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1.1 Preamble o
1 consider it a greal honour and singular privilege to stand

before this distinguished body of academic community to deliver
this inaugural lecture. It is the 3™ from Faculty of Education, 1%
from the department of science education and first to be delivered by
a Professor in the field of science cducation. Traditionally, inaugural
lectures are seen as ceremonial occasions during which the academic
community of universities formally induct professors into exalted
academic and professional office. But in more recent times, this
emphasis tended to have broadened to include provision for an
opportunity for the professor to pinpoint, analyze and hopefully shed
light on the way forward regarding burning issues within the domain
of the field in which he/she is a practitioner. For me, this translates
amongst other things to the following:

a) To shed light into the academic and research enterprise in

- which T have had the privilege to practice for, at least, the

o last three decades.

-b) To pinpoint, analyze, discuss and proffer functional
o recommendations to issues of academic and public interest
" that are germane to holistic and national development.

c) To bear my mind and consequently expound to this august
assembly, and eventually the larger world, my thoughts,
academic endeavours and contributions to the field of

~ science education alongside the inherent implications and
applications, _ o

1.2 My Journey into the Teaching Profession

.7 Before T attempt to focus attention on the kernel of the
lecture, permit me Mr. Chairman, 1o open a little window, for the
purpose of this occasion, to afford a glimpsc of my adventure into
the teaching profession. It was never tn my thought, nor was it my
intention least my plan to be a teacher, let alone a professor in the
field of teacher — education. I had wanted to, and indeed planned to
be & quality — control chemist. Thus when [ was admitted, as an
undergraduate student into Ahmadu Bello Universtty in 1972, 1
registered to read Biochemistry. And to put me in a good stead for
realizing my dream of becoming a quality-control chemist, [
changed in part Il of my programmec {rom B.Sc¢c Biochemistry to
B.Sc Chemistry. At least, so [ thought. I remember, for instance that
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in my parts II and 11l of the programme, some of the chemistry
laboratory attendants, especially during our practical classcs would
throw jokes al me and say, “the way we sec you, you may become a
teacher....” T usually got angry at such jokes and wished [ could
throw some acid at them in response! Little did | know that they
were being prophetic as you can sce to day.

The turmning point was during my national youth service
which started at the Jimeta secondary school, Yola in 1975, but later
in the service year; moved to Government Secondary School (GSS),
Hong, both of which are in the present Adamawa State of Nigeria. It
was while I was in Hong that the form [l chenustry ciass assigned
to me to teach made so much “notse” about the Youth Corper called
Mr. Shaibu whom, according to them, simplified for them the
learning of chemistry (which they had ecarlier considered impossible
to understand) thercby making it easy and interesting for them to
learn. The students formed what | might to-day describe as a
“campaign group” who went to the Principal {Mr. Wilbeforce Juta)
10 ensurc that he retained me in the school as a chemistry teacher.
After my complction of the Youth service. Indeed, Mr. Juta did all
he could to retain me in GSS Hong, first by securing teaching
appointment and car loan from the Minisiry of education, even
before completion of my service period.

* It was within this context that the thought began to flow
across my mind, for the first time, to consider tcaching as a
profession since 1 probably might prove to be an cffective one after
all. This was then the scenario in which the seed of becoming a
teacher was sown in my mind. The seed germinated, gradually grew
and eventually choked out my initial thought and dream of
becoming a quality — control chemist. It was with this background
that I eventually sought employment into Ahmadu Bello University
on completion of my Youth Service. I was offered cmployment as
Graduate Assistant alter ] was considered successful at the interview
scheduled for the purpose. I assumed duty at the defunct School of
Basic Studies (SBS) in [1976. It was within the years [ was in SBS
that | gradually moved my career from the field of chemistry to that
of science education. And when SBS folded up in 1988, T naturally
transferred my services to the science education section of the then
department of education. This has been the very brief summary of
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my carcer and professional jowrmey into the tecaching profession and
specifically into the field of science tcacher-education.

1,3  The Structure of my Lecture
This inaugural lecture is organized around the following
themes or topics:

1.0 Introduction

2.0 Description of basic concepts: Science, Education
and Science Education.

3.0 The maze of students” underachievement in science:
Fact of Fiction?

4.0  Does science education research provide a road map
to show the way out of the muze”

5.0  Discernible Road maps from Science Educatio
Research Studies, :

6.0 Conclusion and Recommendations

7.0 References

8.0  Acknowledgment,

2.0 Science Education: Meaning and Scope

In considering this segment of the Iecture 1t is appropriate, to
first focus on cach part of the major concepts betore we attempt to
view them holistically vis-a-vis their relevance to the topic of the
lecture. Thus, we should briefly consider; Science, Education and
Science Education.

2.1 Science:

Science has been defined by many scholurs and science
philosophers too many to mention exhaustively. A few examples
here will probably suffice. Aliyu {1982) deflined sciencc form three
perspectives. To a scientist, it is an intellectual activity through
which man seeks 1o understand nature, To the science teacher,
science comprise organized and systematized body of knowledge in
form of concepts theories and laws. To a layman, science is more-
or-less everything, in form of machinery and gadgets that have made
life more comtfortable for him. He noted that none of these views by
themselves represent a holistic defintion of science. He thus
concluded by giving what he considered a more broad-based
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definition which regards science as activities that culminate into
testable, falsifiable and verifiable body of knowledge. Bassey (2005)
observed that science is bolth a system of knowledge and the
methodological process by which new knowledge is unravelled, thus
ensuring the dynamics and growth of science. Furthermore, he
conceives of science as a tool for probing und exploring the
unknown. Shaibu (1992} defined science as a complex human
activity that leads to the production of a body of universe statements
called laws and theories which scrve to explain the observable
behaviour of the universe or some aspects of it. :
Science can then be viewed as both an intellectual too! and
an organized body of knowledge which carries with it a
characteristic way of thinking, attitude, disposition and action.
Infact it can be said that there 1s a scientific way of thinking, a
scientific attitude and a scientific way of behaviour and action.
There is, therefore a sense in which science can be seen as a cullure
which influences and even moulds the attitude and behaviour of
individuals, communities and indeed nations exposed to that culture,
In summary, therefore, science can be viewed as a human enterprise
conceived by human mind to enable man explore or investigate, in a
controlled and systematic manner his environment with 4 view to
understanding it and thus manage and control it to his advantage
ultimately. Indeed, this broad definition of science represents a
major philosophical basis for contemporary global emphasis on
teaching/learning science to attain scientific literacy for all.

2.2 Education

“Education is a house-hold word which, as we probabty
know, comes from the Latin word “Educarc™ which in its literary
sensc means to lead or to rear. Thus education refers to the process
of dissemination, transmission and imparting of ideas, facts,
information, culture, social cthos and ethics through a designed
process of communication. It is a process of giving, exchanging or
sharing of facts, information, ideas, skilis, behaviour and attitudes
that ultimately leads to  noticeable, desiruble and enduring
behavioural changes in the individual (Gagne, 1986). Therefore,
education can be viewed as a complex process of leading or raising
individuals along life-long learning cxperiences. As a life-long
process, it is aimed at preparation for hfe and indeed living. Of
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course, life or living means much more than mere existence.
Fundamentally it consists in leading a happy, productive and fruitful
life. Thus, we can qualify our earlier definition of education to give
a more value-oriented one, namely that education is preparation for
a happy, productive and fruitful life. This kind of “education for
good life” should, in my opinion, focus on and emphasize the
following imperatives amongst others, namely social responsibility,
job/vocational re-orientation for self-reliance, political and social
responsibility and regeneration that breed fair play, justice, equity,
responsible citizenship, respect for the dignity, views and values of
fellow human beings and commitment to moral and spiritual issues.
e From the foregoing, I consider that education for good life as
I have so far described constitute a veritable parameter for happy,
productive and fruitful living of individuals, communities and
nations, indeed developing nations such as ours-Nigeria. [ also
consider that we, in all probability, now have a functional
barometer, from owr description, by which we can assess ourselves
and perhaps others as to whether or not we, as individuals,
communities and a nation (Nigeria), have acquired or in the process
of acquiring “‘education for the good life” I wish to conclude this
segment by indicating that our description of the concept of
education so far in this lecture provide us with a reliable and
veritable instrument by which we can evaluate whether we are
passing on to the present generation just any kind of stuff in the
name of education or whether we are consciously and deliberately
inculcating into them “Education for good life”. This may probably
be considered as food for thought.

2.3 Science Education ~ ..

2.3.1 Definition

Science Education can be conceptualized as an inlegrated
field of study comprising such knowledge domains as natural
sciences, technology, philosophy, psychology, sociology and
history. Basically it is a relevant combination of science,
technology, educational theory and practice. According to Ahiakwo
(2006), science education cuts across many fields of human
endeavour namely, the natural sciences, sociology, philosophy,
history, e.t.c He further explained that science education can also be
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described as “Education in science”. Furthermore, Okeke (2007)
described scicnce education as an integrated field of study which
considers both the subject matter of science disciplines such as
biology, chemistry physics eic. alongside the processes involved in
the teaching and learmning of science. According to her, there actually
exists a thin [ine between the concepts of science education and
education in science. She posited that while the latter basically refers
to the undersianding and application of scientific concepts and
principles, the former deals with the acquisition and development of
processes and procedures required in helping others acquire
necessary scientific and technological knowledge and the skills
required for everyday living in a scientific and technological society.
2.3.2 Perspectives of Science Education = :
Science education can therefore be viewed froma numbcr of
stand-points which include the following perspectives. :
- a) Perspective of Curriculum and instruction: which dedls
. with theories, principles and practices of curriculum design
- and implementation. 2
- b) Philosophical perspective: This consnders science educauon
-+ + to have idealistic or pragmatic characteristics.
-i1.c) + Perspective of Pedagogy: This involves all the processcs
and procedures for teaching and lesrning of science in the
+; classroom situation. This lecture ‘is predommanlly located
. within this perspective. S : SRRES
" d) Perspective of the Society: ThlS perspectwe moves science
education beyond the classroom environment-to the larger
society. This cssentially involves the application of scientific
knowledge for the improvement of the hving conditions of
humankind.
Thus, science education has a multi-dimentional: character,
.+, relatively extensive and complex in nature and also of high
e utilitarian value and importance. Shaibu (1993), and Shaibu
o+ (2002) among others, have in many ways described the all
encompassing nature of science education. Operationally
5. therefore, science education can be considered to. largely
- reside at two major levels, namely, at the level of educational
-institutions and at the level of the larger society. In all-cases,

. '.'.._. FTR
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it involves a dynamic and interactive equilibrium among
humans, environment and materials.

ety ot S el
R coge R c .
S .

2.3.3 Scope of Science Education - : : : -
.. The scope of science education can Izu gely be dcscnbed by
its core aims and goals. Oriafor (1997) listed a number of the aims
and objectives of science education. These include the following:

a) Relevance and importance of the domains of educational
‘endeavour which covers the cognitive, physco-motor and
- affective.

. - b) To inculcate and facilitate critical and flexible thinking
i & process and familiarization with the spirit of science.

* ¢) To prepare individuals for vocations in science. - <=
. d) To serve as springboard for generating empirical evidence
~ for rational judgment on socio-political and economic issues
" that are gcrmanc to natignal growth and development.

PR -.‘:' g PRI TS

2.3.4 Delineation
Mr. Chairman, this lecture is focused on thc pedagogic
perspective earlier hlghhght and this is in alignment with the first
aim of science education listed above namely, the domains of
educational endeavours cavering the cogunitive, psychomotor and
affective aspects of knowledge, with particular emphasis on the
cognitive domain. The lecture i1s furthermore focused on the
secondary level of education. This is primarily because most of my
research interest and efforts ‘have been at this level of education.
Additionally, most of the studies herein reported, are for reasons of
specialization, 1n science education studies as they rclalc to tedchmg
and learning of chemistry in particular, * * . .0 - 5 _

3.0 The Maze of Students’ Academlc Underachlevement in
« Science: Fact or Flctlon? S L C VIR T
Background . e e ' .
The ngenan cducatlondl system has passed lhmugh many
changes and curricular invocations in the last few decades. These
include, for example, introduction of the Universal Primary
Education (UPE) in 1976. This brought about unprecedented
enrolment of pupils into primary schools. Okebukola (1984)
observed that the liberalizalion of secondary school education,

B .
1 A
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beginning especially from 1979 sharply increased student’s
enrolment into this level of education.

Secondly and equally importantly, the introduction of the
Universal Basic Education (UBE) in September 1999 further
prompted high level of pupils enrolment into the secondary schools
across the country. These fundamental changes brought along with
. them phenomenal challenges of resources, logistics and
implementations which many scholars and educationists regard as
major contributor to the problem of students’ academic
underachievement which has aroused nagging national problem and
concern. Bonnie (2003) for example, observed thut inadequate
" planning of the UPE and UBE resulted in an astronomical increase
in pupils’ enrolment into the primary schools and cumulatively into
the sccondary schools with passage of time. Furthermore, Aliyu
(1999) reported that poor planning and implementation led to
. inadequate and in some cases, lack of instructional materials,
overcrowded classrooms, poor physical facilities, unsuitable psycho-
social environment for leaming in the schools. The overall effécts of
these ultimately resulted, willy-niily, into unguantifiable stress and
strain in academic activities in the schools. And these consequently
. made significant contributions to students” poor academic
achievement which generally manifest as high level of failures in
secondary school examinations conducted by West African
Examination Council (WAEC) and National Examination Council
(NECQO). From the foregoing, the issue of students’ under
achievement in science and the jactors that prompt and sustain them
have been both historical and systemic. It will be a reasonable
scientific conjecture to suggest that if the Government of Nigeria at
the various levels have had the political and leadership will to tackle
the antecedemt problems that brought about students’ academic
underachievement alongside provision of appropriate public
" psychological orientation, the Nigerian educational system would
have been put on the right track in the same manner that were done
in developed and developing countries like India, Malaysia, Japan,
etc.

Many science education scholars and curmiculum specialists
including this lecturer, have shown a great deal of interest and
concern aboul the high leve! of students’ underachievement in
science. They further showed interest in finding out such factors that
might be responsible for or contribute to the observed consistent
 pattern of low students’ achievement which is detrimental to
education generally and the desircd move towards scientific literacy
for all and technological breakthrough for sustainable national
devclopment. Some of the factors identified include thc following:

i.  Large class sizc-Ivowi etal (1992);
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ii.
itl.

iv.
v.

vi.
vil.

s
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Overload curriculum — Adeyegbe (1993)

Usc of inappropniate instructional strategies - Achalcml

(1983)

Gender-related factors — Shaibu and Mari (1997)
Quality of pre and in-service teacher training. Shaibu and
Usman (2002)
Motivational support by parents and teachevs. Shaibu and
Iroegbu (2002)
Lack of teaching and leaming materials/facilities, Awolade

(2005).

In an attempt to further provide emperical evidence to

highlight the fact that students underachievement in science is a
consistent rcality that is living with us, 1 now refer you to the
following statistics showing the profile of students’

achievemnent

in

the

Senior

Secondary  School

academic
Certificate

Examination conducted by the West African Examination Council
(WAEC) for the period of time covering 2005-2012 in science

subjects as shown in Tables 3.1-3.6. Tables 3

.£-3.3 show the profile

of the national results covering the whole country while Tables 3 4-
3.6 cover Kaduna State alone for the same period of time.

' Statistics of Candidates Performance in Biology, Chemistry and
Physics in the May June 2005-2012 WASSCE in Nigeria

Table J.1: Students’ Academic Achievement in Biology, Nation

Wide (2005-2012)
Year Total No of Totpl Mool | No Abzemt Mo of Cunds & of Camds Leiler
Cands Cands thit With U6 wnd with U6 and Grade
that Endeved Sal Above abuve

W0 1072607 1051357 21050 113850 3574 ¥
94,04 1.9% Lo r S

06 1162046 1374 M ZaR65 339854 "49.23 [3)
97.86 214

2007 261971 1238163 23R04 4132211 na k
98,11 L.%9

2008 1285044 1259965 P K] 427044 394 I
0% 0% 1.9%

2000 1364855 340206 24449 EXIE 2R.58 ¥
98,21 1.79

F- U] 1338408 1300414 24990 645633 A9.64 n
o5 1) 1y
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200 1332770 503159 77871 510437 38.49 F
9820 14
2012 1687788 1636150 41638 567044 566 F
97.53 247
Source: WAEC Office, Lagos.
Note: The letter grades were added by the Author,
Table 3.2: Students” Academic Achievement in Chemistry
Nationwide (2005-2012)
Year Taotal No ol Tulal No of No Absent No of Cands o OF Canrds Leticr
Cands Cands Lhat with Coand | WithCéand | Grade
that Entercd Sai Abave Abave
1005 357658 3G 7122 178274 3094 C
97.84 2.16
2006 W02 380104 9335 170670 4.50 E
97.60 240
2007 31530 427581 5349 194384 a5.% 3]
97.99 221
2008 438513 418423 10000 185949 2444 E
97.65 2.38 e
009 78233 365345 0089 04728 1560 E
9747 2.3
0i0 7733 365643 % 236059 0.6 T
we 97.50 25 o A
2001 575757 363692 10063 780250 4934 (1)
98.25 1.75
ITH 516:2 627302 14320 TS0 FERE] E
. 497.77 2.2 ol o
Source: WAEC Office, Lagos
Note: The letter grades were added by the author
Table 3.3: Students’ Academic Achievement in Physics Nationwide
(2005-2012)
Year Tutal Mo of Total Noof | Nu Abseat N of Cands % of Cands Letter
Cands Cands that with Cé and with Cé and Grade
that Entered San Abuve Above
2005 i5L178 344411 7367 142041 a1.50 E
97.9 209
2006 WRIHTT 37384 8653 218199 ~S8.05 C
97.94 218
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007 427308 418503 BROS 180797 43,19 L
97 94 206 '
2008 424893 TR 9780 0TS 4R 26 I
: 97.70 230
2009 474887 06566 9281 TN 4783 ]
.05 1.95
2010 475414 4GI758 11659 37756 51.27 g
97,55 245
2011 573043 563161 UTIH G 6394 E
94.28 1.72
2002 638834 624658 14176 420415 64.74 B
Y778 12

Source: WAEC Office, Lagos
Note: The letter grades were added by the author

Table 3.4: Students’ Academic Achievement in Biology Kaduna
State only (2005-2012)

Year | Total No of | Total No | No Absent | No of % Of Cands Letter
Cands of Cands with C6 and Grade
that Cands o With Cé Above
Entered that Sat " | And
Ahove
2005 38330 37594 736 11340 30.16 F
98 08 1.92
20006 45312 44331 98| 18340 - 41.37 E
67.84 2.16
2007 | 52699 37539 | 1160 15387 3985 F
097.80 2.20
2008 | - 55015 53946 1069 17378 32.21 F
o 9806 1.94
2009 55770 54729 1047 16765 30.63 F
0§.12 1.B8
2010 64379 63346l toLg 33018 5210 C
038.42 1.58
2011 TI8ES 78616 1269 32474 41.31 E
oL 41 1.59
2012 93360 21646 1714 33549 36.60 F
98.16 1.83

Source: WAEC Office, Lagos
Note: The letter grades were added by the author
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Table 3,5: Students’ Academic Achievement in Chemistry Kaduna
State only (2005-2012)

Year Tolsl No Total Na of No No of Cands % of Coands Letier
of Cands Cands thay Sat | Absent wihs C6 amd with Ch and | Grade
thal Above Above
Entered

2005 12645 12426 219 5571 43.83 E -
08.17 173

2000 18023 14734 250 X7 3662 D

: Y808 192

1007 17735 17420 ETES 781 FrEY] £
98.22 1.78

2008 18385 12039 347 6493 EE] F
9511 1.89

1009 19461 19139 332 9327 4977 1]
08.2¢ 1.72

010 23725 23190 535 14138 6118 B
97.74 2.2 :

01 11414 ETTER 81 17732 57.38 3]
9874 .33

00z 17878 17347 528 17063 45,68 M
98,01 139

Source: WAEC Office, Lagos
Note: The letter grades were added by the author

Table 3.6: Students’ Academic Achievement in Physics Kaduna

State only (2005-2012)
Y

ear ToAsl No of Total No: of No: No: of % of Labier
Candldates Candldates Absem Candidalea Candidmes Grade
tbat Enlered tha Sat With Céamdd wiih Cé pnd
Abave Abore

005 | 1249 12288 i 4437 .11 F
98.31 1.69

006 | 14883 14618 63 W70 6204 B
_ 98.22 1.78

2007 | 17593 17223 pT] 5309 34.08 F
98.47 1.53

2008 18296 17954 43 g122 451 D
98.13 .87

000 | 19461 1912% 2 2522 49.77 C
0819 171

0Ky | 2iad) BETET) 03 15077 8522 ]
97.86 214

2011 | ALi2s MEI10 53 12902 41.87 L
9%.36 1.64

M2 3T 37257 515 27460 7170 A
98.64 1.36
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40  Does Science Education Research Provide a Road Map to
Show the Way Out of the Maze? ="' S

P
"

4.1  Introduction

In choosing the topic of this lecture, I have used two
metaphoric expressions “Maze and Road Map”. The first i.c.
“Maze” is purposively used to describe the phenomenon of students’
underachievement in science. This is because the situation of
underachievement, its existence and the factors that both prompt and
support its prevalence are complex, complicated, pervasive and
interwoven. The second, namely “Road map” is used to indicate that
there have been a great deal of research efforts including those by
this lecturer that are carried out towards ameliorating the nagging
problem of students’ underachievement in science.

No single lecture or presentation can claim to deal with the
issues comprehensively or exhaustively. I have thus chosen some
categories of factors that have been seen to play significant roles in
arousing and sustaining students’ underachievement in science and
the research efforts that attempt ta provide the way forward in the
circumstances. These are as follows: e
Teacher and student {actors
Gender - related factors S
Parents’ and Teachers’ factors R
Curriculum-related factors
Instructional Strategy-related factors.

Wwawt -

42 My Contributions to Research Efforts that Attempt to |
' Show the Way Out of the Maze . = ...

4.2.1 Teacher and Student Factors =" T e

The teacher and the central role that hc)'shc pldys in the
education industry is pertinently driven home by the declaration
contained in a position paper (NERDC, 1980) which observed
interalia that:

. teachers are the main determinants of quality in
education. If they are apathetic, uncommitted, uninspired,
lazy, unmotivated, anti-social, the whole nation is
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ii«, doomed. If they arc ignorant and impart  wrong
' knowledge, they become not only useless, but dangerous.
The kind of teachers trained and posted to schools may

well determine what the next generation may be.

Topics Difficulty in Chemistry: Students’ and Teachers’
Perception ' '

In this study, (Shaibu, 1988) investigated the level of
conceptual difficulty at which science students perceive/estimate
chemistry topics presented to them. The same topics were also
given 1o their teachers to estimate their respective conceptual
difficulty from the “Eye” of their students. ' '
... The sample comprised 150 chemistry students of the defunct
School of Basic Studies, Ahmadu Bello University. Average age of
the sample, which was obtained by simple random selection was 18
years. Data were collected using two instruments, namely students’
and teachers’ questionnaire each with reliability coefficient of r =
0.75 and 0.78 respectively. _ o
The results are shown in Tables 4.1(a) and 4.2(b). '

W
|

Table 4.1(a) Distribution of Students and Teachers’ Responses in %
Teachers Responses in Parenthesis.

S/N__ Topics Difficult  Moderate  Easy
1 Names of organic compounds 10.0(47) 28.0(246) 0620
(nomenclature): generally, the ~ :.: S {70.7)
IUPAC system : :
2 Structure of molecules: ; , 146{4.7) 454(41.3) 400
arrangemnent of atoms in molecules S (54.00
) leading ta the concept of structural o L
T Y jsomerism SRR I IS RIS &
3 Conformations of organic 253 - 304(349 443

molecules|: rotation about single C-  (18.8) {46.3)
C bonds, eg eclipsed and staggered e,
conformation is ethane ) ' '

4 * Functional groups: recognitionand  10.7 (94) 29.0 (24.3) 003

naming of functional groups, eg >C T (66.3)

= O carbonyl group, NH, amino . L o A

group - .
5 Atomic structure: electronic 5304y 40.7(363) 54.0

configuration of atoms underlying
an understanding of organic
reactions

(54.3)

Il
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6 Symbolisms, eg resonance, curved 253 93(41.3) 354

arrows. partial and full charges (18.8) {40.00

7 Bonding in organic molecutes: 300 248(37.07 452
electronic concept of covalent (18.8) : (44.2)

_ bonding, (Lewis theory)
'$ 1. Stereochemistry, eg hexagonal, 300 400383 300
#  trhangular and planar molecules- (23.5) (36.2)
‘9% Rules and principles, eg 160(9.4) 37.4(289) 40.6
w2 Markownikov's rule transition state (60.7)
S theory ,

10 Reaction of organic compounds,eg  30.0 480 (489 22.0
reactions of alcohols, hydrocarbons,  (23.5) {27.6)
amines, esters, ete

11 Named organic reactions, eg Wurtz 300 28.3(¢31.0) 417
reaction, Cannizzaro reaction, (23.5) {45.5)
Hofmann reaction '

12 Reuction mechanisms; description  4G.0 42.0(304) 180
of bond-breaking and bond-making  (42.3) R i (18.3)
processes involved in organic . T s ,
reactions T S B v

13 Organic synthetic pathways - - 45.3 '44.4(45.0) 103
interconversion of organic {37.6) :

(i7.4)
compounds, eg oxidation of .
alcohols to carboxylic acids;
reduction of carbonyl group to

© hydrocarbons .
" 14 - Energetics of organic reactions; 35.2 46.0(51.9) 188

explanation of energy profile of (28.5) (19.6)
terny organic reactions, eg the concepts o U el
of tree energy change (AG)
enthaphy change (AH), chemical

N equilibria (K) .

"15  Calculations involving organic = 20.0 45.0(35.9) 350

' compounds, eg caiculating (14.3) (49.8)
empirical and molecular formulae e, s

from numerical data
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Table 4.1(b): Barchart Distribution of Students’ and Teachers’
Responses '

ﬂﬂll -------------------------------

o A T S ——— — T f—— A —

———

o

R R R

R R A A SR

AR R L R ]

o ]
RN

RN

3

'
N
o
=~

topics

The results show, among other things that:

(i) The students found more than half of the topics conceptual
difficult {Table 4.1a)

(ii) The teachers tend 10 consistently underestimate the
conceptual difficultics experienced by their students (Table
4.1b).

(iii) The teachers tend to estimate the level of conceptual

- difficulties of the topics from a teaching, rather than from a
learning perspective.

A Chi-square test of the response distribution {x2 = 5.42)

showed that the students'fteachers’ perception disparity is

statistically significant (P < 0.05).

Educational Implications
A major implication of these findings for efficient teaching
and learning science and to mitigate stedents’ underachicvement in
science is that science teachers should develop the capability and
empathy to operate at similar or possibly the same conceptual
{requency with their students. Earlier studies. for example, Arzi et al
560
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(1984), and Bojezuk (1982) also showed that teachers in non —
Afvican scttings also have similar tendencies of not having enough
grasp of the conceptual difficulties that their students expetience in
the process of teaching and learning science,

Achicvement of Senior Secondary School Students in Savoy’s
Concepts as a Correlate of their Achievemnent in Balancing
Chemical Equations .
" Chemical equations can be described as symbolic and
quantitative representations of the changes that occur in the process
of chemical reactions based on the principle that matter is neither
created nor destroyed during chemical reactions. For example, the
chemical equation: xA+yB — pC+qD shows that A and B are the
reactants while C and D are the end products. Also x,y.p and q
represent the refative numbers of moles of reactants and products i.e.
the stoicheometric coefficicnts. Gy -

Swudies have shown that the ability required to write
chemical equations correcily is not a simple one (Suderji, 1983,
Savoy, 1988). Schmidt (1984) and Bello (1988) reported that
students’ persistent ditficultics in solving stoicheometric problems
arc partly associated with their inability to write chemical formulae
and present chemical equations correctly.

Savoy (1988) identified 8 concepts which he considered to
serve as the relevant subordinate concepls which underline the
understanding of and thus the ability 10 balance chemical equations

correctly. . , Co Y
They ure the following: - - "0 o A T RN RS
Wit e (1) Atoms and atomicity i it
(2) Molecules and molecular formulae v v
(3) Atomic structure and bonding B TN
{4) Valency I wah
(5) Use of brackets S O S
“ + (6) Radiculs L ey
et (7) Subscripts and coefficients e 0 ST ¥
e ot (8) Molar ratio R
R ST TP
A :
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N BALANCED FQUATION
MOLAR RATIO
. MOLECULAR FORMULA
| ! | _— ity
ATOMICITY BRACKETS SUBSCRIPTS TRERE L e
and " SRR
COEFFICIENTS R -
L l , C 0 VAENCY o
" RADICAL MOLECULE = *. = i S I
BONDING ELECTRON connisuaanou _
ACOTE I A N . L .
' . © . . ATOMICSTRUCTURE ' ‘
] 1. * . ' "
ATOM

Forolo-¥

Fig 1. Savoy’s Conceptual Hierarchy of Concepts needed to balance
chemical equations  ~ - sl e e 0 L
Source: Savoy (1988) e

Shaibu (2002) investigated sentor secondary school students’ (SS 1I)
achievements in Savoy's concepts and the relationship between
these and their achievements in balancing.chemical equations. The
sample, obtained through stratified random selection was 180
comprising 115 male and 65 female students. Their average
chronological age was 17 years. Two instruments were used for data
coliection. These were Chemical Concepts Achicvement Test
(CCAT and Chemical Equation Achievement Test (CEAT). While
CCAT measured the students’ achievement in Savoy’s identified 8
concepts CEAT measurcd their achievements in balancing chemical
equations that require the knowledge of the underlying Savoy's
concepts. Using the method of split — half, adjusted by the
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Spearman—Brown prophecy formula, the reability coefficient of
CCAT was found to be r = 0.82 while that of CEAT was r=0.78.
CCAT was rendered in the multiple choice (MC) format, comprising
30 ‘items while CEAT was in free - responses (F.R) format
comprising a total of 17 items. The data collecied were computer -
anal yzecl using the SPSS statistical package., . .

. B A S A TR T
RBSUItS Y TRETT I TOLTIN T T 11 .
_ * The results are shown in Tabies 4.2(a) - 4. 2(c)
Table 4.2(a) Students’ Achievement in Savoy's Chemical Concepts

.S/IN Chemical Concepts N No. of Subjects Scoring %
M, Wodd st B PR 30% ar above of the ST B
maxnmum score
1 Atoms and Maolecules 180 125 70.3
2 Atomicity 180 ‘90 ¢ 500
‘3 Valency R 180 . -eeo 700 L 388
4 S_UbS_CI'ipt ety 180 .. AT T ._'-55.,%'.'*;"'4 rye 1o 13006
.5 Brackets ,. . . . ,. 180 ..., . SO . .. 278
6  Coefficients |~ '~ 180 48 .0 250
7 Radicals U7 180 0 7 38 0 U193
' 8 MnlarRatio' o 180 300 S 16,6

Tablé 4.2(b) Students’ Achlevemem in Balancing thc Chemical

Equdtlons
Task - - - N No. that Achleved 40% or - %
above of the maximum score

Balancing of the given 180 18 _ 10.0
chemical Equation .

Table 4.2(c) Correlation Between Students’ Achievement in CCAT
and CEAT.,

Test N X Std r, r df p

) Dev S
CCAT 180 17.10 15.12

. 0.70¢* 049 178 0.035
CEAT 180 19.66 18.20
. *Slgmf' icant P < 0.05

Table 4.2(a) shows that out of the elght (8) concepts it was
only in two that 50% or more of the students scored up to 50% or
above of the maximum score. This is indicalive of students’ poor
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understanding of Savoy’s concepts which are basic and supportive
of the ability to balance chemical equations.

Hines (1990) also reported that secondary school students in
Botswana in South Africa had a low — level understanding of
Savoy's concepts. Additionally, Schmidt (1984) found that
sccondary school students in Germany had conceptual difficulties
with quantitative relationships in chemistry and this tended to affect
their achievement in balancing chemical equations.

Table 4.2(b) shows that only 18 students {10%) were able to
attain 40% or more of the maximum score given in the task of
balancing chemical equations they were given in the study. This
poor achievement tended to have logically derived from their poor
understanding of the underlying pre-requisite Savoy’s concepts as
indicated in Table 4.2(a).

Table 4.2(c) shows the Pearson’s Product Moment
Correlation coefficient between the students’ achievement in
Savoy's concepts and their achievement in balancing the chemicat
equations. The correlation, r = 0.70, indicates a strong and
significant relationship between understanding of Savoy’s concepts
and ability to balance chemical equations. Further analysis shows
that the coefficient of determination r° = 0.49. This shows that 49%
of the variance in the ability to balance chemical equations is
accounted for by students’ functional understanding of stipulated
Savoy’s concepis.

Findings

1. The students achieved properly in the tasks involving
Savoy's chemical Concepts.

2. The students also achieved pootly in the tasks involving
balancing of chemical equations,

3. There is statistically significant relationship between

achievement in Savoy’s chemical concepts and achievement
in balancing chemical equations.

4. Forty nine percent (49%) of the variance in balancing
chemical equations is accounted for by the students’
functional understanding of Savoy’s chemical concepts as
pre-requisite knowledge base.
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Implications for Education

The assumption, often made implicitly by science teachers
that students will along the line of instruction develop required skills
and ability to perform target tasks necds a re-examination as such
assumption is not supported by this cmpirical {inding.

Relationship between Conceptual Knowledge and Problem -
Solving Proficiency of Science Students: Pedagogic Implications

The development in students of the ability to solve problems
s major goal in science leaching and learning {Gagne, 1985). Two
types of knowledge havc been identified to underline problem —
solving proficiency. These are conceptual and procedural or
strategic knowledge. The former refers to knowledge of concepts,
faws and theories of 4 particular domain presented 10 students in the
course of mstruction while the latter refers to the knowledge of
general heuristics that underline the ability to solve problems using
acquired conceptual knowledge. Problem—solving facility is
enhanced where the structure and hferarchy of acquired conceptual
knowledge 1s both adequate and relevant.

Shaibu, (1992} investigated the relationship between science
students’ possession of conceptual knowledge and their ability to
utilize such to solve related problems. The theoretical framework of
the study was based on Ausubel’s (1968) theory of meaningful
learning. A major plank of the theory is that where students do not
possess requisite subsumers, they resort to learning by rote.

The structure and hierarchy of concepts (knowledge)
acquired in that way is found to be, often most unhelpful for
studenls to solve problems. The study atlempted to identify the
relationship if any between the conceptual knowledge of science
- students in Nigeria und their ability to solve problems based on such
knowledge as necessary pre-requisites. Specifically the study sought
to:

(a.)  find out if the students possessed the relevant conceptual
knowledge they were previously exposed to in their
coursse of instruction.

(b.) find out, bused on (a) above, f the students were
successful in solving the related problems.
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(w.) determiine the relationship, of any between  students’
conceptuad  knowledge  and  their problem-solving
proliciency.

The sumple which was obtained across the country (Nigeria)
through simple rundom sampling comprised a total of 190 science
students offering chemistry as one of their three main subjects. They
were selected from five schools of the defunct Schools of Basic
Studies equivalent 1o the current 883 secondury school students.
Two tests, multiple choice and frec-response formats (labeled tests
A and B respectively) were used to collect data. Test B was
structured on 1cst A, meaning that test B required the knowledge of
test A to solve the problems contained therein.

The maximum score obtainable in test A = 40 while the
maximum score for test B = 43 which depended on the total number
of opcrational steps required to solve the five problems. The data
collected were analyzed using the MINITAB statistical package.

Results
The results are shown in Table's 4.3(a)-4.3(1).
Table 4.3(a) Some Statistical Properties of Tests A und B
Statistical Properties  Test

A B
Sample size (N) 190 FO0
Sum of Scores (3'x) 3695 1643
Mean Score (X) 19.45 8.65
Std. Dev (s) 5.05 395

Test A (Max Score = 40) Test B (Max Score = 43)

Tables 4.3(h) and 4.3(¢). Fucility Indices of Items in Tests A uand B

respectively

Table 4.3(h) Facility Indices | Table 4.3c¢) IFacility
of Items in Test A Indices of Items in Test B
> (),50) 20 1 0.44
>0.30 049 15 2 0.41

3 0.52
<.30 035 4 0.70
Total 40 5
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Table 4.3 (¢) Comparison Between Students”™ Achievement in Tests
Aund B

Tests N X Sd Sitid  t-value df P
value

A 190 1945 5.09
B 190 865 395 047 2298 378  0.02

#*Significant at P < 0.05

Table 4.3 (d} Relationship Between ihe Students’  Acudemic
Achievement in Tests A and B

Tests N X Sd r r
A 190 19,45 5.05
B 190 8.05 3.95 0.45 .20

Table 4.3 (f) Simple Regression Analysis of the Students Scores in
Tests A al B

Tests N X Sd No % Coefficient
reaching reaching of
4 Predicted  predicted  Regression
' score seure

A 190 1945 5.05
j}] 19 Bo6S 395 8. 42.0 0.35

The following comprise the major tindings of the study:

{1} 'The students possessed most of the conceplual knowledge
required 1o solve the problems they were confronted with,

(in) The students were unsuceessiul in solving the problems. not
withstanding that they posscssed the relevant conceptual
knowledge. v

{itn)There is » weak connection between the stodents™ possession
of  conceptual  knowledge  and  their  problentsolving
proficiency. The vartance of the latcr accounted for by the
former 1s 20% only, '

Pedagogic Implication

The view, olten held by science teachers thut students woulkd
develop desired problem - solving shills and capabilities af only
exposed (o instructions inrelevane conceepiual knowledae should be
approached  cantiouslv, expecially  that such et professional
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assumption is found, from this study, not to be viable or tenable us a
meaningful instructional strategy.

A structured Text Approach to Remediating Difficult Concepts
in the Teaching and Learning of Science in Schools

Remediation of problem — solving difficulties is shown, from
litcrdature to have been undertaken by a number of approaches.
Examples include: -

(a) Specific teaching of problem - solving skills (Reif et al,
1986}

{b) Guidance and counseling method (Herron, 1984)

(c) Classroom interacttve approach (Adeyegbe, 1985)

(d) Structured text approach (Shaibu, 1998)

These are generally aimed towards promotion of students’
understanding of the difficult concepts. The assumption is that
improved understunding of science concepts enhances the ability 10
command knowledge (Ebel and Frisbic, 1986) which in turn brings
about proficiency in students’ problem-solving capabilities,

Shaibu (1998) investigated the efficacy of printed structured
text in remediating learning and problem - solving difficultics of
science students. It involved printed texts in modules (topics) each
addressing specific conceptual difficulties that have been previously
identified through application of diagnostic tests. The choice of Lhe
approach is based on such considerations as its, simplicity,
flexibility and adaptability. The study was based on the
constructivist paradigm. the thrust of which is that learners process
information verbal, symbolic or sensory in order to tind meaning,
explain natural phenomena and thus construct their knowledge
(Drive and Bell, 1986; Osbome and Wittrock, 1983). The immediate
implication of this model of learning for instruction in science is
that:

(a) the leamer is an active participant in the learning process
rather than a passive recipient of information or knowledge.
(b) it serves to explain, at least in part, sources of pre-
conceptions thut students bring (o science class, how
misconceptions develop and why they are sometimes
difficult 1o conrect.
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{c) it gives insight into how and why students often find some
science concepis difficult to understand and hence incapable
of applying them in appropriate situations.

The sample comprised a total of 50 science students of
senior secondary school (Year 1) Zarta Metropolis. Their averuge
chronologicul age was 16 ycars. The remedial package (i.c. the
printed structured text) which comprised ten topics were
administered to the sample, who had participated in an earlier
diagnostic study that showed they were deficient in dealing with
chemical problem-solving tasks they were previously cxposed to.
The conceptual difficulties thcy haboured were diagnosed using
paper — and — pencil tests and also from analysis of protocols
collected from the students. The remedial treatment lasted 5 weeks
i.e. two topics of the remedial package per week. The design of the
study was quasi-experimental involving pre-posttest/maiched group
design.

Results

Table 4.4(a) Some Statistical Properties of the Resuits

Variables Pretest Paosttest

EG CG EG CG
Sample Size (N) 25 25 25 25
Sur of Scores (F.X) 219.00 231.00 409.00 261.00
Mean Score (X) B.76G 9.24 16.36 10.44
Standard Deviation (Sd) 4,10 328 6.78 4.74

Table 4.4 (b) Comparison of the Pre and Post test Scores of the
Experimental and Control Groups

Pretest _I'ost test
Variables X ~—5d X sd SEd t-value ar P-

value

EG 8.7 678 16.36 6.50

cG 924 4.44 10.43 420 1108 3.46+% 48 0.01

SEd 1.02 1.67

t-value (0.94+4 3.55% *Sigrificant al P < 0.05

df 48 : 48 (Between Groups Comparison)

P-value .13 0.03

* Significant at P < 0.05 (EG vs EG)
*# Not Significant at P < 0.05 (CG vs CQ)
{Within Groups Comparisorn)
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Findings

ta) The Acudemic achievement ol both the experimental group
(1:(h) and the control group (CG)Y generadly improved from
pre -1 post (est.,

(M) The academic achievement of the EG o the postiest level
using within-group comparison, was found o be statistically
significant e P2 0.05 and di = 48 while that of the CG under
the same conditions was found not 10 be  statistically
qgnilicant, U should be noted that both  groups  were
cquivalent beiore the treatment intervention,

{¢) The posttest academic achievement of the EG was found 10
be sttistically superior o their achievement at the pretest
level while Tor the CG. their academic achievement at the
posttest level (though impraved) was not statistically higher
than that of thetr pretest.

[Implications of the findings for lkducation (Teaching and
learning)

The totality of the findings (4-c) strongly suggest thit scicnce
students™ conceptual ditheulty that often manifest as obscrvable
underachievements can be remediated 10 a tolerible {evel il the
appropriate  psycho-social,  protesstonal  expertise  and  1eacher-
motivation are m place.

4,2.2 Gender-related  lactors  in Students” Academic
Achievement

Introduction

There we many studies reported in hterature which show that
gender, as a reality of life wid gender—related differences as
variables have exerled significant influence on teaching and lewming
ol science, and thus academie achievement i science. While the
concept of sex and gender end generalty to be used interchangeably,
they do not refer to the same thing, For examiple, while sex refers (o
the fact of being either male or female in a biological sense. gender
refers to qualities of masculinity or femimty which e most ofen
used within traditional or culturat contexts,

Studies 1n science education have shown that gender issues
and practices tended to have negmvely affected the female students
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in terms of access, participation and achievement in science, Okeke
(2000) rcported that females are under-represented, indirectiy made
to lose interest and thus underachieve in science. Two major
categories of Tactors have been fingered 1o be at play, namely out-ol-
school and within - school factors. Out of school factors include
methods of upbringing that tend to make females feel their role is in
the kitchen and that they are to be seen and not heard. Within-
school fuctors include the loljowing:

(a) Public perception_of science which, wilty-nilly portrays
science as a masculine discipline dominated by the male
human kind.

(b)) Gender bius in curricular materials: In most instances when
examples/itlustrutions are given in text books il's mostly
men that are used. (Erinosho, 1997). Other studies oulside
Nigeria indicate similar trends. for example (Biachini, 1993).

{c) Science leaching strategies: Studies, for example Njoku
(20006) have shown that both the overt and covert pedagogic
behaviour of teachers tend to fuvour the boys more often,
than the girls. The general effect of these is to dampen the
interest of girls and possibly decrease their academic
potentials and altimately ther achievement; and that removal
of gender biases in science curriculum and instruction helps
to improve academic achievement of girls. [t wus within this
theoretical Tamework that Shabu and Mari  (1997)
investigated gender-related differcnces of junior sccondary
school students’ understanding of science process skills.

The Study was entitled Gender-related Differences in the
Understanding of Science Process SKkills Amongst Junior
Secondary School Students

Science process skills are mtellectual tools together with
lcarned capability that scientists use as sell-management procedure
in carrying oul their scientific activities (Gagne, 1986). During the
last two decades or so, science educators have advocated that the
processes of science should be 1aught as integral part of the science
curriculum. They have argued that acquisition of science process—
skills should be a major poal of science education. It has been found
that the use of science proeess - skills as an instructional strategy is
viable and help to improve academic achievement (Awodi, 1984),
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Campbell (1979) identified two aspects of science process
skills which are called the basic science process skills and integrated
science process skills. These are listed below:

Basic Science Process Skills:

a) Observing

b) Classifying

¢) Inferring

d) Measuring

e) Communicating
f) Predicting

Integrated Science Process Skills:

a) Making operational definitions

b) Formulating questions and hypotheses
¢) Experimenting

d) Interpreting Data

e)

f} Formulating models and predictions.

Two instruments were used for data collection. Thesc arc the
Inventory of Science Processes (IOSP) and the Test of Practicals
Skills (TOPS). While IOSP was used to measure the subjects’
understanding (achievement) in science process skills, TOPS was
used to measure their ability to use the science process skills they
possessed to solve given problems which rely on the understanding
of science process skills. The two instruments IOSP and TOPS have
reliability coefficients of 0.84 and 0.78 respectively. IOSP was
adapted from Nuy (1987) while TOPS was designed by the
researchers.

The nine science process skills tested during the study are as
follows:

a) Observing
b) Measuring
¢) Classifying
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d) Formulating hypotheses

e} Experimenting

f) Interpreting data

g) Communicating information
h) Making inferences

1) Predicling

The population comprised junior secondary school students,
classes | — 3 In Zaria and Sabon Gari Local Government Arcas of
Kaduna State. A total of 5 co-educational, 3 male and 3 female
school were selected purposively. Stratified random sampling was
used to select sumples from the co-educational schools, while simple
random sampling was used to obtain samples from the single — sex
schools. A total of 30 students (10 from J8S I, 2 & 3 cach) were
selected from each of the 11 schools to give a total of 330) sample
size. Their average chronological age was 13.5 years. The two
instruments werc administered 10 the subjects through face-to-face
contact by the researchers. The data collected was analyzed using
the Staustical Package for Social Sciences (SPSS) software. The
study sought to find out;

(a) the level of understanding of science process skills amongst
male and femalc students i the population covered by the
study.

(b} if junior secondary school boys and girls exposed to NISP
curricutum differ significantly in their understanding of
science process skills.

{c) if junior secondary school boys and girls exposed 10 NISP
curriculum differ significantly in their ability to use their
understanding (knowledge) of science process skills to solve
related problems in science. -

Results
The results obtained are shown in Tables 4.5 (a) — 4.5

Tabhle 4.5 (a). Some Statistical Properties of IOSP Scores

Variables J8S 1 JsS 11 JSS I
N 110 110 110
Range (%) 8 -350 8§-060 23-69
Mean Score (X) 294 - 30.60 3R.10
Sid Dev. 10.20 £.50 8.30

Table 4.5 (b). Some Statistical Properties of TOPS Scores
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Variahles JSS 1 JSS It JSS HI
N 30 36 36
Range (9%) O 3 10-29 5-44
Mean  Score 15,30 18.40 26.30
(X)

Std Dev. 5.60 4.80 3.70

Table 4.5 (¢) t-test Analysis of Mule and Female Mean Scores in
JOSP
Variables N X SD df t- P
value

Male 185  30.50  10.50

Female 145 3380 930 328 3.71% 0.024
* significant at P < 0.05
Note Mux. Score = 70

Table 4.5 (d) t-test Analysis of Muale and Female Means Scores in
TOPS

Variables N X SD df  tvalue P

Made 6S 1940 7.30

_Femule 43 2060 860 106 0.59 (.56
t-value 1s not significant at P <0.05

Note: Muax. Score = 60, and o wotul of 108 subjects out ol 330,
randomly selected were used in this phuse that involved practical
activities.

Findings
The following comprise the major findings from this study:

(1) The students (hoth male and female) possessed low |evel
understanding of science process skills as can be seen from
their mean scores in JOSP (Table 4.5(a)

(ii) The female students had a significantly higher understanding
ol science process skills compared to their male counterparts
{Table 4.5(¢H)

(ili Junior Sccondary School male and female students exposed
to  science  curriculom  material (NISP) do not  difter
signiticantly in their ability to use possessed knowledge of
science process skills 1o solve related problems.
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Implications {or Pedagogy
(1) The higher uchievement of the girls over the boys in the

Inventory of Science Provesses test may be due 10 social and
cultural influences which tend to make girls 1o be more
careful, more observant, and afso to make use of their eyes
and ecars (and fess of ther fips) m comparison 1o boys.
Science teachers need (o bring these sort of gender-related
characteristics  on board  their  instructional  plan  and
behiaviour. ' ' ' S

= (i) Even though the female students had better understanding of

: the science process skills (Takle 4.5(c) they were unable to
use such kaowledge to solve refated problemns and thus gain
similar superiority over their mule counterparts as was the
case 1n JOSP. This portrays existence of weak connection
between declarative and strategic knowledge of the students,
Science teachers need to take appropriale pedagogic steps Lo
close such undesirable gap between students’ declarative and
stratogic_knowledge, This calis for paticnee, experience and
expertise on the part of science teachers.

(tiYThe generally - held ommibus notion that boys achicve

beter than girls in science needs u re-appraisal, at lcast for
purposes of padagogy. S

4.2.3 Parents' .nd Teachers Motivational Factors

Introduction

Studics have shown that purents’ motivational support for
their children/fwards constitule a4 vital category of motivational
factors in studenis’ lcaming of science, For cxample, Igwue (1990)
found (tom his studics carried out in Kano State that the background
of parents, in terms of sociul, cconomic and cultural settings have
substantial influcnce  on  the motivational level of  their
children/wards. Studies have also shown that science teachers serve
as verituble source of motivation for their students (Skinner und
Belmont, 1993). They reported that teachers” motivational support
help 10 foster the fulfillment of some basic psychological needs of
the students.

[l was against this theoretical buckground that Shaibu and
lrocgliue (2003) carricd out a siady entitled: A Study of the
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Relationship Between Parents’ and Teachers’ Motivational
Support and Secondary School Students’ Achievement in
Science. The study investigated the interaction, if any between
parents” motivational support for their children/wards and the
academic achicvement of the latter. It also investigated the
relationship, if any beiween science teachers’ motivational support
for their students and (he academic achievement of such students in
science. Two rclated null hypotheses were stated and tested.

A total of 360 senior secondary school 1T scicnce students,
obtained through simple random sampling comprised the subjects of
the study. They comprised 210 boys and 150 girls drawn from three
educational zones, namcly, Abia, Afikpo and Umuhia educational
zoncs in Abia State. Their average chronological age wus 17 years,
Two structured likert — type questionnaire constituted the
instruments used for data coilection. The reliability coefficient of the
instruments, obtained through split-hall method and adjusted by the
Spearman -~ Brown prophecy formula were 075 and (.78
respectively. The questionnaire were administered by the researchers
to the subjects in their respective schools via face-to-face contact for
all the threc basic science subjects, Biology, Chemistry and Physics.

Results
The results from the study are shown in Tables 4.6(a) and

4.6.(b).

Table 4.6.(a) Coirelation Between Parents’ Motivational Support
and Students’ (their children) Academic Achicvement in Science

Subject N r r r df P
S/N (critical)

1. Biology 350 042 0.18 0.12 348 0.022
2. Chemistry 350 044 0.19 0.12 348 0.024
3. Physics 350 040 0.6 0.10 348  0.020

Tahle 4.6(b) Conrclation Between Teachers Motivational Support
and their Swudents’ Academic Achievement in Science

S/N  Subject N roor r aft P
(critical)
1. Biology 350 045 020 0.12 348  0.024
2. Chemistry 350 046 0.21 0.14 348  0.024
3. Physics 350 048 0.23 0.15 348 0.026

1 is +vely corrclated and significant at P < 0.05
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Findings
The results show that:

(i) there is positive and significant correlation between parents’
motivational support for their children/wards and the
academic achievement of the latter in science.

(1) there is positive and significant correlation between teachers’
motivational support for their students and the academic
achieverment of the students.

(iii)the coefficient of determination (t") indicates that the
variance in academic achievement accounted for by parents’
motivational support ranges between 16% - 18% while those
for teachers motivational support ranges from 20% - 23% in
the three subjects under study. :

Implications for Teaching and Learning of Science

(i) Students’ academic achievement in science is influenced not
only by factors prevalent in the school but also by the social
and cultural home fuctors.

(i1) Science teachers should be sentive and receptive to socio-
cuitural backgrounds of their students and blend same to the
process of teaching and learning as a way forward to
improve academic achievement of their students in science.

4.2.4 Curriculum — Related Factors

Curriculum, both as a terrminology and 4s a concept
especially, is most often misunderstood and also misconstrued even
by those within the education industry. It has been defined variously
by many authors and scholars. A few examplc here will suffice.
Onwuka (1981) defined curriculum as the process of determining
and pursuing set social objectives through the instrumentality of the
school. Tanner and Tanner (1985) defined it as the planned and
guided leamning experiences and intended outcomes formulated
through the systemic and systcmatic construction of knowledge
under the auspices of the school for learners continous and
meuningful growth in personal, social and vocational competencies.
Ben-Yunusa (2002) opined that curriculum is both the essence and
product of the distilied thinking of the society.

Shaibu (2014) observed that he science curriculum in
Nigerian schools are deficient philosophically and thus handicapped
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i helping o point the way forward for leamers  academic
achievement und henee {or national development. It was within this
contextual background thit Shaibu and Bichi (2003) investigated the
efficacy of two models ol curriculum puckages with respect o their
potency in promoting students’ acadenmic achievement in science.
The study is entitled Effect of Historically — Enriched Curriculum
on Scicnce Students’ Academic Achievement in  Evolution
Concepts in Nigerian Secondary School. It focused on the
concept of cvolution as one typical exarple of the science concepts
that students often find difficult to understand and thus achicve
poorly. The aim was to compare the relative effectiveness of the
conventional biology curriculum with the historically — enriched one
and to find out which of them would help to promote students”
acadenitic achievement in biology. Scholars, for example, Anderson,
(1990) and Jensen and Finley (1995) reported the relative efficiacy of
an historically — cariched curricuium, and showed (hat 11 was
moderately effective in enhancing students™ academic achicvement
in the area of Darwiniun evelution concepts. Furthennore, Jensen
and Finlcy (1996) postulated that the instructional use of historically
— enriched curriculum is based on the premise that its use meets the
pedagogic reguirements for conceplual change among scicnce
students und conscquently enhanced their understunding and thus
promoting academic achievement.

The focus of the study was 0 find out i historicaily ~
cnriched curriculum would prove superior or otherwise over the
conventional biology cumriculum that huave been gencrally in use,
The population compriscd SSS 3 biology students from Giwa
Education Zone. A total of 104 of the students were obtained by
simple random selection from the total 868 students. "The quasi
experimental design involving the matched group. pre-postiest
approach was used. The expertmental and control groups. compriscd
52 subjects cach. The experimental group (EG) comprising 30 muaic
and 22 female students, was treated with the historically - enriched
curriculum while the control group (CG) comprising 34 ntules and
18 females stadents, was taught vsing the conventional curricalum.
The treatment lasted six weeks of 2 hours instruction cuch day of the
workmg week. Both groups were posttested at the end of the
treatment period, using the Evolution Concept Test (ECT) as the
muin instrument (r = 0.72). Data collected was computer  analyzed
using the SPSS software.
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The Results
The results obtained are presented in Tables 4.7(a) and
4.7(h).
Table 4.7(a) t-Test Analysis of the Pretest Mcan Scores of the
Experimenta! and Control Groups
Groups N X SD  tvalue  df P
EG 52 12,16 3.55

L.07% 102 0.49
CG 52 11.72 3.04

1 — not significant at p < 0.05

Table 4.7(b). (-Test Analysis of the Postiest Mean Scores of the
Experimental and Control Groups
Groups N X SD  t-value df P
EG 32 18.55  6.70

CG 52 1416 476
* Significant at P < 0.05

3.22* 102 0.01

Findings
The following constitute some of the major findings from the
study:

1. The subjects in the cxperimental group i.e. the group that
wus exposed (o the historically- emriched curriculum
achieved significantly higher than their counterpart in the
control group. o

The historical lhinks und additives blended into the

historically ~ enriched curriculum tended to humanize

science teaching and helped the subjects exposed to it (EG)
to achieve higher.

3. The humanization flavour blended into the historically —
enrichcd curmculum tended o have positively affected
conceptual and hchavioural disposition of the subjects
exposed to it (EG) in a manner that they saw the science
concepts taught more as human ideas and human enterprise
which can be mcaningfully and successfully engaged in hy
human beings like them.

-2
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4. The blending of relevant science history into the cutrriculum

tended to have minimized, it not totally remove the usual
mystification and sacrosanct perception of science by science
students, thus enhancing positive engagement  that
consequently resulted in improved academic achievement.

Pedagogic Implications

1.

The humanistic model of science education, which conceives
of, and presents science as a human activity constructed by
human mind, and engaged in by human kind paves a way
forward for effective instructional strategies in science and
consequently improved academic achievement by the
students exposed to such mode of instruction.

The hypothetico - deductive puaradigm of science which
places emphasis on the role of subjective conjectures as a
basis for deriving testable scientific hypotheses has its
foundation in the hurmnanistic paradigm of science and is
viable for enhancing academic achicvement of students in
scicnee,

The constructivist model of science educational practice
which stipulates that knowledge is not transferred from one
head to another, but rather that individuals actively make
meaning of external stimuli and thus construct their own
knowledge 1s equally founded on the humanistic principies
of science teaching and learning. Science teachers at all
educational levels need to be acquainted with thesc and
explorc them to maximally enhance the academic
achievements of their students.

4.2.5 Instructional Strategy — Related Factors

It has been reported in literature that the manner in which

science subjects are taught in schools requires the mujority of
science teachers 1o usc the traditional, talk — and — chalk method of
teaching (Shaibu and Mari, 2003, Usman, 2000). The findings [rom
these studies showed, for example that most science teachers do not
encourage students’ active participation in the teaching/learming
process. Lack of such active parhicipation of students has been
identified as one of the mujor factors responsible for poor acudemic
achievement of students in science subjects. This was found to have
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reflected in students’ low academic achievement in the Senior
School Certificate Examinations (SSCE) year after year. 1t is within
the context of this that an investigation was carried out by Shaibu
and Usman (2002) to identify possible instructional strategy that
might be helplul in the scarch for students’™ improved academic
achievement in science. [t was entitled:

The Effects of NISTEP Mode of Teaching on Junior Secondary
School Students® Academic Achievement in Integrated Science

NISTEP is an acronym which stands for Nigerian Integrated
Science Teacher — Education Project. Tts teaching approach derives
from the psychological principle that students learn better through
active participation in the teaching learning process that might ofien
involve exposure (o activity — based methods (Kempa, 1986). Goals
of integrated scicnce teaching is to deveclop in the learners the
following skills:

(i) Active mvolvement in the teaching/learning process

(i1) Ability to learn with some degree of independent mind
(iii) Recall of information for use in relevant contlexts o
(iv) Devising of cognitive schemes for solving problems

(v} Classilying and using information flexibly

(vi) Interpreting data appropriately

(vii}Communicating results/findings effectively.

The population of the study comprised fifteen junior
secondary schools located within Sabon Gari Local Government
Area of Kaduna State. A total of two co-educational schools werc
purposively selected from the population and 100 students were
randomly selected from the two schools i.e. 50 students from cach
school. Through the process of simple random sclection one of the
schools was used as the experimental group while the other was
used as the control. Two topics — feeding in plants and energy
conversion were usced for trcatment which lasted six wecks. The
experimental  and  control  groups were  matched  before the
experiment. The instrument used for data collection was the
Integrated Science Achievement Test (ISAT) which was adapted
from Iyang (1988). The reliability coefficient was re-calculated and
found to be 0.86. The NISTEP method of tcaching (Appendix 1)
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was used as instructional strategy for the experimental group (EG)
while the traditional lecture method was used in the control group
(CQ) to teach the same topics as the experimental group. At the end
of six weeks of trealment a posttest was administered to both
groups. The data collected was computer — analyzed using the SPSS
software.,

Results
The results obtained from the study are shown in Tables
4 8(a) and 4.8(b).

Table 4.8(a). Comparison of the Pretest Mean Scores of the
Experimental and Control Groups
Groups N X SD  tvalue df P
EG 50 8.20 3.50

CG 50 6.02 3.10
Not significant at P < 0.05

1.20 98 042

Table 4.8(b). Comparison of the Postest Mean Scores of the
Experimental and Control Groups
Groups N X SD t-value P
EG 50 15.01 3.90

CG 50 7.85 4.02
* Significant at P < 0.05

11.78% 0.01

Findings .
The following comprise the major findings from the study:

(i) The difference in the pretest mean scores of the subjects in
the experimental and control groups was not significant
statistically, mcaning they were - academically equivalent
before the treatment intervention.

(ii) The academic achievement of the subjects in the
experimental group was statistically superior to their
counterparts in the control group. This cun only be
attributable to the use of the NITEP method of teaching
which seemed to have proved more effective than the
traditional lecture method used for the control group.
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(iii)Exposure of science students to learner — centered and
activity — based mstructional strategies have viable potentials
for improving the d.(.,ddel'l'llC dchlcvemcnt of btudems in
science. :

Implications for Pedagogy
(i) The basic professional skills and expertise for engaging in
the use of learner — centered instructional approach should
begin to receive adequate attention.
(u) The re-appraisal of scicnce curriculum and pedagogic skills
for cffective activity — based instructional approach should
receive the needed emphasis al all levels of education.

5.0  Discernible Road Maps from Science Education
Research Studies
The following comprise some of the major signposts that
have been identified from this lecture and which constitute potential
and veritable road maps to help navigate us out of the maze of
students” underachievement in science.
a. Science Teachers’ Professional Skills
Teachers™ professional skills (o operate at the samc or at
least, similar conceptual levels with their students in the
- business of teaching and learning science in order 1o reduce
~ students’ conceptual bottlenecks is vutal (study on Top1c
_ difficulties: 4.2.1(a)) 3
b. Science Teachers’ Expertise to perform conceptual task-
analysis
Teachers’ expertise to perform conceptual task-analysis of
the subject matter they teach logically itn order to guide
teaching sequence from the known (o the unknown is needed
more than ever before to promote meaningful leaning |
{Students’ Achievement in Savoy's concepts: 4.2.1(b))
" ¢ Existence of gap between science students’ conceptual
" and strategic knowledge
The existence of a wide gap ‘between science students’
conceptual knowledge and their problem solving proficiency
calls for urgent altention of science teachers and curticulum
planners in order to minimize significantly students’
academic underachicvement in science (Relationship
583
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between conceptual  knowledge and problcm-solving
proficiency... 4.2.1 (¢)}

Remediation of Difficult Concepts

Science students’ conceptual difficulties that often manifest
as observable under-achievement can be remediated by the
teacher to a tolerable level if appropriate psycho-social,
professional, pedagogic expertise and teacher motivation arc
in place. (Structured text approach to remediating difficult
concepts 4.2.1 (d))

Gendew-related Differences

Gender-related differences, e.g societal expectations, cultural
values and sex rolc stereotyping often have negative effects
on science students’ academic achievement (Gender-related
differences... 4.2.2})

Pavemtw’ and Teachers’ Motivational Support

Parents’ and also teachers’ motivational support for their
children and their students respectively are direct functions
of students’ academic achievement in science {Parental and
Teachers’ motivational support: 4.2.3)

Philosophical and  Psychological Orientation of
Curriculum Materials

The philosophical and psychological assumptions that guide
the design of science curriculum matcrials can either
promote or hinder students’ academic achievements in
science (Effects of historically-enriched curriculum... 4.2.4)

Effectiveness of Teacher - Training Programmes

The kind and cffectiveness of teacher-training programmes
designed and implemented at all levels of education have
direct influence on science students’ academic achievement.
Instructional Models used by Science Teachers

The cooperative and humanistic models of science teaching
and learning have laudable potentials for improving students’
academic achievement in science.
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6.0 Conclusion and Recommendations

6.1 Conclusions

a.

Students’ underachicvement in  science cannot be
accounted for by a simple or single factor, but a
multiplicity of complex interrelated factors,

Some of the categortes of factors that militate against
students’” academic achicvement in science include the
following:

Teacher factors

Students factors

Societal factors

Curriculum-related factors

Cultural and belief factors

Gender-related factors

Political, Economic and national value system factors

The teaching and learning of science as a set of dogmas
rather than a set of human activities designed by humun
mind to explore naturai phenomena has negative effects
on students’ academic achicvement in science,
The tacit societal endorsement of greed, graft and avarice
that have bred and sustained debilitating corruption,
thereby focusing our attention on materialism and

. diverting same away from hardwork and commensurate

investment on education by private individuals,
organizattons and more tmportantly various tiers of
government is 4 major source and cause of students’
patent underachievement in science.

6.2 Recommendations

The teaching and learning of science should put greater
premium on the humanistic model of instruction as this has
potential for promoting students’ academic achievement.
The national policy statement underlying the philosophical
objectives of our educational system at all levels needs to be
revised and refined 10 make it more pragmatic in 4 manner

585



Compendim of ABU 2014 angnral Lectnies

that is both practically tmplementable and empirically
amenible (or evaluation.

There is a great and urgent need (o impreve on the quality,
effcctiveness and flexibility of our teucher training systems
at all educational levels thereby enhancing the professional
skills and cxperlise of science leuchers who are the key
players in the search for 1improving students’
underachievement in scicnce.

The situation in which leachers at all educational levels arc
construined to “fight” for their professional rights and
conducive working conditions, using available and legitimate
labour tools is extremely inimical to teachers’ motivation
and ultimately students’ academic achievement in science.
The Federal Government and other ticrs of Government
should as a matter of prionty take necessary steps to provide
the appropriate recognition, respect, conducive psycho-social
atmosphere  and  patently commensurate and enhanced
service conditions and reward mechanisihs for teachers at all
educational  levels to  stem  the tide of students’
underachievement in science

The hypothetico-deductive paradigm of science teaching and
learning which also derive from humanistic principles should
be given greater emphasis especially in its application for
cooperative learning of sctence as opposed to competitive
learning strategy.
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