction, can enhance students’
cognitive performance (Ozlem and Jale, 2011; Scharfenbery and Bogner, 2010, Thompson and
Soyibo, 2002; Turpin, 2000, Bristown, 2000, Stohr-Hunt, 1996, Freedman, 1997). The study of
Ezlem (2011) and Stohr-Hunt (1996) investigated effects of hands-on learning activity enriched

instruction on students’ achievement and attitudes towards science and effect of science
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achievement that the students who performed hands-on activities had significant higher scores of
science achievement that the students who performed hands-on science infrequently. Likely,
Bristow (2000) reported that science concepts should be learned better when using hands-on
teaching methods versus a traditional method. According to Cetin (2003), students can be more
active learner when they are instructed by hands-on activities in science classrooms, especially if
they can apply what they have learnt in school to their daily life situations. Similar result was
reported by McConnell, Steer, and Owens (2003). In general, conducting hands-on activities in
science classes; for example, in field, class activities (such as hands-on in ecology) or laboratory
settings, is widely recommended by educational authorities like the National Research Council
(2000).

Teaching students using hands-on learning strategy enables student to acquire not only scientific
knowledge but also critical thinking skills. The present study also found that hands-on learning
strategy enhanced critical thinking among biology students as the result indicated that there is
significant difference in the mean performance scores of students taught ecology using hands-on
learning strategy and those taught same concept using lecture method. Among the experimental
group their pretest and posttest scores were 12.43 and 32.83 respectively. Among the control
group their pretest and posttest performance mean scores are 12.80 and 17.00 respectively. This
implies that significant differences exist in the post test level of the experimental group when
compared with the performance at pretest levels of both groups and pretest of control group. In
their study ((Jacob, Sababa & Filgona, 2016) concluded that Hands-on learning strategy is
increasingly, becoming a popular method of teaching in view of its intuitive benefits and
advantages of allowing students do and experience what is being taught, thus enabling them to

develop critical thinking and understanding of the basic concept of what is being learnt. Similarly,
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this finding agrees with the results obtained by Oluwatosin and Josiah (2016) and Martine (2011)
and Mishira and Yadav (2013) who found that students achieved higher when exposed to hands-
on activities than their counterparts that were exposed to traditional method in integrated science
and elementary science respectively.

A hypothesis stating that there is no significant difference in the mean performance scores of male
and female students taught ecology concepts using hands-on learning strategy was investigated in
the study. The third finding indicated that there is no significant difference between the
performance of male and female students after exposure to ecology concepts using hands-on
learning strategy. Therefore, this hypothesis stood every ground to be retained and is hereby not
rejected. This implies that hands-on learning strategy is gender friendly. Irrespective of gender,
both male and female students equally benefited from the use of this strategy. Hands-on learning
environment can quite often simulate a student to learn as much as possible. Thus, the finding of
this study corroborates that of Jacob (2016) and Haliru (2015) in Geography, who found no
significant gender difference in the academic performance of students when exposed to treatment
(Hands-on learning strategy). But in conflict with Yakubu and Yusuf (2013) who revealed that
girls do better than boys in Geography which is also a science subject.

There is no significant difference between the mean critical thinking skills of male and female
students in ecology concepts exposed to hands-on learning strategy. This can be attributed to the
awareness of the importance of the subject by both sexes in the society and that one hardly
survives without it. Their computed mean rank critical thinking skills shows that among the males
their pretest and posttest critical thinking mean Ranks are 26.33 and 36.55 respectively. In the
same vein, among the females their pretest and posttest critical thinking mean Ranks are 26.63

and 33.66 respectively. This shows that the critical thinking of both male and female were not
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significantly different at the pretest level. And at the post test level both male and female critical
thinking skills have increased to the higher levels. This implies that the hands-on learning strategy
has significant positive effect on the Mean Rank critical thinking skills of both male and female
the students. The test of mean critical thinking skills scores of male and female students exposed
to hands-on learning strategy were also compared, which agrees with the findings of Jacob,
Sababa and Joel (2016), Munir and Mumtaz (2013) that there exists no significant difference
between the posttest achievement score of male and female students of experimental groups using
hands-on learning strategy. Hence, this means that hands-on activities are equally effective to
raise the performance score in science irrespective of the gender of the students. These findings
are similar to the studies of Pine, Aschbacher, Roth, Jones, Mcphee, Martin, Phelps, Kyle and
Foley (2006) and Harvey and Wareham (1984). However, Randler and Hulde (2007) and
Burkam, Lee and Smerdon (1997) found that female students benefitted more as a result of
experiencing hands-on activities; that it may be due to the fact that in their study, activities were
related to biology and according to Lee and Smerdon (1996) female students perform better than
male students in biology. Some other studies have also evidenced that performance of female
students in science is better than their male counterparts (Martin, Mullis & Foy, 2008; Qualter &
Abu-Hola, 2000; and Murphy, 1994). But according to Steinkamp & Maehr (1984) sex
differences in performance/achievement in science do exist but smaller than it is assumed,

generally they tend to favour males.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Introduction

This chapter summarizes the investigation on the Effect of Hands-on Learning Strategy on
Performance in Biology and Students Perception Level of Critical Thinking involved in Zaria,
Nigeria.

The chapter is presented under the following headings:

5.2 Summary

5.2.1 Summary of Findings

5.3 Conclusion

5.4 Contributions of Knowledge

5.5 Recommendations

5.6 Limitation of the Study

5.7 Suggestions for Further Studies

5.2 Summary

This study investigated the effects of Hands-on Learning Strategy on Critical Thinking and
performance in Ecology concepts among Secondary School students, in Zaria Educational Zone,
Kaduna, Nigeria. The research was presented in five chapters. Chapter one presented the problem
of this study which was prompted by poor/low level of critical thinking skills and poor academic
performance of Secondary School Biology students. The study was guided by four research
objectives, four research questions and four null hypotheses corresponding to the research

objectives were also stated. While other aspects of the chapter are significant of the study, scope
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of the study and basic assumptions. The study was limited to only SSS II students of public
Secondary Schools offering Biology in Zaria Educational Zone of Kaduna State.

Chapter two of this study reviewed literatures that were relevant in areas such as Teaching of
Biology at Secondary Schools Levels, Methods of Teaching Science, Concept of Hands-on
Learning Strategy (HLS), Hands-on Learning Strategy and Academic Performance in Sciences,
Concept of Critical Thinking (CT), Studies on Critical Thinking and Academic Performance in
Sciences, Educator’s Role in Developing Critical Thinking Skills, Critical Thinking and its Usage
in this study, Relationship between Critical and Creative Thinking, Hands-on Learning/Active
Learning for Enhancing Critical Thinking and Performance, Hands-on Learning on Academic
Performance and Gender, Overview of Similar Studies, Implications of the Literature Reviewed
for the Present Study as well as overview of related studies and implications of literature reviewed
for the present study.

The chapter three of this study presented the methodology employed in carrying out this study
which includes Research Design, Population of the Study, Sample and Sampling Techniques,
Instrumentation, Validity of the Instruments, Pilot test, Reliability of the Instruments,
Administration of Treatment as well as Data Collection Procedure and Procedure for Data
Analysis.

Chapter four of the study presented the results and discussions of the findings. Four hypotheses
were tested along the research objectives and questions. From the analysis of the data and test of
the study's hypotheses, the following major findings were outlined: there was significant
difference in the academic performance of students taught ecology using hands-on learning
strategy and those taught same concept using lecture method, Significant difference existed

between the mean critical thinking skills of students in ecology concepts exposed to hands-on
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learning strategy and those exposed to lecture method, there was no significant differences in the

mean performance scores of Male and female students taught ecology with hands-on learning

strategy and lecture method and there was no significant difference between the mean critical

thinking skills of Male and female students in ecology concepts exposed to hands-on learning

strategy and lecture method.

Chapter five summarizes the investigation on the Effect of Hands-on Learning Strategy on

Performance in Biology and Students Perception Level of Critical Thinking involved in Zaria,

Nigeria. The chapter looked at the following sub-headings: summary of major findings,

conclusion, contribution to knowledge, recommendations, limitations of the study and suggestions

for further studies.

5.2.1 Summary of Findings

1. Significant difference exists in the mean performance scores of students taught ecology using
hands-on learning strategy and those taught same concept using lecture method among the
experimental group their pretest and post test scores.

2. Significant difference exist between the mean critical thinking skills of students in ecology
concepts exposed to hands on learning strategy and those exposed to lecture method.

3. There is no significant difference in the mean performance scores of Male and female students
taught ecology using hands-on learning strategy.

4. There is no significant difference between the mean critical thinking skills of Male and female

students in ecology concepts exposed to hands-on learning strategy.
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Conclusions

In the light of the preceding discussions and findings, the following conclusions can be drawn:

1.

54

Hands-on Learning appears to have a strong record of successes in increasing students’
critical thinking to learn and enhancing higher academic performance;

Students taught ecology concepts by hands-on approach in the present study performed
significantly better/higher than those taught by the conventional/lecture method,

The strategy (hands-on learning) was also found to be gender-friendly as the results from
the test of the third and fourth hypotheses indicated that male and female students taught
ecology concepts do not differ significantly in their critical thinking and performance; and,
Critical Thinking was an effective means of enhancing students’ performance of ecology
concept using hands-on learning because the skills has helped in interpreting, analyzing,
evaluating and presenting data in a logical and sequence manner.

Contributions to Knowledge

The results of the findings of this study have made the following contributions to knowledge;

concern of this study was to explore the effect of hands-on learning strategy on critical thinking

and performance in Ecology concept among Secondary School Students. The findings of the

study have the following significant contributions to knowledge;

1.

2.

3.

Hands-on Learning Strategy improved Senior Secondary School Students’ Performance
in Ecology;

Hands-on Learning Strategy enhanced Senior Secondary Students' Critical Thinking in
learning of Ecology;

Hands-on Learning Strategy (HLS) was gender-friendly in the learning of ecology among

Senior Secondary School Students.
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4. Hands-on Learning strategy can be used to address the present trend of poor academic

5.5

performance of senior secondary school students in ecology concept examinations of
biology as reported in previous studies.

Biology teachers at senior secondary level can explore the enormous benefits tied to
Hands-on Learning strategy in promoting effective teaching and learning of ecology
concept within the classroom and outside the classroom.

Recommendations

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

1.

The use of hands-on learning strategy improved the academic performance of students in
the present study. Therefore, Biology teachers should endvour to use hands-on learning
strategy as an alternative strategy or incorporate this instructional technique with other
teaching methods in order to improve the teaching and learning of ecology concepts in
senior secondary schools.

School should purchase a variety of ecological instruments for use in practical Biology
periods. Hence, there is the urgent need for Government serving as custodian of public
secondary schools to build/renovate good Biology laboratories, furnished with relevant
instructional materials for conducting practical sessions in ecology concepts/biology
through hands-on learning strategy.

The teaching of ecology concepts should be practically oriented. Students should be
involved in the teaching and learning process through exposure to ecological concepts and
fieldwork. Thus, learners should be encouraged to make models and differentiate terms of

some ecological features.
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4. Both male and female Senior Secondary School students should be taught Biology with
Hand-on learning instruction as both acquire critical thinking skills when used.

5. Teachers of Biology should be sponsored by government/private school owners to attend
regular courses, workshops, seminars and in-house training on the use of Hand-on
learning instruction for the maximum students' acquisition of critical thinking skills.

5.6  Limitation of the Study

This study was limited to the following:
1. The students were not conversant with the hands-on learning strategy; as such, the
researcher took some time and gave the learners (subjects) orientation regarding

the strategy to embark on. Thus, this resulted to time constraint for the study.

5.7 Suggestions for further studies

This study determined the effects of hands-on learning strategy on critical thinking and

performance in ecology among senior secondary students in Zaria.

1. The relationship between critical thinking skills and academic performance of students
who were exposed to hands-on learning strategy in secondary schools could be determined
since it was not covered in this study.

2. Similar researches can be constructed for different science topics, and different levels of
education with larger sample size.

3. This study could be expanded to other secondary school as well as primary and higher

institutions in the remaining/other Education Zones of the State.

144



REFERENCES

Abdullahi, O. E. (2013). Interrelationship Between Personal Factor and Academic Achievement
in Mathematics of Ebira Secondary Schools Students in Kogi State. Ife Psychological—An
International Journal, 5(1), 154-155.

Adegoke, B. A. (2011). Effect of Multimedia Instruction on Senior Secondary School Students’
Achievement in Physics. European Journal of Educational Studies, 3(3), 537-541.

Adeyemo, D.A. & Ogundokun, M.O. (2010). Emotional Intelligence and Academic Achievement.
The Moderating Influence of Age, Intrinsic and Extrinsic Motivation. The African
Symposium, 141(10).

Adu, F.O. & Olatundun, S.O., (2007). Teachers Perception as Correlates of Students Academic
Performance in Oyo State, Nigeria. Essays in Education, 3(20), 57-63.

Agbenyeku, P., (2011). Effect of Advance Organizers on Performance and Retention of Ecology
Concepts among Senior Secondary School Students, Giwa Education Zone. Unpublished
M.Ed. Thesis, Department of Science Education, Faculty of Education, Ahmadu Bello
University, Zaria.

Agboghoroma, T.E., & Oyovwi, E.O., (2015). Evaluating Effect of Students’ Academic
Achievement on Identified Difficult Concepts in Senior Secondary School Biology in
Delta State. Journal of Education and Practice, 6(30)117-125.

Ahmad, 1. (2016). Impact of Cooperative Learning Strategy on Process Skills Acquisition
and Performance in Chemistry Among Secondary School Students, Zaria, Kaduna
State, Nigeria. Unpublished M.Ed. Thesis, Department of Science Education, Faculty of
Education, Ahmadu Bello University, Zaria.

Ahmed, M. A. (2008). Influence of Personality Factors on Biology Lecturers’ Assessment of
Difficulty Levels of Genetics Concepts in Nigerian Colleges of Education (Unpublished
Doctoral Thesis), University of Ilorin, Ilorin, Nigeria.

Ahmed, M. A., & Abimbola, I. O., (2011). Influence of Teaching Experience and School
Location on Biology Teachers’ Rating of the Difficult Levels of Nutrition Concepts in
Ilorin, Nigeria. JOSTMED, 7(2), 5261.

Ajewole, G.A. (2006). Practical Approaches to Teaching of Respiration in Schools, STAN
Biology Panel Series.

Akindele, 1. (2009). Increasing Teacher Capacity on the Use of Dissection and Experimentation
Techniques for Effective Conduct of Biology Practicals for Senior School Certificate
Examination. STAN, Biology Panel Series, Nwagbo, C.R.; Nzewi U.M., Ajewole A.G.
(Eds) Nsukka Bel’s Books, 79-87.

145



Akubuilo, D.U. (2004). The Effect of Problem Solving Instructional Strategies on Students
Achievement and Retention in Biology with Respect to Location in Enugu State. Journal of
the Science Teachers Association of Nigeria, 24(1&2), 94-100.

Alberts, B, Johnson, A., Lewis, J., Raff, M., Robberts, K., & Walter, P., (2002). Molecular
Biology of the Cell (4" ed.). Garland

Albrecht, W. S., & Sack, R. L., (2000). Accounting Education: Charting the Course Through a
Perilous Future. Accounting Education Series No.l6.Sarasota, FL: American Accounting
Association.

Aliakbari, M., Sadeghdaghighi, A., (2011). Investigation of the Relationship between Gender
Field of Study and Critical Thiking Skill: The Case of Iranian Students. Proceedings of
the 16" Conference of Panpacific Association of Applied Linguistics.

Ali, A.R., Toriman, M.E. & Gasim, M. B. (2014). Academic Achievement in Biology with
Suggested Solutions in Selected Secondary Schools in Kano State, Nigeria. International
Journal of Education and Research 2(11), 214-215.

Aliyu, A. (2014). Effects of Collateral Learning Strategy on Achievement and Retention of
Secondary School Students in Some Biology Concepts in Minna Metropolis. Unpublished
M.Ed Thesis, Department of Science Education, FUT Minna, Nigeria.

Alpha, Y. (2007). Gender Disparity in Achievement in Math of Senior Secondary School of
Bosso Local Government Area. Unpublished M.Ed Thesis, Department of Science
Education, Ahmadu Bello University, Zaria, Kaduna State, Nigeria.

Amosa, I. G., Akawo, A. Y., Eli, S., Gana, & Queen, E. U. (2014). Improving Secondary School
Students’ Achievement and Retention in Biology Through Video-based Multimedia
Instruction. InSight: 4 Journal of Scholarly Teaching, 9(1), 78-79

Anchor, E.E., (2003). Cognitive of Correlates of Physics Achievement of some Nigeria Senior
Secondary Schools. Journal of Science Teachers Association of Nigeria, 38(1&2), 10-15.

Anderson, L. W., & Krathwohl, D. R., (2001). 4 Taxonomy for Learning, Teaching, and
Assessing: A Revision of Bloom’s Taxonomy of Educational Objectives. New York:
Longman.

Anabelie, V.V., Annaliza L., Samsia, P. D., & Manis M. D. (2015). Developing Critical Thinking

through Activity-Based and Cooperative Learning Approach in Teaching High School
Chemistry. International Journal of Social Science and Humanity, 5(1), 139-141.

Anyawu, F.O., (1991). An investigation of Students Learning Difficulties in Biology. A Case
Study of Gongola State. Dorgiret Journa of Education, 1: 18-25.

146



APA, (1990). Critical Thinking: A Statement of Expert Consensus for Purposes of Educational
Assessment and Instruction. USA: American Philosophical Association.

Appleton, K., (2002). Science Activities that Work: Perceptions of Primary School Teachers.
Research in Science Education, 32(2), 393-410.

Araoye, M.1. (2009). Bio-resources as a Means of Diversification of the Nigerian Economy.
SPED Journal of Science in Education. Nigeria Flourish Publications and Infotech Intl.
4(1), 13 6-144.

Aremu, E. (2000). Poor Academic Performance of Students in Secondary Schools. Retrieved June
10, 2013, from http://www.googl

Arubayi, D.O. (2003). An Evaluation of the Current Research Efforts in Science Curriculum in
Nigeria. Journal of Education and Society, 6(1): 96-104

Arubayi, D.O. (2009). Lecturer Quality and Gender in Colleges of Education in Nigeria. College
Students Journal, U.S.A. 43(2): 669-675

Arum, R., & Josipa, R. (2011). Academically Adrift: Limited Learning on College Campuses.
Chicago, IL: University of Chicago Press.

Ates, O. & Eryilmaz, A. (2011). Effectiveness of Hands-on and Minds-on Activities on Ninth
Grade Students’ Achievement and Attitudes towards Physics. Asia-Pacific Forum on
Science Learning and Teaching, 12(1), 6, 1-23

Bacchus. R. (2004). Caring for Relationships in Karma and Reincarnation for Teachers. New
Zealand.

Balarabe, S., Aisha, M.A., Rahanatu, A.K. & Ibrahim, H.B. (2019). A Survey on Teacher’s
Variables Responsible for Students’ Poor Academic Performance in Biology. A Case
Study of Zaria Educational Zone of Kaduna State, Nigeria. International Journal of
Innovation Education and Research, 7(7), 513-527.

Baker, M. & Rudd, R.(2001). Relationship between Critical and Creative Thinking. Journal of
Southern Agricultural Education Research. 51(1) 173.

Barbosa, R., Jofili, Z., & Watta, M., (2004). Cooperating in Constructing Knowledge: Case
Studies from Chemistry and Citizenship. International Journal of Science Education, 26(8),
935-949.

Basista, B. & Mathews. S. (2002). "Integrated Science and Mathematics Professional
Development Programs." School Science and Mathematics. 102(7) 359-370.

147



Bass, C., Kristin, M., Danielle, Y. & Julia, H., (2011). The Effect of Resource Area For Teaching
(RAFT) Hands-on Activities on Student Learning Engagement, and 21st Century Skills.
RAFT Student Impact Study. Rockman et al, 2011.

Bean, J. C., (2011). Engaging Ideas: The Professor’s Guide to Integrating Writing Critical
Thinking and Active-Learning in the Classroom (2nd ed.). San Francisco, CA: Jossey-Bass.

Bichi, S.S. (2002). Effect of Problem Solving Strategy and Enriched Curriculum on Students’
Achievement in Evolution Concepts among Secondary School Students. Unpublished
Doctoral Dissertation, Department of Science Education, Faculty of Education, Ahmadu
Bello University Zaria.

Bichi, S. S., (2002). The Effects of Gender on Academic Achievement in Evolution Concepts
among Secondary School Students Using Problem-Solving Instructional Strategy. Zaria
Journal of Studies in Education, 3 (1), 133-138.

Bichi, S.S. (2004). The Effect of Gender on Academic Performance in Concepts among Secondary
School Students in Zaria. Journal of Education, 3(1), 123-133.

Bichi, S.S. (2006). Constructivism and the Teaching of Science in the 21* Century. Journal of
Educational Research and Development, 1 (3), 5-6.

Bichi, S. S. (2008). Resources for Science Technology and Mathematics Education in Nigeria in
the 21% Century. Journal of Educational Research and Development, 3 (1), 168-174.

Black, H. and S. Parks, (2006). Building Thinking Skills: Critical Thinking Skills for Reading,
Writing, Math & Science, Level 2: Critical Thinking Co.

Bloom, B. (1956). A Taxonomy Of Educational Objectives. Handbook 1: Cognitive Domain. New
York: McKay & Company.

Bloom, B.S., Engelhart, M.D., Furst, E.J., Hill, W.H., & Krathwohl, D.R., (1956). Taxonomy of

Educational Objectives: The Classification Of Educational Goals. Handbook 1: Cognitive
Domain. New York: David McKay Company.

Bok, D. C. (2006). Our Underachieving Colleges: A Candid Look at How much Students Learn
and why they should be Learning more. Princeton, NJ: Princeton University Press.

Brookfield, S.D., (2006). Developing Critical Thinkers. San Francisco: Jossey-Bass.

Brookfield, S.D., (2011). Teaching for critical thinking: Tools and techniques to help students
question their assumptions (1st Edition): Jossey-Bass.

148



Brookhart, S.M., (2010). How to Assess Higher-Order Thinking Skills in your Classroom:
Association for Supervision & Curriculum Development.

Bohl, T. (2001). Wie verbreitet sind offene Unterrichtsformen [How popular are student centred
instruction methods]? Pddagogische Rundschau, 55,217-287.

Bonwell, C. C., & Eison, J. A., (1991). Active Learning: Creating Excitement in the Classroom.
ASHE-ERIC Higher Education Report No.1.Washington, DC: George Washington
University.

Bredderman, T. (1983) (2012). "Effects of Activity-based Elementary Science on Student
Outcomes: A Qualitative Synthesis." Review of Educational Research. 53(4), 499-518.

Bristow, B. R. (2000). The Effect of Hands-on Sixth Grade Students’ Understanding of
Electricity and Magnetism. Dissertation Abstracts International, 39(11), 30A. (University
Microfilms No. AAT1400301).

Browne, N. M., & Freeman, K., (2000). Distinguishing Features of Critical Thinking Classrooms.
Teaching in Higher Education, 5(3), 301-3009.

Bruner, J. S. (1962). The Act of Discovery in Knowing. Cambridge Mass: Belknap Press of
Haroad University Press.

Bulach, C.R., Lunenburg, F.C., & Potter, L., (2012). Creating a Culture for High- Performing
Schools: A Comprehensive Approach to School Reform. Lanham, MD: Rowman &
Littlefield.

Burbach, M. E., Matkin, G. S., & Fritz, S. M. (2004). Teaching critical thinking in an introductory
leadership course utilizing active-learning strategies: A confirmatory study. College Student
Journal, 38(3), 482.

Busari, A.O. (2000). Stress Inoculation Training and Self-Statement Monitoring Technique in the
Reduction of Text Anxiety among Adolescent under Achievers.

Carnegie Report. (1986). 4 Nation Prepared: Teachers for the 21st century. The Report of the
Task Force on Teaching as a Profession. Hyattsville, MD.: Carnegie Forum on Education
and the Economy.

Casner-Lotto, Jill, & Barrington L., (2012). “Are They Really Ready To Work? Employers’
Perspectives on the Basic Knowledge and Applied Skills of New Entrants to the 21*
Century U.S. Workforce.” The Conference Board, Inc., the Partnership for 21st Century
Skills, Corporate Voices for Working Families, and the Society for Human Resources
Management, 2006.

Cecilia O. E, Esther E. E., & Dorothy C. E., (2015). The Impact of Hands-on Approach on
Students’ Academic Performance in Basic Science and Mathematics. Higher Education
Studies; 5(6), 47-51.

149



Chickering, A. W., & Gamson, Z. F., (1987). Seven Principles for Good Practice in Undergraduate
Education. AAHE Bulletin, 39(7), 3-7. Darling-Hammond, L. (2000). Teacher Quality and
Student Achievement: A Review of State Policy Evidence. Education Policy Analysis
Archives, 8(1), 1-44.

Choi, I., M. Koo & Choi, J., (2007). Individual Differences in Analytic Versus Holistic
Thinking. Personality and Social Psychology Bulletin, 33(5): 691-705.

Choy, S., & Cheah, P. (2009). Teacher Perceptions of Critical Thinking among Students and
its Influence on Higher Education. International Journal of Teaching and Learning
in Higher Education, 20(2), 198-206.

Clasen, D. R., & Bonk, C. (1990). Teachers Tackle Thinking. Madison, WI: Madison Education
Extension Program.

Cohen, E.D. (2010). Critical thinking. Lanham, MD: Rowman & Littlefield.

Cottrell, S., (2011). Critical Thinking Skills: Developing Effective Analysis and Argument. 2nd
Edn: Srella Cottrell and Mackmilan Publishers.

Crane, L.D. (1983). Unlocking the Brain’s Two Powerful Learning Systems. Human
Intelligence Newsletter, 4(4),7. Journal of Southern Agricultural Education Research,
51(1), 173.

Daly, W., (1998). Critical Thinking as an Outcome of Nurse Education. What is it? Why is it
Important to Nursing Practice? Journal of Advanced Nursing, 28(2), 323-331.

Danjuma, S. (2017). Effects of Inquiry-Based Instruction on Acquisition of Process-Skills,
Interest and Performance in Ecology among Secondary School Students in Lere, Kaduna,
Nigeria. Unpublished M. Ed. Theses, Department of Science Education, Ahmadu Bello
University, Zaria.

Daramo;a, C.A.& Gbore, L.O. (2013). Relative Contributions of Selected Teachers’ Variables
and Students’ Attitudes toward Academic Achievement in Biology among Senior
Secondary School Students in Ondo State, Nigeria

David, T. (2011). Critical Thinking and Intelligence Analysis. Joint Military Intelligence College.
Available from http://www.amazon.com/Critical-Thinking-AndIntelligence-

Demeo, S., (2005). Gazing A Hand: A Foulcaltion View of the Teaching of Manipulative Skills to
Introductory Chemistry students in the United States and the Potential for Transforming
Laboratory Instruction.Retrieved April 5, 2012,

Dewey, J. (1910). How we think. Boston: DC Heath. http://dx.doi.org/10.1037/10903-000

Dewey, J. (1910/1933). How we Think: A Restatement of the Reflective Thinking to the
Educative process. Boston: Heath.

150



Dewey, J. (1916). Democracy and Education: An Introduction to the Philosophy of Education.
New York: Macmillan, 1916; New York: Free Press/London: Collier-Macmillan, 1944.

DoE (Department of Education). (2003). National Curriculum Statement, Grades 10-12
(general)—Life Sciences. Pretoria: Government Printer.

Doran, R. L. (1990). What Research says...about Assessment? Science and Children, 27(8), 26-
27.
Duncan, A. (2009). Teacher Preparation: Reforming the Uncertain Profession. Speech of
Secretary Arne Duncan at Teachers College, Columbia University.

Dunn, D.S., Halonen, J.S., & Smith, R.A., (Eds). (2008). Teaching Critical Thinking in
Psychology: A Handbook of Best Practices. Oxford, UK: Wiley-Blackwell

Dunn, D.S. (2010). Teaching Critical Thinking: A Handbook of Best Practices. New York: Wiley.

Duron, R., Limbach, B., & Waugh, W., (2006). Critical Thinking Framework for any
Discipline. International Journal of Teaching and Learning in Higher Education, 17(2),
160-166

Elliot, S.N., Kratochiwill, T.R., Cook, J.L., & Travers, J.F. (2001). Educational Psychology:
Effective Teaching. Effective Learning (3rd Edition). New York: McGraw Hill Book. Co.
Federal Ministry of Education (2004) National Policy on Education, Lagos: NERDC
Press.

Elizabett, U.E., Linus, K. & Jacob, S. F. (2017). Effect of Hands-on Teaching Strategy on
Students’ Academic Achievement in Keyboarding Skills Acquisition in Federal
Polytechnic, Mubi, Adamawa Sate, Nigeria. European Journal of Education Studies,
3(10), 330-334

Emil, C. A. & Joana, M. P. B., (2017). Critical Thinking and Problem Solving Skills in
Mathematics of Grade-7 Public Secondary Students. Asia Pacific Journal of
Multidisciplinary Research

Enemali, J.D., (2006) Effective Teaching and Learning of Technical Vocational Skills.
Journal of Vocational Education, 1(4), 9-28

Erinosho, S.Y., (2008). Teaching Science in Science Schools: Methodology Handbook. The
Research/Publishing Division of Africa Culture International Centre. Ketu, Lagos Lagos.

Esiobu, G.O. (2005). Genre Issues in Science and Technology Education Development. In
U.M.O. Uwowi (Ed) Science and Technology Education for Development. Lagos: NERDC
Press.

151



Eze, C. P. (2013). “Empowering the Youth through Technical and Vocational Education”
Printed 10th June, 2015 on Line.

Ezellora, B., (2004). Motivating Secondary School Science Teachers to face the Challenges of the
Third Millenium. Journal of Science Teachers Association of Nigeria, 39(1&2), 14-18.

Facione, P. A. (2007). Critical thinking: What it is and why it counts. Retrieved January 2, 2008,
from http://www.telacommunications.com/nutshell/cthinking7.htm

Facione, P. A., Facione, N. C., & Blohm, S. W. (2007). The California Critical Thinking Skills
Test: CCTST. San Jose: California Academic Press.

Facione, P. A., (2011). Teaching Critical Skills: What is it and why it Counts.
Insight.com.assessment.

Federal Republic of Nigeria (2013). National Policy on Education: Abuja, Federal Ministry of
Education. Lagos: NERDC Press: 17-22.

Freedman, M. P. (1997). Relationships among Laboratory Instruction, Attitude toward Science,
and Achievement in Science Knowledge. Journal of Research in Science Teaching,
34(4), 343-357.

Jacob., Sababa, L. K., & Filgona, J., (2016).“Effect of Hands-on Learning Strategies on
Senior Secondary School Students’ Academic Achievement in Topographical Map Studies

in Ganye Educational Zone, Adamawa State, Nigeria. International Journal of Social
Science and Humanities Research, 4(3), 276-287.

Filgona, J., Filgona J., & Sababa, L. K. (2016). Effect of Hands-on Learning Strategy on Senior
Secondary School Students’ Achievement in Topographical Map Studies in Mayo Belwa
Local Government Area, Nigeria. International Journal of Progressive Sciences and
Technologies (IJPSAT); 4(1), 01-10.

Fink, L. D. (2003). A Self-Directed Guide to Designing Courses for Significant Learning.
RetrievedOctober 28, 2004, from
http://www.byu.edu/fc/pages/tchlrnpages/Fink/Fink Article.doc

Fisher, A., (2001). Critical Thinking — An Introduction Cambridge. Cambridge: Cambridge
University.

Flannery, M.C., (2001). Hands-on: In many different ways. The American Biology Teacher,
63(4):282-286.

Flick, L.B., (1993). The Meanings of Hands-on Science. Journal of Science Teacher Education,
4(1):1-8.

152



Fred, C. Lunenburg. (2011). Critical Thinking and Constructivism Techniques for Improving
Students Achievement. National Forum of Teacher Education Journal, 21(3), 1.

Fuselier, L., & Jackson, J. K., (2010). Perceptions of Collaboration, Equity, And Values In
Science Among Female And Male College Students. Journal of Baltic Science Education,
9(2),109-118. Retrieved from Academic Search Premier database.

Furst, E.J. (1958). Constructing Evaluation Instruments, New York. Longinas Green. Co.

Goel, V., B. Gold, S. Kapur and S. Houle, (1997). The seats of reason? An Imaging Study of
Deductive and Inductive Reasoning. Neuro report 8. 1305-1310.

Griffin, R.E. (2010). Engaging creativity and critical thinking. Washington, DC: International
Visual Literacy Association.

Gyuse, E.Y, (2009). Moving Teaching and Science Education Forward. Diagnosing Science
Teachers’ Problem, Science Teachers Association of Nigeria (STAN), Minna Niger State.

Hake, R. R. (1998). Interactive-Engagement vs. Traditional Methods: A Six-Thousand-Student
Survey of Mechanics Test Data for Introductory Physics Courses. American Journal of
Physics, 66, 64-74.

Haliru, U. (2015). Effect of Cooperative Learning Strategy on Geography Students’ Academic
Performance in Senior Secondary Schools in Sokoto State, Nigeria. Unpublished M.Ed
Thesis in Curriculum and Instruction, Ahmadu Bello University, Zaria.

Halx, M., & Reybold, L. E. (2005). A pedagogy of force: Faculty Perspectives of
Critical Thinking Capacity in Undergraduate Students. The Journal of General
Education, 54(4), 293-315.

Handbook of Research on Science Teaching and Learning: A4 Project of the National Science
Teachers Association, 542-557. New York: Macmillan.

Hartmann, H.J. &, Glasgow, W.A., (2002). Tips for the Science Teachers: Research-based
Strategies to help Students Learn. Thousand Oaks, C.A: Corwin Press, Inc. James,

Hartmann, A. (2005). Principles of Effective Instruction-general Standards for Teachers and
Instructional Designs. Journal of Instructional Psychology, Ohio, USA. 3(5)23-27.

Harlen, W., (2007). Teaching Learning and Assessing Science 5-12. London: Sage.

Haury, D. L. & Rillero, P. (1994). Perspectives of Hands-on Science Teaching. Retrieved
January 2, 2003 from
http://www.ncrel.org/sdrs/areas/issues/content/cntareas/science/eric/eric-toc.htm

153



Haury, D. L., & Rillero, P., (2012). Perspective of Hand-on Science Teaching. Pathways to
School Improvement. The ERIC of Clearinghouse for SCOENCE, Mathematics, and
Environmental Education

Henderson-Hurley, M., & Hurley, D., (2013). Enhancing Critical Thinking Skills among
Authoritarian Students. International Journal of Teaching and Learning in Higher
Education, 25(2), 248-261.

Hmelo-Silver, Cindy E. (2004) "Problem-Based Learning: What and How do Students Learn?"
Educational Psychology Review. 16(3) 235-266.

Hofstein, A. & Lunetta, V. N. (1982). The Role of the Laboratory in Science Teaching:
Neglected Aspects of Research. Review of Educational Research, 52(2), 201-217.

Huang, G. H. (2006). Fostering Active-Learning in a Teacher Preparation Program. Education,
127(1), 31-38.

Hudson, J.P. (2009). Pathways between Eastern and Western Education. Charlotte, NC, USA,
Information Age Publishing Inc.

Ibe, B.O. & Maduabum, M.A. (2001). Teachers’ Qualification and Experience as Correlates of
Secondary School Students’ Achievement in Biology. Journal of Education Thought, 1(2),
179-183.

Ibrahim, N. G., Kamariah, A. B., Nor, H. A. & Othman, T., (2013). Measuring Critical Thinking
of Undergraduate Students in Universiti Putra Malaysia. International Journal of Asian
Social Science, 3(6):1458-1466.

Ikitde, Godwin A. & Edet, U. Bassey. (2013). Influence of Learning Styles and Teaching
Strategies on Students’ Achievement In Biology. Journal of Voice of Research, 1(4) 5.

Inomiesa E.A. (2010). “Teaching of Science in Nigerian Secondary Schools: The beginning, the
Present and the Future, being the 20th in the Series of Inaugural Lecturers of Delta State
University, Abraka.

Ishola, A.S., (2014). Hands-on/Minds-on Activity-Based Strategy: The Effect on Pre-Service
Teachers Subject Matter Knowledge in a Primary Mathematics Methods Course. Journal of
Emerging Trends in Educational Research and Policy Studies (JETERAPS) 5(7), 96-103

Ivy E. Ivers, Whitney, & Helton, N., (2011). Effect of Hands-on Learning on Short-Term
Retention in Third-Grade Students. Hanover College.

James, T., (2000).Effect of Combing Entry with Concept Mapping and Lecture Method on
Primary Performance Teachers Attitude and Achievement in Biology. Unpublished Ph.D
Thesis Submitted to the Department of Science Education, Faculty of Education Ahmadu
Belle University, Zaria.

154



James, T., (2013). Trends in Academic Performance of Senior Secondary Biology Students in
SSCE from 2006 to 2011 in Ikorodu Local Education Area of Lagos State. Journal of
Studies in Science and Mathematics Education, 3(1), 119-127

Jegede, O.J., (2004). Collateral Learning and the Eco-Cultural Paradigm in Science and
Mathematics Education in Africa. International Journal of Science and Mathematics
Education, 20(7), 212-221.

Jodl, H., & Eckert, B. (1998). Low-cost, High-tech Experiments for Educational Physics.
Physics Education, 33(4), 226-235.

John, H. (2010). Critical Thinking; Learning Development. University of Plymouth

Johnson, D.M., Wardlow, G.W., & Franklin, T.D., (1997). Hands-on Activities Versus
Worksheets in Reinforcing Physical Science Principles: Effects on Students’ Achievement
and Attitude. Journal of Agricultural Education, 38(3), 9-16.

Johnson, K., (2004). The Role of Paleontology on Teachers’ Attitude towards Inquiry Science.
http.//novationjournal.org

Josiah, O. & Oluwatosin, V. A., (2017). Effect of Hands-on Activities on Senior Secondary
Chemistry Students’ Achievement and Retention in Stoichiometry in Zone C of Benue
State. ICSHER Journal, 2(2), 54-59.

Jibrin, A. G. & Nuru, R.A. (2007). The Role of ICT in Teaching Science, Technology and
Mathematics Education (STME) in Nigeria Instruction

Kahle, J., & Meece, J., (2004). Research on Gender Issues in the Classroom. In D. L. Gabel (Ed.),

Kareem, L. O. (2003). Effects of Audio-Graphic Self-Instructional Packages on Senior Secondary
School Students’ Performance in Biology in Ilorin, Nigeria. Unpublished Ph.D Thesis of the
University Of Ilorin, Ilorin.

Kerlinger, F.N., (1973). Foundation of Behavioural Research. New Y ork. Holt Rinehart and
Winston Press.

Klahr, D., & Li, J., (2005). Cognitive Research and Elementary Instruction: from Laboratory, to
the Classroom and Back. Journal of Science Education and Technology, 14(2): 217-238.

Kokkidou, M., (2013). Critical Thinking and School Music Education: Literature
Review, Research Findings, and Perspectives. Journal for Learning through the Arts, 9(1),

Korwin, A.R., & Jones, R.E., (1990). Do Hands-on, Technology Based Activities Enhance

Learning by Reinforcing Cognitive Knowledge and Retention. Journal of Technology
Education, 1(2), 1-12.

155



Krathwohl, & David R. (2002). “A revision of Bloom’s taxonomy: An overview.” Theory Into
Practice, 41(4), 212-218.

Kompf, M., & Bond, R. (2001). Critical Reflection in Adult Education. In T. Barer-Stein & M.
Kompf (Eds.), The Craft of Teaching Adults, 21-38. Toronto, ON: Irwin.

Krathwohl, David R. (2002). “A revision of Bloom’s Taxonomy: An overview.” Theory into
Practice, 41(4), 212-218.

Lawal, A.S., (2016). Impact of Heuristic Strategy on Self-Efficacy, Anxiety and Performance in
Ecology among Secondary Students on Varied Class-Sized, Kano, Nigeria. Unpublished
Ph.D Dissertation, Department of Science Education, Faculty of Education, Ahmadu Bello
University, Zaria.

Larry P. Nelson, & Mary L. Crow. (2014). Do Active-Learning Strategies Improve Students’
Critical Thinking? University of Texas at Arlington, USA. Published by Canadian Center of
Science and Education.

Lavery, J.W., Hughes & Doran, K., (2009). 6th Edn: Broadview Press.

Lee, O., Penfield, R. & Maerten-Rivera, J. (2009). "Effects of Fidelity Of Implementation On
Science Achievement Gains among English Language Learners." Journal of Research in
Science Teaching. 46(7) 826-859. Print.

Lee W.C., (2015). The Importance of Teaching Critical Thinking: Build Your Brain with Critical
Thinking. Globaldigitalcitizen.org. Education Articles.

Lee, V.E. and D.T. Burkam, 1996. Gender differences in middle grade science achievement:
Subject domain, ability level and course emphasis. Science Education, 80(6): 613-650.

Leicester, M., (2010). Teaching Critical Thinking Skills (Ideas in Action). London: Continuum.

Li, K., (2010). 4 Comparative Study of the Curriculum Guidelines of High School in Taiwan and
Japan.

Lumpe, A. T., & Oliver, J. S., (1991). Dimensions of Hands-On Science. The American Biology
Teacher, 53(6), 345-348.

Maikano, S., (2007). Effects of Outdoor and Indoor Laboratory. Experience on Secondary School
Students’ Academic Achievement and Retention in Ecology in Kaduna State. Unpublished
M.Ed. Thesis, Department of Science Education, Faculty of Education, Ahmadu Bello
University, Zaria.

Margareta, V., Mojca, J., & Natasa, G., (2008). Impact of Hands-on Approach in Teaching and
Learning Visible Spectrometry on Students’ Achievements and its Relationship with

Students’ Motivational Orientations and Study Programs. Leonardo da Vinci International
Project Hands-on Approach to Analytical Chemistry for Vocational Schools I1.

156



Marginson, S., & Wende, V., (2007). Globalization and High Education. The Organization for
Economic Co-operation and Development (OECD) Education Working Papers, 8.

Mari, J.S., (1994). The Understanding of Science Processes and its Relationship to Achievement
in Integrated Science. Published M.Ed. Thesis, Department of Science Education, Ahmadu
Bello University, Zaria.

Mari, J.S. & Tongding, C.N. (2010). Comparisons of Academic Performance of Undergraduate
Biology Students Admitted into University with Different Entry Qualification, Journal of
Science and Mathematics Education, 1(1), 19-25.

Martinsen, O., (2003). Approaches to Learning, Cognitive Style and Motives as Predictors of
Academic Achievement. Educational Psychology, 23(2): 195-207.

Martin, M.O., Mullis, I.V.S. & Foy, P. (2008). TIMSS 2007, International Science Report.
Boston, MA: TIMSS and PIRLS International Study Centre, Lynch School of Education,
Boston College.

Mason, M., (2010). Critical Thinking and Learning. New York, NY: Wiley.

McCollister, K., & Sayler, M., (2010). Lift the Ceiling: Increase Rigor with Critical
Thinking Skills. Gifted Child Today, 33(1), 41-47.

McGervey, J. D. (1995). Hands-on Physics for Less than a Dollar per Hand. Physics Teacher,
33(4), 238-241.

McWhorter, K.T., (2010). Study and Critical Thinking Skills in College. 7th Edn, New Y ork:
Longman.

Moore, K. D. (2009). Effective Instructional Strategies, from Theory to Practice (2nd ed.), 221-
243). Sage Publications.

Moore, B., (2010). Critical Thinking and Formative Assessments: Increasing The Rigor in Your
Classroom. Larchmont, NY: Eye on Education.

Microsoft, (2005). Encarta Reference Library.

Mohammed, A. D. (2016). Impact of Excursion Teaching Strategy among Secondary Students’
Interest, Retention and Performance in Landform Concepts, Minna Education Zone,
Niger State, Nigeria. Unpublished M.Ed. Thesis, Department of Science Education,
Faculty of Education, Ahmadu Bello University, Zaria.

Muhammad, B. A., (2014). Influence of Conceptual Instructional Method on Students’

Performance and Attitude towards Practical Chemistry Among Secondary School Students
in Zaria Educational Zone, Kaduna State, Nigeria. Unpublished Ph.D Thesis, ABU, Zaria.

157



Munir, H., & Mumtaz, A., (2013). Impact of Hands-on Activities on Students’ Achievement in
Science: An Experimental Evidence from Pakistan. Middle-East Journal of Scientific
Research 16(5),626-632.

Murphy, P. (1994). Gender differences in pupils’ reactions to practical work. In R. Levinson
(Ed.), Teaching science (pp: 132-142). London: Rutledge.

Muzumara, P. M. (2007). Becoming an Effective Science Teacher. New Horizon Printing Press,
Lusaka, Zambia.

National Examination Council (2010-2015). June/July Chief Examiners Report. Minna, Nigeria.

National Policy on Education (2014). Federal Ministry of Education, Lagos:NERDC Press:17-22.

National Research Council. (2012). Education for life and work: Developing transferable
knowledge and skills in the 21st century. Washington D.C.: National Academies Press.

Nazem, L. G., Abu, K. B., Hayati, N. A., & Talib, O. (2013). Measuring Critical Thinking Skills
of Undergraduate Students in Universiti Putra Malaysia. International Journal of Asian
Social Science, 2013, 3(6):1458-1466

Nelson, A. C., (2013). Impact of Critical Thinking on Performance in Mathematics among Senior
Secondary School Students in Lagos State. Journal of Research and Method on Education
(IOSR-JRME), 3(5), 18-22.

Nina, H., Dietmar, G. & Susanne, B. (2010). Hands-on Activities and their Influence of on
Students’ Interest. Research of Science Education. University of Gottingen, Germany; 40,
743-757.

Njoku, Z.C.(2007). Engineering Learning Equity in Science and Technology Clssrooms for
Suitable Development. Proceedings of the 5 0" Anniversary Conference STAN.
Heinemann Education Books (Nig.) Plc. 24-31.

Noel, M. (2007). Edgeworh Price Cycles, Cost-based Pricing and Sticky Pricing in Retail
Gasoline Retail Markets; Review of Economic and Statistics, Forthcoming.

Nsofor, C.C. (2001). Cultural Impediments on Women in STM Education. Paper Presented at the
Annual Conference of Science Teachers Association of Nigeria (STAN) in Bauchi. August
20-25, 2001.

Nurshamshida, M. S., Nabilah A., & Nurlatifah, Y., (2013). Strategies of Teaching Science Using
an Inquiry Based Science Education (IBSE) by Novice Chemistry Teachers. 6"
International Conference on University Learning and Teaching (InCULT 2012): Procedia —
Social and Behavioral Sciences. 90 (2013) 583 — 592

158



Numrich, C. (2010). Raise the Issues: An Integrated Approach To Critical Thinking. Upper
Saddle River, NJ: Pearson.

Nuruddeen, A.L. (2013). Use of Photoshop Video Tutorial Instructional Modes for Effective
Teaching of Graphic Arts in SSII. NAEMT. Proceedings of the 34™ International
Conference, 1(1), 47-55.

Nuru, A. (2007). The Relevance of National Vocational Education Qualification (NVEQ) in TVE
in Nigeria. Unpublished Conference Paper, University of Uyo, Uyo 21 .24™ March, 2007.

Nwagbo, C. (2005). “Effect of Guide Inquiry and Expository Teaching Methods on the
Achievement and Attitude to Biology Students of Different Level of Scientific
Achievement. Unpublished Thesis Department of Science Education, University of
Nigeria, Nsukka, Nigeria.

Nwagbo, C. (2006). Effect of Two Teaching Methods on the Achievement and Attitude to
Biology Students of Different Level of Scientific Literacy, Science Direct. International
Journal of Educational Research, 46(3), 216 -229.

Nwosu, A.A. (2004). Teachers’ Awareness of Creativity Related Behaviours Science Classroom.
Journal of Science Teachers Association of Nigeria, 39(1&2), 22-26.

Nzelum, V.N. (2010). Mechanism of Transmission of Information along A Neurone: A Practical
Approach to a Reflex Action. 4 Paper Presented at STAN Biology Panel Workshop, Model
Girls Secondary School, Rumeme, Port-Harcourt, River State.

Nzewi, U. M, (2008). Practical Approach to the Effective Teaching of Ecological Concepts for
Sustainable Development. Science Teachers Association of Nigeria (STAN) Biology Panel
Series; 2008, pp. 1-6

ORASS, (2006). Operation Reach All Secondary Schools. Report on the State of Secondary

Schools in Nigeria.Federal Inspectorate Service, Federal Ministry of Education, Abuja,
Nigeria.

Obeka, S.S. (2009). EPODEWALAD and Power Simulation Games of Geographical and
Environmental Education. Zaria: Ahmadu Bello University Press Limited.

Obeka, S.S. (2010). Effect of Inquiry and Demonstration Methods on Students’ Achievement and
Retention in some Environmental Educational Concepts of Geography. 4 Journal of Studies
in Science and Mathematics, 1 (1), 52-58.

Ochonogor, E.C. (2011). Performance Analysis of Science Education Undergraduates: A Case
Study of Biology Education Students. University of South Africa, Pretoria, South Africa.
US-China Education Review A5 (2011) 682-690 Earlier title: US-China Education Review,
ISSN 1548-6613

159



Ochube, J.O. (2016). Effects of Animation and Simulation Models on Retention and
Performance in Koppen’s Classification among Secondary School Geography Students,
Zaria, Nigeria. Unpublished M.Ed. Thesis, Faculty of Education, Ahmadu Bello
University, Zaria.

Odom, A., Stoddard, E.R., & LaNasa, S.M., (2007). Teachers’ Practices and Middle School
Science Achievements. International Journal of Science Education, 29(11), 1329-1346.

Ofoegbu, T. O. (2003). Challenges of Implementing Senior Secondary I (SS1) Curriculum in
Nigeria. Journal of the Science Teachers Association of Nigeria, 38(1&2), 46-50.

Ogbeba, J.A., (2009). Effect of Prior Knowledge of Instructional Objectives on Senior Secondary
School Students’ Motivation and Achievement in Biology. Unpublished P.hD Thesis,
Faculty of Education, Benue State University, Makurdi.

Ogundokun, M.O. and Adeyemo, D.A. (2010). Emotional Intelligence and Academic
Achievement: The Moderating Influence of Age, Intrinsic and Extrinsic Motivation.
Unpublished M.Ed. Thesis Faculty of Education, Ahmadu Bello University, Zaria.

Ogundokun, M.O. & Adeyomo, D.A. (2010). Emotional Intelligence and Academic Achievement.
The Moderating Influence of Age, Intrinsic and Extrinsic Motivation. The African
Symposium, 10(2), 127-141.

Ogunleye, B.O., (2002). Evaluation of the Environmental Aspect of the Senior Secondary School
Chemistry Curriculum in Ibadan. Nigeria. Unpublished Ph.D Thesis. University of Ibadan,
Ibadan.

Okafor, E. (2011). The Role of Vocational and Technical Education in Manpower Development
and Job Creation in Nigeria. Journal of Research and Development, 2(1), 152-159.

Okebukola, P.A., (2005). The Race against Obscelence: Science Teachers Association of Nigeria
(STAN) Memorial Lecture Series, 17. Enhancing the Relevance of STAN to National
Development. Jos, Plateau State, Nigeria.

Okebukola. P.A.O., (2009). Repositionong Nigerian National System for the Achievement of the
National 20-2020 Vision, Paper Presented at the National Education Summit Organized
by the Senate Committee on Education, held between 10" and 11thth December, 2009.

Okwo, F.A. & Tartiyus, (2004). Effect of Position of Diagram and Cognitive Style on Biology
Achievement of Pre-National Diploma Students. Journal of the science Teachers
Association of Nigeria, 39(1&2) 89-93.
Olajide, J.O. (2002). The Effects of Analogical Reasoning and Extended Wait-time on Students
Academic Achievement and Attitude to Biology in Kaduna State Nigeria. Unpublished
Ph.D Dissertation Faculty of Education, Ahmadu Bello University, Zaria.

Olajide, J. O., & James, T., (2009). Role of Inquiry Teaching in Promoting Entrepreneurship.
International Journal of Education and Science, 3(2), 74-78.

160



Olayinka, A.B. (2016). Effects of Instructional Materials on Secondary School Students’
Academic Achievement in Social Studies in Ekiti State, Nigeria. World Journal of
Education.

Olorundare, A.S., (2000). Correlates of Poor Academic Performance of Secondary School
Students in the Sciences in Nigeria. Lead Paper Presented at the Nigerian Educational
Research and Development Council, NERDC, Capacity Building Workshop, Kwara State.

Oloyede, O.L. (2011). Gender Based Imbalance on Women’s Right Issues and Reforms on
Science Technology and Mathematics Education (STME) in Nigeria. (Edi) Okechukwu,
S.A. Reform in Science Technology and Mathematics Education (STME). 52" Annual
Conference Proceedings of Science Teachers Association of Nigeria (STAN), 280-286.

Olorukooba, S. B., Lawal. F.K. &Jiya A. (2012). Effects of the Use of Analogy Teaching Strategy
on Academic Perfomance in Evolution Concepts among NCE Biology Students. Journal of
Research in Curriculum and Teaching, 6 (1), 484-492.

Olympiou. G, Z. C., (2011). Blending Physical and Virtual Manipulatives: An Effort to Improve
Student's Conceptual Understanding through Science Laboratory Experimentation.
Retrieved April 5, 2012, from Science Education

Ormrod, J. E., (2004). Human learning. Upper Saddle River, New Jersey: Pearson Prentice Hall.

Ornstein, A., (2006). The frequency of hands-on experimentation and students’ attitudes
towards science: A statistically significant relation. Journal of Science Education and
Technology, 15(3): 285-297.

Osborne, J., Simon, S., & Collins, S., (2003). Attitudes towards Science: A Review of the
Literature and its Implications. International Journal of Science Education, 25(9), 1049-
1079.

Ozlem, A. & Ali, E. (2011). Effectiveness of Hands-on and Minds-on Activities on Students’
Achievement and Attitude toward Physics. Asia Pacific Forum on Science Learning and
Teaching, 12(1),1-22.

Oyedokun, C.A., (1998). Effect of Conceptual Charge Model on Students’ Achievement,
Retention and Attitudes to Biology Concepts. Unpublished Dissertation, Ahmadu Bello
University, Zaria.

Ozlem, S. & Jale, C. (2011). Effects of Hands-on Activity Enriched Instruction on Students’
Achievement and Attitudes towards Science (P. 87-97). Journal of Baltic Science
Education, 10(2), 87-88.

Panek, R. (2005). 101 Redefined: Colleges rethink the large lecture course. New York Times,
Education Life, 16, 32.

161



Paul, R.W., Elder, L. & Battel, T. (1997). Critical Thinking Concepts and Tools. California
Teacher Preparation for Instruction in Critical Thinking: Research Findings and Policy
Recommendations. Sacramento, CA: Carlifornia Commission on Teacher Credentialing.

Paul, R., & Elder, L. (2003). Critical Thinking Concepts and Tools. California: Center for
Critical Thinking and Moral Critique.

Paul, R. (2008). Scientific Thinking: The Foundation for Critical Thinking. England. England
press.

Paul, R., & Elder, L. (2009). Miniature guide to critical thinking concepts and tools (6th ed.).
Dillon Beach, CA: Foundation for Critical Thinking.

Piaget, J., (1940). The Mental Development of the Child. In D. Elkind (Ed), Six Psychological
Studies (pp. 3-73). New York. NY: Random House, Press.

Piaget, J. (1967). Six Psychological Studies. New York: Random House.
Poopola, A. (2010). Teachers Mathematics Anxiety as a Correlate of Pupils Attitude to
Mathematics. Research in Curriculum Studies, 3(2), 42-49.

“P21 Framework Definitions. (2012).” P21.org. Partnership for 21st Century Skills, 2009.

Poudel, D. D., Vincent, L. M., Anzalone, C., Huner, J., Wollard, D., Clement T., DeRamus, A.,
& Blakewood, G., (2005). Hands-on Activities and Challenge Tests in Agricultural and
Environmental education. The Journal of Environmental Education, 36(4), 10-14.

Preusch, P. L., (2009). A Case Study of Urban Student and Teacher Experiences Surrounding an
Outdoor Environmental Science Field Trip. Retrieved May 3, 2012, from ProQuest
Education

Qualter, A. & Abu-Hola, LR.A. (2000). Approaches to teaching science in the Jordanian primary

School. Research in Science and Technological Education, 18(2): 227-239.

Resource Area for Teaching (RAFT) (2013). Bridging the Engagement Gap with Hands-on
Teaching: Inspiring Hands-on Learning. www.raft.net

Randler, C., & Hulde, M., (2007). Hands-on Versus Teacher-Centered Experiments in Soil
Ecology. Research in Science &Technological Education, 25(3), 329-338.

Reynolds, M., (2011). Critical Thinking and Systems Thinking. Toward a Critical Literacy for
Systems Thinking in Practice. In: Horvath, Christopher, P. and Forte, James, M. eds.
Critical Thinking. New York, USA: Nova Science Publishers.

Robinson, J.A. (2001). The American Economic Review.1(5).
Rowles, J., Morgan, C., Burns, S., & Merchant, C., (2013). Faculty Perceptions of Critical

Thinking at a Health Sciences University. Journal of the Scholarship of Teaching and
Learning, 13(4), 21-35.

162



Ruby, A., (2001). Hands-on Science and Students’ Achievement. Retrieved Nov. 11, 2009 from
http://www.rand.org/pubs/rgs_dissertations/RGSD 159/index.html.

Sale, D, Leong, H. and Lim, L. (2001). Developing and Implementing a Thinking Curriculum. In
C Plan Staff College (Ed.), Re-engineering TET: Non-traditional Approaches that Worked.
Manila, Philippines: Colombo Plan Staff College for Technician Education.

Sambo, A.A. (2005). Research Method in Education. Ibadan: Post Office Publishers.

Sambo, A.A., (2008). Research Methods in Education. Lagos. Stirling-Horden Publishers Nigeria
Limited.

Scholes, M. (2002). Games worth playing: Effective science teaching through active learning.
South African Journal of Science, 98(9-10), 497-499.

SCORE, (2008). How Practical Work Supports Science: Getting Practical. A Framework for
Practical Science in School. SCORE (Science Community Representing Education:
London.

Shittu, S. (2013). Effects of Guided Inquiry Strategy on Learning Outcome of Low Achieving
Secondary School Physics Students in Kaduna Metropolis Nigeria. (Unpublished M.Ed.
Thesis Faculty of Education, Ahmadu Bello University, Zaria)

Shuaibu, A.M., (2017). Effect of Collateral Learning on Attitude and Performance in Genetics
among Convergent and Divergent Secondary School Students of Suleja, Nigeria.
Unpublished M.Ed Thesis Department of Science Education, Ahmadu Bello University,
Zaria.

Siegler, R., Deloache, J., & Eisenberg, N., (2006). How Children Develop. New York, NY:
Worth Publishers.

Sjoberg, S., (2001). Science and Technology in Education - Current Challenges and Possible
Solutions. Invited Contribution to Meeting of European Ministers of Education and
Research, Uppsala 1-3 March 2001.

Skamp, K., (2002). Teaching Primary Science Constructively. Nelson Australia: Pty.

Skelton, M., (2002). Defining International in an International Curriculum. In Hyden, M.,
Thomson, J., Walker, G.,(eds), International Education in Practice: Dimensions for National
and International Schools. Sterling, VA, USA. Stylus Publishing Inc.

Smith, V.G., & Szymanski, A., (2013). Critical thinking: More than Test Score. International
Journal of Educational Leadership Preparation, 8 (2), 15-24.

163



Snodgrass, S. (2011). Wiki Activities in Blended Learning for Health Professional
Students: Enhancing Critical Thinking and Clinical Reasoning Skills. Australasian Journal
of Educational Technology, 27(4), 563-580.

Stanovich, K.E. & West, R.F. (1997). Reasoning Independently of Prior Blief and Individual
Differences in Actively Open-minded Thinking. Journal of Educational Psychology, 89,
(342-357)

Steinkamp, M.W. & Maehr, M. L. (1984). Gender Differences in Motivational Orientations
Toward Achievement in School Science: A Quantitative Synthesis. American Educational
Research Journal, 21(1): 39-59.

Stephenson, N., (2011). Introduction to Inquiry Based Learning. Retrieved online
www.teachinginquiry.com/index/introduction.html

Stewart, C.M. (2010). Teaching and Learning with Technology: Beyond constructivism. New
York, NY: Taylor & Francis.

Stohr, P.M., (1996). An Analysis of Hands-on Experience and Science Achievement. Journal of
Research in Science Teaching, 33(1), 101-109.

Taraban, R., Box, C., Myers, R., Pollard, R., & Bowen, C.W., (2007). Effects of Active-Learning
Experiences an Achievement, Attitudes, and Behaviors in High School Biology. Journal
of Research in Science Teaching, 44(7), 960-979.

Tittle, P., (2010). Critical Thinking: An Appeal to Reason. New York, NY: Taylor & Francis.

Tittle, P., (2011). Critical Thinking: An Appeal to Reason. (eBook) New York, UK: Routledge.
ISBN: 0-203-84161-1Taylor & Francis.

Thompson, J., & Soyibo, K. (2002). Effects of lecture, teacher demonstrations, discussions and
practical work on 10th graders’ attitudes to chemistry and understanding of electrolysis.
Research in Science & Technological Education, 20, 25-37.

Trilling, B., & Fadel, C., (2009). 21st Century Skills: Learning for Life in our Times. San
Francisco: John Wiley & Sons.

Tsai, P., Chen, S., Chang, H., & Chang, W. (2013). Effects of Prompting Critical Reading
of Science News on Seventh Graders’ Cognitive Achievement. International Journal
of Environmental & Science, 8(1), 85-107.

Tuckman, B.W., (1975). Measuring Educational Outcomes. Harcourt Brace Mohawks Press New
York

164



Turpin, T. J. (2000). A Study on the Effect of an Integrated, Activity-based Science Curriculum
on Student Achievement, Science Process Skills and Science Attitudes. Unpublished
Doctoral Dissertation, University of Louisiana at Monroe, USA.

VanTassel-Baska, J., Bracken, B., Feng, A., & Brown, E., (2009). A Longitudinal Study of
Enhancing Critical Thinking and Reading Comprehension in Title I Classrooms. Journal
for the Education of the Gifted, 33(1), 7-37.

Van Zyl, M.A., Bays, C.L., & Gilchrist, C. (2013). Assessing Teaching Critical Thinking
with Validated Critical Thinking Inventories: The Learning Critical Thinking Inventory
(LCTTI) and the Teaching Critical Thinking Inventory (TCTI). Inquiry: Thinking Across The
Discipline, 28(3), 40-50.

Vaughn, L., (2009). The Power of critical Thinking: Effective Reasoning about Ordinary and
Exrtraordinary Claims. New York, NY: Oxford University Press.

Victor, E. & Kellough, R. D. (1997). Science for the Elementary and Middle School (8th ed.).
Upper Saddle River, New Jersey: Prantice Hall.

Vygotsky, L.S., (1978). Mind and Society: The Development of Higher Mental Processes.
Cambridge, MA, Harvard University Press.

Umar, S., (2006). An Investigation into Barrier Militating Against Effective Management of
Classroom Pedagogy of Geography Curriculum in Military Schools. In Nigeria Unpublished
M.Ed. Thesis, University of Jos, Plateau State, Nigeria.

Umar, A. A. (2011). Effects of Biology Practical Activities on Students’ Process Skill Acquisition
in Minna, Niger State, Nigeria. JOSTMED, 7(2), 118—126.

Umoren, G., & Ogong, S.A., (2007). Prior Presentation of Behavioural Objectives and Students’
Achievement in Biology. Educational Research Revision, 2(2), 022-025.

Usman, .A. (2000). The Relationship between Students’ Performance in Practical Activities and
their Academic Achievement in Integrated Science Using NISTEP Mode of Teaching.
Unpublished Ph.D Dissertation Faculty of Education, Ahmadu Bello University, Zaria.

Usman, [.A., (2010). Effect of Indoor and Outdoor Laboratory Instructional Methods on Academic
Achievement of Junior Secondary School, Integrated Science Students in Zaria. Journal of
Studies in Science and Mathematics Education, 1(1), 66-73.

Usman, [.A. (2012). Introduction to Science Education for NCE and Undergraduates. Zaria: E-
Watc Print Media.

U.S. National Science Education Standards (1995). National Science Education Standards: An

Overview. Washington, D. C.: National Academy Press. Retrieved January 8, 2006
from http://books.nap.edu/html/nses/html/overview.html#organization

165



Uzoka, F., (2002). Home Economics Methodology for School and Colleges, Asaba: Ndidi-
Amaka Publishers.

Wagner, T. (2008). The Global Achievement Gap: Why even our Best Schools don’t Teach the
New Survival Skills our Children Need—and what we Can do about it. New York: Basic
Books.

Ward, R. B., Sadler, P. M., & Shapiro, I. L., (2008). Learning Physical Science Through
Astronomy Activities: A Comparison Between Constructivist and Traditional Approaches
in Grades 3-6. Astronomy Education Review, 6(2), 1-19

West African Examination Council (2006), Senior School Certificate Examination Chief
Examiners’ Report, Lagos.

West African Examination Council (2005 & 2017), Senior School Certificate Examination Chief
Examiners’ Report, Lagos.

West African Examination Council (1999 & 2017), Senior School Certificate Examination Chief
Examiners’ Report, Lagos.

West African Examination Council. (2011). Chief Examiners’ reports. Lagos: WAEC.

West African Examination Council (2010-2015). May/June Chief Examiners Report. Lagos,
Nigeria.

Woodley, (2009). Practical Work in School Science-Why is it important? Retrieved online
www.google/practical-work-inscience

Yilwa, A. V. (1999). An Evaluation of Nigerian Junior Secondary School Students in
Performance in Science Process Skill. An Unpublished Ph.D Thesis. Abubakar Tafawa
Balewa University, Bauchi.

Yore, D.L., (2000). Enhancing Science Literacy for all Students with Embedded Reading
Instruction and Writing to Learn Activities. Journal of Deaf Studies and Deaf Education,
5(1): 105-122.

Young, B.J. and S.K. Lee, (2005). The Effects of a Kit-Based Science Curriculum and Intensive
Science Professional Development on Elementary Student Science Achievement. Journal
of Science Education and Technology, 14(5/6): 471-481.

Yusuf, A. (2012). Effects of Integrating Instructional Models with Lecture Method on Academic
Achievement and Retention of Students of various Class-size in some Biology concepts.
(Unpublished M.Ed. Thesis).

Yusuf, Y.O. & Yakubu, K. O. (2013). “Comparative Study of Gender Difference Performance in

Geography. A Case Study of some Selected Schhools in Zaria Inspectorate Division of
Kaduna State, Nigeria”. Educational Research and Review, 8(5), 179-185.

Zywno, M. S. (2002). Effect of Individual Learning Styles on Students Outcome in Technology-
enable Education-Global Journal of Engineering Education 6(1), 240-249.

166



APPENDIX A
ECOLOGY CONCEPTS PERFORMANCE TEST (ECPT)
SECTION A: Bio-data
Gender: Male | | Female [ |

SECTION B: Instruction; Answer all Questions from Section A and B
Time Allowed: 45 minutes

e Write your name, identification number and tick the gender in the space provided.
e Read each question carefully.

e (o to your answer sheet and shade the correct letters A-D.

e Shade only one alphabet on each question.

1. The study of organism and the environment of an abandoned farmland is the ecology of

A. A community
B. A population
C. A habitat
D. An ecosystem

2. The complex relationship between the members of a community and between community as a

whole and its physical environment is
A. Ecosystem
B. Habitat
C. Environment
D. Niche
3. Secchi disc is used in the determination of
A. Rainfall
B. Tides
C. Waves
D. Turbidity
4. If three 30cm lengths of glass tubing are tightly packed with clay, sand and loamy soils
respectively, and then stood in a beaker of water for one week, the level of water will be

Lowest in the tube with clay

The same in all the tubes

Highest in the tube with sandy soil

Lowest in the tube with sandy soil

oow
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A few grams of dried soil were first heated until red hot and then further heated until no more
smoke was released. This experiment was to determine the:
A. Amount of water in soil
B. Percentage of water in soil
C. Present of humus in soil
D. Resistance of laterite to heat
6. Soil is said to be fertile if
A. Ttis black
B. It can supply usable nutrients to plants
C. The oxygen content is very high
D. Artificial manure is added to it
7. A population is defined as the collection of:
A. Similar organisms that are found in the same habitat
B. Similar organisms that breed in the same habitat
C. Similar organisms that interbreed freely in the same habitat
D. Similar organism that eat the same feed
8. 28g of soil sample was heated to constant weight of 24g. When further heated to red hot
and cooled, it weighted 18g. What is the percentage of humus in the soil?
A. 214
B. 55.6
C. 75.0
D. 25.0
9. An anemometer is an instrument for measuring
A. Relative humidity
B. Altitude
C. Wind speed
D. Turbidity
10. Which of the following groups of factor is completely abiotic?
A. Salinity, tide, plankton, turbidity
B. Temperature, pH, soil, insect
C. Wind, altitude, humidity, light
D. Conifers, pH, rainfall
11. If a hand full of sand is shaken with water and left to settle, the soil particles will settle
from light to heavy particles as follows
Humus, clay, silt, sand, stone
Humus, silt, clay, sand, stone
Humus, clay, silt, sand, stone
clay, Humus, silt, sand, stone

oow
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12.

13.

14.

15.

16.

17.

18.

Which of the following has the greatest influence on the distribution of animals in the
marine and fresh water habitat?
A. pH
B. salinity
C. water current
D. turbidity
The word ‘ecology’ is a branch of biology concerned with the study of
A. Interrelationships between living organisms and their external environment.
B. The study of living organisms
C. The study of snails and snakes
D. The capillary movement of water in plants
In ecology, the total surrounding of an organism is called its:
A. Surrounding
B. Environment
C. Temperature
D. None of the above
The study of an individual organism or a single species of an organism and its
environment is known as
A. Biosphere
B. Synecology
C. Autecology
D. All of the above

The study of interrelationships between groups of organisms living together in an area is

called
A. Gynecology
B. Autecology
C. Synecology
D. Topocology
The main kinds of habitats are
A. Arboreal and ground habitat
B. nderground and Arboreal habitats
C. Aquatic and terrestrial habitats
D. Salt and fresh water habitats
The factors which influence living organisms in their habitats and control their survival
and distribution are called
Habitat factors
Ecological factors
A and B only
Physical factors

Cowp»
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19.

20.

21.

22.

23.

24.

25.

26.

Abiotic factors are referred to the following except:
A. Physical factors
B. Biotic factors
C. Climatic factors
D. Edaphic factors
An example of topographic factors is:
A. Temperature
B. Rainfall
C. Elevation
D. Soil texture

The ecological unit that composed of organisms and their physical environments is

A. Niche
B. Population
C. Ecosystem
D. Community
Organisms which breakdown the compounds of dead organisms are called
A. Phagotrophs
B. Parasites
C. Saprophytes
D. Producers

Which of these must be present in an ecosystem if the ecosystem is to be maintained

A. Producers and carnivores

B. Producers and decomposers

C. Carnivores and decomposers

D. Herbivores and carnivores
The relationship between fungi and algae in lichens is known as

A. Mutualism

B. Parasitism

C. Commensalism

D. Saprophytism
All ecosystems have three basic components. Which one of the following is not
necessarily found in the entire ecosystem?

A. “producers” plants

B. Animal “consumers”

C. Decomposers

D. Parasites and communalists
A sequence of species related to another predator and prey is a/an
Trophic level

Ecosystem
Food chain
Climax

caw >

170



27.

28.

29.

30.

31.

32.

33.

An association between two organisms in which both benefit is known as:
E. Parasitism
F. Symbiosis
G. Commensalism
H. Predation
Which of the following is not a structural adaptation of desert plants for water
conservation
A. Tiny leaves
B. Sunken stomata leaves
C. Stems and leaves with heavy cuticle
D. Broad leaves with numerous stomata
In cold climates or at high altitudes, some small mammals fall asleep in some specially
prepared nests or burrows. This process is known as:
A. Hibernation
B. Masturbation
C. Conservation
D. Contraction
Fewer number of trees is a characteristic of the savannah zones of Nigeria because
A. There is too much sunlight
B. They are usually exposed to grazing animals
C. There is limited amount of rainfall
D. The driest savannah consists of almost entirely of grasses
The number of individuals in a habitat in relation to the unit space available to each
organism is referred to as the
A. Birth rate
B. Density
C. Mortality
D. Frequency
In a complex feeding relationships in a community, where the organisms benefit from
each other is referred to as:
E. Symbiosis
F. Omnivores
G. Heterotrophs
H. Autotrophs
Predators are beneficial in pest control because they:
Are natural enemies of small mammals
Feed on pests of crops
Devour farm animals

Cowp»
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34. Which of the following limiting resources is competed for by organisms in the desert?
A. Light
B. Temperature
C. Oxygen
D. Water
35. Water guinea grass, grasshopper, toad , snake, hawk (Producer) (Primary consumer)
(Secondary consumer) (Tertiary consumer)
The above example of a food chain belongs to
A. Terrestrial habitat
B. Aquatic habitat
C. Ecosystem
D. Food web
36. A complex relationship among organisms in the same environment with two or more
interrelated food chains is an example of a
A. Food web
B. Pyramid of numbers
C. Pyramid of biomass
D. Simplified food chain
37. An interaction between two species in which one species attacks and kill the other is
known as
A. Inter-specific competition
B. Intra-specific competition
C. Predation
D. A only
38. Without the sun, no green plants could exist. And without green plants no animal life
could exist. The green plants are called
A. Primary consumers
B. Secondary producers
C. Tertiary consumers
D. Primary producers
39. Changes in energy flow between organisms in a habitat can be represented by a
A. Pyramid of biomass
B. Pyramid of numbers
C. Pyramid of energy
D. Food chain
40. Which of the following groups consists of heterotrophs?
A. Mucor, Chlamydomonas and Euglena
Spirogyra, Mucor and Mushroom
Man, Mucor and Mushroom
Chlamydomonas, man and maize

o0 w
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APPENDIX B

MARKING SCHEME OF ECOLOGY CONCEPTS PERFORMANCE TEST (ECPT)

1 D 11 A 21 C 31 B
2 A 12 A 22 C 32 C
3 D 13 A 23 B 33 B
4 D 14 B 24 B 34 D
5 C 15 C 25 D 35 A
6 B 16 C 26 A 36 A
7 A 17 C 27 B 37 C
8 A 18 B 28 C 38 D
9 C 19 B 29 A 39 C
10 C 20 C 30 C 40 C

Total = 1 mark X 40 = 40 marks
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APPENDIX C
ANSWER SHEET FOR ECOLOGY CONCEPTS PERFORMANCE TEST (ECPT)
SECTION A: Bio-data
Admission Number: ....cooeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieietiieciecieciaeennes
Gender Male [ | Female [ |
SECTION B: Instruction
Please shade the correct option appropriately.

=A= =B= =C= =D= 21 =A= =B= =C= =D=
=A= =B= =C= =D= 22 =A= =B= =C= =D=
=A= =B= =C= =D= 23 =A= =B= =C= =D=
=A= =B= =C= =D= 24 =A= =B= =C= =D=
=B= =C= =D= 25 =A= =B= =C= =D=
=A= =B= =C= =D= 26 =A= =B= =C= =D=
=A= =B= =C= =D= 27 =A= =B= =C= =D=

O 00 3 AN LA W~
|
T

10 =A= =B= =C= =D= 30 =A= =B= =C= =D=
11 =A= =B= =C= =D= 31 =A= =B= =C= =D=

_
[\
Il
I
I
I
I
Il
I
I

32 =A= =B= =C= =D=
33 =A= =B= =C= =D=
34 =A= =B= =C= =D=
35 =A= =B= =C= =D=
36 =A= =B= =C= =D=
37 =A= =B= =C= =D=
=B= =C= =D= 38 =A= =B= =C= =D=
39 =A= =B= =C= =D=
40 =A= =B= =C= =D=

DN = = = = = =
S O 0 NN LK W
L | A {
> > >
| | 1 | O | (|
(1 1 | | e [ I |
w w oo}
1 I | | | A |
! I
1 1 | | | A |
(1 1 | | e | I |
1 I | | e | |
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APPENDIX D
ATTEMPT ALL THE FOLLOWING QUESTIONS
ECOLOGY CONCEPTS CRITICAL THINKING QUESTIONNAIRE (ECCTQ)
Dear Respondent,

The bearer of this research instrument is a student of Master of Education in the
Department of Science Education, Faculty of Education, Ahmadu Bello University, Zaria. The
items presented are designed to determine the degree of your Critical Thinking in Ecology
Concept of Senior Secondary School Biology. You are therefore requested to rate yourself on the
questionnaire items. You are guaranteed an outmost confidentiality as the information provided
are used strictly for this research only.

Please take note of the following keys:

SA - - - - - Strongly Agreed

A - - - - - Agreed

D - - - - - Disagreed

SD - - - - - Strongly Disagreed
ubD - - - - - Undecided
Thanks!

IBRAHIM ABDULSALAM
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SECTION A: Bio-data
AdMISSION NUINDEY: «ovvirtenniiiiiettreeeeneteeeeereeassesssecssssssssssssccsssssssssssscsss
Gender: Male [ | Female | |

SECTION B: Instruction; Attempt all the following questions

Please tick () the appropriate column that suits your interest.

S/NO | ITEMS SA | A
1 My teacher asks questions that require me to remember
certain facts about ecological concept.
2 My teacher asks questions that help me to predict what comes
next when studying ecology concept.
3 My teacher asks questions that check I understand how to do

something in terms of classifying organisms around me based
on ecology concept.

4 My teacher asks questions that challenge me to think in new
ways regarding the learning of ecology concept.

5 My teacher asks questions that require me to give my opinion
on methods of population studies in ecology concept.

6 My teacher asks questions that require me to justify my

opinion based on the knowledge of component of an
ecosystem in ecology concept.

7 My teacher asks questions that help me to reflect on my
learning and in connection with ecology.

8 My teacher asks questions that help me relate what I already
know to what I am learning now.

9 My teacher asks questions that help me relate my
understanding to the real world.

10 My teacher asks questions that help me to use my learning in
other topics and subjects.

11 My teacher provides enough time for me to think and answer
questions in ecology and other topics/subjects.

12 My teacher provides opportunities for me to ask questions on
ecology concepts.

13 My teacher provides different ways for me to respond to a
question (written, verbal, visual and physical).

14 My teacher asks questions that we can discuss and share how
we might go about completing a task in ecology concepts.

15 My teacher asks questions so we can discuss different ideas
and theories in relation to ecology concepts.

16 My teacher asks questions that we can debate and justify our
ideas about ecology and related topics.

17 My teacher asks a range of question types so we can all

participate in the teaching and learning of ecology.
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18

My teacher provides opportunities for all students to answer
questions on ecology concepts based on the interactions with
the environment.

19

The ecology teacher very often encourages us to apply our
insight to new or other situations.

20

My ecology teacher very often makes me feel engaged in
class and learning of ecology.

21

I appreciate the way my teacher explained the concept of
ecology by relating the concepts with the immediate
environment.

22

My ecology teacher very often support us when we try to
show good thinking in ecology concepts

23

My ecology teacher helped me greatly to work through
complexities in issues without giving up on ecological
concepts

24

My ecology teacher helped me greatly to make logical
connections when studying ecology concepts on the danger of
ecological hazards

25

Critical Thinking has the capacity to develop first-hand skills
in ecology classroom interaction

26

My ecology teacher helped me greatly to identify specific
examples to illustrate my reasoning skills in identifying and
classifying various organisms in the environment.

27

My ecology teacher helped me greatly to understand that my
prejudices or biases influence my thinking on ecology
concepts.

28

My ecology teacher helped me greatly to know what clear
questions are when I learn

29

My ecology teacher helped me greatly to consider multiple
perspectives in my subject matter

30

I will like my school to introduced Hands-on Learning
Strategy in order to develop Critical Thinking skills to
enhance classroom activities for teaching ecology
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APPENDIX E

Learning Critical Thinking Inventory (LCTI) for Students

Did not help Helped me
me at all greatly
1 2 3 4 5

The Instructor of the subject/course helped me:

1. Think about my thinking
Know what clear questions are when I learn
Identify specific examples to illustrate my reasoning
Consider multiple perspectives in my subject matter
Make logical connections when studying subject matter

Understand that my prejudices or biases influence my thinking

A L o

Work through complexities in issues without giving up

Not at all Very often

1 2 3 4 5

How often did the instructor:

8. Support us when we try to show good thinking

0. Ask questions that help us think more carefully

10. Encourage us to apply our insight to new or other situations
11. Make me feel engaged in class and learning

Source: Van Zyl, M.A., Bays, C.L., & Gilchrist, C. (2013). Assessing teaching critical thinking
with validated critical thinking inventories: The learning critical thinking inventory
(LCTTI) and the teaching critical thinking inventory (TCTI). Inquiry: Thinking
Across The Discipline, 28(3), 40-50.

178



1l.

APPENDIX F

LESSON PLAN FOR EXPERIMENTAL GROUP
LESSON ONE WEEK ONE
Theme: Environmental Biology/ Interaction in Nature

Model of Teaching: Hands-on Learning Strategy

Class: SS2

Duration: 80 Minutes

Subject: Biology

Topic: Ecology

Sub-topic: Basic Ecological Concepts
Average: 16 years

Number of Students: 130
Instructional Materials: 1. Charts illustrating forest reserve and a botanic garden/varieties of
organisms
2. Charts illustrating Ecological study of plant and animals.
Behavior Objectives: By the end of the lesson, the students should be able to:

1. Define ecology and identify its branches;

ii. Define and explain the following ecological concepts: autecology, synecology, lithosphere,

hydrosphere, biosphere/Ecosphere, atmosphere

iii. What are the main types of habitat?
Previous Knowledge: Students have been familiar with the meaning and concept of biology.
Introduction: The teacher introduces the lesson by leading the students to identify some aspects
of life interactions that proves the relevance of biology to man.

Presentation:

Step I: Identification of prior Ideas
Teacher Activities: Teacher asks students the following questions based on their thinking about
environmental biology:

What is ecology and ecosystem?

iii. What is autecology and synecology?

Students Activities:

1. Students attempt the teacher’s questions above;
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ii. Students ask the teacher questions

Step II: Exploration

Students Activities:

Teacher guides the students to observe the lesson’s instructional materials

Teacher guides students using hands-on learning strategy to define and explain basic ecological

terms (such as: ecology, autecology, synecology, lithosphere, hydrosphere, biosphere/Ecosphere,

atmosphere, environment, habitat, community ecological niche) in the following stages:

a. Students observe group of organisms of the same species;

b. Students identify particular places organisms inhabit;

c. Students discuss varieties of plants and the animals living in a habitat that form Community;

d. Students record the habitat and the community together forms a natural unit;

e. Students further study charts showing different types of water bodies and areas of Land (e.g

forest).

Students with the guide of the teacher describe the concept of:

i. Ecology as a branch of biology that deals with the study of plants and animals in relation to
their environment. Ecology is derived from a Greek word “Oikos” which means home or
dwelling place.

il. Autecology - is concerned with the study of an individual organism or a single species of
organism and its environment. Example, the study of a single rat and its environment.

iii. Synecology - is concerned with the study of the interrelationships between groups of
organisms or species of organisms living together in an area. Example, the study of different
organisms in a river in relation to their aquatic environment.

iv. Biosphere or Ecosphere: this is the zone of the earth occupied by living organisms. It is a
layer of life which exists on the earth’s surface.
v. Lithosphere: is the solid portion of earth. It is the outermost layer of zone of the earth’s crust. It
is made up of rocks and mineral materials, and it also represents 30% of the earth’s surface.
vi. Hydrosphere: is the liquid/aquatic part of the earth or living world. It covers about 70% of the
earth’s crust. It holds water various forms - solid ice, liquid (water) and as gases (water vapour).

vii.  Atmosphere: the atmosphere is the gaseous of the earth. It is a layer of gases surrounding

the earth over 99% of the atmosphere within 30Km of the earth surface.

viii.  Students carried out the activities giving by the teacher
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ix. Students ask questions
Step III: Discussion
Teacher activities:

The teacher guides the students to discuss ideas from the various activities carried out as

follows; to:
1. list similarity between ecology and ecosystem;
il. state two (2) main branches of ecology
iil. identify difference(s) between autecology and synecology
v. enumerate the main types of habitat
V. outline the relationship between atmosphere and biosphere

Students Activities:
1. Students participate actively in the discussion by contributing their ideas
il. Students ask questions

Step IV: Application

Teacher Activities:

The teacher guides students to mention the application of basic terms in ecology as follows:

1. state the importance of ecology to the society
il. list the significance of ecosystem
iil. identify the roles of autecology and synecology in ecological system

Students Activities:
1. Students mention the application of basic terms in ecology.
il. Students ask questions
Step V: Evaluation:
Teacher Activities:
The teacher evaluates the lesson by asking the following questions:
1. Define ecology and identify its branches;
il. Define and explain the following ecological concepts: autecology, synecology,
lithosphere, hydrosphere, biosphere/Ecosphere, atmosphere;
1. What are the main types of habitat?
Summary and Conclusion

The teacher highlights the main points of the lesson along with the students.
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LESSON PLAN FOR EXPERIMENTAL GROUP
LESSON TWO: WEEK TWO
Theme: Environmental Biology
Model of Teaching: Hands-on Learning Strategy
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Components of Ecosystem
Average: 16 years
Number of Students: 130
Instructional Materials: Sample specimens of organisms, Charts, Photographs and films of
different biotic communities in Nigeria and biomes of the World

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

1. List the components of the ecosystem
ii. Identify the biotic components of the ecosystem and explain them
1il. Describe the abiotic components of the ecosystem

Previous Knowledge: The students have been taught the ecological concepts
Introduction: The teacher introduces the lesson by asking the students to make a list of all they
observed in the environment and on the charts, Photographs and films.
Presentation: Based on the students’ responses, the teacher presents the lesson in the following
steps:
Step 1: Identification of Prior Ideas
Teacher Activities:
The teacher asks students the following questions:
1. What is an ecosystem?
il. What are the components of ecosystem?
Students Activities:
1. Students response to the questions

2. Students ask questions
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Step 2: Exploration

Students Activities:

1.

ii.

iil.

_ ]

The teacher guides the students to observe the Charts, Photographs and films of
different biotic communities in Nigeria and biomes of the World;

Students collect sample specimens, study the displayed charts by the teacher, and
record their observations;

Students with the guide of the teacher define and explain that: ecosystem is made up
of abiotic and biotic components. The diagram below illustrates the components of

ecosystem.

Ecosystem

Abiotic component Biotic component

Climate Topography Producers Consumers Decomposers

1v.

Students classify the biotic components of the ecosystem into producer, consumer and
decomposer;
The students with the guide of the teacher describe the biotic components of the

ecosystem that:

Producers are green plants which can make their own food through the process of

photosynthesis, these plants are autotrophs;

Consumers are animals which feed on plants or on other animals. They are said to be

heterotrophs consumers are sub-divided as follows;

Primary consumers are animals which feed directly on plant e.g cattles, grasshopper.

Secondary and tertiary consumers are animals that feed on primary consumers examples

hawks, leopards;

Omnivores are animals that feed on both plants and animals e.g man;

Decomposers are organisms which feed on the carcasses of dead producers and consumers and

in the process bring about the decay of such carcasses.
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Step 3: Discussion

Teacher Activities:
1. The teacher guides the students to discuss ideas from the various activities carried out
as follows:
il. State the similarity between ecosystem and habitat;
iii. Identify the components of ecosystem
iv. Enumerate the types of biotic components

Students Activities:
1. Students participate actively in the discussion by contributing their ideas
il. Students ask questions

Step IV: Application

Teacher Activities:

The teacher guides students to mention the application of basic terms in ecosystem as follows:

1. Mention the importance of ecosystem to the environment
ii. State the significance of ecosystem in environmental biology
1il. List the roles of decomposers in/to the atmosphere

Students Activities:
1. Students response to the application of basic terms in ecosystem
il. Students ask questions

Step 5: Evaluation:

Teacher Activities:

The evaluates the lesson by asking the following questions:

1. List the components of the ecosystem
il. Identify the biotic components of the ecosystem and explain them
1il. Describe the abiotic components of the ecosystem

Summary and Conclusion: The teacher concludes the lesson by highlighting the points

of the lesson.
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LESSON PLAN FOR EXPERIMENTAL GROUP
LESSON THREE: WEEK THREE
Theme: Environmental Biology
Model of Teaching: Hands-on Learning Strategy
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Population Studies
Average: 16 years
Number of Students: 130
Instructional Materials: Sampling instruments and Ecological instruments; such as Quadrat,
Insect net, tape-rule, fish trap, dry and wet thermometer, rain gauge.

Behavioral Objectives: By the end of the lesson the students should be able to:

1. Define and explain population

il. Define population size, density, dominance and frequency;
iii. List and explain five (5) ecological instruments and their uses
v. Identify various ecological instruments and describe them

Previous Knowledge: The students are familiar with the branches of ecology with the terms
associated to it, such as ecosystem, environment, population, habitat, e.t.c

Introduction: The teacher introduces the lesson by asking the students to mention some of the
terms associated with ecology

Presentation: Based on the students’ responses, the teacher presents the lesson in the following
steps:

Step 1: Identification of Prior Ideas

Teacher Activities: The teacher guides the students on/how to:

1. What is population?

ii. Identify and describe animal survival in the environment by eating plants and other
animals.

1ii. What are the function of thermometer, rain gauge and secchi disc?

v. What are the methods used for population studies?
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Students Activities:
1. Students response to the questions above
2. Students ask questions
Step 2: Exploration
Students Activities:
1. The teacher guides the students to display some of the population/ecological instruments for
study
il. The teacher guides the students to observe, identify and record the instruments
1il. The students through the guide of the teacher identify the usage of the various
measuring instruments to measure the physical factors of the ecosystem such as
temperature, rainfall, etc
iv. The students define and explain the term population
V. The students identify and explain the various terms associated with population:
population size, density, dominance and frequency.
Vi. The students through the guide of the teacher identify the various methods used for
population studies
Vil. Students ask questions
Step 3: Discussion
Teacher Activities: The teacher leads the students to discuss the various methods used for
population Studies
Students Activities:
1. The students participate in identifying the roles of the ecological instruments
il. Students ask questions
Step IV: Application
Teacher Activities: The teacher guides students to identify the application of basic terms in

population studies as follows:

1. the importance of population studies to the environment

il. the significance of instruments in environmental biology

1ii. the roles of ecological factors to the organisms in the atmosphere
v. Students ask questions

186



Step V: Evaluation:
Teacher Activities: The teacher evaluates the lesson by asking the following questions:
i. Define and explain the term population
ii. Describe briefly the following terms: (a) Population size; (b) Population density;
(c) Population dominance;
1il. Outline and describe methods of population studies
iv. Identify and explain any five (5) ecological instruments and their uses
Summary and Conclusion: The teacher concludes the lesson by highlighting the points of the

lesson.
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LESSON PLAN FOR EXPERIMENTAL GROUP
LESSON FOUR: WEEK FOUR
Theme: Environmental Biology
Model of Teaching: Hands-on Learning Strategy
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Ecology
Sub-topic: Functioning Ecosystem
Average: 16 years
Number of Students: 130
Instructional Materials: Samples of Autotrophs and Heterotrophs (plants and animals) for food
chain and food web, cardboard paper and marker

Behavioral Objectives: By the end of the lesson the students should be able to:

1. Define food chain;
1i. Define food web; and,
1ii. [Mlustrate the food chain and food web using diagrams.

Previous Knowledge: The students are familiar with the main components of the ecosystem.

Presentation: Based on the students’ responses, the teacher presents the lesson in the following

steps.

Step 1: Identification of Prior Ideas

Teacher Activities:

The teacher leads the students to:

a) Recognize that food relationship exists among living things;

b) Recognize that chemical energy (in the form of carbohydrate, fats and proteins) and nutrients
are transferred among producers, consumers and decomposers;

c) State that trophic level refers the parts of food chain;

d) Correctly define (or describe) food chains and pyramid of energy/numbers; and,

e) Describe the nature of energy transfer or flow in the ecosystem.

Students Activities: The students actively participate and respond to the above activities.
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Step 2: Exploration

Students Activities:

1. The teacher guides the students to observe the sample specimens of the various
organisms;
il. The students define a food web as a complex feeding relationship consisting of

interrelated food chains.
iii. The teacher guides the students to illustrate and describe the diagrams of food chain
and food web.

Grass — grasshopper — toad — snake — hawk.
A complex feeding relationship consisting of interrelated food chain is called food web.

Example of food web is shown below.

Ha ks
Toad —> Snake \
¢ T

Worm L|z ard Field mice
Humus Insects /
Gumea grass

Teacher Activities: The teacher guides the students to discuss ideas from the various activities

Al

Step 3: Discussion

they had been carried out by asking them to:

1. To make a chart/ illustration showing relationship among organisms, e.g food chain,
food web
il. Differentiate between food chain and food web?
Students Activities:
1. The students develop and construct a chart showing relationships among organisms

(food chain and food web);
ii. The students construct and explain pyramid of energy/number;
1ii. The students identify and differentiate between food chain and food web; and,

v. Students ask questions.
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Step IV: Application
Teacher Activities:

The teacher guides students to identify the applications of feeding relationship in an ecosystem

as follows:
a) Identify the importance/role of food chain and food web to the environment;
b) Analyze the relationship between autotrophs and heterotrophs in the environment
c) Describe three (3) roles of trophic level in/to in the environment

Students Activities:
1. Students response to the application of feeding relationship
il. Students ask questions

Evaluation: The teacher evaluates the students by asking the following questions

1. Define food chain and food web;

il. In a tabular form, identify three (3) differences each between food chain and food
web;

iii. Using different organisms, produce/illustrate diagrammatic representation of two (2)

examples each of food chain and food web

Summary and Conclusion: The teacher concludes the lesson by revising all that he has taught.
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LESSON PLAN FOR EXPERIMENTAL GROUP
LESSON FOUR: WEEK FIVE
Theme: Environmental Biology
Model of Teaching: Hands-on Learning Strategy
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Ecology
Sub-topic: Ecological Factors
Average: 16 years
Number of Students: 130
Instructional Materials: Different types of measuring instruments, such as measuring cylinder,
wind vane, thermometer, rain gauge, and meter-rule.
Behavioral Objectives: By the end of the lesson, the students should be able to:
1. Measure three (3) of the ecological factors which they have studied; e.g temperature.
il. Identify and explain three (3) peculiar factors of ecology, each of aquatic an terrestrial

habitats respectively;

iii. Enumerate five (5) ecological factors common to both aquatic and terrestrial habitat
iv. Distinguish with reason(s) between the types of ecological factors; and,
V. Name four ecological factors that are found in your locality/community.

Previous Knowledge: The students are familiar with the main components of the ecosystem.
Presentation: Based on the students’ responses, the teacher presents the lesson in the following
steps.

Step 1: Identification of Prior Ideas

Teacher Activities:

The teacher begins by asking the students the main components of the ecosystem,;

How do animals survive in the habitats/ environment by eating plants and other animals?

The teacher then guides the students to identify two (2) main types of ecological factors; as the
biotic and abiotic factors, as well as factors that are common to both.

Students Activities: Students respond to the above questions and ask questions.
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Step 2: Exploration
Students Activities:
1. The teacher guides the students to observe the sample specimens of the various
organisms in relation to their habitats
il. The students identify and describe the types of ecological factors.
1il. State and explain two (2) main types of the types of ecological factors;
Step 3: Discussion
Teacher Activities: The teacher guides the students to discuss ideas from the various activities
they had been carried out using the following questions:
a. What are abiotic components, and how do they relate with ecological factors?
b. Distinguish with reason(s) between the types of ecological factors; and,
c. State and explain three (3) each of the types of ecological factors
Students Activities:
The students participate in responding to the questions and activities above;
Students ask questions
Step IV: Application
Teacher Activities:
The teacher guides students to identify the applications of the ecological factors in an
environment as follows:
a. Measure some of the ecological factors in the environment based on their studies;
b. Analyze and improvise some measuring instruments e.g wind vane;
c. Describe and synthesize the causes of the various factors affecting the population
Students Activities:
1. Students response to the application of feeding relationship
il. Students ask questions

Evaluation: The teacher evaluates the students by asking the following questions

1. Identify and describe the two (2) types of ecological factors;

il. State and explain three (3) each of the types of ecological factors; and
1ii. Distinguish with reason(s) between the types of ecological factors

v. Name four ecological factors that are found in your locality/community.

Summary and Conclusion: The teacher concludes the lesson by revising what were taught.
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LESSON PLAN FOR EXPERIMENTAL GROUP
LESSON FIVE: WEEK SIX
Theme: Environmental Biology
Model of Teaching: Hands-on Learning Strategy
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Ecology
Sub-topic: Energy Transformation
Average: 16 years
Number of Students: 130
Instructional Materials: Charts and cardboard showing the changes of energy from one form to
another.
Behavioural Objectives: By the end of the lesson the students should be able to:
1. State why the tip of the pyramid of energy has the least number of organisms;
2. State the first and second Laws of thermodynamics
3. Describe the following terms: (i) Symbiosis (ii) Parasitism (iii) Commensalism (iv) pollution
(vi) Predation (vii) Mortality (viii) Migration (ix) Dispersal (x) Mutualism (xi) Disease.
Previous Knowledge: The pupils have been taught on the biotic and abiotic components of the
ecosystem
Introduction: The teacher introduces the lesson by asking the pupils in what ways organisms
interacts with each other and the environment.
Presentation: Based on the students’ response the teacher presents the lesson in the following
steps:
Step 1: Identification of Prior Ideas
Teacher Activities:
The teacher leads the students to:
a) Use the knowledge of energy losses in the ecosystem to explain the pyramidal shape of

feeding relationships;
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b) Identify different types of association (such as symbiosis, parasitism, commensalism)
which exist during the transfer of energy, including the adaptation and competitive
activities;

c) State that only a small percentage of the radiant energy actually gets to plants; and,

d) State the first and second laws of thermodynamics and use them to explain ecological
events such as pyramid of energy, food chain energy flow;

Students Activities: The students actively participate and respond to the above activities.

Step 2: Exploration

Students Activities:

1) The teacher guides the students to observe and identify the chart and cardboard displayed
showing the flow of energy in an ecosystem/environment.

i) The students identify and describe activities that involve the change and transfer of energy
inform of food, from one organism to another; either in linear or complex feeding relationship
Step 3: Discussion

Teacher Activities: The teacher guides the students to discuss ideas from the various activities

they had been carried out by leading them to:

1. Recall and synthesize instances which are explained by laws of thermodynamics;
il. Students discuss energy loss as a limiting factor in primary production (i.e production
of autotrophy.

Students Activities:

1. Students recall and synthesize instances which are explained by laws of
thermodynamics;

ii. Discuss energy loss as a limiting factor in primary production (i.e production of
autotrophy.

Step IV: Application
Teacher Activities:
The teacher guides students to identify the applications of energy transformation as follows:
a. Use the knowledge of energy losses in the ecosystem to explain the pyramidal shape of
feeding relationships;
b. Identify and analyze the measures of primary production; e.g the amount and rate of of

energy fixation;
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c. Analyze the feeding relationship between autotrophs and heterotrophs in the environment
d. Describe and synthesize the types of association, as well as adaptation, competition and
pollution.
Students Activities:
a. Students response to the application of feeding relationship
b. Students ask questions
Evaluation: The teacher evaluates the lesson by asking the following questions:
1. Describe why the tip of the pyramid of energy has the least number of organisms;
2. State and analyze the first and second Laws of thermodynamics
3. Describe the following terms: (i) Symbiosis(ii) Parasitism (iii)Commensalism (iv)pollution
(vi) Predation; (vii) Mortality; (viii) Migration; (ix) Dispersal; (x) Mutualism (xi) Disease.

Summary and Conclusion: The teacher concludes the lesson by revising all that he has taught.
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APPENDIX G

LESSON PLAN FOR CONTROL GROUP
LESSON ONE: WEEK ONE

Theme: Environmental Biology

Model of Teaching: Lecture Method

Class: SS2

Duration: 80 Minutes

Subject: Biology

Topic: Ecology

Sub-topic: Basic Ecological Concepts

Average: 16 years

Number of Students: 133

Instructional Materials: Charts illustrating Ecological, Essential Biology Textbook the study of

plant and animals.

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

i. Define ecology

il. Explain in their own words the following ecological concepts: a. Autecology; b. Synecology;

i1. Lithosphere; d. Hydrosphere; e. Biosphere/Ecosphere; f. Atmosphere

Previous Knowledge: Students have been taught the meaning and concept of biology

Introduction: The teacher asks the students either they have heard of the word ecology before.
Presentation: Based on the student’s responses the teacher present the lesson in the following

steps:

Step I: The concept of “ecology”: a branch of biology that deals with the study of plants and

animals in relation to their environment. Ecology is derived from a Greek word “Oikos” which

means home or dwelling place.

Step II: In other words, ecology can be defined /described based on its origin as:

i. a field of study which deals the relationships of living organisms with one another and with

the environment in which they live. ii. an environmental biologys; iii. classified ecology into two

main branches namely, Autecology and Synecology.

Step III: The teacher leads the students in defining basic ecological concepts; thus,
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ii.

iil.

1v.

Vi.

Autecology: is concerned with the study of an individual organism or a single species
of organism and its environment. Example, the study of a single rat and its
environment.

Synecology: is concerned with the study of the interrelationships between groups of
organisms or species of organisms living together in an area. Example, the study of
different organisms in a river in relation to their aquatic environment.

Biosphere or Ecosphere: this is the zone of the earth occupied by living organisms. It
is a layer of life which exists on the earth’s surface.

Lithosphere: is the solid portion of earth. It is the outermost layer of zone of the
earth’s crust. It is made up of rocks and mineral materials, and it also represents 30%
of the earth’s surface.

Hydrosphere: is the liquid/aquatic part of the earth or living world. It covers about
70% of the earth’s crust. It holds water various forms - solid ice, liquid(water) and as
gases(water vapour).

Atmosphere: the atmosphere is the gaseous of the earth. It is a layer of gases

surrounding the earth over 99% of the atmosphere within 30Km of the earth surface.

Evaluation: The teacher evaluates the lesson by asking the following questions:

1.

What is ecology?

2. Discuss the following terms: a. Biosphere; b. Lithosphere; c¢. Hydrosphere; d.

Autecology;

Summary and Conclusion: The teacher highlights the main points of the lesson along with the

students.
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LESSON PLAN FOR CONTROL GROUP

LESSON TWO: WEEK TWO

Theme: Environmental Biology

Model of Teaching: Lecture Method

Class: SS2

Duration: 80 Minutes

Subject: Biology

Topic: Component of Ecosystem

Average: 16 years

Number of Students: 133

Instructional Materials: Charts, Photographs and films of different biotic communities in
Nigeria and biomes of the World

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

1. List the components of the ecosystem;
ii. List the biotic components of the ecosystem;
1il. Describe the biotic components of the ecosystem;

Previous Knowledge: The students have been taught the ecological concepts

Introduction: The teacher introduces the lesson by asking the students to make a list of all they
observed in the environment.

Presentation: Based on the students’ responses the teacher presents the lesson in the following
steps:

Step 1: The ecosystem is made up of abiotic and biotic components. The diagram below

illustrates the components of ecosystem.

Ecosystem

Abiotic component Biotic component

_ ]

Climate Topography Producers Consumers Decomposers
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Step 2: The biotic components of the ecosystem areas follow:

1. Producers

2. Consumers

3. Decomposers
Step 3: The teacher further describes the biotic components of the ecosystem that;
Producers are green plants which can make their own food through the process of
photosynthesis, these plants are autotrophs;
Consumers are animals which feed on plants or on other animals. They are said to be
heterotrophs consumers are sub-divided as follows:
Primary consumers are animals which feed directly on plant e.g cattles, grasshopper.
Secondary and tertiary consumers are animals that feed on primary consumers examples
hawks, leopards
Omnivores are animals that feed on both plants and animals e.g man
Decomposers are organisms which feed on the carcasses of dead producers and consumers and
in the process bring about the decay of such carcasses.
Evaluation: The teacher evaluates the lesson by asking the following questions:

1. List the two (2) major components of the ecosystem

2. Describe briefly the following terms:

1. Producers
1. consumers
1. decomposers

Summary and Conclusion: The teacher concludes the lesson by highlighting the points

of the lesson.
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LESSON PLAN FOR CONTROL GROUP
LESSON THREE: WEEK THREE
Theme: Environmental Biology
Model of Teaching: Lecture Method
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Ecology
Sub-topic: Basic Ecological Concepts
Average: 16 years
Number of Students: 133
Behavioral Objectives: By the end of the lesson, the students should be able to:

1. List the components of the ecosystem
il. List the biotic components of the ecosystem
iil. Describe the biotic components of the ecosystem

Previous Knowledge: The students have been taught the ecological concepts

Introduction: The teacher introduces the lesson by asking the students to make a list of all the
things they observed in the environment.

Presentation: Based on the students’ responses the teacher presents the lesson in the following
steps:

Step 1: The ecosystem is made up of abiotic and biotic components. The diagram below

illustrates the components of ecosystem.

Ecosystem

Abiotic component Biotic component

_ ]

Climate Topography Producers Consumers Decomposers
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Step 2: The biotic components of the ecosystem comprise of:

1. Producers
11. Consumers
iil. Decomposers

Step 3: The teacher then goes forward to describe the biotic components of the ecosystem.
-The producers are green plants which can make their own food through the process of
photosynthesis, these plants are autotrophs.
-Consumers are animals which feed on plants or on other animals. They are said to be
heterotrophs consumers are sub-divided as follows
Primary consumers are animals which feed directly on plant e.g cattles, grasshopper.
Secondary and tertiary consumers are animals that feed on primary consumers examples hawks,
leopards
Omnivores are animals that feed on both plants and animals e.g man
Decomposers are organisms which feed on the carcasses of dead producers and consumers and in
the process bring about the decay of such carcasses.
Evaluation: The teacher evaluates the lesson by asking the following questions:

1. List the two (2) major components of the ecosystem

2. Describe briefly the following terms:

1. Producers
11. Consumers
1il. Decomposers

Summary and Conclusion: The teacher concludes the lesson by highlighting the points of the

lesson.
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LESSON PLAN FOR CONTROL GROUP
LESSON FOUR: WEEK FOUR
Theme: Environmental Biology
Model of Teaching: Lecture Method
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Ecology
Sub-topic: Functioning Ecosystem
Average: 16 years
Number of Students: 133
Instructional Materials: Charts illustrating Food Chain/Food web

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

1. Define food chain
il. Define food web
iil. lustrate the food chain and food web using diagrams.

Previous Knowledge: The students are familiar with the main components of the ecosystem.
Presentation: Based on the students’ responses, the teacher presents the lesson in the following
steps.

Step 1: The teacher begins by asking the students on how animals get their food.

Animals survive in the environment by eating plants and other animals.

The teacher then defines food chain as the linear feeding relationship among organisms, in which
one organism feed on the one before it in the sequence.

Step 2: The teacher then goes forward to define a food as a complex feed relationship consisting
of interrelated food chains.

Step 3: The teacher then goes forward to illustrate the diagrams of food chain and food web.

Grass — grasshopper — toad — snake — hawk

A complex feeding relationship consisting of interrelated food chain is called food web.

Example of food web is shown below.
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Hawks

Worm\ Lizard Field mice
\Humus Insects

Guinea grass

Evaluation: The teacher evaluates the students by asking the following questions:

1. Define food web and a food web
il. Draw a diagrammatic presentation of a food chain and a food web.

Summary and Conclusion: The teacher concludes the lesson by revising all that he has taught.
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LESSON PLAN FOR CONTROL GROUP
LESSON FOUR: WEEK FIVE
Theme: Environmental Biology
Model of Teaching: Hands-on Learning Strategy
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Ecology
Sub-topic: Ecological Factors
Average: 16 years
Number of Students: 133
Instructional Materials: Samples of Autotrophs and Heterotrophs for Food Chain/web. Various
types of measuring instruments, such as measuring cylinder, wind vane, thermometer, rain
gauge, and meter-rule.
Behavioral Objectives: By the end of the lesson, the students should be able to:
1. Measure three (3) of the ecological factors which they have studied; e.g temperature.
il. Identify and explain three (3) peculiar factors of ecology, each of aquatic an terrestrial

habitats respectively;

iii. Enumerate five (5) ecological factors common to both aquatic and terrestrial habitat
iv. Distinguish with reason(s) between the types of ecological factors; and,
V. Name four ecological factors that are found in your locality/community.

Previous Knowledge: The students are familiar with the main components of the ecosystem.
Introduction: The teacher introduces the lesson by asking the pupils in what ways organisms
interacts with each other and the environment.

Presentation: Based on the student’s responses, the teacher presents the lesson in the following
steps:

Step 1: The teacher leads the students to define ecological factors as those factors that affect
living things in their habitats, by influencing the distribution of plants and animals and their
mode of life in different habitats. These include: temperature, light, rainfall, pressure, turbidity,

wind, relative humidity, PH, water depth, etc.
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Step 2: The teacher identifies that the ecological factors are broadly classified into two (2)
categories; namely: (i) biotic (ii) abiotic ecological factors.

Step 3: The teacher describes ecological factors common to both aquatic and terrestrial habitats;
to include: oxygen, light intensity, temperature, wind, pressure, PH, etc,

Step 4: The teacher further describes the following terms as general factors and associations that
are observed in a population as well as ecological factors.

Competition: Involves interactions among two organisms of the same species or different species
in which one outgrows the other and survives while the other cannot nor survives.

Association: These are close relationships between organisms of different species some of these
associations are harmful, beneficial and some are neutral.

Tolerance: The ability of an organism to withstand or cope with all or some of the unfavorable
environmental factors in the habitat.

Adaptation: Those features of an organism including modification of structures, functioning and
behavior which fit them for life in their particular habitats and improve their chances of survival.
Pollution: The release of harmful substances into the environment.

Competition: Involves interactions among two organisms of the same species or different species
in which one outgrows the other and survives while the other cannot nor survives.
Commensalisms: Commensalisms is an association between two organisms living together in
which only one (the commensal) benefits from the association while the other neither benefited
nor is harmed.

Predation: Predation is a type of association between two organisms in which the predator kills
the other called the prey and feeds directly on it.

Parasitism: This is a close association between two organisms in which called the parasite, lies in
or on and feeds at the expense of the other organism called the host. The parasites benefits from
the association while the host usually suffers harm or dies.

Pathogens: These are microorganisms which can cause diseases in plants and animals leading to
their reduction through death.

Mortality: Mortality is the death rate of organisms (plants or animals) in an environment.

Mortality generally reduces the population of organisms in any habitat.
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Dispersal: Dispersal is the spreading of new individuals from their parents to new habitats so as
to start a new life in the new environment. Such spreading habitats may affect the lives of other
organisms in the new area.
Evaluation: The teacher evaluates the students by asking the following questions:
1. Measure three (3) of the ecological factors which they have studied; e.g temperature.
il. Identify and explain three (3) peculiar factors of ecology, each of aquatic an terrestrial

habitats respectively;

iii. Enumerate five (5) ecological factors common to both aquatic and terrestrial habitat
v. Distinguish with reason(s) between the types of ecological factors; and,
V. Name four ecological factors that are found in your locality/community.

Summary and Conclusion: To summarize the lesson by highlighting the main points of the

lesson
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LESSON PLAN FOR CONTROL GROUP
LESSON FIVE: WEEK SIX
Theme: Environmental Biology
Model of Teaching: Lecture Method
Class: SS2
Duration: 80 Minutes
Subject: Biology
Topic: Ecology
Sub-topic: Energy transformation
Average: 16 years
Number of Students: 133
Instructional Materials: Charts and cardboard showing the changes of energy from one form to
another.
Behavioural Objectives: By the end of the lesson the students should be able to:
1. State why the tip of the pyramid of energy has the least number of organisms;
2. State the first and second Laws of thermodynamics
3. Describe the Describe the application of both laws to ecological phenomena
Previous Knowledge: The students have been taught on the biotic and abiotic components of the
ecosystem
Introduction: The teacher introduces the lesson by asking the students in what ways organisms
interacts with each other and the environment.
Presentation: Based on the students’ response the teacher presents the lesson in the following
steps:
Step 1: The teacher guides the students to:

a) Identify different types of association (such as symbiosis, parasitism, commensalism)
which exist during the transfer of energy, including the adaptation and competitive
activities;

b) State that only a small percentage of the radiant energy actually gets to plants; and,

c) State the first and second laws of thermodynamics and use them to explain ecological

events such as pyramid of energy, food chain energy flow;
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Step 2: The teacher guides the students to state first and second laws of thermodynamics
respectively. Hence, the first law of thermodynamics states that “energy cannot be created nor
destroyed, but may be transformed (changed) from one for to/into another”. While the second
law states that “energy transformations which occur in doing work is never completely (100%)
efficient, and that some energy must escape as heat energy”
Step 3: The teacher further describes the application of both laws to ecological phenomena, such
as pyramid of energy, food chain, energy flow.
Evaluation: The teacher evaluates the students by asking the following questions:

4. State why the tip of the pyramid of energy has the least number of organisms;

5. State the first and second Laws of thermodynamics;

f) Describe the application of both laws to ecological phenomena
Summary and Conclusion: To summarize the lesson by highlighting the main points of the

lesson.
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APPENDIX H

LETTER FOR VALIDATION OF INSTRUMENTS
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APPENDIX I

OUTPUT FOR THE ANALYSIS

Hypothesis One:
T-Test
Group Statistics
groups N Mean | Std. Deviation Std. Error
Mean
Exp 130 33.0615 3.43884 30161
performance
Cont 133 16.9248 2.83545 24586
Independent Samples Test
Levene's Test t-test for Equality of Means
for Equality of
Variances
F Sig. t df |Sig. (2-| Mean | Std. 95%
tailed) | Differ | Error | Confiden
ence | Differ ce
ence | Interval
of the
Differenc
e
Low | Up
er | per
Equal 15.3] 16.
variances 5.456( .020 41.56 261 .000 16131 .3882 7211901
0 673 7
assumed 81 27
Performance Equal 153l 16
ana 41.47| 249.6 16.13| 3891| 7|
variances not .000 7031903
0 67 673 2
assumed 51 11
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Hypothesis Two:

Mann-Whitney Test

Ranks
groups N Mean Rank [ Sum of Ranks
Exp 130 190.89 24816.00
critical scores Cont 133 74.44 9900.00
Total 263

Test Statistics®

critical scores

Mann-Whitney U
Wilcoxon W

V4

Asymp. Sig. (2-

tailed)

989.000

9900.000

-12.417

.000

a. Grouping Variable: groups
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