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ABSTRACT

Ecology and genetics are taught in Senior Secondary Schools (SSS) Biology to equip
students with the knowledge for addressing environmental and hereditary health
challenges. Reports on SSS students’ achievement in external examinations in biology
revealed that students exhibited poor outcomes in these areas. These have been
attributed to the method of instruction used by biology teachers. Previous studies
largely focused on factors influencing students’ achievement in ecology and genetics
with little consideration for computer-assisted eclectic approach that promote
students’ active participation. This study, therefore, was carried out to determine the effects
of computer simulation and digital puzzle packages on students’ learning outcomes
(achievement, problem solving skills and attitude) in ecology and genetics in SSS in
Oyo State, Nigeria. The moderating effects of self efficacy and mental ability were also
examined.

The study was anchored on Kolb’s Experiential and Lev Vygotsky’s socio-cognitive
learning theories, while the pretest-posttest control group quasi-experimental design
with a 4x3x2 factorial matrix was adopted. Four Local Government Areas (LGAs)
were randomly selected and eight schools (two per LGA) were purposively selected
based on the presence of a functional computer laboratory. Eight intact Biology
classes were randomly selected from SSS II. The schools were randomly assigned to
conventional method (92), computer simulation (92), digital puzzle (93) and computer
simulation and digital puzzle (94) packages. Treatment lasted eight weeks.
Instruments used were Students’ Achievement in Ecology and Genetics (1=0.80),
Students Problem Solving (r=0.83) and Mental Ability (r =0.85) tests, Students’
Attitude to Ecology and Genetics (r=0.79) and Students’ Self-efficacy (=0.80) scales
and instructional guides. Data was analysed using Analysis of covariance and Scheffe
post-hoc test at 0.05 level of significance.

There were significant main effects of treatment on students’ achievement (F,
346=447.59; partial n2=0.80), problem solving skills (F3346=836.57; partial n2=0.88)
and attitude to ecology and genetics concepts (F346=327.26; partial n2=0.74).
Participants in computer simulation had the highest adjusted post achievement mean
score (27.77), followed by computer simulation and digital puzzle (27.41) and digital
puzzle (26.72), while the conventional method group had the least adjusted post
achievement mean scores (10.69). Participants in computer simulation and digital
puzzle had the highest adjusted post problem solving skills mean score (26.62)
followed by the digital puzzle (25.80) and computer simulation (25.66), while the
conventional method group had the least adjusted post problem solving skills mean
score (9.85). Participants in the digital puzzle group had the highest adjusted post
attitude mean score (58.07), followed by the computer simulation (55.69) and



computer simulation and digital puzzle (54.36), while the conventional method group
had the least adjusted post attitude mean score (26.77). There were no significant
main effects of mental ability and self-efficacy on students’ learning outcomes in
ecology and genetics concepts. The two- way and three- way interaction effects were
not significant.

Computer simulation and digital puzzle instructional packages are viable aids, the
combination of these packages enhanced students’ learning outcomes in ecology and
genetics in senior secondary schools in Oyo State, Nigeria. Therefore, these packages
should be adopted more in teaching biology.

Keywords: Computer simulation and digital puzzle instructional packages, Ecology and
genetics concepts, Problem solving skills, Students’ attitude to ecology and
genetics.
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CERTIFICATION

I certify that this work was carried out by Olumide Olubukola Joyce, with Matric.
No. 161340, under my supervision in the Department of Science and Technology,

Faculty of Education, University of Ibadan.

Supervisor
Prof. A. M. Olagunju
B.Sc (Ife), M.Ed, Ph.D (Ibadan)



DEDICATION

To the source of my strength and inspiration,
JEHOVAH ELOHIM,
To the memory of my loving husband,
Pastor Ajibayo Olumide
To my boys,
Oluwaseunayofunmi Olumide
And
Ayobami Olumide

I love you dearly



ACKNOWLEDGEMENT

I am eternally grateful to Jehovah Elohim, my inspiration and strength, for His
faithfulness. He initiated this project and oversees it to completion.

My profound gratitude goes to my Supervisor, Professor Alice Morenike
Olagunju, who not only painstakingly supervised this work; she mothered me all
through the period of my training. You are a rare gem.

I sincerely appreciate my amiable lecturers in the Department of Science and
Technology, University of Ibadan. Dr. T. Ige, Dr. Tella, Dr. Ukoh, Dr. Akinyemi, Dr.
Abimbade who were ever ready to assist in ensuring the successful completion of this
work.

I deeply thank my brother, Mr. Wole Ojomo for your unflinching support all
through the period of the training. Jehovah is your exceeding great reward.

I cannot but mention my foster family, the Olorunfemis. Thank you for
always being there for me.

I am also indebted to my Provost, Prof. Olukoya Ogen for his timely
encouragements. | am immensely grateful sir. To my sign and wonder,
Oluwaseunayofunmi and Ayobami, turned my supporting club, cheering and urging
me on, thank you. I love you dearly. To my Pastor, Bishop Adeniji, all my friends
and colleagues at work, I say a big thank you. You mean so much to me.

God bless you all real good.

vi



TABLE OF CONTENTS

Title Page

Abstract

Certification

Dedication

Acknowledgement

Table of contents

List of Tables

List of Figures

CHAPTER ONE: INTRODUCTION

1.1
1.2
1.3
1.4
1.5
1.6

Background to the Study
Statement of the Problem
Hypotheses

Scope of the Study
Significance of the Study

Operational Definition of Terms

CHAPTER TWO: LITERATURE REVIEW

2.1
2.1.1
2.1.2

2.13
2.14
2.1.5
22

221
222
223
224
225

Theoretical Framework

Social cognitive theory

Social cognitive theory in relation to Computer Simulation
and Digital Puzzles Packages

Different Models Supporting Simulation
Conceptual Model for Puzzle Package
Problem Solving Model

Conceptual Framework

Achievement in Ecology and Genetics
Problem Solving Skill

Attitude to Ecology and Genetics
Computer Simulation Package

Puzzle-Based Learning Package

vii

Pages

il

v

vi
vii
X1

Xii

14
15
16
16
17

20
20

22
23
26
32
34
35
36
37
39
39



2.2.6

2.2.7

2.2.8

23

23.1

232

233

234

235

2.3.6

2.3.7

2.3.8

239

2.3.10

23.11

23.12

2.3.13

24

Conventional Instructional Method

Self Efficacy

Mental Ability

Empirical Review

Computer Simulation Package and Students’ Achievement in
Ecology and Genetics

Computer Simulation Package and Problem Solving skills in
Ecology and Genetics

Computer Simulation Package and Students’ Attitude

to Ecology and Genetics

Digital Puzzle Instructional Package and Problem Solving

Skills in Ecology and Genetics

Digital Puzzle Instructional Package and Students’ Attitude to
Ecology and Genetics

Digital Puzzle Instructional Package and Students’

Achievement in Ecology and Genetics

Modified Conventional Package and Students’ Learning Outcomes
Self Efficacy and Students’ Achievement in Ecology and Genetics
Self Efficacy and Problem Solving Skills in Ecology and Genetics
Self Efficacy and Students’ Attitude to Ecology and Genetics
Students’ Mental Ability and Students’ Achievement in Ecology
and Genetics

Students’ Mental Ability and Problem Solving Skills

in Ecology and Genetics

Students’ Mental Ability and Students’ Attitude to

Ecology and Genetics

Appraisal of the Reviewed Literature

CHAPTER THREE: METHODOLOGY

3.1
32
33
34

Research Design
Variables of the Study
Selection of Participants

Research Instruments

viii

41
41
43
44

44

46

46

47

48

49

50

50

51

52

52

54

55

55

57
58
58
59



34.1
34.2

343
344
345
3.4.6

3.4.7
34.8
34.9
3.4.10
34.11

3.5
3.5.1
3.5.2
353
354
3.6

Students’ Achievement Test in Ecology and Genetic (SATEG)
Students’ Problem-Solving Test on Ecology and Genetic

in Biology (SPSTEG)

Students Attitude to Ecology and Genetic Scale (SAEGS)
Students’ Self-Efficacy Scale (SSES)

Students’ Mental Ability Test (SMAT)

Computer Simulation Package on Ecology and Genetic

in Biology (CSPEGB)

Digital Puzzle Instructional Package

Teacher Instructional Guide on Simulation Package

Teachers’ Instructional Guide on Digital Instructional Package (TIGPP)
Teachers’ Instructional Guide on Conventional Package
Evaluation sheet for Assessing Teachers’ Performance on the
Use of the Package (ESATPP)

Research Procedure

Training of teachers

Pretest

Treatments Procedures

Posttest

Methods of Data Analysis

CHAPTER FOUR: RESULTS AND DISCUSSION

4.1
4.2
43

Testing of Null Hypotheses
Summary of Findings

Discussion of Findings

59

60
60
61
62

62
63
64
65
67

67
68
68
68
68
71
72

73
82
83

CHAPTER FIVE: SUMMARY, RECOMMENDATIONS AND CONCLUSION

5.1
52
53
54
5.5
5.6

Summary

Conclusion

Implications of Findings
Contribution to Knowledge
Recommendations

Limitations of the Study

96
97
97
98
99
99



5.7

Suggestions for Further Study
References
Appendixes
Appendix 1A
Appendix 1B
Appendix 1C
Appendix 1D
Appendix 2
Appendix 3
Appendix 4
Appendix 5
Appendix 6
Appendix 7A
Appendix 7B
Appendix 7C
Appendix 8
Appendix 9
Appendix 10
Appendix 11
Appendix 12A
Appendix 12B
Appendix 12C
Appendix 13
Appendix 14

100
101
124
124
128
132
133
134
136
140
142

145
148
149
151
152
153
154
179
180
181
182
186



Tables Pages
1.1 Oyo State Entry and Result Statistics for May/June
WASSCE for 2008 — 2016
23 Categories of Active Learning and Strategies in Each Category
3.1 Schematic Representation of the Matrix
3.2 Table of Specification for Students’ Achievement Test in Ecology and
Genetic (SATEQG)
4.1 Analysis of Covariance (ANCOVA) of Post-Achievement by Treatment,
Self-efficacy and Mental Ability
4.2  Estimated Marginal Means for Post-Achievement by
Treatment and Control Groups
43 Scheffe Post-hoc Analysis for Post-Achievement by
Treatment and Control Group
4.4  Analysis of Covariance (ANCOVA) of Post-problem Solving
Skills by Treatment, Self-efficacy and Mental Ability
4.5 Estimated Marginal Mean for Post-Problem Solving Skills by
Treatment and Control group
4.6  Scheffe Post-hoc Analysis of Post-problem-solving Skills by Treatment
and Control Groups
4.7 Analysis of Covariance (ANCOVA) of Post-attitude by Treatment,
Self efficacy and Mental Ability
4.8  Estimated Marginal Means Post-attitude by treatment and Control group
4.9  Scheffe Post-hoc Analysis of Post-attitude by

LIST OF TABLES

Treatment and Control groups

xi

57

60

73

74

74

75

76

76

77

78



LIST OF FIGURES

Figures Pages
2.1 Simulated teaching 24
2.1.4 Conceptual model for puzzle package 26

2.1 Model for Development, using and Evaluating Puzzles for Teaching 28

Xii



CHAPTER ONE
INTRODUCTION
1.1 Background to the study

Biology, a science of life, deals with the characteristics of living things, their
forms and functions, as well as their relationship with one another and with their
environment. It is a subject that engages the students in diverse process skills, such as
organizing information, designing experiments, observing, interpreting, clarifying,
predicting events and reporting adequately. One of the primary reasons why Biology
is taught is to enable students to comprehend biological ideas, laws, principles and
theories.

Federal Ministry of Education (2013) lists the following objectives of Biology
in its curriculum : to aid the comprehension of the function and structure of lively
things as well as to appreciate nature; acquire appropriate field and laboratory
trainings: enable performance and evaluation of experiments and projects in Biology;
acquire important skills in science, such as observing, classifying, analysing and
explaining collected data in biology; acquire vast comprehension of biological
concepts that are useful for further studies in biological science; possess scientific
orientation that proffers solutions to problems in Biology; and develop ability to
bring in principles in Biology to issues affecting individual, community,
environmental, societal health and financial status.

Achieving these aims demand exposing the students to teaching that will
enhance the understanding and mastery of all the topics. Biology is one of the basic
subjects for various applied areas of studies that contribute to the growth of the nation
technologically. These fields include biotechnology, nursing, pharmacy, physiology,
physiotherapy and medicine. Science and technology in general determine, to a large
extent, the level individual growth and advancement of nation.

Students’ performance in Biology in Oyo State for May/June WASSCE for
the period between 2008 and 2015, revealed a worrisome decline. This situation is
particularly discouraging in view of the fact that majority of the students offer

Biology. The subject may be their last formal exposure to science.



Table 1.1: Oyo State Entry and Result Statistics for May/June WASSCE for

2008-2016
Year No of No and % No and % of No and % of No and % of
Candidate of A to B3 C4 to C6 D7 to ES F9
No % No % No % No %

2008 30,005 831 276 5317 17.68 10,573 35.18 13,334 44 .38
2009 24,904 263 1.06 2,709 10.88 4,532 26.19 17,401 61.87
2010 41,845 866 231 9497 22.69 8773 2471 21,047 50.29
2011 45,970 516 0.62 6,236 13.57 11,362 19.68 38,375 66.13
2012 43,164 588 1.35 6,586 15.25 2,711 6.28 33,867 77.12
2013 74,670 2,567 3.48 24,153 32.80 19,532 26.53 29,147 37.19
2014 24098 413 1.7 5679 23.57 7600 31.54 10406 43.19
2015 19371 519 2.7 5418 2797 5984 30.89 7450 38.44
2016 27,426 523 1.91 5527 20.38 5,722 20.54 15654 57.17

Source: Ministry of Education Oyo State, Ibadan



From Table 1.1, it is obvious that the percentage of pass at credit level is
generally too low in public senior secondary schools in Oyo State. Although the
enrolment for Biology was higher than that for other science subjects, Biology
recorded very poor achievement in Senior School Certificate Examination. Based on
this analysis, it may be difficult for candidates to gain admission to higher institution,
if they wish to study Biology-related courses.

The Biology curriculum for 2009 (NERCD 2009) has only four themes:
Organisation of life, The Organism at work, The Organism and its environment and
Continuity of life. Ecological concepts are infused into the theme “Organism and its
Environment”, while genetics is a topic under the theme “Continuity of life”. Themes
under Environmental Education Concepts (like Ecosystem, Pollution, Conservation
methods and Population) and concepts in genetics (like heredity, variation, alleles,
dominance, recessive genes, transmittable characters, genes, chromosomes, laws of
inheritance) are in the West Africa Senior Certificate Examination (WASSCE) and
National Examination Council (NECO) Senior School Certificate Examination
syllabuses (Obioma, 2007). Ecology and Genetics cover two out of the four themes of
the Biology curriculum. A large proportion of the questions in the examinations are
grouped under these concepts.

Genetics is often considered to be at the forefront of all modern science
because of the level of difficulty students and teachers experience in learning and
teaching the concepts. Understanding its importance gives one an in-depth knowledge
of the human nature and that of organisms surrounding human. The knowledge of
genetics has been considered useful from the inception of civilization, when people
applied genetic principles to work on the production of food crops used for domestic
purposes (such as guinea corn, millet and sorghum) and in-kept animals. The genetic
knowledge when applied to plant and animals results in the development of species
that are resistant to diseases and pests, and production of healthful and nutritious
harvest. Application of genetics is found to be helpful in areas such as human health
and medical care. Pharmacists today consider the roles of normal genes and defective
genes in manufacturing pills, intending to provide the best and safest drugs for curing
sicknesses. This is achieved through considering the genetic settings of the patient.

Pharmaceutical industries have recorded significant success since the discovery and



application of genetics into its practices. All over the world today, people facing
chronic genetic health challenges are about 5% of the population. Some of the
diseases that are found to have genetic origin include asthma, forms of cardiovascular
disorder, diabetes and hypertension.. At the International Congress of Genetics, Tony
Griffa recommended that students should learn Biology concepts and principles and
apply them creatively in novel situation. This is in view of the emphasis on
acquisition of knowledge which is the lowest of Bloom’s taxonomy of education
objectives. Higher levels of cognitive functioning (comprehension, application,
analysis e.t.c) are seldom achieved. The Chief Examiners’ report (2007- 2017)
showed that students perform poorly in these areas in Biology

Afforestation, pollution, conservation techniques and population are some
topics under ecology in the Senior School Certificate Examinations (SSCE)/National
Examinations Council (NECO) Senior School Certificate Examinations syllabuses
(Obioma, 2007). The utility of ecological concepts in Biology has made it an
important topic. Ecology is that branch of Biology that focuses on the study of
association between plants, animals and their surroundings.. Ige (2001), cited in
Ogundiwin (2014), states that the study of ecology enables students to understand the
processes of change brought about as a result of the interaction of living things and
the influence on the physical environment. Through the study of ecology, students are
able to discover some of the most important ecological issues affecting the
environment and how to prevent them. These include how human activities disrupt
ecological relationship, the challenges they encounter as they discharge their daily
activities and the significance of ecological concepts in scientific advancement that
affects the lives of mankind. Ecology is an aspect of science that is dynamic and
relatively young.

WAEC Chief Examiner’s Reports (2010; 2011 and 2012) show that the
senior secondary school Biology students had major problems that border on lack of
metacognitive skills, which led to the poor performance of students in the areas of
ecology and genetics (Umoke and Nwafor, 2014). Some of them are textbook- and
laboratory-based reasons (Ivowi, 2000); inability of the secondary school students to
recognize most of the laboratory apparatus relating to ecology and genetics they could
not identify in what experiment each is used (Saat, 2004; Aydogdu and Kesercioglu,
2005); misconceptions of concepts identified (Olagunju and Abiona, 2004;



D’Avanzo, 2008); large class size (Olagunju, 2005); the structure of the curriculum;
concentrating the examination questions on few topics different from ecology and
genetics (Garba, 2009); inadequacy of teaching material/ resources, laboratory
equipment  /reagents/chemical, = and  laboratory  space  (Aremu  and
Sangodoyin,2010);and insufficient practical skills (Danmole, 2012). The reasons
given in the Chief Examiner’s Reports for the poor performance in the years 2003-
2013 are wrong spelling of labels and technical terms in ecology and genetics, non-
adherence to rubrics, shallow knowledge of the concepts, inability of the students to
express themselves in correct vocabulary and inability to clearly describe the
experimental steps involved in ecology and genetics (Chief Examiner’s Report
WASSCE, 2012).

The poor achievement in ecological concept, as observed by Oyeleke (2011),
reflected in the wrong answers given to ecological questions asked in WAEC
examination in 2007, for example on five importance of water to organisms in the
rainforest. Chief Examiner’s Report (2007) further reveals that some candidates wrote
answers like “cooking, drinking and washing,” instead of maintaining body
temperature, essential for plant turgidity, and necessary for photosynthesis. Also
students were asked to mention briefly three adaptive measures of arid animals to
drought and high temperature. The report showed that the students’ answers were
wrong. Ayanda (2006), while citing from WAEC Chief Examiner’s reports, maintains
that students’ knowledge of genetics concept in Biology was poor despite the fact that
several crucial efforts have continually been made over the years to remedy the yearly
poor performance and also improve students’ performance. WAEC Chief Examiner’s
Report revealed that, in 2009, students did not answer question 4d, on genetics
correctly. The question reads: “Explain in details these terms: Co-dominance, Sex-
linked characters, Hybrid vigour

Many students were not aware that the sex-linked genes are borne on the X-
chromosome. Co-dominance was an ambiguous word for the students. Some of them
felt co-dominance was another term for recessive gene. Hybrid vigour was misplaced
for hybridization. The WAEC Chief Examiner’s Report in 2011 revealed that
Question 3a on using the thermodynamics’ second law to explain the energy flow
level across difference trophic levels in a food chain was poorly answered by the

candidates. Most of them could neither state the law nor relate it to food chain. The



calculations on genetics in Question 4 of 2014 WASC Examination proved difficult
for the candidates to solve, according to the Chief Examiner’s Report.

In view of the foregoing, Adegbile (2002) and Oyeleke (2011) noted that
teachers who wish to produce students who are versed in ecological concept
knowledge and can achieve conceptual comprehension need to employ metacognitive
teaching strategies.

The problem-solving ability of students is a contributary factor to the poor
performance in Biology. This can be traced to their inability to manage resources
sufficiently within the period earmarked for the study. A recent study conducted by
Ogundiwin and Ahmed (2015) on senior secondary school students’ skills in problem-
solving in ecology revealed that many students face difficulties in understanding
many aspects of school Biology, because of their poor problem-solving skills and the
teaching strategies employed by the teachers. Raimi (2003) argues that exposure to
practicals help develop competence in specific skills needed by students to perform
specific roles in life task.

Furthermore, the introduction of practical in the normal setting of teaching and
learning processes helps students to develop the problem-solving ability. This is
because they provide the students the required opportunity to experience and build a
feeling and interest in the phenomenon being studied (Abimbola, 2013).

Critical thinking skills that enhance the development of problem-solving skill,
creativity and tolerance in solving difficult tasks are basic skills that will help produce
a holistic learner (Ogundiwin and Ahmed, 2015). Possession of problem-solving skill
will make students adept problem-solvers. This will help in demonstrating the ability
to think cross-functionally across various problems. Graham (2005) claims that
problem-solving ability is usually developed in the students through the introduction
of practical in the normal setting of teaching and learning processes. The ability to
transfer the problem-solving skills to real-life situations is a major expectation in
sciences. This is because problem-solving ability will enable the students to tackle
some of the prevailing biological problems being experienced today (Ige, 2001; cited
in Ogundiwin, 2014). Problem-solving ability will help the students explore,
manipulate the situation and reflect on their experiences. Elaboration and reflection
improve learning, providing the students with the required opportunity to experience

and build a feeling or interest in the phenomenon being studied (Raimi, 2003).



Problem-solving skill has a special role in the study of the sciences. According
to Okurumeh (2009), proficiency in problem solving requires practice and, when the
learner is given enough opportunities for practice, this results in acquisition of
competence which, in most cases, could lead to invention. Problem-solving ability has
been regarded as the linking tie between context and applications in a learning
environment, for the development of basic skills and their uses in various dimensions.
Monitoring is also a vital component in developing effective problem-solving ability.
So, the teacher needs to monitor the students’ progress.

As important as problem-solving skill of students is to basic life situation, it
cannot be effectively developed and applied in ecology and genetics issues if the
attitude of the students towards ecology and genetics is not enhanced. Another factor
affecting students’ performance in Biology is students’ attitudes towards Biology.
Ajayi (2007) states that students’ bad attitudes to science make them perform poorly
in science subjects. Educators in science field have noted that the acquisition of right
disposition towards science ought to be a non-negotiable goal of the school
curriculum.

Although there are several definitions of attitude, all of them agree that
thinking, feeling, or acting positively or negatively toward objects in the environment
is the most suitable definition. The components of attitude as claimed by social
psychologists are three namely: affective, cognitive and behavioural. Feelings about
object is referred to as affective and it is tested by using psychological indices (heart
rate). The cognitive component is a set of views about the features of the object and it
is assessed by performing the paper-and-pencil tests (questionnaire). Finally, the way
people act toward the object and its assessment is done through direct observation of
behaviours. This is termed the behavioural component.

Attitude towards science might be viewed as observed predisposition to assess
in specific ways, objects, people, and actions. It is also seen as a learned, negative or
positive, feeling about science that conveniently summarizes the beliefs about science.
Attitude predicts behaviours that are related to science. Assertions such as “I dislike

b

science,” or “I prefer science,” are seen to be displays of attitudes toward science
because they connote a general right or wrong feelings toward the official training in

science.



Students’ attitude is also defined as students’ predispositions to responding or
reacting in their interpersonal relationships, particularly in interacting with teachers
and the students. Krapp (2002) states that positive students’ attitudes are fundamental
to students’ academic performance. Several research findings have also reported that,
although efforts have been intensified to better the teaching-learning process in
Biology, students in high schools still have negative attitudes towards science,
especially Biology (Ajayi, 2005). From the learning theory perspective, students with
negative attitude to science will lack the drive to persist and do better in this field
(Adeoye, 2007). Attitude towards science is directly related to performance in science
(Jegede, 2007). Positive attitude/favourable attitude may lead to significant higher
performance in science. Attitude, like achievement, is an important outcome of
science teaching. A major goal of teaching science, Biology in particular, is that it
opens up students to favourable attitudes toward Biology and biosocial problems.
Attitudes can be seen as an important aspect of education because they tend to
influence behaviour (Nelson, 2011). People acquire attitudes through learning and
can also change attitudes through persuasion, using various techniques. Attitudes
steadily change; persons gradually practice new attitudes and polish old ones when
they come in contact with new experiences and information (Adeoye, 2011).

Cimar (2012) found that genes, chromosomes, Mendelian genetics, and
hormones are considered difficult concepts by secondary students. This has resulted in
learners having negative attitude towards genetics. The deterioration in knowledge
and poor attitude have been attributed to inappropriate teaching strategies (Daramola,
2010). Teachers have a critical role to play in the formation of their students’ attitude
and achievement (Akinsola, 2013); hence, the call for urgent attention to investigate
the learning method that could better enhance students’ positive attitude towards
Biology

Ojo (2009) observes that various study techniques have been proposed for
ecological concepts such as fieldworks or field trips. Ige (2001) used mapping
concepts and problem solving teaching strategies to determine the academic
performance of secondary school learners in ecology. The study revealed that concept
mapping and problem solving teaching strategies emerged more efficient than the
conventional instruction in the teaching of ecology in Biology. Olagunju and Ojo

(2006) assert that learner-centred strategies embrace active involvement of students,



which is the focus of the cognitive learner-centred theory. Students are enthusiastic
with such innovation. It emphasizes the dynamic mental input of pupils by supplying
occassions for students to profoundly listen to, read, talk about, as well as write and
ponder on the contents, notions, matters and apprehensions of an academic subject.
Ogundiwin (2013) worked on pre-theoretic intuition quiz; Oloyede (2014)
investigated critical exploration; while Awolere (2016) worked on experiential.

The rapid application of computer in education has sprung changes in the
teaching-learning process, courses as well as the employed instructional methods
engaged by the teachers’ and administrators (Loveless and Ellis, 2002). Such positive
alterations in the use of techniques for instruction are brought about due to the reason
that computer-aided methods boosts students’ drive and fashions proper environments
for learning where rote education diminishes and active acquisition of knowledge can
meaningfully take place. (Renshaw and Taylor, 2000).

Akingbemisilu (2016) observes that new technologies are invented everyday
and they have tremendous effects on every aspect of society. Aremu, Olaosebikan,
Fakolujo and Oluleye (2013) and Aremu and Obideyi (2014) reported high acceptance
and usability of modern technology for classroom instructions by students. However,
AbdulRahaman (2014) and Akingbemisilu (2014) claim that the effects of these
technologies have not been very obvious in the teaching-learning process in Nigeria.
Students consistently look forward to being in a classroom where they are helped to
develop knowledge unaided, through the experiences they are exposed to, not just
passively receiving one-dimensional information. They also expect to get involved in
discussion in classes and project groups; most of their assignments are done during
class periods, instead of organizing tutorial classes (Tom, 2012).

There are several technology-driven strategies that have surfaced recently. These
include web questing, podcast, flipped learning, cloud computing, mobile learning,
and assistive technology (Gladys et. al. 2015; Akingbemisilu, 2016). The effects of
these recent technology-driven strategies on instruction have been considered
significant. However, each of these technologies has peculiar characteristics that make
it unique. Web quest, for example, helps to harness social networking for business
goals. Its podcast, which includes the release of series of audio files that can be
downloaded on regular schedule from the Internet, is particularly useful for lessons

that centre on listening skills, such as in languages, storytelling and pronunciations as



well as for the visually impaired learners. Cloud computing, particularly useful for
ICT lessons, helps users store information that is vital to them on a secured world
wide web, which could be retrieved easily. Mobile learning is unique for distance
education where lesson contents can be accessed on the mobile platform (Adedoja,
Egbokhare and Oluleye, 2013). Mobile learning is also well suited for theoretical
concepts and it serves mainly as support tool for learning. Assistive technology
involves the use of educational technologies for the physically challenged, thereby
enhancing their rate of comprehension of what the teacher teaches.

Helping students to combine pictures with words to develop models of dynamic
systems is another way of enhancing learning (Schnotz and Bannert, 2003). This
method led to the development of a kind of special collaborative animation: computer
simulations (Nerdel and Prechtl, 2004). Simulation packages provide intermediate
models that students understand more easily than detailed and complex models.
Simulation was found to propel science students in the middle school to study aquatic
ecosystem beyond the surface level. The aquarium represented a physical model (Efe
and Efe, 2011). National Research Council (2011) observes that, through simulation,
users are enabled to detect and manipulate with illustrations of phenomena that should
rather be unseen. These features make simulations very useful in appreciating and
determining the behaviour of a range of events.

Computer simulation packages provide field learning experiences or virtual
laboratories that remove practical and wunrealistic constraints to students’
investigations. This way, they establish the new, inquiry-based approaches to science
instruction. They allow students to observe, explore, and manipulate scientific
explanations of occurrences in science that ordinarily would be difficult to notice and
formulate. They can assist learners to intellectually connect scientific phenomena that
are abstract with the unseen procedures underlying the events and the learners’
observations (Liao, 2005). Computer simulation packages have great potential to
promote and make science instruction inquiry-based, thus side tracking imminent
problems to general use of these approaches. Young people who are increasingly
engrossed with the use of digital media all day are attracted to computer simulations.
Simulations allow users to discover the inferences of controlling or adjusting

constraints within them (Pilli, 2008).
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Students apply newly acquired skills and are motivated towards advanced
learning while using realistic simulation (Chen, and Howard, 2010). Students’ attitude
towards science may have been influenced over time by the significant role played by
simulation. Research on realistic simulations showed how relevant science is and
springs changes in students’ perception of science (Zubair and Nasir, 2011). Students’
self-perception and goal orientation are changed when they are exposed to live
simulation learning environment.

Very little has been done on the use of this method for imparting learning
outcomes in Biology education, especially in enhancing learners’ achievement,
problem-solving skill, and positive attitudinal change. Problem-solving skills are
acquired in learners through critical thinking, which makes them adaptive problem-
solvers. One of the aims of Biology curriculum is to develop broadly applicable skills
in deep thinking, communication and objective reasoning ability to train learners for
competency, workplace sustainability and self-sustainability in the world economy
(Federal Ministry Education, 2008). Most students perform poorly in examinations
that determine capacity to identify set expectations, assess arguments, and analyse
interpretations. The performance of learners on higher-order thinking measures ability
revealed a major necessity for students to acquire effective thinking abilities to solve
problems. Although several research work supply circumstantial proofs for methods
that make better critical thinking for problem solving, many of them rely on self-
report of the students, and this limits the depth of interpretation. Hence fresh research
that investigates the effects of instructional factors that aid problem-solving skill is
necessary.

Scott (2006) identifies various methods of using puzzles instructional packages
in education. These include public events, illustrative strategies, classroom resources,
introducing new ideas, arts and craft, physical manipulation, skills, posing problem
and creative research. There were raw proofs that the comprehension of abstract ideas
improved and the development of problem-solving aptitudes in students improved,
using puzzle instructional packages in imparting knowledge in science education in
Korean universities (Anany and Mary 2002). This is also supported by the findings of
Lauric and Robbert (2001) in Korean universities in their experiment with utilizing
puzzle to teach and learn computer science education. The students understood

abstract concepts by solving puzzle.
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Kendall et al. (2008) found that puzzle-based active learning equips learners with
the use of resources better than the inactive type of analysis does. The use of puzzles
made learning more exciting. Consequently, the expected learning outcomes were
achieved. Puzzle instructional package was compared with conventional instructional
method by Anany (2002) in the investigation of procedures. The result revealed that
the use of puzzle package produced better results. The learning aftermath of the
candidates exposed to puzzle package improved more than that of their course mates
who were exposed to the conventional method in algorithms. Aremu and
Olasunkanmi (2007) aver that puzzle is an educational resource that imparts critical
thinking skills. The prerequisite to line up with current methods in technology and
interactivity has made the computer very useful in the scholastic section. Digital
puzzles could allow for interactivity, immediate knowledge of result, reinforcement
and practice, which are necessary for effective learning.

The conventional method consists of the oldest method of teaching used in most
Nigerian schools. It is a traditional “talk-chalk” package. The teacher “gives out” the
facts to the students and the students listen and digest the knowledge (Osokoya, 2002).
There are reasons why teachers stick to the conventional mode of teaching. Some of
them as given by Adesoji (2004) are overloaded curriculum, lack of infrastructural
facilities, lack of training programmes/workshops and lack of skill in handling
difficult concepts (Olagunju, 2002). Abimbola(2013) claims that dominant in
secondary schools in Nigeria is the teacher-centred methods. Ogundiwin and Ahmed
(2015) contend that the adoption of conventional method is inadequate in effective
impartation of scientific knowledge. Olatoye and Adekoya (2010) also opined that, in
relation to the teaching of science secondary schools in Nigeria, the traditional method
of teaching is not effective.

In order to have adequate knowledge, improve problem-solving skill/abilities and
develop positive attitude towards ecological and genetic concepts, it becomes
imperative for learners to be equipped with the ability to organize and execute prompt
actions required to achieve successful level of performance in these concepts
(Anderson 2007). This is self-efficacy.

Self-efficacy predicts students’ academic performance both directly and
indirectly across academic areas and levels (Adepitan, 2004). It is an indicator of

academic performance, because it has been reported to be associated with motivation,
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resilience, optimum and goal orientation, which are also predictors of success in
school work (Chambers, 2009). Wagner (2005) defines self-efficacy as the personal
convictions in one’s capacity to excel in particular situations. According to Pajarez
(2006), learners that display confidence in their educational prowess are motivated
intrinsically, keep close watch on their work periods more excellently, are better
problem-solvers, show more persistence and are more prone to achieving their
academic goals than those who are not confident of their academic abilities. Low self-
efficacy propels students to feel they are not inclined to be efficacious academically
and thus make little effort. They consider tasks that are challenging threats that are to
be avoided. They, therefore, develop low morale, that produces poor scholastic
performance.

Furthermore, Wood and Gentile (2003) asserted that high level self-efficacy
learners work harder and engage in more self-efficacy strategies that promote school
success. According to Fend and Scheel (2005), students’ self-efficacy can be
influenced by teaching strategies, either positively or negatively. Students who are
exposed to particular pedagogy that increases their confidence and their capability in
the subject are motivated to put more effort into attaining higher-level achievements in
the subject. In other words, if a student believes that he or she has what it takes to
master the concepts and principles in Biology, the belief, whether true or not, could
affect his or her interest, motivation and performance in Biology. Shaugnessy (2004),
therefore, advocates that teachers should seek to increase academic self-efficacy by
employing strategies that would enhance the self-efficacy of students. Adeoye (2011)
discovered a low level of self-efficacy in Biology students. The mental ability of the
students increased with high level of self-efficacy.

Ojo (2008) discovered that students’ mental ability has imparts on learning,
retention and subsequent pedagogic accomplishment in Biology. According to them,
mental ability expedites the interaction process which characterizes the initial learning
phase by enhancing efforts and readiness to learning.

Onabanjo (2007) recognises a very high relationship between students’ mental
ability and performance in science-related courses and Mathematics. He defines
mental ability as the enablement to display higher mental practices of remembering,
thinking and solving problems. Researchers like Mayer (2000), Kasali (2000) and
Sangodoyin, (2011) have established a link between mental ability and students’
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performance in science. To Mayer (2000), the nature of discovery in cooperative
learning and interactivity provides a beneficial boost to passive learning that is
monotonous. With this, both the teacher and students may control their own pace of
lesson according to their individual abilities. In addition, cooperative learning can give
students with low ability, prolonged learning time to progress through the help from
colleagues with high mental ability who are not confined by linearity or much slower
pace (Mayer and Moreno, 2003). Therefore, the interest to proceed or recede and
collaborate with other learners allows learners to learn according to their individual
pace that will insure that both groups of students perceive information equally. This is
called self-pacing. Mental ability, to some extent, determines the resourcefulness,
concepts formation, language awareness and problem-solving ability of learners.

This work, therefore, investigated the combined effects of computer simulation
and puzzle-based (digital) instructional package on students’ learning outcomes in
Biology with respect to the self-efficacy and mental ability of senior secondary school

students in Oyo State.

1.2  Statement of the problem

Efforts have been intensified towards achieving success in SSSCE and NECO
in Biology. Yet, students’ results have persistently been poor. The poor performance
of students, as revealed by their results in external examinations, has been acrued to
students’ poor comprehension of ecology and genetics in Biology, which is reflected
in the negative attitude towards the subject and poor problem-solving skills. This may
be due to the abstract nature of some of the concepts from which the bulk of the
questions are raised and students’ poor problem-solving skills in answering questions
on ecology and genetics. They could not apply the conceptual knowledge in an
examination situation. The poor handling of the concepts by teacher-centred methods
aggravates the problem. Researchers have suggested the use of meta-cognitive
teaching strategies, which involve a shift in focus from teacher-centred teaching
methods to learner-centred one, such as the use of video compact disc, audio
cassettes, Entereducate, computer simulation and puzzles, to teach. Studies have
indicated that these are persuasive in defining students’ learning outcomes in some

other subjects and other nations of the world but the extent to which computer
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simulation and digital puzzles would combine to influence students’ learning
outcomes in Biology has not enjoyed any research focus in Oyo State, Nigeria.

The past studies on the use of computer simulation and digital puzzle
instructional packages did not focus on the moderating effects of self-efficacy and
mental ability on senior secondary school Biology students’ learning outcome and did
not establish the combined effect of computer simulation and digital puzzle packages
on the learning outcome. Therefore, this study determined the effects of computer
simulation and digital puzzles packages on secondary school students’ achievement,
problem-solving skills, and attitude to ecology and genetics in Biology coupled with
the intervening effects of students’ self-efficacy and mental ability in Oyo State,

Nigeria.

1.3 Hypotheses

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

HO;: There is no significant main effect of treatment on students’ (a) achievement in
genetics and ecology in Biology,(b) problem-solving skills in ecology and
genetics, and (c¢) Attitude to Ecology and Genetics

HO,: There is no significant main effect of self-efficacy on students’ (a)
achievement in genetics and ecology in Biology,(b) problem-solving skills in
ecology and genetics, And (c) attitude to ecology and genetics.

HOs: There is no significant main effect of mental ability on students’ (a) achievement
in genetics and ecology in Biology, (b) problem-solving skills in ecology and
genetics, and (c) attitude to ecology and genetics.

HO4. There is no significant interaction effect of treatment and self-efficacy on
students’ (a) achievement in genetics and ecology in Biology, (b) problem-
solving skills in ecology and genetics, and (c) attitude to ecology and genetics.

HOs: There is no significant interaction effect of treatment and mental ability on
students’ (a) achievement in genetics and ecology in Biology, (b) problem-
solving skills in ecology and genetics, and (c) attitude to ecology and genetics.

HOq: There is no significant interaction effect of self-efficacy and mental ability on
students’ (a) achievement in genetics and ecology in Biology, (b) problem-

solving skills in ecology and genetics, and (c) attitude to ecology and genetics.
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HO;:  There is no significant interaction effect of treatment, self-efficacy and mental
ability on students’ (a) achievement in genetics and ecology in Biology, (b)
problem-solving skills in ecology and genetics, and (c) attitude to ecology and

genetics.

1.4  Scope of the study

Senior secondary school II students from eight senior secondary schools in
four local government areas in Oyo State, Nigeria participated in the study. The study
determined the effects of computer simulation and Puzzle-based (digital) instructional
package on students’ achievement, problem-solving skills, and attitude in genetics and
ecology in Biology. The study also examined the moderating effects of students’ self-
efficacy and mental ability on the dependent measures. The ecological and genetic
concepts in the SSCE Biology curriculum for senior secondary school II was used to

prepare the packages for the study.

1.5 Significance of the study

The study is of benefit to students, it exposes them to genetics and ecology
instructions using computer simulation and puzzle-based (digital) instructional
packages which improve their achievement, problem-solving skills, and attitude in
genetics and ecology in Biology. Findings from this study assist teachers to detect and
make use of appropriate techniques to use in teaching abstract concepts in Biology as
they attend seminars, conferences and workshops organized by governments and
stakeholders. Adopting the packages used in this study help improve
teaching/learning process in the classroom. The techniques are easy to use and aim at
encouraging active learning in a classroom setting. They help the instructor to know
the comprehension levels of students as they promote immediate feedback. Finally,
this study will be very useful to curriculum planners who are in constant search of

appropriate teaching strategies for effective teaching-learning in secondary schools.
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1.6 Operational definitions of terms

Achievement in Ecology and Genetics: This is the level of performance of students
with regard to their scores in ecology and genetics, which was measured in this
research by Students’ Achievement Test on Ecology and Genetics.

Attitude to Ecology and Genetics: This is students’ behaviour/predisposition
towards concepts in Biology with respect to their scores, which was measured in this
research using Students’ Attitude Towards Ecology and Genetics Questionnaire.
Computer Simulation Package: This is software developed by the researcher based
on the process of imitating a real phenomenon. It is a device that displays instruction
in classroom to aid teachers’ effectiveness in impacting skills and knowledge to
students in ecology and genetics.

Digital puzzle: This is a puzzle package developed by the researcher. It is in the form
of an educational toy, usually requiring students to put together pieces to form a
specialised whole in ecology and genetics.

Mental ability: It is the capacity of the students to perform higher mental processes
of remembering, reasoning, understanding, and problem solving which was measured
using Students Mental Ability Test.

Problem-solving skills: In this study, problem solving skills refer to the skills used in
application of conceptual and procedural knowledge in ecology and genetics to solve
a defined problem. It was measured in this research using Students’ Problem Solving
Test to determine the scores, a form of phase-by-phase instructional procedure.
Self-efficacy: This is an individual’s assessment of his or her capability to learn and
master a task or tasks while also exhibiting confidence at carrying out such tasks with
little or no supervision. It was measured in this research using Student Self-Efficacy

Scale. The maximum score was 80 and the minimum was 20.
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CHAPTER TWO
LITERATURE REVIEW
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2.1 Theoretical framework
2.1.1 Socio-cognitive Theory

The study was anchored in Kolb’s experiential and Lev Vygotsky’s socio-
cognitive learning theories. Kolb’s experiential learning theory is a holistic
perspective that combines experience, perception, cognition and believe. Building
upon works by John Dewey and Kurt Lewin, Kolb believes learning is the process
whereby knowledge is created through the transformation of experience (Kolb 1984).
The theory presents a cyclical model of learning, consisting of 4 stages — concrete
experience. This involves the learner’s active experiences. Activities such as lab
sessions or field work.
- Reflective observation:
This is when the learner consciously think back on that experience
- Socio-cognitive theory discusses the process of accumulation of knowledge or
learning that is directly related to observing of models. The models can be those that
are from media sources or imitated interpersonally. Effective modelling teaches basic
laws and useful methods for handling varying situations. This theory can be applied to
solving problems today in many different areas, such as education, public health,
mass media and marketing,.
Socio-cognitive theory argues that human agency (that is individuals who are
agents) takes the lead in human personal development and with it humans can
accomplish things. The possession of individual self-belief affect disposition to
issues and this permits them to work out an amount of caution about their actions,
views and moods; this is the key to this sense of agency (Bandura, 1986: 25). A
projection of human behaviour is provided by Bandura. He views beliefs that people
have about themselves as critical tools that can be used to control them and that also
serve as their personal agency. Thus, individuals are seen as the producers and
products of their own surroundings and of their communal systems. Human agency is
extended by Bandura includes collective agency. Shared opinions about their
potential and common aspirations to make their lives better make people team up to
work together. This theoretical projection makes the theory to be subjected to change
in collectivist-oriented societies and human adaptation as well as individualistically-

oriented ones.
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Through self-system psychological mechanism, environments and social
systems influence human behaviour. Hence, socio-cognitive theory contends that
factors such as educational and family structures, economic conditions, and socio-
economic status do not have direct effect on human behaviour. Instead, they affect it
indirectly by influencing personal standards, emotional states, people's aspirations,
self-efficacy beliefs and other self-regulatory influences. In sum, the theory’s
submission about social and mutual functioning, which indicated a diversion from the
prevailing behaviourist and learning theories of the day, later had a notable effect on
mental thinking and speculating in the last two decades of the twentieth century and in
the new millennium.

Deeply grounded in Bandura's social mental viewpoint is the knowledge that
persons are endowed with peculiar qualities and potential that makes them human.
These include abilities to learn through vicarious experiences, plan alternative
strategies (forethought), symbolize, self-reflect, and self-regulate. These aptitudes
equip humans with the intelligence through which they shape their destinies.

Extraordinary capacity to symbolize is possessed by humans. With this, they
can approve courses of action, acquire fresh information through reflective thought,
deduce answers to issues around them, provide guides for action, solve problems
intellectually, and link up with others irrespective of time and space. As argued by
Bandura, thoughts are propelled by symbols; that is symbols trigger the need to think.
It is by turning their experiences to symbols that they can live enriched, well-
structured and meaningful lifestyles that ensure stability. Symbolizing also facilitates
populace to save the evidence needed to channel their impending behaviours. This is
the process through which it is made possible for them to imitate noticed behaviour.

Using symbols, individuals are able to engage in self-directedness and
forethought, solve cognitive problems and set action plans, forestall the possible
penalties of these actions, and map goals and objectives for themselves to guide,
provoke, and adjust their deeds. The ability to map out alternative plans and foresee
the penalties of a deed without really getting involved in it is made possible by the
ability to think.

People learn based on personal experience and through keenly watching
others’ behaviours. This is known as vicarious learning. On many occasions, it

prevents them from risking otherwise fatal and costly errors. Such observation guides
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future action. Learning by observing is achievable through the processes of attention,
retention, production and motivation. If the detected behaviours are retained in
memory, they can be produced. This process is made possible by the human
capability to symbolize.

Self-regulatory mechanisms that are adopted by individuals provide the ability
to self-directed behaviours that lead to changes. How people self-organize their own
deeds and behaviour directly relates to the assessments people make concerning their
actions, attributions, the precision and steadiness of their self-watchfulness and self-
guide, choices, as well as the appraisal and concrete reactions they make to their own
behaviour (in the form of positive changes) through the self-regulatory process. Self-
judgement and noticeable self-encouragement which act as personal spurs to behave
in self-directed ways are components of this.

The most “absolutely human” capability (Bandural986: 21) is that of self-
reflection. This makes it an outstanding feature of socio-cognitive theory. By this,
people deduce meanings from their practices, manipulate their understandings and
self-convictions, carry out self-asssessment, and adjust their thoughts and conducts

accordingly.

2.1.2 Socio-cognitive Theory in relation to Computer Simulation and Digital

Puzzle Packages

Socio-cognitive theory explains the process by which knowledge is acquired
or direct learning that is related to the observation of models. Computer simulation
and digital puzzle packages are models observed by students to enhance their mastery
of ecology and genetics. Bandura (1986) discusses human functioning which stresses
intellectual, mediated, self- control, and self-reflecting methods in human adaptation
and change. People are viewed as self-organizing, self-reflecting, proactive and self-
regulating. They are not conceived as reactive organisms which are driven by hidden
inner impulses or controlled by environmental forces. The product from this abstract
viewpoint is human functioning, that is the end result of a unique interchange of
particular, social, and ecological imparts. The students create an environment which
engenders self-reflection, and makes sense to their experiences, and manipulate their

own cognitions and self-beliefs. It also influences the way they think and behave.
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Learning Biology using computer simulation package makes learners to
develop meaningful understanding of concepts in Biology. It affords them the
opportunity to learn through construction of their own knowledge and ideas from the
computer simulation practices, with the mentor serving as a guide. Okurumeh (2009),
asserts that students permitted to participate actively in learning become more

autonomous learners and good problem solvers.

2.1.3 Different models supporting simulations

The basic model supporting simulations in this research is social
constructivism. This is an ethical viewpoint that observes knowledge as the result of
individual understanding supported by one’s former knowledge and the experiences

of others.

Gibbons’ (2001) model-centred-instruction (MCI)

Gibbons (2001) argues that motivating learners to generate understandings
about substances and actions in their environment is central to instruction. Knowledge
is symbolized by models which learners create while processing information. They
then concentrate on facts or undertakings which will trigger their learning courses. If
there are no real objects, environments or events, teachers create symbols, which are
termed models (Gibbons, 2001). Simulated teaching activates students’ learning
processes in the class, serving as impetus that aids focusing attention on specific
information. Instructional delivery, classroom management and materials
construction, among others constitute major aspects of simulated teaching. The
students determine how to solve problems, construct mental models, process
information, as well as develop heuristic skills.The flow chart below shows the

process students follow when engaging in simulated teaching.
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PREPARE

Figure 2.1: Simulated teaching

The figure illustrates the guidelines in the implementation scheme of
simulated teaching. It begins with the preparation phase, followed by the carrying out
of the lesson, evaluation of performance, reflection or processing of the teaching
experience and the modification phase, where students make decisions to modify

teaching behaviour and practices for improvement purposes.

Preparation Phase

1. The teacher finds out pupils’ prior knowledge of the topic through relevant
questions

2. The teacher orientates the students on the objectives and expected performance in
each phase.

3. Students are allowed to put theoretical knowledge already gained into action —
mount the disc (computer simulation CD) on the system already connected to the

projector.
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Teaching Phase

4. The teacher executes the lesson in line with the prepared plan and the assigned
time. The presentation takes 10-15 minutes only, based on the length of the
topic.

5. The students identify, watch and listen to the simulation.

Evaluation Phase
6. The students ask questions on their observations or part of the simulation

presentation that is not clear.

Reflection Phase
7. The teacher explains, models, illustrates, clarifies, and supplies missing
information.
8. The students generate important notes.
Modification Phase
9. The students give insights, feedback and comments gained during the

teaching, when the teacher was answering the questions and supplying the

missing information.

10. The student corrects or modifies previous information.

Simulations allow students to test suppositions and more generally “what-if”
settings, enabling learners to apply cognitive understanding of their action in a
situation, that is, they can be regarded as an alternative of cognitive tools (Thomas
and Milligan, 2004). Simulations in this respect are compatible with a constructivists’
view of education. Lock (2010) states that, since the early 1980s, there has been a
growing interest in the potentialities of computers as facilitators of students’ learning.
Mayer (2004) claims that the use of computers as facilitators of students’ learning
enhances the students’ performances in a wide range of school outcomes, including
academic achievements, mental progressions, meta-cognitive skills, drive toward

learning, self-regard and communal advancement.
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Decision for simulation
Simulation is most times used inappropriately by individuals who are inexperienced
and untrained. If simulation is wrongly applied to a study, the study will not produce
meaningful results. Four items must be considered before deciding to apply simulation in a
study:
1. Type of problem
Simulation can only be used for a problem that cannot be analysed or solved
using common sense or direct experimentation. It is used for a problem that is
abstract in nature a phenomenon that is otherwise invisible.
2. Availability of resources
The determining resources for conducting a simulation study are people and
time. An experienced analyst that can determine both the details of the model
and how to verify and validate it is needed or else a wrong model might be
developed. Also, sufficient time should be allocated so that there will not be
short cuts in designing the model.
3. Cost
Sufficient fund should be allocated to take care of each step in the simulation
process; that is, buying the software and the computer resources. When there is
shortage of fund, simulation should not be applied in a study.
4. Data
Data should be made available. If there is no existing data, it should be

collected. Without data, the study will produce unreliable and incorrect results.

2.1.4 Conceptual model for puzzle package

For meaningful learning to occur teachers need to change from sage to
director, and giver to collaborator; essentially, they should be instructor rather than
initiator. Students learn from thinking about what they do; therefore teachers should
serve as motivators.

Using puzzles that epitomise resources and items from the children’s
surroundings enable them to spot, validate and stock experiences for later use. This
view is supported by the work of Zmaczynski (2002), who developed a puzzle
apparatus for the study of Chemistry and its history based upon the equilateral

triangular model of the periodic table of the chemical elements. The puzzle has a
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triangular shaped base and it is shaped and sized in order to accommodate
rhombohedra-shaped pieces that fit into the base and form an overall triangular shape.
This successfully completed puzzle has each piece reflecting a chemical element in its
correct place in the periodic chart. Zmaczynski (2002) avers that the puzzle enabled
students to recognize, verify and store chemical formula experiences for later use in
chemical equations.

Maldonado (2005) proposed a concrete structure for developing and
estimating puzzle in Science Education. The framework is based largely in part upon
research, development in cognitive science and developmental theories and
utilization. It is this model for development, evaluation and research that was adopted
for this study. The framework could be implemented with any number of theories.
The framework is based on the tasks facing any puzzle developer, evaluator or user.

The components of the model are explained thus:
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Model for Developing and Evaluating Puzzles
(The Basic Version)

Teaching with puzzles

A\ 4
Learner’s skill Development and evaluation Learner
development
Physical skills Learner’ development needs Components concept to
and ability be taught
l \ 4
Cognitive skills Attractive study How-learners learn
v y l
Social skills Choose images familiar Analysis of learner
L with the learner &
Emotional skills ¢ ]
Balance ease, enjoyable Integration
with challenge
v A
Storage Evaluation

v

Introduction and demonstrate

\4

Class rules and responsibility

Figure 2.1: Model for Development, Using and Evaluating Puzzles for Teaching

Source: Maldonado (2005). Puzzles: A tragically abandoned, commonly accessible resource. Young
Children 51 (4)

28




Learners’ Skills Development

Puzzle, can expand nearly every aspect of learner’s development,

particularly the following:

1.

ii.

iil.

1v.

Physical skills: As learners clutch, hold, and fix puzzle pieces, they develop
eye-hand harmonisation and fine-motor precision.

Cognitive skills: By attaching or joining words together, learners derive skills
in solving issues. Puzzle-solving experiences help learners learn scientific
ideas and principles, such as arranging, categorizing, matching, and setting
relationships.

Social skills: Learners learn how to discuss with others and get involved
in thinking when solving puzzle along with friends As they watch others
solving puzzles, they discover new puzzle-solving strategies. When guided,
supported and motivated in the process of a puzzle's completion,
learners develop management skills.

Emotional skills: Puzzle solving is interesting and engrossing. When a
puzzle-solving activity is executed, learners feel delighted with themselves.
They become confident and prepared to attempt new puzzles or other

tasking activities.

In choosing puzzles for learning the following points must be considered:

Choose puzzles that are suitable to each learner's progressive ability and
needs. This means choose puzzles that are appropriate to learners age and
development, that is, from simple to complex. Observe and work with
learners so as to provide puzzles that fit each person’s needs. Through
careful observation, you can cater for a range of progressive abilities, with

puzzles of different types and themes.

Choose puzzles that are striking.

Table puzzles have to be durable so as to withstand repeated use by learners.

Puzzles also have be striking and interesting to learners. Clarity of image and

simplicity are crucial in this regard. Puzzles that are familiar, attractive and

aesthetically beautiful invite the learner to engage in the activity.
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. Choose puzzles that are familiar to learners.

Familiarity and identification with subjects encourage learners. It is easier
for learners to evaluate their success when they are able to recognize the subject of a
puzzle. Their sense of genuineness is based on their dealings with their
surroundings and the pieces of materials (Piaget, 1954). When puzzles that
symbolize resources and items from the learner's environment are used, they are
able to spot, verify and accumulate experiences for later use.

. Obtain puzzles that combine ease, joy with challenge.

Ideally, some classroom puzzles are considerably cheap for learners to
arrange together, while some puzzle are challenging. Select an enjoyable puzzle.
Bear in mind the fact that learners’ need to experience a sense of enablement and
triumph; this will make them independent in their actions and in their thinking. Guide
learners in their most beneficial use of puzzle through routine and responsibilities.

. Store puzzles in one area.

A library can be set up to suit the curriculum modules, such as ecology and

civic. The most important thing is that puzzles should be stored for future use.
e  Maintain quality:

Painstakingly access puzzles in case of misuse. Instruct learners to report
when a piece of puzzle is not found. A learner could be frustrated if he/she
discovers that the last piece needed to set up a puzzle is not there. Learners need to
know that the material they are using is of great value to the teacher as well. The
teacher might appoint a "puzzle patrol leader" to handle this daily task. Repair and
replace any missing puzzle pieces.

e Introduce and demonstrate new puzzle.

When you introduce a new puzzle to the class, make sure you endorse the
materials’ uniqueness. Never take puzzles for granted. Puzzle-solving is involving
learners in the puzzle-solving activity and not presenting or testing concepts. The
solving of a puzzle is the activity. So, little language should be used. The learner
decodes the language to the puzzle-solving process and the teacher takes clues from

the learner's action and speech.
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e  Development of class rules and responsibilities

Puzzles help learners to be responsible as they pay attention to the materials
they work with. Simple and clear guidelines should be set up for selecting,
using and returning puzzle thus:

A clean and clear table is needed to work. Always verify whether the picture is complete
and the pieces are intact. Search for the missing pieces if there are some. Alert the teacher if
the pieces cannot be found. Make sure the pieces do not mix with someone else’s when

working together on the same table. After the day’s work, return the pieces to the rack.

Components of the concepts to be taught:

The analysis of each sub-concept to be taught and the objectives for each
concept should be well stated in accordance with the guidelines given in the
curriculum. Here, the concepts and objectives are in accordance with the guidelines of

WASSCE syllabus.

How learners learn:
The learning theories on which these puzzles are based are Kolb’s
experiential and Lev Vygotsy’s cognitive developmental theories of learning. These

have been well discussed in theoretical framework in chapter two.

Analysis of learners:

Each sub-concept was carefully considered to find out similarities and
differences that could confuse learners in concepts that seem to be abstract,
confusing and mixed up. These include air, water and land pollution, conservation
techniques, mutation, cell division, and laws in genetics. These misconceptions
were taken into consideration in selecting the puzzle. The most misunderstood
concepts were used more often in the puzzle so as to ensure practice that would lead

to better learning and understanding.

Integration:
The concepts and sub-concepts were incorporated into the selected puzzle.
Some were modified to suit classroom situation. The integration alien terms were

practised on sub-concepts which learners found abstract and confusing.
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Evaluation:

The puzzle developed was tested in order to determine its effectiveness,
using different categories of learners. The outcome of the try-out study was useful
in making decision on:

duration for learners to complete the puzzle

b. class arrangement, chairs, tables, to facilitate easy access to the puzzle.
c. how easily the learner could think critically to answer the question based on
the conceptual framework.

Ecology and genetics puzzles were selected and used for the research.

2.1.5 Problem-solving models

Several problem-solving models have evolved to enhance students’ problem-
solving skills in science. Each of these models has stages or steps which provide
series of alternative pathways to solving problems. The following problem-solving

models were adopted in this research.

Ashmore, Frazer and Casey Model
Ashmore, Frazer and Casey (1979) developed a 4-stage model comprising
1. defining the problem
2. selecting appropriate information
3. combining the separate pieces of information
4. Evaluating
Ashmore, Frazer and Casey (1979) argue that the success in problem solving
would be high when:
(i)  there are strong background information and knowledge of the problem;
(i)  there is knowledge of problem-solving strategies and tactics;
(iii)  there is confidence in the problem solver;
This model, which is presented in Figure II, can be used in solving problems

in Physics, Chemistry and Biology.
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1 The objective of the problem is clarified by starting in clear

Defining the Problem | terms what is needed in the problem

2 Choosing the appropriate and relevant information required
Selecting Information | to solve the problem. This comes from problem statement,

data or memory

3 Re-ordering and restructuring the appropriate reasoning
Reasoning information by combining or piecing together several pieces

of information in order to get the solution

4 Checking all the solution processes to confirm whether they

Evaluating are in line with the objective of the problem

Other models include; Polya’s Four-step Model, Resnick and Glaser Model, Earpol
Model, Wright and Williams Model, Heller Keith and Anderson’s Model, Slack and
Steward’s Heuristic Model, Ikitde’s Experimental Problem Solving Model, and
Physics Problem-solving Model. Some of the above-mentioned models are
appropriate only to numerical problems as could be found in Physics, Chemistry and
Mathematics, while some can be used for both numerical and non-numerical
problems. It is, therefore, the contention of the researcher that Entrepreneurship
Education biology should be more applicable to models that have both numerical and
non-numerical application. The model of choice for this study is that of Ashmore,
Frazer and Cassey (1979), which has the following four basic steps: (i) defining (ii)
selecting (iii) reasoning and (iv) evaluating. The selection of this model for this study
was informed by the following reasons:
(1) Simplicity in application to pupils in secondary schools; and
(i) applicability to both numerical and non-numerical, a characteristic features of
EE concepts in Biology. It was assumed that the use of this model will

facilitate students’ problem-solving achievement in Biology.
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2.2 Conceptual Framework
Active learning and strategies in each category

Active learning is a practice whereby students engage in higher-order thinking
tasks, such as analysis, synthesis, and evaluation (Paulson and Faust, 2009). It
involves students getting engaged in the class activities and not merely inactively
listening to an instructor's lecture.

Learning is an active process that demands thinking. When one learns a new
idea, one is actively erecting one’s intellectual representations of such idea in a
personally meaningful form. The new idea interrelates with the old ideas, in the
process of combining the new and old ideas into a comprehensible system of ideas.
Some of the most effective teaching methods are meant to arouse thinking, to replace
passivity with activity. Strategies of active learning are those activities which an
instructor incorporates into the classroom to foster active learning. The strategies in

each category are shown in Table 2.3.

Table 2.3: Categories of Active Learning and Strategies in Each Category

Exercise for Individual Students

The “One Muddiest (or Affective Daily Reading Clarification
Minute Paper” | clearest) Points Responses Journal | Quiz pauses
Questions and answers the “Socratic Method”
Wait Time | A student summarizes the answers | The fish Quiz/Test
given by another student Bowl questions
Finger Flash cards Quotations
signals
Critical Thinking Motivators
The pre-theoretical Puzzles/Para
intuitions quiz doxes
Share/Pair
Discussion | Note Evaluation of
Comparison/Sharing | Another Student’s
Work
Class Class Work | Mapping | Visual The Role Panel
Cooperative Active on of Lists on Jigsaw Playi discussion
Groups review the concepts | board/pap | Group ng
sessions chalk er Projects excer
board cises

Source: Paulson and Faust (2009)
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2.2.1 Achievement in ecology and genetics

Themes under environmental education, for example environments,
contamination, preservation techniques and the populace, are found in the Biology
Curriculum of West African Senior School Certificate Examinations (WASSCE)
/National Examinations Council (NECO) Senior School Certificate Examinations
syllabuses (Obioma, 2007). According to Ige (2001), ecology provides awareness and
comprehension of the processes of change made possible by the link between plants
and animals and the effects on their physical surroundings. In the secondary school
Biology modules, ecological concepts are crucial to scientific projections. Despite its
importance to society, available statistics from Oyo State Statistics and Entries on
West African Examination Council (WAEC 1999; 2003; 2004, 2006; 2007; 2008) in
senior secondary school students’ performance in Biology revealed that, although
Biology had the highest enrolment among the other science subjects, the result was
very poor, as the questions on ecology were answered incorrectly owing to the
students’ poor knowledge of ecological concepts.

Chief Examiner’s Report (2003) and Oyeleke (2011) reveal that the ecological
questions asked in WAEC 2007, for example, the question on five important uses of
water to organism in the rainforest, was wrongly answered. Chief Examiner’s Report
(2007) further reveals that some candidates wrote the uses of water to man to be
“drinking, cooking and washing,” rather than maintaining body temperature, essential
for plant turgidity, necessary for photosynthesis, and many others. Also in the 2007
WAEC question, students were asked to describe briefly three ways each by which
animals in arid habitat are adapted to drought and high temperature. Chief Examiner’s
Report (2007) reveals that the students’ performance on the question was very poor.

It is tasking to assess many environmental assumptions because it is
practically unmanageable to control all the variables in nature and duplicate nature in
organized settings. Invasive species concept forms the basis of ecological thought
and has considerable consequence to diversity of global species. So it is tangled in
disput.

Genetics is in the forefront of science in the modern era. Discovering its
significance gives an in-depth knowledge of the human nature and that of organisms
surrounding human. The portion of science that concentrates on scientific

examination of genes, heredities and variation in organisms is called genetics.
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2.2.2 Problem-solving skills

Problem-solving skill is relevant in the sense that information about the
problem is first given during lesson before problems are presented to the students to
lead them to the solution. These pieces of information have to be recalled and
combined before the solution is arrived at. The solution leads to the acquisition of
higher-order rule or more complex information which could be used to solve other
future problems.

Moemeke (2003) carried out a study using 161 SS II Biology students to
determine the importance of problem-solving skills in ecology. Two groups of 75 and
83 students were taught ecology wusing the problem-solving approach and
conventional lecture method, respectively. After the treatment, Ecology Problem-
Solving Test (EPST) was administered to generate pre- and post-test data. The results
revealed a major difference in achievement, with the problem-solving experimental
group showing superiority over the conventional lecture method group. Problem-
solving processes were found to be the platform through which meaningful learning
can be acquired.

The focus of Andren’s (1997) study was effectiveness of problem-solving
skills in aiding students’ understanding and solving of environmental problems.
Community students served as the study sample. The problem-solving model was
employed to assess the students’ environmental problem-solving abilities before and
after the treatment. The experimental group performed better than the control group.
This model was adjudged valuable in systematically focusing students’ attention on
components of environmental problem-solving abilities.

A similar study was carried out by Chen (2004) in teaching “National Estate
Management” using 119 final-year students in the BSc (Real Estate) programme who
had previously completed three years of core modules and electives. In the past, the
module’s conventional mode of instruction was by way of lectures, tutorials and
assignments. The class was organised into 22 groups of 5 to 6 members. At the end
of the exercise, students were asked to give feedback and comments on the problem-
solving approach. A total of 91.1% of the students indicated that the problem-solving
approach gave them free hand to identify the problem with the teacher as a guide.
Only 8.9% preferred the conventional lecture method which they were used to. The

study concluded that students were generally receptive to the problem-solving

36



approach. Also the majority of the students agreed that the approach promoted
collaborative and active learning; students were able to learn by experience and
sought information on their own. They were also allowed to focus on real-life
problems instead of syllabus content. The study cautioned that, in using the problem-
solving approach, teachers should learn to facilitate rather than direct students’
learning (AACU, 2005).

More recent studies emphasise the need for improved biological literacy and
international competitiveness (Klymkowsky, 2006; Bybee and Fuchs, 2006).
However, there is lack of evidence for methods that empirically improve critical
thinking skills that facilitates problem solving (Tsui, 1998, 2002).

Students’ problem-solving skill is determined by their ability to think
critically. Previous work on critical thinking specifies that students’ do not change
their behavioural pattern in the short term (Giancarlo and Facione, 2001). However, it
is possible to develop cognitive skills over a comparatively short period of time.
Giancarlo and Facione (2001) found that the critical thinking disposition of
undergraduate was significantly altered after two years. Existing research claims that
changes in undergraduate’s problem-solving character cannot be discovered in weeks;

rather they are measured in years.

2.2.3 Attitude to ecology and genetics

The display of positive or negative feelings about someone or something,
whether negative or positive is termed attitude (Seifert, 2007). Research has indicated
that attitudes are learned, not inherited. Adesoji (2008) identifies teaching pedagogy,
teacher’s disposition, gender, parental input, age, interest in career, the community
opinion of science and scientist, cognitive styles of pupils, social effects of science
and success as influencing students’ attitude to science. The impact of a student’s
attitude toward science is important (Farahnas, 2012). Attitude is a person’s
disposition towards ideas, institution and object, Kerlinger (1977), cited in Ayorinde
(2008), defined it as a structured inclination to act, think, feel, recognize and behave
toward a particular object. It could be learnt or developed and emulated (Daramola,
2010).

The learner acquires so much from the disposition of a teacher to form attitude

towards learning. As teachers act, students emulate and perfect such act or behaviour.
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Most teachers do not realize this; so, they do not handle the teaching of Biology as a
subject or some concept in Biology well. The negative disposition of teachers to some
subjects and topics may be responsible for negative attitudes displayed towards the
learning of such.

Duyilemi (2006) argues that some science teachers exhibit negative attitude
towards the teaching of science subjects, while some display positive attitude. Ali and
Aigbomian (2009) observe that the extent of a student’s interest in a subject
determines the extent to which the student works hard to be successful in it. This
implies that students’ disposition to teaching and learning determines academic
achievement.

Attitude is a variable that influences the achievement of students (Iroegbu,
2002). Sjoberg (2006) avers that there is no noticeable major difference between
attitude towards Biology and students’ Biology achievement. The concept of attitude
is not indispensable to only social psychology, but also to the psychology of
personality and that of learning in general. Often attitudes held by others cannot be
observed directly; they must be inferred from behaviours (Idowu 2010).

Attitude is predispositions to classified groups of events or objects and reacting
to them with some level of evaluating constancy. Attitudes are logically hypothetical
constructs that are manifested in conjoint practice, oral reports, uncultured behaviour
and psychological system. It is an intellectual inclination to act and it is conveyed by
gaging a particular entity with some measure of favour or disfavour. Students
generally have attitude that focus on objects, people or instruction. Attitudes consist
of four components namely, cognition, affective, behavioural and evaluation (Idowu,
2010).

Osborne, Simon and Collins (2003) identify many factors that influence one’s
attitude: sex, essential variables (for example socio-economic class),
teacher/classroom, and curriculum. Zacharia and Barton (2004) recognise school
variables (particularly classroom variable) like how affectionate students are to their
teachers, the science curriculum, or the science classroom climate. Zingaro, (2008)
posits that students’ and the learning environment do relate together. Being a young
and dynamic aspect of science, some ecological concepts are based on
conceptualizing rather than experimentation and the statistical concept in probability

may be difficult for students to understand. Genes, chromosomes, Mendelian laws,
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homones in genetics have been considered difficult concepts for secondary school
students. This has resulted in learners having negative attitude towards these concepts

(Cimer, 2012).

2.2.4 Computer simulation package

The type of teaching method adopted by a teacher greatly impacts students’
interest in a subject. Interest can guarantee a student's attention, and encourage the
learning style. Therefore, teachers should facilitate experiential learning environment.
This will make them experience learning with enjoyment (Muhammad and
Fadzlliyati, 2010). The teaching method introduces reality into teaching environment
and stimulates the interest of the student through provision of more information about
the environment. This can be made possible through the use computer simulation.

A simulation is a form of experiential learning scenario; it exposes the learner
to real-world experience as defined by the teacher. Simulation can be likened to a
laboratory experiment that has students as the test subjects. The use of computer
simulation in teaching makes science accessible and thinking visible. Essentially, it

will facilitate student-student interaction instead of teacher-student interaction.

2.2.5 Puzzle-instructional package

Puzzles are problems that are fun to solve (Scott, 2002). They are problems or
games that propel creativity (Shapiro, 2005). Cambridge Advanced Learner’s
Dictionary (2008) views puzzles as a game or toy involving fitting separate pieces
together or a problem or question which one has to answer by using some knowledge.
The use of puzzles in teaching and learning improves understanding of abstract
concepts in addition to developing problem-solving abilities and critical thinking in
students (Anany and Mary, 2002; Gardner, 2006).

Powell and Wells (2002) state that there are several materials that provide for
both construction and diversity of activities and skills. Project Learning Tree, Project
Wild Class, Science-Technology-Society are examples of materials with many
activities: Preparing for Tomorrow's World, Super Saver Investigator and Aquatic
Project Wild. These activities are found in United States of America. An activity
manual produced by ERIC/SMEAC is described by Howe and Disinger (2000). It has

examples of activities that one can design in relation to diverse environmental topics

39



and hereditary issues. There are other wide ranges of innovative tools that can be
effectively used and applied in the teaching/learning of environmental and hereditary
concepts in Biology in our schools which will improve teaching/learning, motivate
and make the contents relevant to students. One of such is using puzzle instructional
package.

According to Kendall et al. (2008), puzzle is a problem or enigma that
challenges ingenuity and a problem that seeks solution. Puzzles as resources for
teaching and learning are of different types. They include assembly puzzles,
interlocking puzzles, disassembly puzzles, disentanglement puzzles, construction
puzzles, 3-dimensional puzzles, 2-dimensional puzzles, crossword puzzles and
puzzle-based learning. These different categories of puzzles can be adopted and
adapted for the teaching and learning of selected topics in secondary school science
subjects. Bora (2003), Idowu and Ige (2007) and Kendall et al. (2008) identify some
essential features of educational puzzles:

1. Generality:  Educational puzzles have to explain some universal problem-
solving principles. Problem solving may be supported by the strategies
provided by an instructor.

2. Simplicity: Puzzles used in education should be easy to state and easy to
remember. Such puzzles increase the chances of getting the solution to the
problem.

3. Eureka Factors: A puzzle should be interesting. The Eureka moment is
eventually attained as soon as the correct path to solving the puzzle is
recognized. A sense of relief then ensues. The initial frustration also
disappears.

4. Entertainment: Educational puzzle entertains; otherwise the user may lose

interest easily

Computer simulation — digital puzzle packages

This is a package set up as an active learning experience in which the learner
is exposed to the real world of the phenomena being studied in the form of pictures
combined with words and digital puzzle clues on the concepts so that learning can be

made more meaningful. These are coupled with evaluation-based pictorial and
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crossword puzzle focused on the development of the problem-solving skills of the
students.

The computer simulation-digital puzzle package allows for interactivity,
immediate knowledge of result, reinforcement and practice which are necessities for
higher learning outcomes needed by students to solve problems and create higher-

order thinking in other related endeavours.

2.2.6 Conventional instructional method

National Teachers Institute (2011) states that the approach to teaching in
Nigeria is teacher- centred, which implies that the teacher does all the talking, and the
learners do all the listening. Resources and pedagogy used are supposed to be easily
introduced to the real world. The traditional or conventional instructional method is

characterized by:

1. Unspecified or unclear objectives,

ii. Too much attention on instructor behaviour other than students’
behaviour,

1. Making use of lecture methods to supply cogent ideas,

iv. A fixed set of rules apply to all students,

v. No steady method of assessing a large proportion of resources for
remedy purpose other than evaluative grounds.

vi. Deferred response to students about his performance,

Vii. Ministerial reactions of students to the instructional materials, and

viii.  Few faculty or students or teacher-to-student interaction.

2.2.7 Self-efficacy

Self-efficacy as a psychological term has been variously conceptualized.
According to Pajare and Urdan (2006), self-efficacy is the belief that one is capable of
performing in a certain manner or attaining certain goals. Self-efficacy is the belief
(whether or not accurate) that one has the power to produce an effect. For example, a
person with high self-efficacy may engage in a more health related activity than when
an illness occurs, whereas a person with low self-efficacy would habour feelings of

hopelessness (Omroid, 2006).
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The definition of self-efficacy was further simplified by Bandura (1998).
Perceived self-efficacy was defined as a person’s belief about their capability to
produce designated levels of performance that exercises influence over events that
affect their lives. Self-efficacy determines how people feel, think, motivate
themselves and behave. A strong sense of efficacy enhances human accomplishment
and personal well being in many ways. People with high assurance in their
capabilities approach difficult task as challenges to be mastered rather than as a threat
to be avoided. Such an efficacious outlook fosters intrinsic interest, and deep
engrossment in activities. It helps students set themselves challenging goals and
maintain strong commitment to them. Students also heighten and sustain their efforts
in the face of failure and quickly recover their sense of efficacy after failure or
setback. Such students also attribute failure to insufficient effort or deficient
knowledge and skills which are acquirable. Students also approach threatening
situations with assurance that they can exercise control over them. Such an efficacy
outlook produces personal accomplishments; reduces stress and vulnerability to
depression (Zimmerman 2008).

Individual’s belief in their ability to exert control over their and feelings of
competence constitute self-efficacy (Elliot, Kratochwill, Littlefield and Travers,
2000). Furthermore, Joanne and Shui-fong (2008) are of the views that self-efficacy is
the judgment of personal capacity to perform a specific and prospective task. It affects
an individual’s level of motivation, affective states and action (Bandura, 1997). In
general, individuals with high efficacy not only out-perform those with low efficacy
(Banduara 1997; 2001 Baron; 2004) but they also invest greater effort and persistence
when facing setbacks (Bandura as cited in Joanne and Shui-fong, 2008).

Students’ self-efficacy is reported to be linked to students’ problem-solving
skills, attitude and achievement in most academic areas, including the sciences. Self-
efficacy is a person’s self-appraisal of his/her capabilities (Adeoye, 2007). Adeoye
(2007), on investigating the effects of self-efficacy on students’ performance submit
that self-efficacy influences students’ academic performance in science.

From the foregoing discussion, it can be seem that self-efficacy is the belief
that one can master situation in a given task and produce positive outcome. Ngwoke
(2005), explained interest as something in which one identifies ones personal well

being. In this sense interests are source of motivation. Deci, and Ryan (1991) argued
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that since intrinsically motivated behaviours are behaviour an individual undertakes
out of interest, then clarifying the effect of interest would add to educators
understanding of the impact of intrinsic motivation in learning.

In a similar development Hurlock as cited in Ngwoke (2005) maintained that
interest drive people to do what they are free to choose. When people see that
something will benefit them, they become interested in it. Every interest satisfies a
need. In activities like counting, subtraction, addition and multiplication in
mathematics, interest leads one to want to know or learn more from the task. Interest
adds enjoyment; makes the performance of activity tasking and more economical in
terms of demands on limited cognitive awareness (Ngwoke, 2005). Omroid (2006)
described the concept of interest as the feeling that a topic is intriguing and enticing.
That is, interest adds pleasure, excitement and liking in an academic endeavour
thereby making students to remember the subject matter in the long run.

One dominant factor in science learning is interest. Interest has been seen as a
psychological construct, which has the potential to increase or reduces students active
participation in science. According to Nworgu and Ezeh (1999) interest can be
defined as a feeling of like or dislike towards an activity. This shows that interest is
that inert tendency which propels an individual towards engaging in a particular
activity. Interest plays a very significant role in any learning process. It can mar a

good and competent science teacher’s effort to achieve desired learning outcome.

2.2.8 Mental ability

Mental ability explains the level at which an individual assimilates,
comprehends instructions, and resolves issues. It also refers to the capacity to reason,
remember, understand and solve problems. An individual’s overall score is rated the
most important factor in individual factors. Orukootan (2006) and Abimbade (2007)
are of the view that mental ability can be used to determine high- and low-ability
participants.

There have been controversies over the relationship between mental ability
and students’ academic performance (Raimi, 2003). Studies have shown that the
performance of students vary in subject to the types of materials and methods
employed in instructing them (Okafor, 2006). Mental ability was found to influence

students’ learning in Biology; it was only the pairs of low mental ability and high
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mental ability groups that were significantly different (Olagunju and Abiona, .2004).

Against this background, mental ability was included as a variable in this study.

23 Empirical review
2.3.1 Computer simulation package and students’ achievement in ecology and
genetics

Some studies have indicated that using computer simulations instructional
packages have positive influence on the achievement or performance of students in
science. Kiboss, Wekesa and Ndirangu (2006), for instance, assessed a computer-
based instruction simulation (CBIS) programme impart on learners’ understanding
and opinion of cell theory in school Biology. The CBIS programme was developed to
teach Biology in schools, in form of a classroom invention to teach science. It affects
positively enhances students’ comprehension in cell division lessons.

Okoro and Etukudo (2001) affirmed that learners introduced to the CAI
achieved significantly well than those subjected to the extrinsic motivation based
traditional method. Akour (2006) found that students exposed to traditional
instruction aided by the use of computer performed expressively better than their
counterparts who were taught using traditional instruction.

Pektas, Tiirkmen and Solak (2006) in their research study examined that the
success of students taught digestion and excretion in a computer-aided instructional
process was profound than those that taught using the lecture method. Akcay,
Aydogdu, Yildinnm and Sensoy (2005) examined the efficiency of computer-aided
method in science education in influencing the achievement of students than the
traditional teaching method. Karamustafaoglu, Aydm and Ozmen (2005) did a study
on pre-service science-and-technology teachers. The dynamic-system simulation-
based instruction used for the experimental group enhance achievement than the
traditional instruction employed for the control group. In addition, Ozdener (2005)
avers that computer generated laboratories support traditional laboratories. Students
handled with this approach excelled in solving problems related to force and motion
when taught “Force” in lessons aided by simulations prepared in collaborative Physics
programmes (Uzun, 2004). Students who used computer-simulated experiments were

also found to be statistically better at understanding speed and velocity.
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Bayrak (2008) compared computer-assisted instruction and face-to-face
instruction among Physics students. He used seventy-eight fresh students from the
Divisions of Biology Education and Chemistry Education; there was also a
pretest/post-test control group. The data were analysed with t-test with SPSS. The
experimental group was found to be more successful than the control group.

Elangovan (2014) carried out a quasi-experimental study for six weeks. This
was to determine the effectiveness of two different 3D computer simulation-based
teaching methods, namely realistic simulation and non-realistic simulation. The
participants were 136 Form Four Biology students in Perak, Malaysia. Paired samples
t-test and one way ANCOVA were employed for analysis. The realistic simulation
was more effective 3D computer simulation-based teaching method than the non-
realistic simulation; the Biology students improved in achievement and memory
retention.

Teke, Dogan and Duran (2015) compared the analysis of seventh-grade (the
second level of the primary education) students’ achievement in “The Human Body
System”. The unit in Science and Technology lesson examined the simulation method
and the traditional method to determine the influence of these methods on students’
learning. Seventy students that enrolled in the seventh grade in Konya in the 2009-
2010 academic years took part in the study, which lasted five weeks. A statistically
significant difference was found between the learning of the simulation-method group
and the traditional-method group (p<0.05).

Olanekan and Oludipe (2016) carried out a study on the effects of computer
simulation instructional strategy on the academic achievement of Biology students in
DNA replication and transcription. The pretest-posttest quasi-experimental control
group design was used for the study. DNA Replication and Transcription
Achievement Test (DRTAT) was developed and administered to fifty undergraduate
300-level Biology Education students selected as the participants. The result showed
a significant main effect of computer simulation on students’ mean achievement

Score.
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2.3.2 Computer simulation package and problem-solving skills in ecology and
genetics

Computer simulation enhances learning through provision of opportunities to
develop skills in problem identification, seeking, organizing, analysing, as well as
evaluating, and communicating information (Akpan, 2001). It is also useful in
developing the skills of problem-solving as well as decision-making in Biology issues
(Lee, Hairston, Thames, Lawrence and Herron 2002). Furthermore, a well-designed
simulation allows learners to deploy their mode of informational representation and
develop hypotheses about events which are problematic as they solve problems
(Windschitl and Andre, 1998). Genetics construction kits helped students to develop
rich mental models of knowledge of genetics (Collins and Morrison, 1992; Liao and
Chen 2007).

Huppert, Lomask and Lazarowitz (2002) investigated computer simulations in
relation to how higher-level inquiry skills are developed. It was found that the
students who used a simulated yeast cell lab performed better than those completing a
hands-on lab. Similarly, Akpan and Andre (2000) determined the effectiveness of
computer simulations and hands-on frog dissection used separately and together.
Students who received simulations-before-dissection (SBD) and simulations-only
(SO) significantly learned more anatomy than students who received dissections-
before-simulations (DBS) or dissection-only (DO).

Barlis and Fajardo (2013) examined the effectiveness of simulation and
computer-assisted instructions (CAI) among students under regimental training. They
employed multiple choice and problem-solving questions on some topics in Physics
II. The participants were in ten (10) intact sections; there were 113 for the traditional
group and one hundred and 126 for the experimental group, who offered Engineering
Physics during the second semester. Both groups had better performance at pretest to
the posttest, irrespective of the methods adopted. Hence, both methods, individually,

were effective in teaching the students.

2.3.3 Computer simulation package and students’ attitude to ecology and
genetics
Sahin (2006) asserts that one type of computer application is simulations. With

simulations, teachers can make students focus better on learning objectives (De Jong
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and Van Joolingen, 1998). Simulations enable them to observe a real-world
experience and interact with it (Sahin, 2006). Therefore, science education needs to
develop suitable simulation pedagogies (Lindgren and Schwartz, 2009).

Kocakulah and Kocakulah (2006a) investigated the attitudes of students before
and after the simulated instructions and experimental apparatus. A statistically
significant difference was found in the two scores. As¢1 and Demircioglu (2003),
however, did not find any significant difference in the attitude of students exposed to
computer simulation and those instructed through the traditional teaching strategy.

Aslan-Efe, Oral, Efe, Siinkiir (2009) investigated students’ achievement in and
attitude to Biology. This was done through comparing computer simulation-supported
Student Teams Achievement Divisions (STAD) of co-operative learning with
traditional learning. A total of 81 students in 10" grade participated in the study. An
achievement test with 31 questions on photosynthesis and an attitude scale was
employed to collect data. The teaching method that was supported by computer
simulations had greater effects on students’ achievement; there was also no

statistically significant difference between the attitudes of the two groups.

2.3.4 Digital puzzle-based instructional package and students’ achievement in

ecology and genetics

Digital games have been found to be very useful different disciplines in the past
decades (Koether, 2003; Franklin, Peat and Lewis, 2003; Lauer, 2003). Instructional
digital games are constructed to enhance learners’ performance in Mathematics
(Kebritchi, Hirumi, and Bai, 2010; Pilli and Aksu, 2012). Ann (2006) and Nelson
(2011) advocate the use of puzzle instructional package all through stages in
education and all ages.

The various formats for students to demonstrate their learning could improve
students’ interest and interaction, and extend classroom learning (Orlich, et al., 2010).
Digital puzzles create a powerful learning environment. Harris (2001) found no
distinct fundamental link between academic prowess and usage of digital games.
Hays’ (2005) exploration on forty-eight experimental had varied results. However, a
criticism of 32 numerical studies found immersive digital games to be more impactful

on the cognitive gains of learners than the traditional approach (Vogel et al., 2006).
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Pange (2003) claims that playing digital games improves the cognitive
functioning of the brain. Yip and Kwan (2006) discovered that the attention and
knowledge transfer of students improved when digital games were employed (Shaffer
et al., 2005). The games also created collaborative learning environments.

In spite of the seeming effectiveness of puzzle instructional package, some
studies have shown limitations of this package. Ross and Huang (2001) and Hill
(2003) confirmed that it is not always effective in teaching operating system concept
in computer studies. Obstfeld, Maurice and Kenneth (2001) identified some of these
limitations to include: lack of required skills or creative imagination by teachers for
adapting, adopting and creating puzzles; financial constraint; time constraint and
scarcity of relevant textbooks. This inconsistency indicates that studies on the
effectiveness of digital puzzle in the classroom are inconclusive.

The studies conducted by Coulter (2003), Kaka (2008), Falkner, Saoriamarthi
and Michalewicz (2009), Adedoja, Abidoye and Afolabi (2013) revealed the
effectiveness of puzzle in promoting academic achievement in different subjects.
However the aforementioned scholars’ investigations were not self-learning or
computer-based.

Experts have identified the importance and usefulness of puzzles in teaching
and learning processes. Puzzle instructional packages in science education in Korean
universities improved comprehension of abstract concepts; they also develop
problem-solving abilities in students (Anany and Mary 2002). Puzzle-solving engages
students with materials (Kendall et al, 2008).

2.3.5 Digital puzzle instructional package and problem-solving skills in ecology

and genetics

Digital puzzle package is a new instructional package that is focused on the
development of problem-solving skills (ACM, 2006). A paradox or puzzle involving
the concept is one of the most useful means of sorting out students’ intuition on a
giving topic. It helps them struggle towards a solution. A classroom that employs
different experiences could aid students’ success (Orlich, Harder, Callahan, Trevisan
and Brown, 2010). Studies involving eclectic teaching experiences showed that

students achieve more with this kind of approach (Maal, 2004).
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Digital puzzle instructional package gives a multi-sensory instruction which
combines the use of intuition and puzzle to create the optimal setting identified by
Maal (2004). The digital puzzle instructional package aims to encourage science
students in problem solving (Nicholas, 2009). According to Fisher (2001) and ACM
(2006), most of the students never learn how to think about solving problems
throughout their education period.

Scotts (2006) emphasizes that teaching with puzzle that are produced from
wood or very heavy cardboard helps young children aged 1-8 years learn motor skills
and hand-eye coordination as they fix the pieces of puzzles together. Logical puzzles
can be used to teach logical thinking skills, spatial concepts, and motor coordination.
Physical puzzles are particularly good for tactile learners who in most cases cannot
absorb traditional educational methods.

Research, as observed by Idowu and Ige (2007), shows that the use of puzzles
in teaching and learning in Nigerian schools has been scored very low. This is
because puzzles are usually used as entertainment and relaxation rather than puzzles,
particularly in teaching abstract concepts. Serj (2002) notes that puzzle instructional
package is significantly better when compared with the conventional method in
developing problem-solving skills in junior secondary school mathematics. Idowu and
Ige (2007) are of the opinion that puzzle-based learning build problem-solving skills

in students by experience, imitation and reflection.

2.3.6 Digital puzzle instructional package and students’ attitude to ecology and

genetics

Pilar (2013) investigated the effects of digital games on the mathematical
achievement, attitude and motivation of middle school students. One hundred and
sixty-eight students of a private transnational school in Africa were involved in the
study. They were randomly stratified into treatment and control groups. Scholarship
was assessed using internal school examinations based on standards affliated to that of
the National Council of Teachers of Mathematics (NCTM) principles and
benchmarks. The Course Interest Survey (CIS) based on Keller’s ARCS model of
motivation was employed to measure motivation to learn Mathematics. Fennema-
Sherman Mathematical Attitude Scales (FSMAS) was deployed to measure

mathematical attitude. A Multivariate Analysis of Covariance performed. A
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significant increase was found in all the independent variables. Using the digital game

boosted the interest of the students, thereby producing a positive attitude in them.

2.3.7 Modified conventional package and students’ learning outcomes
This is the oldest method of teaching used in most Nigerian schools. It is a
traditional talk-chalk strategy. The teacher “gives out” the facts to the students and the
students listen and digest the knowledge (Osokoya, 2002).
There are reasons listed by Adesoji (2004) which make teachers refuse to
change their conventional teaching style:
(a) Lack of infrastructural facilities
(b) Overloaded curriculum
(c) Lack of training programmes/workshops, and

(d) Lack of skill in handling difficult concepts identified..

Olagunju, (2002) observes that the conventional lecture method commonly
used by science teachers is monotonous, students are passive and no meaningful
learning takes place. This contributes to the negative attitude toward science, which
results in underachievement. Ajayi (2005) asserts that instructional strategies should
be varied, as there is no perfect strategy for teaching and learning outcomes. Robert
(2003) argues that the conventional lecture method cannot be totally ignored; any

innovation of instructional strategy is to complement the conventional lecture method.

2.3.8 Self-efficacy and students’ achievement in ecology and genetics

Pajares (2006) avers that students who have a strong sense of efficacy are
more likely to challenge themselves with difficult tasks and be motivated intrinsically.
They will put up a high degree of effort so as to meet their commitment; they also
attribute failure to things in their control instead of blaming external factors. They
equally quickly recover from setbacks; so they are likely to get their personal goals.
They blame failure on insufficient input or poor knowledge and skills, which are
acquirable. Conversely, low self-efficacy students are convinced that they cannot
perform well; therefore, they may not make any serious effort.

Elsevier (2009) inspected the basic relations among self-efficacy, academic

ambitions and delinquency on the academic achievements of selected Austrian
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students. They were 935 from ten schools and they were aged 11-18 years. Academic
and self-regulatory efficacy was discovered to have effect on academic achievement.
Academic efficacy had positive relationship with aspirations; while social self-
efficacy had negative relationship with academic achievement. Tella (2015) found no
significant main effect of self-efficacy on students’ achievement in Chemistry.

Aremu and Tella (2009) investigated the relationship between gender, age,
general mental ability, anxiety, Mathematics self-efficacy and achievement in
Mathematics among students in secondary schools in Oyo State, Nigeria. Multiple
regression was employed to analyse the data collected from 1,099 SS2 students.
Mathematics self-efficacy, anxiety and gender had significant correlations with
students’ achievement in Mathematics. Therefore, Mathematics self-efficacy was
considered the best predictor of Mathematics achievement, and then gender and
anxiety.

Shahrzad, Kourosh, Mohammad, Haitham and Hossein (2011) investigated the
relationship that exists between self-efficacy and academic achievement in high
school students. A total of 250 students in the academic year 2010/2011 were picked
by the use of multistage cluster sampling and completed self-efficacy scale. Average
in classes was used to measure achievement score grade point. The data collected
were subjected to correlation coefficient and regression analysis. Self-evaluation, self-
directing and self-regulation had relationship with academic achievement. The
researchers concluded that self-efficacy is a reckoning factor in academic

achievement.

2.3.9 Self-efficacy and problem solving skills in ecology and genetics

Bandura (1994) claims that self-efficacy beliefs determine how people feel,
think, motivate themselves and behave. Cognitive, motivation, affective and selection
processes are important in this regard. A strong sense of self-efficacy boosts
accomplishments and personal well-being.

Aurah, Cassady and McConnell (2014) investigated the influence of
metacognition and self-efficacy beliefs on genetics problem-solving ability among
Kenyan high school students using a quasi-experimental research design. A total of
2,138 purposively selected high school students in Western Province, Kenya served as

participants. Biology ability test, a self-efficacy questionnaire, a genetics problem-
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solving test, and metacognitive prompting questionnaire were the instruments
employed for data collection. The analysis was through descriptive statistics,
correlations, and multiple regressions. Genetic problem-solving ability was predicted
by metacognition and self-efficacy. The relationship between metacognition and

genetics problem-solving ability was also moderated by self-efficacy.

2.3.10 Self-efficacy and students’ attitude to ecology and genetics

The relationship between the self-efficacy belief of students and their
achievement has been analysed in many studies. Woolfolk, Hoy, and Davis (2005)
established that the self-efficacy of the teachers positively affected the achievement
and attitude of the students. Tschannen-Moran and Hoy (2001) found self-efficacy to
be directly related to the classroom behaviours of the teacher. Self-efficacy, according
to Ukoh (2012), is an individual’s own capacity and positive or negative judgements
about himself/herself. This means that self-efficacy is not a function of an individual’s
skills but his/her belief about having the skill and ability to put them into use.

Ukoh (2012) avers that self-efficacy belief of a teacher is the judgement that
his abilities would be effective for the achievement and learning of students. Self-
efficacy belief has an important effect for providing a quality education. Tella (2015)
found that there was significant main effect of self-efficacy on students’ attitude to
Chemistry. High self-efficacy had the highest adjusted mean score, followed by
medium and lastly followed by low self-efficacy.

Ward (2001) and Popoola (2012) found that students of high self-efficacy
were found to have better attitudes to Chemistry than those of low self-efficacy and

students with medium self-efficacy performed better than those of low self- efficacy.

2.3.11 Students’ mental ability and students’ achievement in ecology and genetics

The ability of a learner is a construct that researchers have found to affect the
achievement of students especially in science and Mathematics (Sangodoyin, 2011;
Dada, 2014). Students of different mental ability levels often perform in different
ways, depending on the types of methods and materials used for instruction.
Sangodoyin (2011) emphasizes that students with low mental ability need special
attention in their work. This is because, usually, their level of motivation towards

learning is very low and their attitude to learning is usually negative. Based on this,
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there is need to develop strategies and materials that can increase the motivation and
improve attitude of such learners.

Kuncel, Crede and Thomas (2005) conducted a study on general mental ability
predicting achievement in Mathematics. A total of 969 adolescents (60% females,
40% males) attending grades 7 to 12, with ages ranging from 13 to 18 and a mean age
of 16.4 years (SD = 1.62) served as the sample. General intelligence was measured
through the Mental Abilities Scale for Students (OP-VVS) developed by Tripod. The
mean levels of total scores differed statistically significantly (p < .001) between high
and low academic achievement groups in all ages, F(2,626) = 23.2, p <.001. Besides,
successful students in Mathematics performed above average in mental abilities test.
However, the students that had low academic achievement in Mathematics had below-
average intelligence scores.

Vocka, Preckelb and Hollinge (2011) investigated mental abilities and school
achievement. They analysed the interplay of reasoning, divergent thinking, mental
speed, and short-term memory, in relation to academic achievement. Adolescents in
grades 7 to 10 (N = 1135) constituted the sample. The data were analysed through
structural equation modelling. Mental speed and short-term memory were found to
reflect basic cognitive processes.

Akinlana (2013) investigated the contributions of academic optimism,
academic motivation and mental ability to academic performance of senior secondary
students. The study was conducted in Ogun State, Nigeria. Five hundred and eighty-
eight students participated in the study. General Achievement Goal Orientation Scale,
Almost Perfect Scale-Revised, and Mental Ability Test tested the independent
variables; Junior School Certificate Examination results in Mathematics, English and
Integrated Science tested the dependent variable. Analysis was done using Multiple
Regression Analysis. Mental ability was the most potent predictor variable (B = .052;
t=6.729; p<.05).

Babayemi and Akinsola (2014) investigated the effects of crossword-picture
puzzle (CPP) and mental ability on students’ achievement in Basic Science. A pretest-
posttest quasi- experimental design was employed. The sample consisted of 389 JSS
II Basic Science Students from nine schools randomly selected in three states in
Southwestern Nigeria. Four instruments were used—Teachers’ Instructional Guides

for: Crossword-Picture Puzzle Teaching Strategy, Conventional Lecture Method;
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Basic Science Students’ Achievement Test (r=0.70) and Australian Council for
Educational Research Test (r=0.86). The data were analysed using ANCOVA and
mean scores. The results showed that mental ability significantly affected
achievement (F (2, 389) =5.04; p<0.05; 12=.03).

Castro, Prenda, Laguador and Pesigan (2015) did a a survey of mental ability,
work behaviour and trait of high- and low-performing first-year Computer
Engineering students. The results showed that high- performing students had
significantly higher persistence in doing their work and they had significantly higher
expectations of positive effect from achievement-oriented activity than the low-

performing students.

2.3.12 Students’ mental ability and problem solving skills in ecology and genetics

Yoloye (2004) defines mental ability as a genetic, cognitive, physiological,
nutritional and social factor as well as acquisition of skills all taken together to decide
ability. The global objective guiding the consideration of mental ability is that the test
has the capacity to differentiate between high- and low-ability participants (Adekunle,
2005; Orukootan, 2006; and Abimbade, 2007).

To Mayer (2000), the nature of interactivity and discovery in cooperative
learning bears a beneficial boost to the monotony of passive learning. With this, both
the teacher and students may control their own pace of lesson according to their
individual ability. In addition, cooperative learning can give low-ability students
extensive learning time before moving forward through the help from high- mental
ability colleagues which are not confined by linearity on much slower pace (Mayer
and Moreno, 2003). Therefore, the liberty to proceed or recede and collaboration with
other learners allow self-pacing, which ensures that both group of students perceive
information equally. Mental ability, to some extent, determines the imagination,
language perception, concepts formation, and problem-solving ability of the learners.

Pajares and Kranzler (1995) examined self-efficacy beliefs and general mental
ability in relation to mathematical problem solving. They sampled 329 high school
students. The results revealed that mental ability had strong direct effects on problem-

solving performance.
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2.3.13 Students’ mental ability and students’ attitude to ecology and genetics
Mental ability has also been found to influence students in science. Raimi
(2003), Olagunju and Chukwuka (2008), Dada (2015) found that mental ability had
effects on the students’ attitude. Morribend (2004) concluded from his study that
mental ability had significant effect on students’ attitude. Students with high level of
mental ability display confidence in handling issues and in understanding concepts.
These improve their academic performance and enhance their attitude to the concepts.
They are encouraged to seek in-depth knowledge of the concepts. Low mental ability
is associated with timidity, incompetence, negative attitude to concepts and generally

to life situations.

24 Appraisal of the reviewed literature

From the reviewed literature, it is clear that there have been past studies (both
within and outside Nigeria) which investigated the effect of the instructional strategies
on learning outcomes, the interaction effect of self-efficacy and mental ability with
instructional strategies and their ultimate effects on learning outcomes in Biology.
Some have shown significant effect of mental ability and self-efficacy on learning
outcomes, while some could not establish this.

The review of literature on computer simulation and digital puzzle
instructional packages showed that the majority of the studies were on Chemistry and
Physics and Mathematics and none on Biology. From studies on computer simulation
and digital puzzle packages that were examined, it has been observed that most of the
studies were conducted on acquisition of science vocabulary, Mathematics, Physics,
Chemistry, Accounting, Economics and Foreign Language. The review could not
establish empirical bases for using computer simulation and digital puzzle in teaching
and learning Biology.

The existing literature also publicised that the mental ability of the learners is
very important in learning; it plays a major role in determining an individual’s
performance. Low mental ability in Biology can mar students’ problem-solving skills,
attitude and achievement in ecology and genetics in Biology. Furthermore, the review
of literature showed that students’ self-efficacy associated with Biology appears to
affect students’ problem-solving skills, attitude and achievement in Ecology and

Genetics.
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Therefore, there is the need for further studies to establish the appropriate
instructional method for both high-and low-mental ability students with different self-
efficacy levels in ecology and genetics. The past studies on the use of computer
simulation and digital puzzle instructions did not focus on the moderating effects of
mental ability and self-efficacy and did not establish the combining effect of computer
simulations and digital puzzle on senior secondary schools Biology students’ learning

outcomes in ecology and genetics. This is the gap which this study filled.
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CHAPTER THREE
METHODOLOGY

3.1 Research design

The study adopted the pretest-posttest control group quasi-experimental
design using a 4x3x2 factorial matrix. It examined possible effects of computer
simulation and digital puzzle instructions, mental ability and self-efficacy on students’
achievement, problem-solving skill, attitude to ecology and genetics in Biology. The
design is shown structurally below:

0, Xi 02 E; (Experimental group 1, Computer Simulation
Package)

03 Xs 04 E, (Experimental group 2, Digital Puzzle Package)

05 X3 0Os E; (Experimental group 3, Computer Simulation-Digital
Puzzle Package)

0 X4 0g C (Control group)
Where O1 and O3 0sand 07 are pretest scores of the experimental and control groups,
respectively.
02, 04, O¢ and Og are posttest scores of the experimental and control groups,
respectively.
X is for the experimental treatment of computer simulation package.
X, is for the experimental treatment of digital puzzle package
Xj is for the experimental treatment of computer simulation- digital puzzle package
X4 is for the conventional package.
The analytically designed 4x3x2 factorial matrix of the study is presented in the table
3.1.
Table 3.1: Schematic Representation of the Matrix

Treatment/strategies MENTAL Self efficacy
ABILITY High  Medium Low
Computer Simulation High
Low
Digital Puzzle Learning High
Low
Computer Simulation — Digital High
Puzzle Low
Conventional Package High
Low
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3.2 Variables of the study
The following were the variables of the study include:
Independent variable: This was the instructional package at four levels
i. Computer simulation instruction
ii. Digital puzzle instruction
iii. Computer simulation — digital puzzle instruction
iv. Conventional-based instruction
Moderator variables:
i. Self-efficacy (at three levels: high, medium and low)
ii. Mental ability( at two levels: high and low)
Dependent variables:
i. Students’ achievement in ecology and genetics
ii. Students’ problem solving skills in ecology and genetics

iii. Students’ attitude to ecology and genetics in Biology

3.3 Selection of participants

Four randomly selected local government areas of Oyo State were used for the

study. Two schools were purposively selected from each local government area under

study, six schools for the three experimental groups and two for the control groups.

Eight purposively selected schools were used for the study and eight intact classes

were used altogether. The criteria for the selection of the schools for experimental

groups were
1. must be co-educational schools
ii. availability of computers

iii. presence of an experience Biology teacher

iv. Evidence that the topics ecology and genetics have not been taught

The criteria for the selection of schools for control groups were

(1) Unavailability of computers

(i1)) Presence of a Biology teacher

(iii)) Evidence that the topics ecology and genetics have not been taught.

Selection of concepts

Some of the topics identified in the Biology syllabus that are related to ecology
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and genetics sub-concepts are biomes, ecosystem, measurement, pollution, Gregor
Mendel’s work, terminologies used in genetics, basic laws in genetics, transmittable

character, transmission and separation of character in organisms.

34 Research instruments
) Students’ Achievement Test in Ecology and Genetics (SATEG)
2) Students Problem-Solving Test in Ecology and Genetics (SPSTEG)
3) Students’” Attitude to Ecology and Genetics Biology Scale (SAEGBS)
4) Students’ Self-Efficacy Scale (SSES)
5) Students’ Mental Ability Test (SMAT)
(6)  Instructional Guides for Computer Simulation Package on Ecology and
Genetics in Biology (IGCSPEGB)
(7)  Instructional Guides for Digital Puzzle Package on Ecology and
Genetics in Biology (IGDPPEGB)
() Instructional Guides for Computer-Simulation and Digital Puzzle
Package on Ecology and Genetics in Biology
9 Instructional Guides for Conventional Instructional Package on
Ecology and Genetics in Biology (MCIPEGB)
(10) Evaluation Sheet for Assessing Teachers’ Performance on the Use of

the Packages (ESAPT)

3.4.1 Students’ Achievement Test in Ecology and Genetics (SATEG)

The test was self-constructed. The instrument was used to measure students’
achievement in ecology and genetics. It consisted of forty (40) multiple choice items
with 4 options labelled A-D. After giving it to 4 biology experts to read, only twenty-
five (25) multiple choice items survived scrutiny. The twenty-five (25) multiple
choice questions were given to twenty (20) SS II students in a pilot school, and only
twenty (20) items survived scrutiny using discrimination indices of 0.4-0.6. The 20
items were administered in another school which was not part of the schools for study
and the items were found to be content- and face-valid. The reliability coefficient was
established using Kuder-Richardson formular (KR20). The reliability index of 0.80

was obtained. The instrument was used for both the pretest and the posttest.

59



Table 3.2: Table of Specification for Students’ Achievement Test in Ecology and
Genetics (SATEG)

Topic

Knowledge

Level of cognitive development

Comprehension

Appli
cation

Analysis

Synthesis

Evalu
ation

Total

Biomes
Ecosystem
Measurement
Pollution

Gregor Mendel’s
work
Terminologies used
in Genetics

Basic laws in
genetics
Transmittable
character
Transmission and
separation of
character in
organisms

Total

16

14

7
4

11

19

6
20

12

10
9

13

15

— = N O\ W

20

3.4.2 Students’ Problem-Solving Test on Ecology and Genetics in Biology

(SPSTEG)

The test was designed by the researcher to measure students’ problem solving
in ecology and genetics. The instrument was made up of two sections — A and B.
Section A contained personal data of the subjects. Section B had eight structured
problems testing the students’ problem-solving ability in ecology and genetics
problems. The model of choice was that of Ashmore, Frazer and Casey (1979). The
students defined the problem, selected appropriate information, combined the separate
pieces of information and evaluated them. The reliability coefficients of the eight test

items were determined using test-retest method, which gave 0.83.

3.4.3 Students Attitude to Ecology and Genetics Scale (SAEGS)

The instrument was developed by the researcher to measure the affective learning
outcomes, referred to as the students’ attitude to the use of computer simulation and
puzzle-based packages in the teaching of ecology and genetics concepts in Biology.
The instrument consisted of two sections. Section A focused on the personal data of

the students: name, sex, age bracket, name of school, school type. Section B had 20
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Likert-type scale responses: Strongly Agree (SA), Agree (A), Disagree (D) and
Strongly Disagree (SD). Cronbach alpha co-efficient of 0.79 was obtained. Therefore,

the instrument was considered high enough to be used for the study.

Scoring of Attitude to Ecology and Genetics Scale (SAEGS)

The scoring of SAEGS was as follows: Strongly Agree (SA) — 4 marks, Agree (A) — 3
marks

Disagree (DA) — 2 marks and Strongly Disagree (SD) — 1 mark. This goes for
positively worded statement, while the reverse was used for negatively worded
statements: Strongly Disagree (SD) — 4 marks, Disagree (DA) — 3 marks, Agree (A)
— 2 marks and Strongly Agree (SA) — 1mark.

Validation of Students Attitude to Ecology and Genetics Scale (SAEGS)

For validation, the instrument containing twenty-seven items initially was
given to experts in Biology Education, particularly Biology teachers in secondary
schools in Oyo State. Copies were also given to English teachers and finally the
supervisor of the research so as to make necessary correction and ascertain its
workability for the study. The items were reduced to twenty-five, which were used for
trial-testing. After validation, the items were eventually reduced to twenty. Cronbach
alpha co-efficient of 0.79 was obtained. Therefore, the instrument was considered

high enough to be used for the study.

3.4.4 Students’ Self-Efficacy Scale (SSES)

The Students’ Self-Efficacy Scale developed by Lisa-Looney (2003) was
adopted and adapted for the purpose of this study. This instrument consisted of twenty
(20) items graded based on a four-point Likert scale: Strongly Agree, Agree, Disagree
and Strongly Disagree. The positive statements were graded 4,3,2,1, respectively;
while the reverse 1,2,3,4 was the case for the negative statements. In order to validate
the modified instrument, it was given to three experts in the Department of Teacher
Education for their expert advice with respect to the language level, suitability and
overall faces validity of the instrument. Correction was thereafter made based on their
input. The instrument was also given to the candidate’s supervisor to make the final

modifications. The instrument was then administered to 30 SS II students who were
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not part of the main study. The reliability coefficient of the instrument was calculated

using the Cronbach alpha and the value was obtained as 0.80

3.4.5 Students’ Mental Ability Test (SMAT)

This instrument measured the mental ability of the learners. The instrument
was adopted and adapted from one of the world’s leading educational research centres
—ACER. The instrument was re-validated before being adapted by testing it on SS2
students in a school quite different from the intended samples for this research and the

discriminating level was ascertained.

Scoring of SMAT

The maximum score a student can obtain is 100%. Students who scored 60%
and above were grouped into high mental group; 40% to 59% were assigned to
medium-ability group; while students who obtained less than 40% were placed in low
mental-ability group.

The instrument was validated using Alternate/Parallel forms of reliability and

the value obtained was 0.85.

3.4.6 Computer Simulation Package on Ecology and Genetics in Biology

(CSPEGB)

CSPEGB, a self-developed programme, involved the trained teachers as
facilitators to operate during its use. CSPEGB was prepared according to the
behavioural objectives of the topics ecology and genetics in the curriculum.

The validity of the instrument was done and the reliability was determined

using Cronbach Alpha which gave 0.86.
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3.4.7 Digital Puzzle Instructional Package

This is a package designed to break down the concepts ecology and genetics.
The puzzle clues and the key used were adapted from www.TheTeachercorner.net.
These are crossword and pictorial puzzles that can be digitalized using computer.
They are beneficial in that they teach vocabulary, critical thinking skills, spellings and
correct misconceptions in some concepts. In these stimulus instruments, the teacher

introduces and demonstrates a new puzzle.

Procedure for Validation of the Package
This was adapted from Fakokunde (2014). This procedure was followed:

a. Subject Content Validation: The draft of the content on the selected topics
were given to three Biology teachers to assess the adequacy of the content
premised on the depth of coverage as required in the curriculum for the
subject, appropriateness in terms of sequencing and use of language.
Observations and corrections made by the teachers were incorporated before
transforming it into puzzle-based package.

b. Computer Expert Validation: The prototype of the package was given to
two computer experts to go through so as to express their opinion in terms of
clarity, typography, legibility and navigation of the instructional package.
Their suggestions were taken into consideration in the production of the final
package.

c. Educational Technology Expert Validation: The prototype was shown to
three lecturers in Educational Technology to ascertain conformity with the
acceptable standard in educational technology in terms of simplicity, unity,
emphasis, ease of navigation, appropriateness of the pictures and colours used
in the package. The prototype was moderated based on their suggestions and
re-presented to them. Their recommendations were effected and the prototype
was presented to them.

d. One-to-one Validation: The prototype was trial-tested in a school that was
not slated for the study by selecting five students through the assistance of the
subject teacher. The first prototype was without separate content apart from

what was incorporated in the real puzzle aspect of the package. The second
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stage of trial-testing was carried out after the provision for separate content
menu in the package as suggested by the subject teacher during the first trial-
testing. Another set of five students were selected to work on the package. The
students read the content before working on the puzzle. The time taken to
complete all the questions was recorded on their first trial. The same students
were again exposed to the package and the number of students that were able
to finish within the stipulated time was noted. The time stipulated for working

on the package was ascertained based on the suggestions from the students.

3.4.8 Teacher Instructional Guide on Simulation Package

The instrument was developed by the researcher to guide the use of Computer
Simulation Package (CSP) in the teaching of ecology and genetics. It was prepared
according to the behavioural objectives of the ecology and genetics concepts. The
teachers were trained to be able to guide the students during the treatment using the
instructional guide provided by the researcher.

The following are the steps to follow in using Simulation Package:

Preparation Phase

1. Find out pupils prior knowledge of the topic through relevant questions

2. The teacher orientates the students on the objectives and expected
performance in each phase

3. The students are allowed to put theoretical knowledge already gained into
action — mount the disc (computer simulation CD) on the system already

connected to the projector.

Teaching Phase
4. The teacher executes the lesson in line with the prepared plan and the time
allotted for teaching the lesson. The presentation takes 10-15 minutes only.

5. The students identify, watch and listen to the simulation.
Evaluation Phase

6. The students ask questions on their observations or part of the simulation

presentation that is not clear.
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Reflection Phase

7. The teacher explains, models, illustrates, clarifies, and supplies missing
information

8. The students generate important notes.

Modification Phase

9. The students give insights, feedback and comments gained during the

teaching, when the teacher was answering the questions and supplying the
missing information.

10.  The students correct or modify previous information.

3.4.9 Teachers’ Instructional Guide on Digital Instructional Package (TIGPP)
Preparation Phase
Step 1: The students are positioned by the computer they are to work with.

2. The students are given the package to work with.

3. The students are instructed on how to work with the package.

4. The teacher moves round the classroom to monitor the participants.

Introduction phase:

5. The teacher attracts students’ attention to activate their background knowledge
on the topic to be considered by asking questions based on their previous
knowledge.

Presentation phase:

6. The students identify the keywords and sub-concepts using ecology and
genetics puzzles clues.

7. The teacher asks the students more questions using the clues to generate
additional information on the topic.

8. The students’ views on the concept are clarified using the ecology and

genetics puzzle.

Evaluation phase:
9. The teacher assesses the students for more critical analysis on the content
using the ecology and genetics puzzle clues.

10. The students practise individually.
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11. The students develop a deep understanding of the topics studied and improve
their thinking abilities, through independent studies.

12. The students are given homework or assignment to further practise the skill
developed.

The inter-rater reliability index was determined as 0.83.

Teacher’s Instructional Guide on Computer Simulation — Digital Puzzle Package
Preparation phase:
1) The teacher asks the students some questions to test their previous knowledge
on the sub-concept being considered.

2) The students are instructed on how to use the package.

Teaching Phase:
1) The teacher presents computer simulation package for 10-15 minutes
depending on the scope of the topic.
2) The students identify, watch and listen to the computer simulation

presentation.

Evaluation phase:
1) The teacher gives the clues on different topics under ecology and genetics to
task the students critical thinking ability
2) The students supply the answers (keywords) and type them on the crossword

puzzle sheet as across clue or down clue (column and rows).

Reflection phase:
1) The teacher approves or corrects the students’ answers. He/she clarifies and
supplies the missing answers if there is any.

2) The students write notes based on the correction given by the teacher.

Modification phase:
1) The teacher asks related questions that can generate correct and logical
response, insight and feedback

2) The students modify knowledge on the topic.
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3.4.10 Teachers’ Instructional Guide on Conventional Package

The instrument was prepared according to the behavioural objective of the
ecology and genetics concepts. The instrument was self-developed. The instrument
was used in schools representing the control group.

Students are to sit individually throughout the lesson. The treatment for each

lesson is in the form of a lecture:

Step 1 - The teacher presents the lesson in form of a lecture.

Step 2 - The teacher writes the topic for the lesson on the chalkboard.

Step 3 - The teacher states the objectives for the lesson.

Step 4 - The teacher outlines the content of the topic on the chalkboard.

Step 5 - The teacher explains the content, making use of the lesson note
provided by the researcher in handling each topic.

Step 6 - The students listen to the teacher and write down chalkboard summary.

Step 7- The teacher allows the students to ask questions on areas of the topic
that are not  clear to them.

Step 8 - the teacher answers the students’ questions.

Step 9 - The teacher summaries the lesson.

Step 10- The teacher gives the students home assignment.

The instrument was validated using the Scott’s & statistical measure. The reliability

coefficient of 0.85 was obtained.

3.4.11 Evaluation Sheet for Assessing Teachers’ Performance on the Use of the
Package (ESATPP)
This is the guideline for evaluating the performance of the trained teachers on
the effective use of these packages:
Computer Simulation Instructional Package (CSIP).
Puzzle-Based Learning Instructional Package (PBLIP).
Computer Simulation — puzzle instruction package (SPIP)

Conventional Instructional Package (CIP)
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Section A — This consisted of the personal data of the trained teacher.

Section B —This consisted of the items to be evaluated. The items were placed on a 5-
point Likert type rating scale: Very Good, Good, Average, Poor, and Very Poor.

The scoring of ESATP was as follows: Very Good (VG) — Smarks, Good (G) — 4
marks, Average (AV) — 3 marks, Poor (P) — 2 marks, and Very Poor (VP) —1 mark.
The instrument was piloted to ensure its reliability. Experts were consulted to
ascertain the appropriateness of the concepts and methods. Their observations and

comments were considered in the final draft.

3.5 Research procedure
3.5.1 Training of teachers:

Three weeks was used to train the research assistants, who were Biology
teachers in the schools for the study. The purpose and procedure for the study were
explained to them. The teachers in the experimental groups were exposed to the use of
the instructional package. Thereafter, they were allowed to use it so as to assess their
competence. The teachers in the control group were also told the procedure for the

study. The objectives and content of each topic were given to each of them.

3.5.2 Pretest

After the training of the teachers, the participants in each group were asked to
allow students to fill the Self-Efficacy Checklist and the Mental Ability Test in order
to categorise them according to their Self-Efficacy and Mental Ability Groups. This
was followed by the administration of
) Students’ Achievement Test in Ecology and Genetics (SATEG)
(2)  Students’ Problem-Solving Test in Ecology and Genetics (SPSTEQG)
(3)  Students’ Attitude to ecology and Genetics Biology Scale (SAEGBS)

3.5.3 Treatments Procedures
The teachers administered the treatments for the groups for eight weeks. The
researcher moved round the schools once a week to monitor compliance with the

research procedure.

68



Experimental Procedures
Experimental group 1: Steps to follow in using Simulation Package are
Preparation Phase
1. Find out pupils prior knowledge of the topic through relevant questions.
2. The teacher orientates the students on the instructional objectives in each
phase
3. The students are allowed to put theoretical knowledge already gained into
action — mount the disc (computer simulation CD) on the system already
connected to the projector.
Teaching Phase
4. The teacher executes the lesson in line with the given plan and time. The
presentation takes 10-15 minutes only.
5. The students identify, watch and listen to the simulation.
Evaluation Phase
6. The students ask questions on their observations or part of the simulation
presentation that is not clear.
Reflection Phase
7. The teacher explains, models, illustrates, -clarifies, supplies missing
information.
8. The students generate important notes.
Modification Phase
9. The students give insights, feedback and comments gained during the
teaching, when the teacher was answering the questions and supplying the
missing information.

10. The students correct or modify previous information.

Experimental Group 2:

Preparation phase

Step 1: The students are positioned by the computer they are to work with.
2. The students are given the package to work with.
3. the students are instructed on how to work with the package.

4. The teacher moves round the classroom to monitor the participants.
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Introduction phase of the content involves
5. The teacher attracts students’ attention to activate their background knowledge
on the topic to be considered by asking questions based on their previous
knowledge.
Presentation phase:
6. The students identify the keywords and sub-concepts using ecology and
genetics puzzles clues.
7. The teacher asks the students more questions using the clues to generate
additional information on topic.
8. The students’ views on the concept are clarified using the ecology and
genetics puzzle.
Evaluation phase:
9. The teacher assesses the students for more critical analysis on the content
using the ecology and genetics puzzle clues.
10. The students practise individually.
11. The students develop a deep understanding of the topics, and through
independent studies, and improve their thinking abilities.
12. The students are given homework or assignment to further practise the skill

developed.

Teacher’s Instructional Guide on Computer Simulation — Digital Puzzle Package
Preparation phase:
3) The teacher asks the students some questions to test their previous knowledge
on the sub-concept being considered.

4) The students are instructed on how to use the package.

Teaching Phase:
3) The teacher presents computer simulation package for 10-15 minutes,
depending on the scope of the topic.
4) The students identify, watch and listen to the computer simulation

presentation.
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Evaluation phase:
3) The teacher gives the clues on different topics under ecology and genetics to
task the students critical thinking ability
4) The students supply the answers (keywords) and type then on the cross-word
puzzle sheet as across clue or down clue (column and rows).
Reflection phase:
3) The teacher approves or corrects the students answers. He/she clarifies and
supplies the missing answers if there is any.

4) The students write notes based on the correction given by the teacher.

Modification phase:
3) The teacher asks related questions that can generate correct, logical response,
insight and feedback.
4) The students modify knowledge on the topic.

Control Group Procedure

Step 1 - The teacher writes the topic for the lesson on the chalkboard.
Step 2 - The teacher states the objectives for the lesson.

Step 3 - The teacher outlines the content of the topic on the chalkboard.
Step 4 - The teacher explains the content, making use of the lesson note

provided by the researcher in handling each topic.
Step 5 - the students listen to the teacher and write down chalkboard summary.
Step 6- The teacher allows students ask questions on areas of the topic that are

not clear to them.

Step 7 - The teacher answers the students’ questions.
Step 8 - The teacher summaries the lesson.
Step 9- The teacher gives students home assignment.

3.5.4 Posttest

This was administered in the thirteenth week. The Students’ Attitude to
Biology (SAB) and Students’ Achievement Test in Ecology and Genetics Ecology
(SATEG) were administered before the Students’ Problem Solving Test (SPST)
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3.6 Methods of data analysis

The data collected were analysed using descriptive statistics; frequency count,
mean, standard deviation aspects of descriptive statistics were used. Analysis of
Covariance (ANCOVA) of inferential statistics was used in testing the hypotheses
using the pretest scores as covariates and Estimated Marginal Means was computed to
show how the groups performed, while Scheffe Post-hoc Analysis was used to detect
the source of significant difference between the groups where they existed. All

hypotheses were tested at 0.05 level of significance.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Testing of the null hypotheses
HO0;,: There is no significant main effect of treatment on students’ achievement in

ecology and genetics concepts in biology

Table 4.1: Analysis of Covariance (ANCOVA) of Post-Achievement by
Treatment, Self- efficacy and Mental Ability

Partial
Type III Sum Mean Eta

Source of Squares Df Square F Sig.  Squared
Corrected Model 18466.567" 24 769.440 60.109  .000 .807
Intercept 7765.528 1 7765.528  606.643  .000 .637
Pre-achievement 144.251 1 144.251 11.269 .001 .032
Treatment 17188.754 3 5729.585 447.595 .000* 795
Self-efficacy 5.335 2 2.668 208 812 .001
Mental ability 17.749 1 17.749 1.387 240 .004
Treatment * Self-efficacy 55.893 6 9.316 728 .628 012
Treatment * Mental ability 5.904 3 1.968 154 927 .001
Self-efficacy * Mental ability 3.377 2 1.688 132 .876 .001
Treatment *  Self-efficacy

.. 97.036 6 16.173 1.263 274 021
Mental ability
Error 4429.083 346 12.801
Total 229830.000 371
Corrected Total 22895.650 370

R Squared = .807 (Adjusted R Squared =.793)

significance

Table 4.1 shows that there was a significant main effect of treatment on
students’ achievement in ecology and genetics concepts in Biology (F 3, 346) =447.59;
P< 0.05, partial 0> = 0.795). The effect size was 79.5%. This implies that there was a
significant difference in the mean post-achievement scores of students. Thus,
hypothesis la was rejected. In order to determine the magnitude of the significant
main effect across treatment groups, the estimated marginal means of the treatment

groups was carried out. The result is presented in Table 4.8
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Table 4.2: Estimated Marginal Means for Post-Achievement by Treatment and
Control Groups

95% Confidence Interval

Treatment N Mean  Std. Error Lower Bound  Upper Bound
fgg‘;};wer Simulation Package o1 2777 0374 27.031 28.502
Digital Puzzle Package (DPP) 93 26.72 0.381 25.970 27.470
Computer Simulation and

Digital Puzzle Package 94 2741 0.364 26.695 28.129
(CSDPP)

Conventional Package (CP) 93 10.69 0.400 9.901 11.474

Table 4.2 reveals that the students in Computer Simulation Package Group had
the highest adjusted post-achievement mean score (27.77), followed by Computer
Simulation And Digital Puzzle Package Group (27.41), Digital Puzzle Package Group
(26.72), while the Conventional Package Group had the least adjusted post-
achievement mean scores (10.69). This order can be represented as CSP
>CSDPP>DPP>CP.

Table 4.3: Scheffe Post-hoc Analysis of Post-achievement by Treatment and

Control Group

Treatment N Mean CSP DPP CSDPP CP
CSP 91 27.77 *
DPP 93 26.72 *
CSDPP 94 27.41 *
CP 93 10.69 * * *

* Denote significant difference at 0.05 level of significance

Table 4.3 reveals that students exposed to Computer Simulation Package
(CSP) were not significantly different from their counterparts taught using Digital
Puzzle Package (DPP), Computer Simulation and Digital Puzzle Package (CSDPP)
but significantly different from those taught Conventional Package (CP) in their post-
achievement scores. The students taught using DPP were significantly different from
those exposed to CSDPP. Furthermore, students taught using computer simulation

were significantly different from those exposed to conventional package. This implies
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that computer simulation, digital puzzle and computer simulation and digital puzzle
package were the main sources of significant differences in treatment. There was no

significant main effect of treatment on the students’ problem-solving skills.

Table 4.4: Analysis of Covariance (ANCOVA) of Post-problem Solving Skills by
Treatment, Self-efficacy and Mental Ability

Type IIT

Sum of Mean Partial Eta
Source Squares Df Square F Sig.  Squared
Corrected Model 17443.875" 24 726.828  111.590 0.000 0.886
Intercept 7087.904 1 7087.904 1088.207 0.000 0.759
Pre-problem-solving 140.079 1 140.079  21.506  0.000 0.059
Treatment 16346.714 3 5448.905 836.571 0.000*  0.879
Self-efficacy 6.282 2 3.141 0.482  0.618 0.003
Mental ability 1.063 1 1.063 0.163  0.687 0.000
Treatment * Self efficacy 40.534 6 6.756 1.037  0.401 0.018
Treatment * Mental ability 3.889 3 1.296 0.199  0.897 0.002
Self-efficacy * Mental ability 1.265 2 0.632 0.097  0.907 0.001
Treatment * Self-cfficacy * Mental = 5, -5 6 8622 1324 0246  0.022
ability
Error 2253.629 346 6.513
Total 206550.000 371
Corrected Total 19697.504 370

a. R Squared = .886 (Adjusted R Squared = .878) ,  * Denote significant difference at 0.05 level of
significance

Table 4.4 indicates that there was a significant main effect of treatment on
students’ problem-solving skills scores (F3 346 =836.57; P< 0.05, partial n2 = 0.879).
The effect size was 87.9%. Therefore, hypothesis 1b was rejected. The magnitude of
the significant main effect across treatment groups, the estimated marginal means of

the treatment groups was also carried out. The result is presented in Table 4.5.
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Table 4.5: Estimated Marginal Mean for Post-Problem Solving Skills by
Treatment and Control group

95% Confidence Interval

Treatment N Mean  Std. Error Lower Bound Upper Bound
Computer Simulation a

Package(CSP) 91 25.66 .266 25.143 26.187
Digital Puzzle Package (DPP) 93 25.80° 271 25.265 26.331
Computer Simulation and

Digital Puzzle Package 94 26.62" 259 26.108 27.129
(CSDPP)

Conventional Package (CP) 93 9.85" 285 9.294 10416

Table 4.5 shows that the students in the Computer Simulation and Digital
Puzzle Package Treatment Group 3 had the highest adjusted post-problem-solving
skills mean score (26.62), followed by the Digital Puzzle Package Treatment Group 2
(25.80), Computer Simulation Package Treatment Group 1 (25.66), while the students
in the Conventional Package (CP) Control Group had the least adjusted post-problem-
solving skills mean score (9.85). This order can be represented as CSDPP > DPP >
CSP> CP.

Table 4.6: Scheffe Post-hoc Analysis of Post-problem-solving Skills by Treatment
and Control Groups

Treatment N Mean CSP DPP CSDPP CP
CSP 91 25.66

DPP 93 25.80 *

CSDPP 94 26.62

CP 93 9.85 * * *

* Denote significant difference at 0.05 level of significance

Table 4.6 reveals that the students exposed to Computer Simulation and
Digital Puzzle Package (CSDPP) were significantly different from their counterparts
taught using Computer Simulation Package (CSP), Digital Puzzle Package (DPP) and
Conventional Package (CP) in their post-problem-solving skills scores. The students
taught using Digital Puzzle Package were significantly different from those exposed
to Computer Simulation and Conventional Package. Furthermore, the students taught

using computer simulation significantly different from those exposed to conventional
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package. This implies that computer simulation and digital puzzle, digital puzzle and

computer simulation packages were the main sources of significant differences in

treatment.

HO;,: There is no significant main effect of treatment on students’ attitude to

ecology and genetics.

Table 4.7: Analysis of Covariance (ANCOVA) of Post-attitude by Treatment,
Self efficacy and Mental Ability

Type I Partial
Sum of Mean Eta
Source Squares Df | Square F Sig. | Squared
Corrected Model 57065.993% | 24 |2377.750 | 43.506 | .000 | .751
Intercept 23197625 | 1 |3 1957'62 424448 000 | 551
Pre-attitude 2050.829 1 [2050.829 | 37.524 | .000 | .098
Treatment 53657400 | 3 |70 1327.057| 00| 730
Self-efficacy 7.784 2 3.892 071 | .931 .000
Mental ability 39.979 1 39.979 732 | 393 .002
Treatment * Self-efficacy 58.038 6 9.673 A77 | 983 .003
Treatment * Mental ability 168.611 3 56.204 | 1.028 | .380 | .009
Self-efficacy * Mental ability 216.834 2 108.417 | 1.984 | .139 011
% ~ k
Treatment * Self-efficacy * Mental| = 3,7 ,63 | ¢ | 54544 | 998 | 426 | .017
ability
Error 18910.152 | 346 | 54.654
Total 980125.000 | 371
Corrected Total 75976.146 | 370
R. Squared =.751 (Adjusted R Squared = .734) * Denote significant difference at 0.05 level of

significance

Table 4.7 indicates that there was a significant main effect of treatment on

students’ attitude to ecology and genetics concepts in Biology (F3346) = 327.26; P

<0.05; partial 1*> = 0.739). The effect size was 73.9%. Hence, hypothesis lc was

rejected. The estimated marginal means of the treatment groups was carried out so as

to determine the magnitude of the significant main effect across treatment groups,.

The result is captured in Table 4.8.
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Table 4.8: Estimated Marginal Means Post-attitude by Treatment and Control
group

95% Confidence Interval

Treatment N Mean  Std. Error Lower Bound  Upper Bound
Computer Simulation Package

91 55.69 769 54.174 57.200
(CSP)
Digital Puzzle Package (DPP) 93 58.07° 785 56.524 59.613
Computer Simulation and Digital

94 54.36" 759 52.867 55.853
Puzzle Package (CSDPP)
Conventional Package (CP) 93 26.77° .826 25.146 28.396

Table 4.8 indicates that the students in the Digital Puzzle Package (DPP)
Treatment Group 2 had the highest adjusted post-attitude mean score (58.07),
followed by the Computer Simulation Package (CSP) Treatment Group 1(55.69),
Computer Simulation and Digital Puzzle Package (CSDPP) Treatment Group 3
(54.36), while the students in the Conventional Package (CP) Control Group had the
least adjusted post-attitude mean score (26.77). This order can be represented as DPP

> CSP > CSDPP> CP.

Table 4.9: Scheffe Post-hoc Analysis of Post-attitude by Treatment and Control
Groups

Treatment N Mean CSS DPS CSDPS CS
CSP 91 55.69 *
DPP 93 58.07 *
CSDPP 94 54.36

CP 93 26.77 * * *

* Denote significant difference at 0.05 level of significance

Table 4.9 reveals that the students exposed to Digital Puzzle Package (DPP)
were significantly different from their counterparts taught using Computer Simulation
Package, Computer Simulation and Digital Puzzle Package (CSDPP) and
Conventional Package (CP) in their post-attitude scores. The students taught using
Computer Simulation Package were significantly different from those exposed to

Computer Simulation and Digital Puzzle Package and Conventional Package.
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Furthermore, the students taught using computer simulation were significantly better
than those exposed to conventional package in problem-solving skills. This implies
that digital puzzle, computer simulation and computer simulation and digital puzzle

packages were the main sources of significant differences in treatment.

HO0,,: There is no significant main effect of self-efficacy on students’ achievement in
ecology and genetics concepts in Biology.

Table 4.1 shows that there was no significant main effect of self-efficacy on
students’ achievement in ecology and genetics concepts in Biology (F(2346 = .21,

P>.05, partial n> = .001). Therefore, hypothesis 2a was not rejected.

HO;p: There is no significant main effect of self-efficacy on students’ problem solving
skills.

Table 4.4 shows that self-efficacy had no significant main effect on students’
problem solving skills (Fp367) = 0.48; P>0.05, partial n2 =.003). Hence the null
hypothesis 2b was not rejected.

HO,.: There is no significant main effect of self-efficacy on students’ attitude.
Table 4.4 shows that there was no significant main effect of self-efficacy on
students’ attitude (F( 346y = 0.07, P>.05, partial n2 = .000). Therefore, hypothesis 2¢

was not rejected.

HO03,: There is no significant main effect of mental ability on students’ achievement
in ecology and genetics concepts in Biology.

Table 4.lindicates that there was no significant main effect of mental ability
on students’ achievement in ecology and genetics concepts in Biology (F(; 346) = 1.39,
P>.05, partial n> = .004). Therefore, the null hypothesis 3a was not rejected.
HO3,: There is no significant main effect of mental ability on students’ problem
solving skills.

Table 4.4 shows that there was no significant main effect of mental ability on
students’ problem solving skills (F; 346y = 0.163, P>.05, partial n® = .000). Therefore,
the null hypothesis 3b was not rejected.

HO3.: There is no significant main effect of mental ability on students’ attitude.
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Table 4.7 indicates that there was no significant main effect of mental ability
on students’ attitude (F( 346y = 0.732, P>.05, partial n2 = .002). Therefore, the null

hypothesis 3¢ was not rejected.

HO04,: There is no significant interaction effect of treatment and self efficacy on
students’ achievement in ecology and genetics concepts in Biology.

As seen in Table 4.1, there was no significant two-way interaction effect of
treatment and self-efficacy on students’ achievement in ecology and genetics concepts
in Biology (Fs346) = 0.75, P>.05, partial n2 =.012). The null hypothesis 4a was not
rejected. This depicts that self-efficacy (low, medium and high) and treatment has no

effect on students’ achievement in ecology and genetics concepts in Biology.

HO4,: There is no significant interaction effect of treatment and self-efficacy on
students’ problem solving skills.

Table 4.4 reveals that there was no significant interaction effect of treatment
and self-efficacy on students’ problem solving skills (Fs346) = 1.08, P>.05, partial n
=.018). Therefore, the null hypothesis 4b was not rejected.

HO4: .There is no significant interaction effect of treatment and self-efficacy on
students’ attitude.

Table 4.7 shows that there was no significant two-way interaction effect of
treatment and self-efficacy on students’ attitude (F, 346y = 0.18, P>.05, partial n2 =
.003). so the null hypothesis 4¢ was not rejected.

HOs,: There is no significant interaction effect of treatment and mental ability on
students’ achievement in ecology and genetics concepts in Biology.

Table 4.1 indicates that there was no significant two-way interaction effect of
treatment and mental ability on students’ achievement in ecology and genetics
concepts in Biology (F(3346) = 0.15, P>.05, partial n® =.001). Based on this, the null
hypothesis 5a was not rejected. This depicts that mental ability (low and high) and
treatment has no effect on students’ achievement in ecology and genetics concepts in

Biology.
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HOs;,: There is no significant interaction effect of treatment and mental ability on
students’ problem solving skills.

Table 4.4 reveals that there was no significant interaction effect of treatment
and mental ability on students’ problem-solving skills (F3 346) = 0.20, P>.05, partial n’
=.002). Therefore, the null hypothesis 5b was not rejected.

HOs.: There is no significant interaction effect treatment and mental ability on
students’ attitude.

Table 4.7 shows that there was no significant two-way interaction effect of
treatment and mental ability on students’ attitude (F3, 346y = 1.03, P>.05, partial n2 =
.009). in view of this, the null hypothesis 5¢ was not rejected.

HOg,: There is no significant interaction effect of self-efficacy and mental ability on
students’ achievement in ecology and genetics concepts in Biology.

Table 4.1 reveals that the interaction effect of self-efficacy and mental ability
on students’ achievement in ecology and genetics concepts in Biology was not
significant (F(, 346) = 0.132, P>.05, partial n> = 0.001). Therefore, the null hypothesis

6a was not rejected.

HOgp: There is no significant interaction effect of self-efficacy and mental ability on
students’ problem solving skills.

Table 4.4 indicates that the interaction effect of self-efficacy and mental
ability on students’ problem solving skills was not significant (F(,, 346y = 0.097, P>.05,

partial n> = 0.001). Therefore, the null hypothesis 6b was not rejected.

HOg.: There is no significant interaction effect of self-efficacy and mental ability on
students’ attitude.

Table 4.7 reveals that the two-way interaction effect of self-efficacy and
mental ability on students’ attitude was not significant (F, 346) = .0139, P>.05, partial

n® =.011). Therefore, the null hypothesis 6¢c was not rejected.

HO7,: There is no significant interaction effect of treatment, self-efficacy and mental

ability on students’ achievement in ecology and genetics concepts in Biology.
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Table 4.1 shows that the three-way interaction effect of treatment, self-
efficacy and mental ability on students’ achievement in ecology and genetics concepts
in Biology was not significant (F 367 = 1.091, P>.05, partial n2 = .012). So, the null

hypothesis 7a was not rejected.

HO,: There is no significant interaction effect of treatment, self-efficacy and mental
ability on students’ problem solving skills.

From Table 4.4, it is evident that the three-way interaction effect of treatment,
self-efficacy and mental ability on students’ problem solving skills was not significant

F6, 346) = 1.324; P>.05; n2 = 0.022). Hence, the null hypothesis 7b was not rejected.

HO07.: There is no significant interaction effect of treatment, self-efficacy and mental
ability on students’ attitude.

As obvious in Table 4.7, the three-way interaction effect of treatment, self-
efficacy and mental ability on students’ attitude was not significant F (5345) =0.998;

P>.05; partial n° = 0.017). Hence, the null hypothesis 7¢ was not rejected.

4.2 Summary of findings
Based on the analysis and the interpretation of the data collected in this study,

the findings are summarized as follows:

1. There was a significant main effect of treatment on students’ achievement,
problem-solving skills, and attitude to ecology and genetics concepts in
Biology.

ii. There was no significant main effect of self-efficacy on students’
achievement, problem-solving skills, and attitude to ecology and genetics
concepts in Biology.

iii. There was no significant main effect of mental ability on students’
achievement, problem solving skills, and attitude to ecology and genetics
concepts in Biology.

iv.  There was no significant interaction effect of treatment and self-efficacy on
students’ achievement, problem-solving skills, and attitude to ecology and

genetics concepts in Biology
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V. There was no significant interaction effect of treatment and mental ability on
students’ achievement, problem-solving skills, and attitude to ecology and
genetics concepts in Biology

vi.  There was no significant interaction effect of self-efficacy and mental ability
on students’ achievement, problem-solving skills, and attitude to ecology and
genetics concepts in Biology

vii. There was no significant interaction effect of treatment, self-efficacy and
mental ability on students’ achievement, problem-solving skills, and attitude

to ecology and genetics concepts in biology

4.3  Discussion of findings
4.3.1 Treatment and students’ achievement in ecology and genetics concepts in

Biology

There was a significant main effect of treatment on students’ achievement,
problem-solving skills, attitude to ecology and genetics concepts in Biology. The
students in Computer Simulation Package Group had the highest adjusted post-
achievement mean score, followed by Computer Simulation and Digital Puzzle
Package Group, then Digital Puzzle Package Group, while those in Conventional
Package Group had the least adjusted post-achievement mean scores.

The greater influence of computer simulation is in support of the findings of
Huppert, Lomask and Lazarowitz (2002), who also investigated the impact of
computer simulations on the development of higher-level inquiry skills. Akpan and
Andre (2000) investigated the effectiveness of computer simulations and hands-on
frog dissection. They revealed that students who received simulations-before-
dissection (SBD) and simulations-only (SO) learned significantly more anatomy than
students receiving dissections-before-simulations (DBS) or dissection-only (DO).
The efficacy of computer simulation package may be due to the fact that the use of the
package empowers students to develop their own understanding of ecology and
genetics concepts in Biology, by providing students the platform to learn by creating
their own ideas and knowledge from their experiences, with supportive guide from the
instructor. It opens up science, makes thinking real, helps students share ideas with
one another and helps students learn independently. It also provides students the

opportunity to apply knowledge by performing procedures, taking decisions, and
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critically thinking through a problem to proffer solutions (DeYoung, 2003; Billings
and Halstead, 2005).

Efe and Efe, (2011) found that the use of a simulation enabled middle school
science students studying an aquatic ecosystem to observe beyond the surface
structures and functions they could see when an aquarium served as a physical model.
Simulations allow users to do a lot of exploration (Pilli, 2008). Students are also able
to apply newly acquired skills (Chen, and Howard 2010).

This finding is in agreement with Kiboss, Wekesa and Ndirangu (2006), who
discovered that computer simulation package positively affected how students
understood and perceived cell division concept in school Biology. Chen and Howard
(2010) state that the use of realistic simulation often requires students to apply newly
acquired skills while propelling them towards advanced learning. Anany and Mary
(2002) assert that computer simulation improves the understanding of abstract
concepts and the development of problem-solving abilities in students. In the same
vein, Okoro and Etukudo (2001) found that the students exposed to the CAI were
significantly better than those exposed to the extrinsic motivation-based traditional
method. In a similar study, Akour (2006) found that students taught using traditional
instruction combined with the use of computer performed significantly better than
their counterparts taught using traditional instruction. Pektas, Tiirkmen and Solak
(2006) indicated that the students taught digestion and excretion with computer-aided
instructional process did better than those through the traditional lecture method.

The result of the effectiveness of computer simulation and digital puzzle
packages is in agreement with the findings of Oduwaiye (2009), Abimbade (2011,
2014), Erhan and Okan (2011), Nsofor, Ala and Gambaki (2013), Onwumere and
Kalu (2013) and Oguntude (2014) , who in their separate studies found that when
students were exposed to computer simulation and digital puzzle instructional
packages, they demonstrated a lot of intuition, self-discovery, motivation, enthusiasm,
deep sense of direction and self-confidence, as they were fascinated with the use of
computer. These findings also agree with those of , Afolabi (2006) and Ajadi (2007)
that reported a significant improvement in achievement of science students using CAI
modes of instruction in biological and physical sciences.

This finding supports Akcay, Aydogdu, Yildirnm and Sensoy (2005) who

found that, with regard to the increase of students’ achievement, the computer-aided
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method in science education was more efficient than the traditional teaching method.
Ozdener (2005) equally avers that the use of virtual laboratories to teach would
support the normal laboratories. Karamustafaoglu, Aydin and Ozmen (2005)
discovered that the experimental group taught with the simulation-based dynamic-
system instruction achieved more than the control group that was provided with
traditional instruction. Bayrak (2008) found that the experimental group which was
given the instruction through computer simulation was more successful than the
control group that was provided with face-to-face instruction. The finding supports
the conclusion of Elangovan (2014), that computer simulation improves Biology
students’ achievement and memory retention. Olanekan and Oludipe (2016) found
that there was a significant main effect of computer simulation on students’ mean
achievement score in DNA replication and transcription.

Computer Simulation and Digital Puzzle Packages influenced the achievement
in ecology and genetics concepts in Biology. This is in support of Oduwaiye (2009),
Erhan and Okan (2011), Abimbade (2011, 2014), Nsofor, Ala and Gambaki (2013),
Onwumere and Kalu (2013), and Oguntade (2014), in which students were exposed to
the Computer-Assisted Instructions. While going through the treatments, the students
demonstrated a lot of intuition, self-discovery, motivation, enthusiasm, deep sense of
direction and self-confidence. This could have accounted for the improved
achievement in ecology and genetics concepts in Biology that occurred among the
participants in the Computer Simulation and Digital Puzzle Package over the
conventional mode. These findings agree with those of Afolabi (2006) and Ajadi
(2007), who reported a significant improvement in the achievement of science
students using Computer-Assisted Instruction (CAI) modes of instruction in
biological and physical sciences.

Computer Simulation and Digital Puzzle Package was found to be more
effective than Digital Puzzle Package and Conventional Strategy. This might be
because the package allows students to observe, manipulate and formulate scientific
explanations for scientific phenomena. (Liao, 2005). It enables students to evaluate,
recognize, verify and store experiences acquired for future use. The result on the
effective of Computer Simulation and Digital Puzzle Package agrees with the

assumptions of social cognitive theory that students learn by actively building or
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constructing their own knowledge and making sense out of this knowledge (Cobb,
2002).

Digital Puzzle Package also influenced the achievement in ecology and
genetics concepts in Biology. This is in tandem with the findings of Idowu and Ige
(2007), which showed that use of puzzles in teaching and learning in Nigeria schools
was very effective. Puzzle as an educational resource enhances students’ problem-
solving skills because it helps them to think deeply to proffer solutions to a problem.
Research carried out to demonstrate the effectiveness of puzzle learning by Serj
(2002), noted that it is significantly better when compared with conventional package
developing problem-solving skills in junior secondary school Mathematics.

Digital Puzzle Package was found to be more effective than Conventional
Strategy. This might be connected to the fact that this package allows active
participation of students in their own learning, thereby making them very responsible.
Also, it might be due to the fact that puzzle-solving is an active type of learning that
gets students engaged with materials more than the passive form of learning does. It
makes learning more exciting and easy for learners, thereby helping them achieve the
expected learning outcomes. The finding of main effect of Digital Puzzle Package
supports Zmaczynski (2002), who found that the puzzle enabled students to
recognize, verify and store chemical formula experiences for later use in chemical
equations. Also, Vogel et al. (2006) found that traditional classroom instruction was
not as influential on learners’ cognitive gains as digital games. In the same view,
Pange (2003) argues that digital games task the cerebral to perform more brilliantly
and so absorb more intellectual materials than it would in a traditional learning
setting. Yip and Kwan (2006) claim that students’ attention can increase and
knowledge can be easily transferred when students play digital puzzle games. This
finding on Digital Puzzle Package buttresses the research findings of Coulter (2003),
Kaka (2008), Falkner, Saoriamarthi and Michalewicz (2009), and Adedoja, Abidoye
and Afolabi (2013), who found the effectiveness of puzzle in enhancing academic
achievement in many subjects.

The finding of main effect of Digital Puzzle Package negates Harris (2001),
who found no distinct fundamental link between academic performance and the use of

digital games. Mitchell and Savill-Smith (2004) note that the findings on the effects of
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digital gaming on learners’ achievement were inconclusive. Hays (2005) found
mixed results.

The low performance recorded in Conventional Strategy, compared with the
other treatment groups, is a clear indication that the method is teacher-centred, where
the teacher does all the talking, and the learners do all the listening, thereby making
the students passive learners. These finding is in agreement with Osokoya (2002),
who notes that the teacher “gives out” the facts to the students and the students listen
and digest the knowledge. Olagunju (2006) argues that the conventional lecture
method commonly used by science teachers is monotonous, students are passive and

no meaningful learning takes place.

4.3.2 Treatment and students’ problem-solving skills

There was a significant main effect of treatment on students’ problem solving
skills scores. The students in the Computer Simulation and Digital Puzzle Package
Treatment Group had the highest adjusted post-problem-solving skills mean score,
followed by the Puzzle Package Treatment Group, and then the Computer Simulation
Group, while the Conventional Package Group had the least adjusted post-problem-
solving skills mean score. This might be due to the fact that the use of the combined
packages enhances retention, as they engage the use of some of their sense organs —
the eyes to see and the ear to hear and they interact with the packages using their
hands, thereby creating an environment where the real phenomenon being studied
could be observed with ease. The students are active, and they click, drag, type and
make progress in the process of learning. The psychomotor skill is improved. The
efficacy of Computer Simulation and Digital Puzzle Package may be due to the fact
that the packages empower students to develop their own understanding of ecology
and genetics concepts in Biology, by providing them the opportunity to learn by
building their own ideas and knowledge from their experiences, with supportive guide
from the instructor.

Cobb (2002) claims that people construct new knowledge internally and
externally. They do the former when they transform, organize, and reorganize
previous knowledge; they do the latter through ecological and social factors which are

controlled by culture, language, and interactions with others. According to Okurumeh
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(2009), students who are allowed to actively participate in their own learning usually
end up becoming more independent learners and adept problem solvers.

The result on the effectiveness of Computer Simulation and Digital Puzzle
Package is in agreement with the findings of Oduwaiye (2009), Erhan and Okan
(2011), Abimbade (2011, 2014),Nsofor, Ala and Gambaki (2013), Onwumere and
Kalu (2013), Oguntude (2014) who found that when students were exposed to
computer Simulation and Digital Puzzle Instructional Packages, they demonstrated a
lot of intuition, self-discovery, motivation, enthusiasm, deep sense of direction and
self-confidence, because they were fascinated with the use of computer. These
findings also agree with those of Afolabi (2006) and Ajadi (2007), who reported a
significant improvement in achievement of science students using CAI modes of
instruction in biological and physical sciences. Maal (2004) found that using
combined approaches or multi-sensory instruction to teach normal and disabled
students enabled them to gain maximally in their teaching and learning processes.

Puzzle Package was found to be more effective than Computer Simulation and
Conventional Method on problem-solving skill in ecology and genetics concepts. This
might be due to the fact that it enables students to learn science concepts and
principles, such as sorting, classifying, comparing and setting relationships. It
increases students’ interest in learning, making them feel pleased with themselves and
boosting their confidence as problem-solvers. They feel willing to try new puzzles or
other challenging activities. It may also be due to the fact that it helps students to
develop negotiation skills, control their own actions and learn various critical thinking
and problem-solving techniques. Digital Puzzle Package was ranked second possibly
because teaching with puzzle helps young learners learn motor skills and hand-eye
coordination as they fix the pieces of puzzles together; to teach logical thinking skills,
deductive and inductive reasoning, spatial concepts, motor coordination and planning
of advance gambits and for students who often cannot absorb traditional educational
method(Scotts, 2006). Lauric and Robbert (2001), in their experiment with the use of
puzzle in teaching and learning Computer Science Education, discovered that students
understood abstract concepts by solving puzzle. This finding is in agreement with the
findings of Serj (2002), who found that puzzle package was significantly better when
compared with Conventional Method in developing problem-solving skills in junior

secondary school Mathematics. I[dowu and Ige (2007) are of the opinion that puzzle
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packages build problem-solving skills in students by experience, imitation and
reflection.

Computer Simulation Package was more effective than Conventional Strategy
on problem-solving skill in ecology and genetics concepts. This might be due to the
fact that computer simulation affords learners the privilege of freely creating, testing,
and evaluating their own hypotheses in a more richly contextualized environment.
Furthermore, it allows learners to choose the way they represent information on the
computer screen and it allows them to develop hypotheses about phenomena they
accommodate on their ways of solving problems (Windschitl and Andre, 1998). This
supports the research finding of Huppert, Lomask and Lazarowitz (2002), that high
school students using a simulated yeast cell lab outperformed those completing a
hands-on lab. Akpan and Andre (2000) found that students receiving simulations-
before-dissection (SBD) and simulations-only (SO) learned significantly more
anatomy than students receiving dissections-before-simulations (DBS) or dissection-
only (DO). This finding disagreed with of Barlis and Fajardo (2013), who, while
comparing the performance of traditional and computer simulation groups, found that
students’ scores increased significantly from the pretest to the posttest in both
multiple-choice questions and problem solving regardless of methods used. Barlis and
Fajardo (2013) found that both the traditional method and computer simulation,
individually, are effective in teaching the students.

Moreover, the low performance of the conventional strategy students on
problem-solving skill as compared with the other treatment groups might be due to
the fact that the method is teacher-cantered, where the teacher does all the talking and
the learners do all the listening, thereby making the students passive learners. The
teachers make use of this method to provide critical information to students and
emphasise instructor behaviour rather than students’ behaviour. This is in tandem with
the finding of Serj (2002) and Scotts (2006), that the conventional method was less
effective in developing problem-solving skills in junior secondary school

Mathematics as compared with other packages, like Digital Puzzle Package.
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4.3.3 Treatment and students’ attitude to ecology and genetics concepts in
Biology

There was a significant main effect of treatment on students’ attitude to
ecology and genetics concepts in Biology. Digital Puzzle Package (DPP) Treatment
Group had the highest adjusted post-attitude mean score, followed by Computer
Simulation Package (CSP) Treatment Group, then Computer Simulation And Digital
Puzzle Package (CSDPP) Treatment Group, while students in Conventional Package
(CP) Control Group had the least adjusted post-attitude mean score. This may be due
to the students focussing on achieving the learning objectives as they interact with the
digital puzzle in solving problems on ecology and genetics. They display a higher
level of cognition and distraction is minimized.

The effectiveness of Digital Puzzle Package (DPP) Treatment as different
from other instructional packages might also be as a result of the students
participation in learning activities in a heuristic, non-didactic pattern of learning,
which brings about experiencing the stimulating, interesting and motivating effects of
the varieties of stimuli in the form of texts, sound, graphics, animations, reflective
questions, immediate knowledge of response as reinforcement and other vicarious
experiences in the learning process. Another possible reason for the higher attitudinal
score recorded by students in using Digital Puzzle Package may be the fact that it
makes learning more exciting and easily takes place in learners, leading to the desired
learning outcomes. It also gives room for student-student interaction. This shows that
DPP is an active learning instruction that helps to develop a positive attitude towards
the learning of ecology and genetics concepts. The result is in tandem with Pilar
(2013), who found a significant increase in mathematical achievement and attitudes
toward Mathematics for all the pupils who played the digital game compared to their
counterparts exposed to the traditional strategy. Also the significant role of simulation
might have influenced students’ attitude towards science over time.

This result is confirmed by prior research into realistic simulations showing
the relevance of science and change in how students perceive science (Zubair and
Nasir, 2011). Using simulation in a learning environment has potential for changing
students’ self-perception and goal orientation. This agrees with Onwumere and Kalu
(2012), Olabiyi, Aiyelabowo and Keshinro (2013), Achor and Ukwuru (2014), Karen
(2015) and Heitin (2015), who found that computer-based instruction raises students’
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attitude to learning. Besides, this finding corroborates the Next Generation Science
Standards’ submission that science should be taught with technology (such as
computer machine) and reflective thinking in order to improve students’ attitude to
science and raise learners’ academic achievement in science. Anatsui and Fagbemi
(2014) and (Heitin, 2015) posit that educational systems around the world are under
pressure to use new information and communication technology (ICT). The National
Policy on Education (FRN, 2004 section 1, sub-section 9, p. 8; 2013 section 1, sub-
section 7) avers that “the incorporation of educational technology tools such as
computer hardware and software in the education pedagogy in Nigeria and the
promotion of information and communication technology capacity at all levels of
education enhance, enrich, engage and empower both the learners and the teachers
involved in the teaching-learning process.”

Computer Simulation and Digital Puzzle Package was more effective than
Conventional Strategy. This might be due to the fact that it helps students to control
their own actions and also provides a learning experience which makes participants to
visualize, explore, and formulate scientific explanations for scientific phenomena. The
result of computer simulation and digital puzzle package is in agreement with Sahin
(2006), who found that computer simulations give students the opportunity to observe

a real-world experience and interact with it.

Main effect of self-efficacy on students’ achievement in ecology and genetics in
Biology

Self-efficacy was found to have no significant main effect on students’
achievement in ecology and genetics in Biology. This implies that the students’ self-
efficacy, high, medium or low, had no influence on their achievement in ecology and
genetics. This means that if students, irrespective of their levels of self-efficacy, are
exposed to similar conditions to participate actively in the process of knowledge
construction, they may have equal gain in achievement score. This finding of non-
significant main effect of self-efficacy supports Tella (2015) who found that there
was no significant main effect of self-efficacy on students’ achievement in Chemistry.
However, this finding disagrees with of Elsevier’s (2009), that self-efficacy had
positive relationship with academic achievement. Aremu and Tella (2009) found that

Mathematics self-efficacy was the best predictor of Mathematics achievement,
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followed by gender and anxiety. Shahrzad, Kourosh, Mohammad, Haitham and
Hossein (2011) note that self-efficacy is a considerable factor in academic

achievement.

4.3.4 Main effect of self-efficacy on students’ problem-solving skill in ecology

and genetic in Biology

The results of this study showed that self-efficacy had no significant main
effect on students’ problem-solving skills in ecology and genetics in Biology. This
may not be unconnected with the fact that the students were exposed to similar
conditions to participate actively in the process of knowledge; which might have
accounted for the equal gain in knowledge. The findings of non-significant main
effect of self-efficacy is in disagreement with Fend and Scheed (2005), who claim that
self-efficacy influence students’ academic performance in science. This also negates
the findings of Aurah, Cassady and McConnell (2014), who found that metacognition

and self-efficacy significantly predicted genetics problem-solving ability.

4.3.5 Main effect of self-efficacy on students’ attitude to ecology and genetic in

Biology

The results showed that self-efficacy had no significant main effect on
students’ attitude to ecology and genetics in Biology. This implies that self-efficacy
had no influence on students’ attitude to ecology and genetics in Biology. This finding
of non-significant main effect of self-efficacy negates the research reports of
Woolfolk Hoy and Davis (2005), who established that self-efficacy positively affected
the achievement and attitude of the students sampled. Tschannen-Moran and Hoy
(2001) found self-efficacy to be directly related to the classroom behaviours of the
teacher. This finding is also in disagreement with Tella (2015), who found no

significant main effect of self-efficacy on students’ attitude to Chemistry.

4.3.6 Main effect of mental ability on students’ achievement in ecology and
genetics in Biology
The results of the study revealed that there was no significant main effect of
mental ability on students’ achievement in ecology and genetics in Biology. This

implies that the treatment had equal effect on students’ achievement, irrespective of
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their mental ability levels. The finding of non-significant effect of mental ability
negates Sangodoyin (2011) and Dada (2014), who found that mental ability affected
the achievement of students in Chemistry and Mathematics, respectively. It also
disagrees with the Vocka, Preckelb and Hollingc (2011), who discovered that mental
speed and short-term memory exerted an indirect influence on academic achievement
by affecting reasoning and divergent thinking. In the same vein, Akinlana (2013)
revealed that mental ability was the most potent out of the predictor variables.
Babayemi and Akinsola (2014) found that mental ability had significant main effect

on achievement.

4.3.7 Main effect of mental ability on students’ problem-solving skill in ecology

and genetics in Biology

Mental ability was found to have no significant main effect on students’
problem solving in ecology and genetics in Biology. This might be as a result of the
fact that the treatment provided equal learning opportunities for students, irrespective
of their mental ability levels. The finding is in disagreement with Pajares and Kranzler
(1995), who found that mental ability had strong direct effects on problem-solving
performance. The finding, however, negates Olagunju and Abiona (2004), who found

that mental ability influenced students learning in Biology.

4.3.8 Main effect of mental ability on students’ attitude to ecology and genetics

in Biology

Mental ability had no significant main effect on students’ attitude to ecology
and genetics in Biology. This means that the mental ability, high, medium or low, had
no influence on students’ attitude to ecology and genetics. This finding of non-
significant main effect of mental ability negates Dada (2015), who found that mental
ability had effects on the students’ attitude in Chemistry. This finding also disagrees
with Morribend (2004), who found that mental ability had significant effect on

students’ attitude.
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4.3.9 Two-way interaction effects of treatment and self-efficacy on students’
achievement in problem-solving skill, and attitude to ecology and genetics
in Biology
The results indicated that there was no significant interaction effect of

treatment and self-efficacy on students’ problem solving skills, attitude to and

achievement in ecology and genetics. This could mean that the treatment was suitable

to all the students, irrespective of their self-efficacy levels.

4.3.10 Two-way interaction effects of treatment and mental ability on students’
achievement in problem solving skill and attitude to ecology and genetics
in Biology

The results revealed that there was no interaction effect of treatment and mental

ability on students’ achievement in problem solving skills and attitude to ecology and

genetics. This could mean that the treatment was suitable to all the students,

irrespective of their mental ability levels.

4.3.11 Two-way interaction effects of self-efficacy and mental ability on
students’ achievement in problem solving skill and attitude to ecology and
genetics in Biology
The results revealed that there was no significant interaction effect of self-

efficacy and mental ability on students’ achievement in problem solving skill and

attitude to ecology and genetics concepts in biology. This implies that when the
combined effects of self-efficacy (high, medium and low) and mental ability (high,
medium and low) taken together had no significant on students’ achievement in
problem solving skill and attitude to ecology and genetics. Thus, the treatment was

not self-efficacy-biased and mental ability-biased.

4.3.12 Three-way interaction effects of treatment, self-efficacy and mental
ability on students’ achievement in, problem-solving skill and attitude to
ecology and genetics in Biology
The result obtained showed that the three-way interaction effect of treatment,

self-efficacy and mental ability on students’ achievement in problem-solving skill and

attitude to ecology and genetics concepts in biology was not significant. This means

94



that, if the same treatment is given to students with low, medium and high self-
efficacy and mental ability levels, similar results will be obtained in problem-solving

skill as well as attitude to and achievement in ecology and genetics concepts in

Biology.
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CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Summary

The study examined the effects of computer simulation and digital puzzle
packages as determinants of students’ learning outcomes in senior secondary schools
in Oyo State, Nigeria. The study also examined the moderating effects of students’
self-efficacy and mental ability on the learning outcomes. The study was anchored in
socio-cognitive theory. SS II students from 8§ selected senior secondary schools of the
four randomly selected local government areas in Oyo State participated in the study.
Ten research instruments were used to collect data for this study. Seven null
hypotheses were generated and tested at 0.05 level of significance. The data collected
were analysed using Analysis of Covariance (ANCOVA), Estimated Marginal Mean
and Scheffe Post-hoc Analysis. Based on the results, the findings are summarised as
follows:

i.  There was a significant effect of treatment on students’ achievement, problem-
solving skills, attitude to ecology and genetics concepts in Biology.

ii. There was no significant main effect of self-efficacy on students’
achievement, problem-solving skills, and attitude to ecology and genetics
concepts in Biology.

iii. There was no significant main effect of mental ability on students’
achievement, problem solving skills, and attitude to ecology and genetics
concepts in Biology.

iv. There was no significant interaction effect of treatment and self-efficacy on
students’ achievement, problem-solving skills, and attitude to ecology and
genetics concepts in Biology.

v.  There was no significant interaction effect of treatment and mental ability on
students’ achievement, problem-solving skills, and attitude to ecology and
genetics concepts in Biology.

vi. There was no significant interaction effect of self-efficacy and mental ability
on students’ achievement, problem-solving skills, attitude to ecology and

genetics concepts in Biology.
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vii. There was no significant interaction effect of treatment, self-efficacy and
mental ability on students’ achievement, problem solving skills, and attitude to

ecology and genetics concepts in Biology.

5.2 Conclusion

The findings of this study showed that both Computer Simulation and Digital
Puzzle Instructional Packages are more sensitive in enhancing students’ achievement,
problem solving skill, and attitude to ecology and genetics than Conventional
Package. Using simulation in a learning environment has potential of changing
students’ self-perception and goal orientation. Digital puzzle could allow for
interactivity, immediate knowledge of result, reinforcement and practice. It could be
concluded from this study that computer simulation and digital puzzle explicit
teaching of ecology and genetics is required for students to be grounded in the
principles of the ecology and genetics concepts

The result further showed that students’ self-efficacy and mental ability have
greater influence on students’ achievement, problem-solving skills, and attitude to
ecology and genetics concepts in biology. This implies that some relationship exists
between the students’ self-efficacy and mental ability, with greater influence on
students’ achievement, problem-solving skills, attitude to ecology and genetics
concepts. This study has, therefore, shown that Biology is an area where the use of
Computer Simulation and Digital Puzzle Instructional Packages enhance students’

interest in the learning process.

53 Implications of findings

Computer Simulation Package has been found to be effective in instructional
delivery and attitudinal change. It provides intermediate models that students will
understand more readily than detailed and complex model. Also, the use of puzzles
that represent materials and objects from the students’ immediate environment
enables them to recognize, verify and store experience for later use.

Computer Simulation and Digital Puzzle Instructional Packages improve
students’ achievement in ecology and genetics because the packages mimic an
environment in which students have the opportunity to observe the phenomenon being

studied using some of the sense organs (eyes and ears). The packages also help
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develop skills in problem identification, seeking, organizing, analysing, evaluating
and communicating information. The students’ attitude to ecology and genetics is
enhanced because students’ attention is focused on achieving the learning objective.
The real world environment is simplified, casualty of events is clearly visualized and
unnecessary cognitive tasks are reduced. Hence, Computer Simulation and Digital
Instructional Packages should be adapted as viable aids in the study of environmental
concepts and hereditary problems. These are effective teaching packages for
improving students’ achievement, developing their problem- solving skill and
correcting their attitude.

Teachers of Biology should recognize the importance of applying these
instructional packages to boost their teaching methods and the manner with which
students receive and process information in the classroom. The cognitive style of
students in mediating learning and right attitude that will result in profound
achievement should be the teachers’ concern. Students will be encouraged to think
about and formulate new ideas in providing additional sources of information from
their backgrounds which would enhance their attitude towards mastering ecology and
genetics. Hence, it could be used to reduce anxiety in learning for both male and
female students.

The findings would serve as a basic foundation for future studies in computer
simulation and digital puzzle and their proper utilization for effective dissemination of

Biological knowledge in secondary schools.

5.4 Contributions to knowledge
This study has contributed to knowledge in the following ways:

1. This study showed that CSP and DPP are effective in enhancing secondary
school students’ achievement, problem solving skill and attitude in ecology
and genetics.

2. CSP and DPP are better methods of teaching ecology and genetics concepts in
secondary schools than the conventional method.

3. The study has motivated students to learn faster and retain knowledge using
new technologies, like computer simulation and digital puzzle.

4. The study has helped students to be computer literate and master the act of

using CSP and DPP packages.
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5.
6.
7.
5.5
made:
1.
2.
3.
4.
5.6

The study made students to reflect on their metacognitive abilities and
improve on them.

The study has improved problem-solving skills, performance and provided
opportunities for well-constructed learning, increased mastering of subject
matter, improved confidence and attitude of students in ecology and genetics.
The study has also helped in realising the objective of Nigeria educational
curriculum for teacher education programme which states that teacher
education will perpetually recognise viable aids in the methodology and

regularly expose several forms of innovation in their different profession.

Recommendations

Based on the findings of the study, the following recommendations were

Computer Simulation and Digital Puzzle Packages should be an adopted
package for teaching and learning concepts in ecology and genetics by
students.

Computer Simulation and Digital Puzzle Packages are recommended for
inclusion in the curriculum of the educational system, as they could help in
improving the students’ achievement, problem-solving skill, and attitude to
ecology and genetics, which are needed to equip the students to manage and
solve different environmental and health issues.

The use of Computer Simulation and Digital Puzzle Packages should be
applied to the teaching of other Biology-related courses in helping produce
qualified and well-groomed students for related courses in higher institutions.
The Nigeria Union of Teachers and the Science Teachers Association of
Nigeria should organize periodic in-service training programmes, conferences
and seminars using Computer Simulation and Digital Puzzle Instructional

Packages for Biology teachers.

Limitations of the study

Some constraints were encountered in the process of carrying out this study

and they may limit the generalizability of the results. The study was conducted in only

eight schools in four local government areas of Oyo State. Therefore, there is need to
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replicate this study to the larger population in Oyo State. Self-efficacy and mental
ability were the only moderator variables used in this study. It is possible that many
other moderator variables, like socio-economic status of students, personality traits,
and location of the school, could put a limitation on the extent to which the results of

this study could be generalized.

5.7 Suggestions for further studies

The researcher conducted this study only in eight local government areas of
Oyo State. There is need to replicate this study in other local government areas in
more states of Nigeria in order to give room for valid generalization. Higher
institutions may be included as schools where samples could be obtained for further
studies. Also, similar studies could be extended to other moderating variables, like
parental education, socio-economic status and subject specialization. Other
environmental concepts in Biology, such as acid rain, ozone layer depletion, and

greenhouse effect can also be explored.
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APPENDIX 1A

STUDENTS PROBLEM- SOLVING TEST IN BIOLOGY (SPSTB)
SECTION A
Name of School Class Sex:

Time: 1 hour

SECTION B - PART 1

Sex: Male Female
INSTRUCTION: The purpose of the questions is to find out how logically and
accurately you think. Your reason for choosing an answer is as very important as the
answer selected.

Please record your answer to each of the questions on the separate answer
sheet provided. Use the following steps in answering each question.
1 Read the question thoroughly and carefully
2) Think carefully before selecting your answer
3) Record your answer in the correct column on the answer sheet

provided e.g. Answer/Reason

A

(4).  Read the set of possible reasons provided for your answer
5) Carefully choose the reason which best matches your thinking after working

out the answer

(6) Record your reason in the right column on the answer sheet e.g.

Answer Reason
A 2
7. If you change your mind about the answer cross out the old answer and record
the new choice e.g. Answer
A B / 2,4 /
8. Record your name and personal data on your answer sheet.

Now read and answer the following questions

Attempt all questions.
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ECOLOGY

L. Occurrence of air pollution started prior to the industrial revolution period.
Although many people tend to regard air pollution as one of the dividends of
industrialization, the causes of air pollution in Ikoyi town could be traced to:

) Natural contaminants

2) Burning of carbon

3) Burning of sulphur and sulphur containing compounds.

4) Oxides of Nitrogen in the air

&) Emissions from industries

(6) Automobile exhaust emission

@) Microscopic organisms such as bacteria, fungi parts of insects

(8) Chlorofluorocarbon (CFC).

) Dust and smoke

Question 1:

Defining the Problem

Question 1: What concept in Biology does this analogy represent?

a)
b)
c)
d)
e)

Nitrogen cycle

Air pollution
Destructive measures
Natural occurrences

Over population

REASONS

1.

Emission of air pollutants

. Disposal of waste
. Effects of industrialization

2
3
4.
5

Effects of Human activities on natural habitats

. Conservation of resources

Selecting appropriate information

Question 2: What are the likely general effects of this air pollution to Ikoyi

transporters?
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(a)

Reduction in visibility of the atmosphere

(b) Fishes are produced in abundance

(©) The soil becomes fertile

(d) Acute illness possibly leading to death

(e) Destruction of the ozone layer

REASON

1. The dust particles in the atmosphere reduce the amount of light reaching the
earth thereby leading to accidents on the roads

2. Dust particles cause diseases such as asthma, cancer, bronchitis etc.

3. Sulphur dioxide can damage leaves, fruits, flowers

4. The sulphuric and nitric acids affect fertility of the soil.

5. More ultraviolet rays reach the earth’s surface

Combining the pieces of information:-

Question 3: What will be the most economic implication of air pollution to Ikoyi

community?

The same problem occurred at Mushin Area, what is the likely effect and

remedy to these problem.

(a) Many people will suffer from malaria

(b) Many will suffer from bronchitis and other lung diseases
(© Many companies will close down

(d) Less number of workers will be in the offices

(e) There will be reduction in standard of living
REASON

1. The hospital will be congested

2 More government revenue will be spent on drugs
3 Many companies will not get raw materials

4. Government will build more schools

5 More money will be spent on food

126



Evaluation:-

1.
a)
b)
c)
d)
e)

What are the preventive measures to these problems?

Laws on conservation of plants and animals should be implemented
Proper disposal of waste gases

Reduction of burning activities

Separating residential areas from industrial areas

Educating masses on the effects of the problem

REASONS

1.

2
3.
4

Proper circulation of oxygen
To stop contamination of air
Prevention of exposure to dangerous gases

Reduction of human activities against the surrounding residential areas
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APPENDIX 1B

STUDENTS PROBLEM - SOLVING IN BIOLOGY (SPSB) GENETICS
NAME OF SCHOOL.........cccccevnennenen CLASS...oiiiiiiiiiiiinnne

TIME: 1 Hour
INSTRUCTION: The purpose of the question is to find out how logically and
accurately you think. Your reason for choosing an answer is as very important as the
answer elected.
Please record your answer to each of the question on the specified answer
sheet provided. Use the following steps in answering each question.
1. Read the question thoroughly and carefully
2. Think carefully before selecting your answer
3. Record your answer in the correct s column on the answer sheet provided e.g
answer/Reason.
4. Read the set of possible reason provide for your answer
5. Carefully choose the reason which best matches your thinking after working
out the answer
6. Record your answer in the right column on the answer sheet. E.g
Answer Reason
A 2
7. 1If you change your mind about the answer, cross out the old answer andrecord
the new choice e.g.
Answer Reason
X B 2 4
8. Record your name and personal data on your answer sheet.
Now read and answer the following questions:-
INSTRUCTION: Read the following passages carefully and answer the question that

follow:

ATTEMPT ALL QUESTIONS
Mr bode, his wife Lola, and their two boys, Jide and Kola went out, for lunch on a
Saturday afternoon. They had a good time enjoying their meal of Amala and fresh fish

soup. They were on their way out of the restaurant when they met an old school friend
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of Mr Bode, Lekan. Both men were very excited to see each other after a very long
time. Mr Bode introduce the wife and children to Lekan. Lekan was quite surprised
and he did not hesitate to ask why the boys are fair in complexion when the parents
are dark in complexion. Mr Bode quickly reminded him that the boys paternal parents
are very fair skinned.
Defining the problem
Question 1: What concept in Biology does this analogy represent?

a) Organization of life

b) Microorganisms and life

c) Ecological management

d) Science of heredity genetics

e) Development of new organism
REASONS:

1) Micro organisms are responsible for the difference in complexion

2) There are different stages in life

3) New organisms evolve from a pre-existing one

4) There is variation in Heredity

5) environment pressure is the cause of natural selection

Selecting appropriate information
Question 2: The parents, Bode and his wife are dark in complexion. The children, Jide
and Kola are fair in complexion, what expect of inheritance explain this.
1) Dominant form of expression
2) Recessive form of expression
3) Co-ordinance of expression
4) Transmittable characters
5) Non-transmittable characters
REASONS
1) presence of an allele whose phenotypic expression is visible the offspring
2) the traits of fairness in the parents cannot be transmitted to the offspring.
3) The presence of an allele whose phenotypic expression is not visible in the

offspring
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4) The presence of a pair of allele whose phenotypic expression are both fully

5)

expressed in the children

The children rejected the tracts for fairness

2b) In a situation where the parents are dark in complxtion and the offsprings are also

dark, what aspect of inheritance explain this?

a)
b)
c)
d)
e)

Heredity
Variation
Dihybridization
Dominance

Recession

REASONS

1)
2)
3)
4
5)

differences occurrence within individuals of a species

presence of allele whose expression is masked or hidden
manifestation of two characters, determined by two alleles of a gene
characters are transferred from parents to offsprings

presence of allele that completely dictates the appearance of heterozygotes

Combining the pieces of information

3. Which of the scientific laws/theories supports your answers to questions 2a and

2b?

a)
b)
c)
d)
e)

Law of inheritance

Law of independent assortment of genes
Theory of evolution

Darwin’s theory

Law of variations

REASONS

1.
2.
3.

Acquired traits can be passed from parents to offspring

Environmental pressure is the driving force behind evolutionary change

In diploid organism, one allele may be dictating the expression of the
character to the complete exclusion of the other

Alleles on different chromosomes assort independently during genete

formation

. The heredity characters of an organism are determined by genes
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4)

Evaluation

Later in life, if Jide and Kola who are fair in complexion give birth to dark

children, how would you convince the public that they are legal children?

a)
b)
c)
d)

e)

The drugs given to the children as infants is responsible for the dark skin
The weather condition in their town is responsible for the dark skin

The children’s body cream makes them dark skinned

The dark skin (Jide and Kola’s parents) i.e. Bode and his wife manifests in
their grandchildren.

The Children’s dark skin will eventually turn fair

REASONS

1)

2)
3)
4
5)

A gene for a character may have the same forms (alleles) which exress the
character in different ways

The weather condition is too harsh on the skin

Each trait has two forms of expression, one dominant one recessive

Two alternative alleles separate from each other during all division

The drugs is made up of a chemical substance that makes skin dark.
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1(1)
(i)
(ii1)
2(1)
(i)
(ii1)
3()
(i)

(iii)
4(1)
(ii)
(iii)

APPENDIX 1C
STUDENT PROBLEM-SOLVING IN BIOLOGY (SPSB)
MARKING GUIDE FOR PART I
State dilemma based on facts contained in the story (5 mks)
State dilemma partly on facts from the story, partly by conjecture (3 mks)
Cannot state dilemma (1 mk)
State position relevant to the situation in the story (5 mks)
State a position not relevant to the situation in the story (3 mks)
Cannot give reasons (1mk)
Give reason related to facts in the story (5 mks)
Give reason unrelated to the facts in the story (personal reasons, perhaps
subjective) (3 mks).
Cannot give reasons (1 mk)
State consequences relating to facts in the story (5 mks)
State consequences relating to reasons for acting (3 mks)

State consequences unrelated to facts and reasons for acting (1 mk).
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APPENDIX 1D
STUDENT PROBLEM-SOLVING IN BIOLOGY (SPSB)
ANSWER SHEET FOR PART II
SECTION A
1. Name of Student:
1l. Sex: (a)Male () (b) Female ( )

iii. Type of School: (a) Boysonly ( )
(b) Girlsonly ( )
(c) Coeducational ( )

iv. Science subject studied: Tick as appropriate (a) Biology
(b) Chemistry ( ) (c) Physics

v. (a) Science Major () (b) Non Science ( )

Section B

S/N | Question Answer Reason
1

2

3

4

5

6

7

8
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UNIVERSITY OF IBADAN
DEPARTMENT OF TEACHER EDUCATION
FACULTY OF EDUCATION

APPENDIX 2
Students Attitude to Ecology and Genetics (SAEG)
INSTRUCTION: Answer all question
SECTION A: Personal Data

SECTION B

The following statements are developed to measure student’s attitude to biological
science. Rate them, using SD, D, and SA as the case may be. Each of the items means
SD = Strongly disagree

D = Disagree

A = Agree

SA = Strongly Agree

S/N SD |D | SA

ATTITUDE TO BIOLOGY

1 I think the knowledge of Biology makes me understand my
life

2 I prefer to tell everyone the advantages one could get from

Biology.

3 I believe the knowledge of Biology will keep our health stable

I think the rate at which the knowledge of Biology is growing

in our country will bring about increase in population
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ATTITUDE TO GENETICS

I think farmers in Oyo state will enjoy bumper harvest if they

continue to use liable seeds form Original source

I do not believe that all traits characters from parents will be

inherited by the offspring’s

I believe the union between a sickler and a normal person will

produce a normal offspring’s

I do not believe that albinism is an inheritable character

I prefer to teach that men are responsible for the sex of a child

10

I prefer to live in temperate country where the temperature is
low

11

I think the study of probability will help in the determination

of sexes of living organisms

12

I believe recycling will help convert waste to wealth

13

I dislike the producefrom early maturing animals because the
chemical used for their fattening is detrimental to human
health

14

I dislike discouraging future couples from marriage due to
their sickle cell status

ATTITUDE TO ECOLOGY

15

I like lessons on land pollution because of its effect on

environment.

16

I dislike lessons on conservation techniques because it cannot

supply all the answers to our question about useful living.

17

I feel there could be misconception of conservation ideas

hence it may not be necessary.

18

I will like boys and girls to learn conservation of resources in

Biology.

19

It is enjoyable see groups and corporate bodies participating

in conservation of resources.

20

I hate field work exercise used for conversation of our natural

resources.
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UNIVERSITY OF IBADAN
DEPARTMENT OF TEACHER EDUCATION

FACULTY OF EDUCATION
APPENDIX 3
STUDENTS’ ACHIEVEMENT TEST IN ECOLOGY AND GENETICS
(SATEG)
SECTION A
Name of the School
Name of Student

SECTION B: Circle the correct option

1. In an ecosystem the organism which changes light energy into stored chemical
energy is the (a) consumer (b) decomposer (c¢) producer (d) carnivore

2. Trees in savannah habitats usually have heavy thick bark which mainly
(a) reduces the rate of transpiration (b) protect them from the scorching sun
(c) protect them from heavy winds (d) resist bush fires

3. In the marine food web, the source of energy to the producer comes from
(a) sea waves (b) sea water (c) sun (d) air

4. A population is best described as (a) a group of the same species of organisms
living together (b) a group of animals and plants living together (c) a group of
insects and grasses (d) different species of wild animals

5. A stable self sustaining environment produced by an interaction between the
biotic and abiotic components is best described as (a) a niche (b) a
community (c) an ecosystem (d) a habitat

6. The density-dependent factors that operate to regulate a population size may
include the following except (a) shortage of food supply (b) fire outbreak
(c) spread of diseases (d) increased competition

7. The group of several populations that interact and share a habitat form

(a) a species (b) a community (c) an ecotype (d) a tribe
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Air pollution can be reduced by the following methods except (a) building tall
factory chimneys (b) passing waste gases through filters and absorbers
(c) using lead-free petrol in cars (d) recycling tins, cans and bottles

The following practices can contribute towards the conservation of natural
resources except (a) afforestation, (b) deforestation (c) contour ploughing
(d) establishment of Game Reserves

The blood group in humans referred to as a universal recipientis (a) O (b) A
(c)B (d) AB

The haploid number of chromosomes in humans is (a0 48 (b) 46 (c) 24
(d) 23

If a pure breeding white cat (hormozygous dominant) mates with a pure
breeding black cat (recessive), what would be the fur colour of the F,
generation? (a) Homozygous white (b) Homozygous black (c) heterozygous
white (d) Heterozygous black

Which of the following is not a means of conservation? (a) controlling
excessive deforestation (b) prevention of poaching (c) replacing harvested
mature trees with seedlings (d) buring of vegetation before cropping

One of these following statements about mutation is true, which one? (a) the
genotype is not affected (b) the genotype is affected (c) the phenotype is not
affected (d) it cannot be induced by artificial means

Variation which exhibits a wide range from one extreme to the other with very
little difference between the intermediates is described as (a) phenotypic (b)
discontinuous (c) continuous (d) genotypic

Which of the following is an example of physiological variation? (a) blood
groups (b) skin colour (c) finger prints (d) human height

A person with blood group B can only donate blood to individuals with blood
groups (a) A and B (b) B and AB (c) O only (d) B only

If the pink colour of a petal is dominant over white what would be the colour
of the flower of the F; generation when a pure pink flowered plant is crossed
with a white flowered plant? (a) a purple (b) pink (c) white (d) yellow

If two parents are sickle cell carriers then their genotypes would be
(a) Hb*Hb" and Hb*Hb® (b) HbHb® and Hb*Hb® (c) Hb*Hb® and Hb*Hb®
(d) Hb*Hb" and Hb"Hb*
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20. What is the probability of producing a child of blood group O by a woman of
blood group O and a man of blood group A? (a) 25% (b) 50% (c) 75%
(d) 100%

ANSWER TO STUDENTS’ ACHIEVEMENT TEST IN ECOLOGY AND
GENETICS (SATEG)

A S A
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APPENDIX III

ANSWER SHEET
STUDENT ACHIEVEMENT TEST IN ECOLOGY AND GENETICS (SATEG)
Personal Information (Biodata)
Name of School:
Sex: Male ( ) Female ( )
Class:
INSTRUCTION: Tick the correct option from A — D.

S/N A B C D
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UNIVERSITY OF IBADAN
DEPARTMENT OF TEACHER EDUCATION
FACULTY OF EDUCATION

APPENDIX 4

STUDENT SELF EFFICACY SCALE (SSES)
This questionnaire seeks to investigate your self-efficacy in Biology
SECTION A: Personal data

Name:

Gender.:

Mental Ability:

SECTION B
The following statements are based on some aspects of your Biology efficacy. Please
read each statement very carefully and indicate your honest opinion with a tick (V) in

the appropriate column,

Strongly Agree (SA) - A statement you agree with completely

Agree (A) - A statement you agree with but not completely
Disagree (D) - A statement you disagree with partially.
Strongly Disagree (SD) - A statement you disagree with completely.

Thanks for your sincere cooperation.

S/N | ITEM SA|A|D SD

1 I can always solve difficult problems in biology.

2 I get excited when I am challenged in Biology

3 It is easy for me to stick to my objectives and achieve my

objectives in Biology.

4 I am confident when I handle practicals in Biology.

5 I cannot apply situation in Biology to my real life situation.

6 I can solve most problems in biology if I invest the necessary

efforts and patience.
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7 I cope well in team work in biology.

8 I am confident in my ability to find solutions to whatever
problems I am confronted with in Biology

9 I am always afraid of Biology classes.

10 | I cannot do well in Biology.

11 | I can express my opinions when other classmates disagree
with me

12 | I succeed well in cheering myself up when an unpleasant
event has happened

13 | I can study a chapter well for a test in Biology

14 | I believe I can work well in harmony with my classmates in
Biology classes

15 | I pay attention well during every Biology class

16 | I believe I can succeed well in passing a test in Biology

17 | I believe I can guide students in constructing their
knowledge during Biology classes.

18 | I believe I am self-efficient in ensuring students’
participation in Biology classes

19 | I believe I am self-efficient about providing daily life
examples that suit students’ previous experiences during
Biology classes.

20 | I am confident in my ability to be the best in Biology in spite

of any difficulties
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UNIVERSITY OF IBADAN
DEPARTMENT OF TEACHER EDUCATION
FACULTY OF EDUCATION

APPENDIX 5

STUDENTS MENTAL ABILITY TEST
This test intends to find out your mental ability. It has section A and B. Section A
contains your demographic data and section B contains twenty (20) questions with
options A-E. Choose the option that correctly corresponds to the questions
SECTION A
INSTRUCTION: Supply the required information in the given space. You have twenty
(20)minutes to complete it.
Name of School:
Class:
SECTION B
INSTRUCTION: Read the following items and pick the correct answer from the
given options

1. The opposite of reluctant is (a) eager(b)hesitant

(b) fast (c) opposed (d)skilled.
2. In June of 1945 a school had forty (40) students. If the number of the students

doubled every five (5) years, how many students were there in June 1960? (a)160
(b)240 (c)320 (d)640 (e) none of these
3. Which number should come next in this series 13 6 10 15 21 28 (a)32 (b)35
()36 (d)42 (e)54.
4. A carpenter has a 12 foot board, how many cuts must be made to cut it into three (3)

equal parts? (a)3 (b)1 (c)2 (d)4 (e)none of these

5. It is necessarily found in game (a) referee (b)defeat (c) spectators
(d)players
6. The opposite of extravagant is (a) humble (b)economical

(c)inexpensive (d) poor (e) wasteful
7. Which number is missing in this series? 11 17 ?26 29 31(a) 20 (b) 21 (c) 22 (d) 23
(e) 24
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8. Weeks is to seven (7) as score is to (a) count (b) fourteen (c) goal
(d) grade (e) twenty
9. How many 6’s are there in the following number series which is preceded by5 but not
followed by 7756 76 5649276743568649567 (a) one (b) two (c¢) three
(d) four (e) none of these
10. How many B’s are there in the following letter series, which are followed byG but G is
not followed by S? BGSQBRNOBGNSQLTB
GQTDBGUWXBGF (a)4 ®)3 (¢)2 (d)5 (e)none of these
11. Kunle and Adetutu are twins whose age together are half of their mother, their father
who is three (3) years older than their mother is 51. How old is Adetutu? (a) 15yrs
(b) 9yrs (c) 12yrs (d) 6yrs (e) 8yrs
12. The sum of two numbers is 21. One fifth of the smaller is equal to one tenth of the larger.
Find the smaller number? (a) 3 (b) 2 (c) 4 (d) 6 (¢) 7
13. When George and Athena were married,120 of the guests were Athena’s family or
friends. This was 60 per cent of the total number of guests. How many guests were
there altogether? (a)180 (b) 192 (¢) 200 (d) 720
14. The number pattern in triangle P is repeated in triangle Q. What is the value of X?(a) %
(b) 2 (©3 a@ 20
Q

025010180, 10 (10000 0L L 15, Note that 100 =(a) 0.40 (b) 4.0 (c) 40

(d) 400

16.  Which one does not belong? SCISSORS PIN KNIFE AXE (a) AXE(b)KNIFE
(c¢) PIN (d) SCISSORS

17. Trevor is taller than Daniela, and Nadine is taller than Hamish. If Samira and
Nadine are both shorter than Daniela, who is second-tallest? (a) Trevor
(b)Nadine(c) Samira (d) Danicla

18. In a certain code, VEDCXJKISWTO means EXIT. In the same code, what
does PHSLOTYWY mean? (a) HOW (b) LOT (¢) PLY (d) STY
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19.

20.

21.

22.

23.

24.

25.

If 10 hens can lay 100 eggs in 10 days, how long would it take 4 hens to lay 28
eggs?(a) 1 day (b)7 days (c)14 days (d)28 days

Which one does not belong? HEAT TEPID COLD FREEZING (a)TEPID
(b) HEAT (¢) FREEZING (d) COLD

If you arrange the words below to make the best sentence, what letter doesthe
LAST word begin with? the below roof the carpet leaked onto the through rain
(@bMd)c(c)l@d)t

The numbers in each of the three brackets follow the same rule. Find the
missing number. [19, 25, 3] [4, 26, 11] [?, 51, 9] (a) 20 (b)31(c) 33 (d) 34
SHOUT is to TALK as TALK is to (a) SPEAK (b) CRY (¢) LAUGH
(d) WHISPER

These words run in pairs. Insert the missing word to complete the third
pair MEMORY — MEMORISE

FAMILIAR — FAMILIARISE

DEFIANT —

(a) DEFIANCE (b) DEFENCE (¢) DEFY (d) DEFEND

MOTHER is to SISTER as GRANDMOTHER is to (a) AUNT (b) NIECE
(¢) UNCLE (d) DAUGHTER
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APPENDIX 7A :
ECOLOGY AND GENETICS PUZZLE KEY

Please complete the puzzle below

Name

17

13

Adapted from www.TheTeacherscorner.net
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ACROSS CLUE (NUMBER OF
ALPHABETS IN WORDS)

1)Release of harmful substances to the air
which lead to increase in the quantity of the

substance(12)

3) Tree material that burns to produce smoke
causing Release of harmful substances to

atmosphere(4)

5) Illness caused as a result of harmful

substance released to the air.(5)

8) Transference of traits from parents to

offspring(8)

9) Container used to control and prevent the

spread of solid waste on land(3)

11) One of the Source of harmful substance

release to the water(6)

12) What could be done to the unclean water
in order to purify it to be good for drinking by
human(4)

14) Process of conserving forest living and

non living material(8)

DOWN CLUE (NUMBER OF ALPHABETS IN

WORDS)
2) One of the Source of harmful substance release

to the air(4)

4) The release of harmful substance into the
environment causing biological damage to man

and his resources.(9)

6) Release of harmful substance on land which

lead to increase in the quantity of the substance

(13)

7)) Source of harmful substance release to the

Land (6).

10) Release of harmful substance to water which
lead to increase in the quantity of the substance
(14)

13) General name for material used by human

necessary for conservation(8).

16) The location of a gene on a chromosome(5).

18) An importance of conservation whereby

natural assets used are renewed and obtained easily(9)
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15) Method of keeping fish and assets found 20)The weather condition of a place which create

in water (7)

problem for the conservation techniques that may

be employed(7)

17) An allele that absolutely determines the

physique or phenotype of heterozygotes (9).

19) The dark shaded structure in a cell’s

nucleus on which an organism’s genes are

set. (11)

Rules governing the Environmental and Genetics Puzzle

Every word must have a clue.

Minimum of 2 words in aclue(as question) is required

Maximum of 30 words in a clue (as question).

NO DUPLICATE WORDS ALLOWED AS ANSWER. .

Words (as answer) can have up to 20 letters;

Clues (as question) may be up to 200 letters.

Lots of long words (as answers) may cause the resulting crossword to be
larger than your printed page will allow. This will require some
experimentation.

If our crossword generator cannot find a place for a word (as answers), it may
be dropped, or you may get an error.

ONLY ALPHANUMERIC CHARACTERS may be used for the 'words'(as

answers).
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APPENDIX 7B
ENVIRONMENTAL AND GENETICAL PUZZLECOMPLETED

Please complete the puzzle below

Name
18 17
R D
10 19
E w C|H/ R|O|/M| O0O|S|O M|E|S
c A M
15 7
Y T F|l | S|H|E|R|Y
c E N E
L R A F
1 4 2
All|R|P|lO|L|L|U|T|I |O|N N D|U|S
N 0 A c [
11 3
G L N E S|E|W
L D 4]
12
U P B|O
14 16 13
T F|O|R E|S|[T|R|Y D
9
B|Il [N L U E
0 L c s
N ] o} (o]
T L u
I R
5
c|o|u |G |H c
8
N H|E|RI|E|D|I |T|Y

Adapted from www. TheTeacherscorner.net(2010)
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APPENDIX 7C

ACROSS CLUE (NUMBER OF
ALPHABETS IN WORDS)

1)Release of harmful substances to the air
which lead to increase in the quantity of the
substance(AIR POLLUTION)

3) Tree material that burns to produce smoke
causing Release of harmful substances to

atmosphere(WOOD)

5) Illness caused as a result of harmful

substance released to the air.(COUGH)

8) Transference of traits from parents to

offspring(HEREDITY)

9) Container used to control and prevent the

spread of solid waste on land(BIN)

11) One of the Source of harmful substance

release to the water(SEWAGE)

12) What could be done to the unclean water
in order to purify it to be good for drinking
by human(BOIL)

14) Process of conserving forest living and

non livingmateriaFORESTRY)

15) Method of keeping fish and assets found
in water (FISHERY)

DOWN CLUE (NUMBER OF ALPHABETS IN

WORDS)
2) One of the Source of harmful substance release
to the air
(DUST)
4) The release of harmful substance into the
environment causing biological damage to man
and his resources. (POLLUTION).
6) Release of harmful substance on land which
lead to increase in the quantity of the substance
(LAND POLLUTION)
7)) Source of harmful substance release to the

Land (REFUSE)

10) Release of harmful substance to water which
lead to increase in the quantity of the substance

(WATER POLLUTION)

13) General name for material used by human
necessary for conservation(RESOURCES).
16) The location of a gene on a

chromosome(LOCUS)..

18) An importance process of conservation

whereby natural assets used are renewed and obtained
easily (RECYCLING)

20)The weather condition of a place which create
problem for the conservation techniques that may be

employed(CLIMATE)



17) An allele that completely dictates the

appearance or phenotype of heterozygotes

(DOMINANCE).

19) The dark staining structure in a cell’s

nucleus on which the organism’s genes are

arranged. (CHROMOSOMEYS)

Rules governing the Environmental and Genetical Puzzle

Every word must have a clue.

Minimum of 2 words in a clue(as question) is required

Maximum of 30 words in a clue (as question).

NO DUPLICATE WORDS ALLOWED AS ANSWER. .

Words (as answer) can have up to 20 letters;

Clues (as question) may be up to 200 letters.

Lots of long words (as answers) may cause the resulting crossword to be
larger than your printed page will allow. This will require some
experimentation.

If our crossword generator cannot find a place for a word (as answers), it may
be dropped, or you may get an error.

ONLY ALPHANUMERIC CHARACTERS may be used for the 'words'(as

answers).
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APPENDIX 8
INSTRUCTIONAL GUIDE FOR COMPUTER SIMULATION PACKAGE ON
ECOLOGY AND GENETICS
Preparation Phase
1. The teacher orients the students on the, objectives and expected performance,
implementation and evaluation.
2. Students are allowed to put theoretical knowledge already gained into action —
mount the disc on the system already connected to the projector.
Teaching Phase
3. The teacher executes the lesson based on the prepared plan and the time
allotted for him/her to teach the lesson. Usually, it is presented in 10-15
minutes only depending on the length of the topic in the PowerPoint or Prezi
or any other multi-media materials. The appropriate graphic organizer is
encouraged to be used as a guide in the discussion
4. The Students identify, watch and listen to the simulation.
Evaluation Phase
5. Students ask questions on their observations or part of the simulation
presentation that is not clear.
Reflection Phase
6. The teacher explains, models, illustrates, -clarifies, supplies missing
information
7. Students generate important notes
Modification Phase
8. Students give insights, feedback and comments gained during the
teaching,when the teacher was answering the questions and supplying the
missing information.

9. Students evaluate the solution and make modification
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APPENDIX 9
INSTRUCTIONAL GUIDE FOR DIGITAL PUZZLE PACKAGE ON
ECOLOGY AND GENETICS

Preparation phase

Step

1. The students are positioned by the computer they are to work with

2.Studentsare given the package to work with

3. Students are instructed on how to work with the package.

4,

The teacher moves round the classroom to monitor the participants.

Introduction phase of the content involves

5.

Teacher attracts students’ attention to activate their background knowledge on

the topic to be considered.

Presentation phase:

6.

Students identify the key words and sub-concepts using ecology and genetics
puzzles clues.

Teacher prodstudents with more questions using the environmental puzzle clues
to generate additional information on topic.

Students’ view on the concept are clarified using the ecology and genetics

puzzle.

Evaluation phase:

9.

10.
11.

12.

Teacher assesses students for more critical analysis on the content using the
ecology and genetics puzzle clues.

Students practice individually

Students develop a deep understanding of the topics they study and improve
their thinking abilities.

Students are given homework or assignment to further practicethe skill

developed.
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APPENDIX 10
TEACHER’S INSTRUCTIONAL GUIDE ON COMPUTER SIMULATION -
DIGITAL PUZZLE PACKAGE
Preparation phase:-
5) Teacher asks the students some questions to test their previous knowledge on
the sub-concept being considered.
6) Students are instructed on how to use the package.
Teaching Phase:-
5) Teacher presents computer simulation package for 10-15 minutes depending
on the scope of the topic.
6) Students identify, watch and listen to the computer simulation presentation.
Evaluation phase:-
5) Teacher gives the clues on different topics under Ecology and Genetics to task
the students critical
6) Students supplies the answers (keywords) and type then on the cross-word
puzzle sheet as across clue or down clue. (column and rows).
Reflection phase
5) Teacher approves or corrects the students answers. He/she clarifies and
supplies the missing answers if there is any.
6) Students writes notes based on the correction given by the teacher.
Modification phase:-
5) Teacher asks related questions that can generate correct, logical response,
insight and feedback
6) Students modifies knowledge on the topic.
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APPENDIX 11
LESSON NOTES ON INSTRUCTIONAL GUIDE FOR COMPUTER
SIMULATION PACKAGE ON ECOLOGY AND GENETICS
Class: SS I

Subject: Biology
Topic: Introduction to Ecology
Duration: 1 hour 20 minutes

Preparation: Phase:
Teacher introduces the topic — Introduction to Ecology” to the students and state the
objectives:-
By the time the lesson finishes, students should be able to

1. Explain the term Ecology

2. Mention the branches of Ecology

3. Define some ecological concepts.
Students listen and answer questions posed at them to test their prior knowledge on
the concept

1. What is habitat?

2. What do you understand by the word environment?

3. Living things are divided into two groups, what are they?
Teacher instructs students on how to operate the gadgets:- students are to put on the
gadgets and insert the CD containing content of the topic into the system.
Teaching Phase:
Students observe the PowerPoint presentation on the topic Ecology on the screen for
10-15 minutes.
Evaluation phase:-
Students ask questions on the part of the simulation presentation that is not clear
Reflection phase:-
Teacher answers the questions and supplies the missing information.

Students writes important notes as the concept is made clearer by the teacher.
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Modification phase:-

Students gives their comments or feedback as the teacher prods them with questions
on what they have leant e.g. (1) What is Ecology?

(2) Name the two branches of Ecology?

Class: SS1I

Subject: Biology

Topie: Components of an Ecosystem
Duration: 1 hour 20 minutes

Preparation: Phase:
Teacher introduces the topic — Components of an Ecosystem” to the students and
state the objectives:-
By the time the lesson finishes, students should be able to

1. Define community

2. State the components of an ecosystem

3. Explain the interaction among the components of an ecosystem
Students listen and answer questions posed at them to test their prior knowledge on
the concept

1. Mention some of the things in your environment that affects you.

2. How does each of these things affect you?
Teacher instructs students on how to operate the gadgets:- students are to put on the
gadgets and insert the CD containing content of the topic into the system.
Teaching Phase:
Students observe the PowerPoint presentation on the topic Components of an
Ecosystem on the screen for 10-15 minutes.
Evaluation phase:-

Students ask questions on the part of the simulation presentation that is not clear
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Reflection phase:-

Teacher answers the questions and supplies the missing information.

Students writes important notes as the concept is made clearer by the teacher.
Modification phase:-

Students gives their comments or feedback as the teacher prods them with questions
on what they have leant e.g. (1) What are the Biotic factors of an Ecosystem?

(2) List the Abiotic factors of an Ecosystem?

Class: SS II

Subject: Biology

Topic: Local Biomes and World Biomes
Duration: 1 hour 20 minutes

Preparation Phase:
Teacher introduces the topic — Local Biomes and World Biomes” to the students
and state the objectives:-
By the time the lesson finishes, students should be able to
1. List the local biomes
2. List the world Biomes
3. State the characteristics of each
Students listen and answer questions posed at them to test their prior knowledge on
the concept
1. What is a Biome?
2. Describe the types of biomes that can be found in Nigeria?
Teacher instructs students on how to operate the gadgets:- students are to put on the

gadgets and insert the CD containing content of the topic into the system.

Teaching Phase:

Students observe the PowerPoint presentation on the topic Local biomes on the screen
for 10-15 minutes.

Evaluation phase:-

Students ask questions on the part of the simulation presentation that is not clear
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Reflection phase:-

Teacher answers the questions and supplies the missing information.

Students writes important notes as the concept is made clearer by the teacher.
Modification phase:-

Students gives their comments or feedback as the teacher prods them with questions
on what they have leant e.g. (1) What is a forest?

(2) Describe a savanna and a desert?
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GENETICS

Class: SSII

Subject: Biology

Topic: Introduction to Genetics
Duration: 1 hour 20 minutes

Preparation Phase:
Teacher introduces the topic — Introduction to Genetics” to the students and state
the objectives:-
At the end of the lesson, students should be able to
1. Define Genetics
2. Mention 2 sub topics under genetics
3. List some transmittable traits in plants and animals
Students listen and answer questions posed at them to test their prior knowledge on
the concept
1. Mention some noticeable features amongst members of family
2. What are the difference between you and your siblings?
Instructs students on how to operate the gadgets:- students are to put on the gadgets

and insert the CD containing content of the topic into the system.

Teaching Phase:

Students observe the PowerPoint presentation on the topic Introduction to Genetics on
the screen for 10-15 minutes.

Evaluation phase:-

Students ask questions on the part of the simulation presentation that is not clear

Reflection phase:-

Teacher answers the questions and supplies the missing information.

Students writes important notes as the concept is made clearer by the teacher.
Modification phase:-

Students gives their comments or feedback as the teacher prods them with questions
on what they have leant e.g. (1) Define Heredity and vaccination

(2) List two transmittable traits in animals and plants
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Class: SS 11

Subject: Biology
Topic: Common terms in Genetics
Duration: 1 hour 20 minutes

Preparation Phase:
Teacher introduces the topic — Common terms in Genetics” to the students and state
the objectives:-
At the end of the lesson, students should be able to

1. List the common terms in Genetics

2. Explain the terms
Students listen and answer questions posed at them to test their prior knowledge on
the concept

1. What can be found in the nucleus of a cell?

2. Whatis a Zygote?
Instructs students on how to operate the gadgets:- students are to put on the gadgets
and insert the CD containing content of the topic into the system.
Teaching Phase:
Students observe the PowerPoint presentation on the topic Common terms in Genetics
on the screen for 10-15 minutes.
Evaluation phase:-
Students ask questions on the part of the simulation presentation that is not clear
Reflection phase:-
Teacher answers the questions and supplies the missing information.
Students writes important notes as the concept is made clearer by the teacher.
Modification phase:-
Students gives their comments or feedback as the teacher prods them with questions
on what they have leant e.g.
(1) List 5 common terms used in Genetics?

(2) Explain 3 of the common terms
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Class: SS 11

Subject: Biology
Topic: Gregor Mendel’s experiment
Duration: 1 hour 20 minutes

Preparation Phase:
Teacher introduces the topic — Mendel’s experiment” to the students and state the
objectives:-
At the end of the lesson, students should be able to
1. Short note on Gregor Mendel
2. Describe Gregor Mendel’s experiment
3. State why he was successful
Students listen and answer questions posed at them to test their prior knowledge on
the concept
1. What do you call scientists who study Genetics?
2. Name some of them
3. Who is the father of Genetics?
Instructs students on how to operate the gadgets:- students are to put on the gadgets

and insert the CD containing content of the topic into the system.

Teaching Phase:

Students observe the PowerPoint presentation on the topic Gregor Mendel’s
experiment on the screen for 10-15 minutes.

Evaluation phase:-

Students ask questions on the part of the simulation presentation that is not clear
Reflection phase:-

Teacher answers the questions and supplies the missing information.

Students writes important notes as the concept is made clearer by the teacher.
Modification phase:-

Students gives their comments or feedback as the teacher prods them with questions
on what they have leant e.g. (1) Who is Gregor Mendel?

(2) Why is he called the father of Genetics?
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LESSON NOTES ON INSTRUCTIONAL GUIDE FOR DIGITAL PUZZLE
PACKAGE ON ECOLOGY AND GENETICS

Class: S.S. I

Subject: Biology

Topic: Introduction to Ecology
Duration: 1 hour 20 minutes

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

1. Define ecology

2. Mention the branches of ecology
Preparation Phase:
Students sit by the computer they are to work with
Students are given the package (CD) containing the topic to be treated
Students are to insert the CD in the system
The teacher ensures that the students are doing the right things
Students are to answer the following questions to achieve their background
knowledge on Introduction to Ecology

1. What does the word environment mean to you?

2. Define atmosphere

Presentation stage:
Students click on each diagram in the box on the screen. The name of the object and
short notes on it will be shown on the screen e.g. students click on diagram of a plant
or animal in his environment. The notes on their environment is shown on the screen,
teacher further gives explanation:- Two branches of Ecology are synecology and
autecology.
Students are allowed to ask question to clarify their doubts on each diagram.
Evaluation
Teacher asks students the following questions to assess their assimilation rate on the
topics:-

1. Define Ecology

2. Mention the branches of Ecology
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Class: S.S. 1I

Subject: Biology
Topic: Some Ecological concepts
Duration: 1 hour 20 minutes

Objectives: At the end of the lesson, students should be able to
1. List some ecological concepts

2. Define some ecological concepts

Preparation Phase:
Students sit by the computer they are to work with
Students are given the package (CD) containing the topic to be treated
Students are to insert the CD in the system
The teacher ensures that the students are doing the right things
Students are to answer the following questions to achieve their background
knowledge on Ecological concepts

1. Define habitat

2. What do you understand by the word population?
Presentation stage:
Students click on each diagram in the box on the screen. The name of the object and
short notes on it will be shown on the screen e.g. students click on diagram showing
some of the ecological concept like hydrosphere. The notes on hydrosphere is shown
on the screen, teacher gives further explanation on each term.
Students are allowed to ask question to clarify their doubts on each diagram.
Evaluation
Teacher asks students the following questions to assess their assimilation rate on the

topics:-
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1. Define these terms:- Environment, Habitat, Community, Biomes, Pollution

etc.
Class: S.S. I
Subject: Biology
Topic: Local Biomes and World Biomes
Duration: 1 hour 20 minutes

Objectives: At the end of the lesson, students should be able to
1. List the local biome
2. List the world biome

3. State the characteristics of each biome

Preparation Phase:
Students sit by the computer they are to work with
Students are given the package (CD) containing the topic to be treated
Students are to insert the CD in the system
The teacher ensures that the students are doing the right things
Students are to answer the following questions to achieve their background
knowledge on Ecological concepts
1. What is a biome?

2. Give an example of a biome

Presentation stage:

Students click on each diagram in the box on the screen. The name of the object and
short notes on it will be shown on the screen e.g. students click on diagram showing a
dense forest and a grass land for local biome then students click on diagram showing
a desert, swamp, afro-alpine then short note on the concepts appear on the screen,
teacher gives further explanation on the biomes.

Students are allowed to ask question to clarify their doubts on each diagram.
Evaluation

Teacher asks students the following questions to assess their assimilation rate on the
topics:-

1. Where can each of these zones in local biome be found in Nigeria?
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Class: S.S. 1I

Subject: Biology
Topic: Introduction to Genetics
Duration: 1 hour 20 minutes

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

1. Define genetics

2. Mention sub-topics under genetics

3. List some transmittable characters
Preparation Phase:
Students sit by the computer they are to work with
Students are given the package (CD) containing the topic to be treated
Students are to insert the CD in the system
The teacher ensures that the students are doing the right things
Students are to answer the following questions to achieve their background
knowledge on Introduction to Genetics

1. How do people recognize a child from a particular family?

2. Who do you resemble in your family?
Presentation stage:
Students click on each diagram in the box on the screen. The name of the object and
short notes on it will be shown on the screen e.g. students click on the picture of a
man and his child, note on genetics as a study of heredity and variation will be shown
on the screen, teacher gives further explanation on heredity and variation
Students are allowed to ask question to clarify their doubts on each diagram.
Evaluation

Teacher asks students the following questions to assess their assimilation rate on the

topics:-
1. What are the two sub-topics under genetics?
2. Define each of them
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Class: S.S. 1I

Subject: Biology
Topie: Common terms in genetics
Duration: 1 hour 20 minutes

Objectives: At the end of the lesson, students should be able to
1. List the common terms in genetics
2. Explain the terms
Preparation Phase:
Students sit by the computer they are to work with
Students are given the package (CD) containing the topic to be treated
Students are to insert the CD in the system
The teacher ensures that the students are doing the right things
Students are to answer the following questions to achieve their background
knowledge on Common terms in genetics
1. Whatis a cell?
2. What can be found in the nucleus of a cell?
Presentation stage:
Students click on each diagram in the box on the screen. The name of the object and
short notes on it will be shown on the screen e.g. students click on the diagram of a
chromosome and a gene, note on each would be display on the screen. Same with
other terms like locus, haploid etc.
Teacher gives further explanation on each of the plant.

Students are allowed to ask question to clarify their doubts on each diagram.

Evaluation
Teacher asks students the following questions to assess their assimilation rate on the
topics:-

1. What do you understand by the terms Locus, transmittable characters, allele ,

chromosome etc.
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Class: S.S. 1I

Subject: Biology
Topie: Gregor Mendel’s Experiments
Duration: 1 hour 20 minutes

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

1. Write short note on Gregor Mendel’s?

2. Describe Gregor Mendel’s Experiment

3. State why he was successful
Preparation Phase:
Students sit by the computer they are to work with
Students are given the package (CD) containing the topic to be treated
Students are to insert the CD in the system
The teacher ensures that the students are doing the right things
Students are to answer the following questions to achieve their background
knowledge on Gregor Mendel’s Experiments

1. What do you call scientists working on genetics?

2. Can you mention the names of some of them?
Presentation stage:
Students click on each diagram in the box on the screen. The name of the object and
short notes on it will be shown on the screen e.g. students click on the picture of a
man, Gregor Mendel appears and his contribution to genetics will be read on the
screen.
Teacher gives further explanation on diagram shown on the screen.
Students are allowed to ask question to clarify their doubts on each diagram.
Evaluation
Teacher asks students the following questions to assess their assimilation rate on the
topics:-

1. How did Gregor Mendel contribute to genetics?

2. What made him successful?

166



LESSON NOTE ON INSTRUCTIONAL GUIDE FOR COMPUTER
SIMULATION - DIGITAL PUZZLE PACKAGES ON ECOLOGY AND

GENETICS
Class: S.S. 11
Subject: Biology
Topic: Introduction to Ecology
Duration: 1 hour 20 minutes

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

1. Define Ecology

3. Mention the branches of ecology
Preparation Phase:
Students are instructed to listen and watch the simulation presentation on introduction
to Ecology for 10 minutes. Then the clues from the puzzle package on the topic will
be displayed on the screen, students are to read the clue and type the answer on the
crossword puzzle sheet that will be displayed on the screen.
Teaching phase:
Teacher present the simulation PowerPoint on introduction to Ecology for 10 minutes
Students identify, watch and listen to the presentation
Evaluation phase
Teacher display clues to the key words in the topics on the screen. E.g. a place where
plant and animal lives
Students type the answer on the crossword answer sheet on the screen to fit into the
columns or rows.
Reflection Phase
1. Teacher approves or correct the answer given by the student by displaying the

right answer on the screen, and supplies the missing information if there is
any. (i.e. habitat)

2. Student writes important note
Modification phase:
Teacher asks related questions that can further stimulate right response from the
students e.g.

1. How many types of habitats are there?

2. What do you call the habitat?

167



Class: S.S. 1I

Subject: Biology
Topie: Components of an Ecosystem
Duration: 1 hour 20 minutes

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

1. Mention the component of an ecosystem?

2. Explain how each affects human being
Preparation Phase:
Students are instructed to listen and watch the simulation presentation on Components
of an ecosystem for 10 minutes. Then the clues from the puzzle package on the topic
will be displayed on the screen, students are to read the clue and type the answer on
the crossword puzzle sheet that will be displayed on the screen.
Teaching phase:
Teacher present the simulation PowerPoint on components of an ecosystem for 10
minutes
Students identify, watch and listen to the presentation
Evaluation phase
Teacher display clues to the key words in the topics on the screen. e.g. the weather
condition of a place over a period of time
Students type the answer on the crossword answer sheet on the screen to fit into the
columns or rows.
Reflection Phase
1. Teacher approves or correct the answer given by the student by displaying the

right answer on the screen, and supplies the missing information if there is
any. (i.e. climate)

2. Student writes important note
Modification phase:
Teacher asks related questions that can further stimulate right response from the
students e.g.

2. Is climate a biotic factor of an ecosystem or abiotic factor?

3. Mention one biotic factor of an ecosystem
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Class: S.S. 1I

Subject: Biology
Topic: Local biomes and world biomes
Duration: 1 hour 20 minutes

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

1. List the local biome

2. List the world biome

3. State the characteristics of each
Preparation Phase:
Students are instructed to listen and watch the simulation presentation on Local biome
and world biomes for 10 minutes. Then the clues from the puzzle package on the
topic will be displayed on the screen, students are to read the clue and type the answer
on the crossword puzzle sheet that will be displayed on the screen.
Teaching phase:
Teacher present the simulation PowerPoint on Local biomes and world biomes for 10
minutes
Students identify, watch and listen to the presentation
Evaluation phase
Teacher display clues to the key words in the topics on the screen. e.g. the study of a
zones that is common to both local biomes and world biomes
Students type the answer on the crossword answer sheet on the screen to fit into the

columns or rows.

Reflection Phase

1. Teacher approves or correct the answer given by the student by displaying the
right answer on the screen, and supplies the missing information if there is
any. (i.e. forestry)

2. Student writes important note

Modification phase:

Teacher asks related questions that can further stimulate right response from the

students e.g.

1. List other zones in the local biome and world biomes
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Class: S.S. 1I

Subject: Biology
Topic: Introduction to Genetics
Duration: 1 hour 20 minutes

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

1. Define genetics

2. Mention the sub-topics under genetics

3. List some transmittable characters
Preparation Phase:
Students are instructed to listen and watch the simulation presentation on introduction
to Genetics for 10 minutes. Then the clues from the puzzle package on the topic will
be displayed on the screen, students are to read the clue and type the answer on the
crossword puzzle sheet that will be displayed on the screen.
Teaching phase:
Teacher present the simulation PowerPoint on introduction to Genetics for 10 minutes
Students identify, watch and listen to the presentation
Evaluation phase
Teacher display clues to the key words in the topics on the screen. e.g. the
transference of traits from parents to offspring.
Students type the answer on the crossword answer sheet on the screen to fit into the
columns or rows.
Reflection Phase
1. Teacher approves or correct the answer given by the student by displaying the

right answer on the screen, and supplies the missing information if there is
any. (i.e. heredity)

2. Student writes important note
Modification phase:
Teacher asks related questions that can further stimulate right response from the
students e.g.

1. Mention the sub-topics under genetics?

2. List some transmittable characters
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Class: S.S. 1I

Subject: Biology
Topic: Common terms in Genetics
Duration: 1 hour 20 minutes

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

1. List the common terms in genetics

2. Explain some of the terms
Preparation Phase:
Students are instructed to listen and watch the simulation presentation on common
terms in genetics for 10 minutes. Then the clues from the puzzle package on the topic
will be displayed on the screen, students are to read the clue and type the answer on
the crossword puzzle sheet that will be displayed on the screen.
Teaching phase:
Teacher present the simulation PowerPoint on Common terms in Genetics for 10
minutes
Students identify, watch and listen to the presentation
Evaluation phase
Teacher display clues to the key words in the topics on the screen. e.g. the dark
staining structure in a cell’s nucleus on which the organisms genes are arranged
Students type the answer on the crossword answer sheet on the screen to fit into the
columns or rows.
Reflection Phase
1. Teacher approves or correct the answer given by the student by displaying the

right answer on the screen, and supplies the missing information if there is
any. (i.e. chromosomes)

2. Student writes important note
Modification phase:
Teacher asks related questions that can further stimulate right response from the
students e.g.

1. Where are genes found?

2. What is the location of a gene on a chromosome called?
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Class: S.S. 1I

Subject: Biology
Topic: Greogor Mendel’s Experiment
Duration: 1 hour 20 minutes

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

1. Write short note on Gregor Mendel

2. Describe Gregor Mendel’s experiment

3. State why he was successful
Preparation Phase:
Students are instructed to listen and watch the simulation presentation on Gregor
Mendel’s experiment for 10 minutes. Then the clues from the puzzle package on the
topic will be displayed on the screen, students are to read the clue and type the answer
on the crossword puzzle sheet that will be displayed on the screen.
Teaching phase:
Teacher present the simulation PowerPoint on Gregor Mendel’s Experiment for 10
minutes
Students identify, watch and listen to the presentation
Evaluation phase
Teacher display clues to the key words in the topics on the screen. e.g. An allele of
gene that completely dictates the appearance or phenotype of heterozygotes.
Students type the answer on the crossword answer sheet on the screen to fit into the
columns or rows.
Reflection Phase
1. Teacher approves or correct the answer given by the student by displaying the

right answer on the screen, and supplies the missing information if there is
any. (i.e. Dominant gene)

2. Student writes important note
Modification phase:
Teacher asks related questions that can further stimulate right response from the
students e.g.

1. What is the allele in a heterozygote that is passive called?

2. What is the condition where both allele in a heterozygotes are fully expressed

called?
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INSTRUCTIONAL GUIDE FOR CONVENTIONAL TEACHING METHOD
ON ECOLOGY AND GENETICS

CLASS:- SS2
LESSON 3
CLASS:- SS2

SUBJECT:- BIOLOGY

TOPIC:- MENDEL’S EXPERIMENT.

DURATION:- 40 MINUTES.

PREVIOUS KNOWLEDGE:- Students are familiar with some terms used in Genetics
INTRODUCTION:- Teacher reminds the students of the Geneticists who worked on
Genetics (Thomas Morgan, Johnson). Notable amongst these is Gregor Mendel
(1822-1884) who laid down the basic laws of genetics. He carried out the first
qualitative studies on inheritance.

STEP 1:- Teacher explains the experiment basic laws on pea plant:- (i) He got true
breeding stocks of pea plant for a given expression of a trait. He did this by allowing
the plants to self pollinate for several generation.

2) He then crossed two true breeding sets of plants showing the alternative forms of a
trait. i.e. He crossed a pure stock of plants showing green pod colour with that
showing yellow pod colour.

STEP II:- Teacher continues — He was able to remove the immature another from the
flower of a plant with green pods, then he pollinated this flower by dusting its stigma
with pollen from the mature another of a flower from a plant with yellow pods. He
covered the pollinated flower with a paper bag to prevent pollen from another sources

from falling on its stigma. He also reversed this process (reciprocal cross).

STEP III:- Teacher proceeds (3) He finally allowed the hybrid offspring (fi
generation) he obtained from the crosses to self- pollinate and produce offspring. (f2
generation). He then counted the numbers of offspring of each type in the f1 and 2
generations.

CONCLUSION:- He was able to collect a quantitative data which helped him
understand the principles of heredity.
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LESSON 4

CLASS:- SS2
SUBJECT:- BIOLOGY
TOPIC:- MENDEL’S LAWS OF INHERITANCES

DURATION:- 40 MINUTES.

PREVIOUS KNOWLEDGE:- Students are aware that the first quantitative studies on

inheritance helped Mendel lay down the basic law of genetics

INTRODUCTION:- Teacher explains: Mendel was able to come to certain conclusion

due to his experiments. He termed these as principles of Mendelian inheritance or

Mendel’s laws of Heredity. There are two of such laws:-

i The law of segregation of genes (ii) The law of independent assortment of

genes.

STEP I:- Teacher continues:- The law of segregation states that:- (i) the hereditary

characters of an organism are determined by genes factor which are discrete

unchanging units of inheritance.

2) A gene for a character may have alternative form (allied) which express the
character in
different ways.

3) Each character is controlled by two copies of each gene which may be
identical alleles (homozygous) or different alleles (heterozygous) in a diploid
organism.

4) If a diploid organism has two different alleles (heterozygous) for a character,
one allele may be dominant, and the other recessive.

5) In a diploid organism that is heterozygous for a character, the two alternative
alleles separate from each other meiosis, each going randomly to a different
gamete.
STEP II:- Law of independent assortment:- This states that alleles on different
chromosomes assort independently during meiosis. i.e. during gamete
formation, the way one pair of alleles for a given character distributes itself in
the gametes does not affect the way other allelic pairs distribute themselves.
This applies only to allelic pairs on different homologous chromosomes.

STEP III:-Mendelian Traits:- Mendel was able to select seven discontinuous traits

from the garden pea he used for his studies. Each trait had a dominant and a
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recessive form of expression. He termed them seven pairs of contrasting traits.

Mendelian trait 1s now used for characters that:-

a) are controlled only by one pair of alleles
b) show dominant and recessive form
c) lie on separate chromosomes.

CONCLUSION:- Teacher concludes — The basic laws of heredity are the laws of
separation of genes and the law of independent assortment.
ECOLOGY
Topic: Air pollution
Time: 80 minutes
References
Comprehensive Biology by Chris Nweze
Exam Focus Biology for SSCE and JME by Egunyomi, Bob Manuel, Abdullahi and
Oyetola.
Instructional Materials: Charts
Behavioural Objectives: At the end of the lesson students should be able to:
Define the term Air pollution
State the examples of air pollutants
Mention the causes and sources of Air pollution
Previous Knowledge: Students has been taught YOU AND YOUR
ENVIRONMENT in their junior secondary school which may be helpful in
understating the concept of pollution.
Introduction: The following questions are asked based on students’ previous
knowledge:
(1) What do you think can bring about dirt and germs in Air?
(2) What do these dirt and germs do to our bodies?
(3)Is it possible to control these germs and dirt from getting into our bodies? Give

reason to support your answer.

Presentation:
Step I: The teacher explains the meaning of pollution and defines Air pollution.
Step II: The teacher states examples of Air pollution

b: The teacher explains the sources and causes of Air pollution
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Evaluations: The teacher assesses students’ knowledge of the subject matter,the
following question were asked.
Define the term “Air pollution’
Give examples of Air pollutants
Mention the cause and sources of the following
Air pollutant on living organisms
Smoke
Carbonmonoxide.
Assignment: The students are asked to read Effects, prevention and control of Air
pollution against next lesson.
Topic: Water pollution
Time: 80 minutes
References
Comprehensive Biology by Chris Nweze
Exam Focus Biology for SSCE and JME by Egunyomi, Bob Manuel, Abdullahi and
Oyetola.
Instructional Materials: Charts
Behavioural Objectives: At the end of the lesson students should be able to:
Define the term Water pollution.
State the examples of Water pollutants.
Mention the causes and sources of Water pollution.
Previous Knowledge: Students has been taught Effects, prevention and control of Air
pollution.
Introduction: The following questions are asked based on students’ previous
knowledge:
State five effects of air pollutants
Mention five control measures for the following Air pollutants Smoke and
Carbonmonoxide.
How do we prevent the occurrence of these substances?
Presentation:
Step I: The teacher defines Water pollution and explains it.
Step II: The teacher mention some example of Water pollution and its effect on living

organisms.
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Step III: The teacher explains the sources and Water pollution and its effects on
living organisms.
Evaluations: The teacher assesses students’ knowledge of the subject matter, asking
the following questions;

1. Define the term ‘Water pollution’

2. Give examples of Water pollutants

3. Mention the cause and sources of the following water pollutants on living

organisms

4. Sewage

5. Detergent
Assignment: The students should read Effects, prevention and control of water
pollution against next lesson.
Topic: Conservation of Natural Resources
Time: 80 minutes
ReferenceBook
Comprehensive Biology by Chris Nweze
Exam Focus Biology for SSCE and JME by Egunyomi, Bob Manuel, Abdullahi and
Oyetola.
Instructional Materials: Charts
Behavioural Objectives: At the end of the lesson students should be able to:
Define and explain conservation of natural resources
Enumerate method of conservation of natural resources
List importance of conservation
Previous Knowledge: Students has been taught has been taught YOU AND YOUR
ENVIRONMENT in their junior secondary school which may be helpful in
understating the concept of Conservation techniques..
Introduction: The following questions are asked based on students’ previous
knowledge:

(1) What do you understand by Good Environment?

(2) What do you expect to see in a good Environment?

(3)Is it possible to maintain Good Environment? Give reason to support your

answer.
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Presentation:

Step I: The teacher defines and explains conservation

Step II: The teacher defines and states the methods of water conservation.

Step III: The teacher also defines and states the methods and importance of wildlife
and fisheries conservation.

Evaluations: The teacher assesses students’ knowledge of the subject matter,

the following question were asked.

Define and briefly explain conservation of resources

Enumerate the methods and importance of the following conservation technique
Water conservation

Soil conservation

Fisheries conservation

Assignment: Students should read Conservation agencies and problems encountered

in conservation.
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APPENDIX 12A
EVALUATION SHEET FOR ASSESSING TEACHERS PERFORMANCE ON
THE USE OF COMPUTER SIMULATION PACKAGE(ESATPCP)

Section A

Name of the teacCher .. ..o,

Section B

S/N

Performance assessed

Average

3

V. poor

Placing students’ in groups of

five

Teaching students’ using
computer stimulation package

strategy

in the groups

Monitoring students’ interactions

Showing of the Computer

students by the teacher

Simulation Package to SSS TWO

Topics are assigned in line with
the Senior secondary 2 Biology

curriculum by the teacher.

Simulation Package

Reflection through the Computer

Taking turns to teach in form of

microteaching.
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APPENDIX 12B
EVALUATINGSHEET FOR ASSESSING TEACHERS’ PERFORMANCE

ON THE USE OF PUZZLE-BASED DIGITALISED (ESATPB)
Name of Teacher:
School:
Date: ---------------—-
Guidelines Involved V. Good | Good | Average | Poor | V. Poor
5 4 3 2 1

Teacher introduction of the lesson whether it

is based on students previous Knowledge.

Teacher’s ability to give students the
opportunity to answer the questions using
their intuition and the Environmental puzzle

as guides.

Teacher’s ability to use the clues inside the
Environmental puzzle as guides in order to
make students to both identify the concept

and leading to the behavioural objective.

Ability of the teacher to make students to
respond by allowing students to present their
ideas with the aid of the Environmental

Puzzle.

Teacher clarification of students views on
the concept using the Environmental puzzle

as basis for clarification.

Teacher’s ability to assess students for more
critical analysis on the content using the

Environmental puzzle.
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APPENDIX 12C
EVALUATING SHEET FOR ASSESSING TEACHERS’ PERFORMANCE ON
THE USE OF MODIFIED CONVENTIONAL INSTRUCTIONAL

METHOD(ESATPMCIM)
Name of Teacher:
School:
Date:
Guidelines Involved V.Good | Good | Average | Poor | V.Poor
5 4 3 2 1

Teacher’s introduction of the lesson.

Ability of the Teacher to discuss the content of

the concepts.

Ability of the Teacher to allow students to write

the note.

Teacher’s ability to give an overview of the

lesson.

Teacher’s oral questions in conformity with the

concept.

Teacher conclusion of the lesson.

Teacher gives homework or assignment.

181




The following tool was used to assess the simulated teaching performance of the

Appendix 13
Rubrics for the Simulation Package

teachers:

| SIMULATED TEACHING RATING SCALE (STRS)
Name of Teacher: Subject:
Name of Mentor: Date:

Class: | Term:

Direction: Check the appropriate column that best describes the competencies of the

student-teacher.

Description
COMPETENCIES Excellent Very Satisfactory | Fair | Poor
Satisfactory
5 4 3 2 1
A. DELIVERY OF THE
LESSON
1. The teacher is well-
prepared with the lesson
Excellent Very Satisfactory | Fair | Poor
Satisfactory
5 4 3 2 1

2. The teacher is neat, well-
groomed and wears
appropriate attire.

3. The teacher is free from

mannerisms that tend to
disturb the learner’s
attention

4. The teacher uses
appropriate

English / Filipino in
teaching

5. The teacher shows
dynamism
and enthusiasm

6. The teacher maintains a
pleasing eye contact with
the students.

7. The teacher possesses a
well-
modulated voice.

8. The teacher displays a
pleasant disposition,
emotional stability and
discipline.
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9. The teacher
acknowledges

responses from students
by

giving immediate

feedback for questions
and

answers.

10. The teacher is open to
suggestions and

constructive
criticism.
SUB TOTAL | 50
B. MASTERY OF
CONTENT

11. The teacher
demonstrates in- depth
knowledge of the subject
matter

12. The teacher gives
sufficient

and concrete examples
to

create meaningful
learning

experiences

SUB TOTAL

10

C. METHODS and
MATERIALS

13. Method/s used is/are
suited to the needs and
capabilities of

Learners

Excellent

5

Very

Satisfactory

4

Satisfactory
3

Fair

Poor

14. The teacher uses varied
instructional materials
which

adhere to the principles of
audio-visual designs.

SUB TOTAL

10
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D. CLASSROOM
MANAGEMENT

The teacher uses a systematic
way of doing the following:

15. practice exercises

16. group works /activities

17. correcting, distributing and
collecting papers

18. Order and discipline are

present in the classroom

19. Instructional materials are
within easy reach of the
teacher during his/her

teaching

SUB TOTAL

25

E. INTERACTIVE SKILLS

The teacher’s interactive skills
stimulate discussion in different
ways such as:

20. appreciating student
participation in the discussion

21. probing for learner’s
Understanding

22. helping learners articulate
their  ideas

23. promote risk-taking and
problem solving to facilitate
factual recall

24. encourage convergent and
divergent thinking

25. stimulate curiosity

26. help learners to ask
questions

SUB TOTAL

35

OVERALL SCORES

130/26

FINAL RATING

5

Procedures in computing the final rating of the student:

1. Add the scores of every competency to get the subtotal.

2. Add the subtotal of every column to get the overall scores.

3. Divide the overall scores by the total number of competencies.
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Example:

OVERALL SCORES | 115/23

FINAL SCORE | 5

FINAL RATING | 1.0

FINAL SCORE EQUIVALENT RATING INTERPRETATION
5 1.0 Excellent
4 1.5 Very Satisfactory
3 2.0 Satisfactory
2 2.5 Fair
1 3.0 Poor

Note: When the decimal point is 5 and above, round off to the nearest whole number.
Example: 123/25= 4.92; round it off to 5.0. The instrument was validated using the

Pi’s inter-rater measure, and the reliability index was determined as 0.86.
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APPENDIX 14
PICTURE FROM THE FIELD

Loyola College Students Learning Genetics Using Computer Simulation Package
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Emmanuel Alayande Science School Students Solving Puzzles Onecology using
Gigital Puzzle
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Students Observing First Stage of Meiosis using Computer Simulation
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Researcher Guiding Students on how to use Computer Simulation Package
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