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ABSTRACT

Studies have shown that in the study of Chemstry,
students percei ved bondi ng, chem cal reaction and particul ate
nature of matter to be difficult. This is reflected in poor
performance in tests involving these concepts. It seens that
the Federal Mnistry of Education, recomended instructiona
strategy, guided discovery is not yielding the desired
result. Considering the inportance of Chemstry to nman and
his environnent, there is the need to inquire into ways of

ensuring that students make neaning of what they learn in

chem stry.

Sci ence educators now advocate for i nstructional
strategies |like concept mapping that enable students
construct neaning of what they learn. In this study the

ef fectiveness of concept nmapping strategy in bringing about
under st andi ng of chem stry concepts is conpared with that of
gui ded discovery. The effects of the study instructional
strat egi es on sone vari abl es (gender, hone factors, reasoning
ability, readi ng conpr ehensi on and attitude) wer e

I nvesti gat ed.

The study sanple consisted of 246 (SSI) chem stry
students drawn from 3 randomy selected secondary schools in
Ni ger State of N geria. The students were assigned into two
groups - concept-mappi ng and gui ded di scovery. The concept-

mappi ng group was taught using concept mapping strategy and

(vi)



the guided discovery group taught wusing guided discovery

strategy. Both groups were pre- and post tested. Eight

hypot heses were tested. The maj or instrunments for the study
were Chemstry Attitude Questionnaire, Home  Factor

Questionnaire, Chem stry Concept Achievenent Test, Reasoning

Ability Test and Reading Conmprehension Test. The data

obt ai ned were analysed and tested at a significant |evel of

0.05. Findings of this study are:

i that the concept napping group perfornmed significantly
better and retained nore of the selected chemstry
concepts than the guided discovery group,

ii. there was no significant difference in the performnce
of boys and girls taught using concept mappi ng and gui ded
di scovery strategies. However there was a significant
interaction effect between gender and instructional
strategy attributable to concept nmapping strategy,

iii. there was no significant relationship between any of the
honme factors and performance in chem stry.

Iv. that concept mapping strategy inproved reasoning
ability, reading conprehension and students attitude to
chem stry,

V. t hat reading conprehension and reasoning ability
contributed to students performance when concept mapping
strategy was used.

Based on these findings, reconmmendations were nade for

t eacher education and the curricul um

(vii)
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DEFINITION QF TFERMS

CONCEPTS:
Are perceived regularities in events or objects
designated by some label. It could also be described as

mental constructs we have of words. For example, An

Atom.

CONCEPTION:

Is the process of mental construction of the world which
facilitates understanding.'

PRECONCEPTIONS:

These are meanings/notions or conceptions students
have formed about the physical world before instruction
which they bring to class. These pre-conceptions could
or could not be in line with scientific way of thinking.
Preconceptions have been labelled:

"jincorrect conceptions” (Driver and Easley, 1978}.
"prior conceptual framework" (Osborne and  Gilbert,
1980) .

or "misconceptions"” (Helm, 1980; Nachtigall, 1986).
Recently, all these terms have horn replaced by
"pre-scientific conceptions'".

COGNTTION:

It is a mental process by which kir '~dge is generated.
CONCEPT MAP:
It is a map intended to represent meaningful

(xv)




3

relationships between concepts in the form of
propositions.

CONCFPT MAPPING STRATEGY:

It is an instructional strateqgy for ordering and linking
perceived reqularities in events/objects/concepts in such
a way that meaning is achieved,

CONCEPT FRAMEWORK:

Is a pattern of mental representation of information.

RETENTION:

Ability of memory to store information.

PROPOSITION:

Is the meaningful relationships between concepts
indicated by connecting lines and linking words. Two or
more concepts linked together by words create a

propesition.

MEANINGFUL LEARNING:

Learning that results when new Kknowledge is applied to
other situations to arrive at a correct solution.

CHEMICAT, REACTION:

It involves a change in the chemical identity of matter,
resulting from the re-arrangement of atons present in the
original kind of matter to give rey combinations
present in the final kind of matter.

UNDERSTANDING :

The process of understanding is cha...terized by seeing
relations between observed event and existing knowledge.

(xvi)



The ability to perform correctly most of the

intellectual task is taken as evidence that a student
understands a concept.

COMMUNICATION

Is a process used to give meaning to signal
received.

REASONING ABILITY:
Ability to generate logical relationship among evidences
or concepts. It is determined by a student’s total score
in the non-verbal reasoning ability test.

PERFORMANCE:

Has to do with how well an individual is able to

demonstrate desired ability (in an educational concept).

(xvii)



CHAPTER 1

In the early fifties, educators were concerned with
getting knowledge into the heads of their students and
educational researchers were concerned with finding better
ways of ‘imparting’ or transmitting this knowledge to
students. The students were told what they needed to know.
They were seen as empty-headed and played an intellectually
passive role. The teachers did not regard students pre-
existing ideas as important. Teachers’ view rarely focused
on the issue of ‘how students learn’ (Scott, Dyson and
Gater, 1988). The teacher, for instance, might ask "why do
things fall" but may not attach meaning to students argument
about the ‘role of air’. Science was therefore presented as
a catalogue of ‘facts’, Evaluation of learning emphasised
summative assessments on whether knowledge had been
transmitted or not.

At the time educators were getting concerned about the
‘transmission mode’ of teaching, Sputnik of 1957 acted as a
catalyst for the reformation of instruction in the United
States (U.S.). This later spread worldwide. During this
(Golden Age of) curriculum development (1960’s - early

1970’s), the rationale for science teaching shifted to the



2
discovery approach, The instructjonal change brought about
during the Golden Age, undoubtedly increased scope of
science in schools.

In pursuance of this new teaching method in Nigeria,
the Federal Ministry of Education (FME) adopted the use of
the guided discovery strategy. This strategy is strongly
recommended in the National Science Curricula for Senior
Secondary Schools. The strategy isg activity oriented and
involves discussion, experimentation and practical
demonstration. The students are guided by the materials and
teachers to discover science concepts. Pre-service and In-
service training programmes were mounted for science
teachers to acquaint them with the ﬁew strategy. The
attributes of the guided discovery as stated by Welch et al
(1987) are:

i, accurate observation alone provided a secure base from
which knowledge could be derived.

ii. science concepts would be learnt by becoming good
observers.

iii. concept formation could flow from unbiased observation

alone.

The difficulty of the strategy was on this basis under-
estimated. However Novak (1987) stated that scientific
concepts are imaginative constructs of the human mind and
cannot simply be induced from mere observation. Also the

necessity of a prior ‘conceptual framework'’ before one could



3
‘discover’ anyuiiing at all was not accounted for. Although
students became more ‘active’ In the sense that they were
spending more time in the 1laboratory <carrying out
observations, they were not considered to be active in the
sense of actively constructing knowledge, (Cleminson, 1930).
Morecver, it would be difficult to identify significant
changes in learning that resulted from guided discovery
teaching strateqgy, despite the huge amount of money expended
on curriculum (Babikian, 1971; Bajah, 1986; Lott, 1983;
Pankratius, 1990; Obi, 1992; Watt, 1938). Within a few
years, the novelty of the new strategy waned, teachers
perceived a gap between the noble aims of curriculum and
the re;alities of their implementation at the classroom
level. It is now recognized that the major efforts made to
improve secondary school science education has fallen short
of expectation (Stakes and Easley, 1978; Finocchario, 1980;
Okebukola & Jegede, 1989; STAN, 1992).
Novak (1987) suggested that a fundamental reason for
the failure of the curriculum development of the 70’s was a
failure to distinguish between a teaching approach and a
learning approach. According to Novak, learning is not mere
accumulation of knowledge but an active process in which
the learner is engaged in constructing (not discovering) or
generating concept to account for novel phenomena.
There 1is therefore obvious disparity between what

science educators would like to see happening in the
N '-':i

“m‘ :q'.l'

I

L]
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classroom and what is actually happening (Bozimo, 1982;

Driver and 0ldham, 1985; Von Glaserfeld, 1983; Jegede, 1982;

1990; Jegede and Okebukcla, 1988; 1989; Ogunniyl, 1988; and

Okehukola, 1990). The result is a wide spread call for ways

of reforr’'.g science education. Some other problems that

influenceu and prompted the reform movement in science
education were:

a. An increase in students’ aversion towards key science
concepts leading to growth of literature on the
following topic difficulties:

i. Stoichiometry: (Abayomi, 1985; Bello, 1988;
Camacho and Good, 1986; Enoch ad Gabel, 1984;
Frank and Herron, 1987; Frazer and Sleet, 1984;
Greenbowe, 1983; Pearson, 1989; Schmidt, 1984;

Tingle and Good, 1990).

[
et

Chemical equations and the concept of mnole

{Ba’jah, 1979; Bruce, 1983; Dawson, 1978; Duncan

and Johnstone, 1973; Eniavegu, 1990; Eseonu,

1982; Ingle an Shayer, 1971; Johnstone, 19%71;

Koleoso, 1985 and Schmidt, 1984).

iii. Co-efficients and subscripts of chemical
equations (Bello, 1988; Duncan and Johnstone,
1¢73; Lazonby et al, 1982),. |

iv. Mass ratio and molar ratio (Artherton, 1974;

Frazer and Sleet, 1984).

b. High failure rate of science students in the senior
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secondary (chemistry) certificate examination (SSCE)
which has been attributed to poor understanding and
application of chemical concepts. (Abdullahi, 1982;
Abimbola, 1983; Ajewole, 1991; Bajah, 1986; Ekpo, 1985;

Olaniyi, 1985; (STAN, 1992 See Table 1).

Table 1: Performance of students in SSCE Chemistry (1982-90)

Percentage in Grades 1-6

Year : Chemistry
i
1982 : 17.5
1983 { 13.3
1984 : 283.5
1985 : 19.8
1986 : 19.2
1987 ! 22.6
1988 [ 20.7
1989 | 10.8
1990 ! 4.1

Source: ( STAN/WAEC "1992")

Societys’ needs and goals have changed. Not only has
scientific knowledge increased over two decades, but
society experiences problem today such as: acid rain,
nuclear energy, etc. that were unimagined before,

New family structures have emerged; less than 10% of
mothers are currently full time house wives, therefore
the time parents and children spend with one another at
home has decreased (Hurd, 1990).

Sufficient attention is not given to the dimension of
students view brought to the class that may influence
their understanding of science concepts (Abimbola,

1990; Clark and Peterson, 1986; Gunstone, 1984 ;




Okebukola, 1990; Shulman, 1980; Wittrock, 1985).

£. Students’ prior knowledge has not been considered by
researchers on teaching, not even by those who have
studied students thinking as mediators of effective
learning (Carpenter and Peterson, 1988; <Cleminson,
19v., Linn, 1986; Onwu, 1985; Shulman, 1986).

g. The discovery curricula developed during the ‘Golden
Agye’ of science education, seem to be ineffective in
enhancing students attitude and performar;ce {Cleminson,
1990; Jedeqge, 1990; Novak, 1981; Osbhorne and Freberq,
1985; Watts, 1988; Odubunmi, 1983; Pankratius, 1990),.
The effect of all these is that science educators in

the 80s’ and 908’ now advocate for changes in instruectional

practices. In the search for ways of making science more
meaningful and productive, many science educators now
advocate an emerging "science for science teaching" based on
the preconceptions students acquire before farmal study of
science. Some researchers have explored new teaching
strategies that take cognizance of students preconceptions

(Tohnstone, 1987; Novak, 1987; Novak and Gowin, 1985;

Osborne and Freyberg, 1985). These students preconception

and prior conceptual framework are at the core of

"alternative conceptual movement". Tn search for alternative

methods of instruction in science teaching, many studies now
focus on ways of knowing, learning and teaching with

emphasis on students constructing meaning from what
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they 1learn. Amongst the numerous studies are the
research works and reports ( Clarke, (1988); Novak,
(1988,1989); Okebukela and Jegede, 1990).

All these efforts aimed at improving science
instructien focused on “alternative conceptions" and are
embodied in the coustructivist planning of learning. The
constructivists view of learning has become a leading idea
in science and education. Basically, it views learning as a
process in which the learner constructs knowiedge from pre-~
existing ideas. Learning takes place not only through taking
in new information but also involves organization and
restructuring of the concepts that the learner already has.
As such it is a process in which the learner is actively
engaged in constructing meaning (Driver and Bell, 1986).

Many new teaching strategies are embodied in the
constructivist framework. They include such strategies as:
analogies, metaphors, problem solving and concept mapping.
0f all the new instructional strategies, within the
constructivist framework, concept-mapping seem to be gaining
ground. A whole issue of Journal of Reseatrch in Science
Teaching (JRST) focused only on concept-mapping (JRST,
27(10) Dec. 20 1990).

i Concept is the key to human learning and meaning
imaking. A concept is defined as a regularity in events or
objects designated by some labels. "Bonding" for example is

the label used for the process that involves chemical
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reafragement of atoms. Concept mapping therefore 1is an

 instructional strategy for organizing concepts in a

hierarchical manner and linking the related concepts in such

a way that the students make meaning of what they learn.

The steps in concept-mapping activities are:

1. Identify and list the key words/terms/concepts,

2. Rank the listed concepts from the most abstract and
inclusive to the most concrete and specific.

. Cluster the concepts according to fwo criteria;
concepts that function at a similar level of
abstraction, and concepts that interrelate closely.

4. Link related concepts with lines and label each line
in propositional form (Ault, 1985). When a student
completes the above steps for a given concept/topic,
the concepts become meaningful to him. He can then
communicate the underlying ideas very clearly to his
peers or the teacher because he has understocd the
cohcept.

Concept mapping teaching strategy involves:
i. elicitation of students prior knowledge

ii. exchange of ideas

- discussion
- practical demonstration/experimehtation
- concept mapping activities

iii. drawing of concept map .

According to Novak (1985), concept mapping strategy
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helps students learn how to learn meaningfully and helps
teachers as well become more effective in their teaching.
Concept mapping strategy is relatively new in Nigeria, and
not much research has been carried out on it. Most of the
researches on concept mapping were done overseas by the
initiators of tlic strateqy (Novak, 1985; 1988; 1990; Novak
and Gowin, 1984; liovak, Gowin and Johansen, 1983; Ault, 1985
and Watt, 1988). The researches were on earth science
concepts (Ault, 1985), on physics concepté, (Watt, 1988;
Pankratius, 1990) and on biological concepts (Carter and
Kahle, 1987; Cliburn, 1987). Their study samples were either
primary school children or fresh undergraduates. In Nigeria,
Jegede and Okebukola (1990); Okebukola (1990) and Okebukola
and Jegede (1989) studied the utilization of concept mapping
instruccivnal strategy in biology. They are all in
agreemen. chat the strategy could bring about meaningful
learning. Therefore a seemingly fruitful method of bringing
about understanding of science concepts could be through the
use of concept mapping. Mapping exercise demands that a
student should have a good knowledge of the attributes of
the concept before locating it in the appropriate place on
the map. It also enables the students to appreciate the
inter-relationships among the concepts and sub-concepts.
This procedure requires the students to think in multiple
directions and switch back and forth between different

levels of abstraction.
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Perhaps, 1if chemistry students are instructed using
concept mapping strategy, meaningful learning might prevail
and performance might improve. There is no doubt that a new
instructional strategy that lays emphasis on prior knowledge
of students might improve students understanding of science
concepts. Consequently, the purpose of this research is
to compare the effectiveness of the concept mapping and
guided discovery strategies in bringing about understanding
of basic chemistry concepts using Senior Secondary ©One
gtudents in Minna, Niger State. If students are to have a
taste of satisfaction in chemistry, it is proper to seek
teaching strategies or ways of making chemistry more
exciting, stimulating and challenging experience to them.

Apart from seeking effective instructional strategy,
science educators are faced with the problem of attracting
girls into science. A considerable amount of research has
focused on gender differences and schocl learning. In
science education, there is the concern that girls are not
achieving as much as they should (Erickson and Erickson,
1984; Kelly, 1978; Welch, 1985). The differences seem to be
most pronounced in the physical scirrcor~n,

Some researchers have advanced <nme reasons for the
differences. Tracy (1990) postulated that sex related
differences in science achievement miaht be related to three
areas: social (sex-role model and orientations); educational

(parent, teacher, peer expectation, class extra curricula

J
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activities) and personal (spatial ability) factor. Haggerty
(1987) is of the opinion that the more active participation
of boys in science class may be an important factor
r~ .ponsible for the variation. Jegede and Inyanyg (1989) have
observed a significant superior achievement of boys over
girls in school science. A conflicting report was given by
(Comber and Reeves, 1973; 1984; Jacobson and Doran, 1985;
and Otuka, 1986) whoe found no significant differences in
the science achievement of girls and boys. fhe research on
gender difference with respect to performance is still not
conclusive. Part of this study, therefore, is to determine
if any of the research teaching strategies will enhance the
performance of girls in science.

No matter the gender, the home is the first laboratory
of any child. The home environment therefore has ohe of the
most lasting influences in the development of a child’s
cognitive ability and effective characteristic (Bloom, 1981;
1984; Marjoribanks, 1979; Walberyg, 1984; Ware and Garber,
1976) . The way the family is organized and the status of the
parents are important in learning. Parental involvement in
a child’s education has been identified as a key factor
influencing a child’s desire to learn (Ware and Garber,
1972) .

Ware and Garber, (1972) contended that availability of
materials in the home seem to be the most important variable

predicting school achievement. Walberg (1983) reported that
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family .Lio-economic status was predictive of academic
leariing. There is no doubt that howme environment and
acti..ties influence children’s learning. At home, a child
jneeracts with mother, father, siblings, other members of
the family, toys, peer group and develops intellectually as
a result of the wealth of experiences gathered through these
interactions. A conflicting report was given by Onyeabe
(1972) that the family is negatively associated with
achievement in his study with Nigerian seéondary school
students. Boocook (1972) found that father occupation seems
to be strongly associated with the style of interaction
between members of the family. Bolarin (1977) reported that
the patterns of child behaviour established at home could
have a direct carry over to the school. Part of this study
is to determine if any home factor variable influences
students’ understanding of chemistry concepts.

There 1is evidence that experience in school helps
children of all socio-econemic 1levels in  language
comprehension and reasoning development (Thelan, 1976;
Catha, 1977). Kellog (1971} and Renner (1973} found that
experience gained by first graders when involved in the
science curriculum unit "material object® improzed their
score on reading and reasoning tests. Part of the present
study is to determine if any of the teaching strategies
would improve students performance on reading comprehension

and reasoning ability.
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Attitudes play a major role in students’ learning
(Gardner, 1975; Levin and Fowler, 1984). Attitude is viewed
as representing the underlying dispositional and
motivational urge for learning (Hassan, 1985). The attitude
an individual has influences science learning and use of
scientific information to a considerable degree. Part of
this study is to determine if the use of concept mapping
and/or guided discovery strategy would result in students
developing a favourable attitude to chemistry.

The discussion so far shows that the decision to study
the effect of the two instructional strategies on these
variables (gender, home factor, attitude, reading
comprehension and reasoning) seems desirable,

It is the objective of this study to:

i. compare the effect of concept-mapping and guided
discovery strategies on students understanding of some
selected chemistry concepts.

ii. determine whether concept-mapping or guided diséovery
strategies would improve students’ retention of
chenistry concepts.

iii. kind out if there will bhe differepntial performance of
boys and girls using concept-mapping or guided
discovery strategies.

iv. find out if any home factor variable would influence
students performance in chemistry.

V. determine whether concept-mapping and/or quided

1
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discovery strategies will improve performance of
students in reading comprehension.

vi. find out if the use of concept-mapping and/or guided
discovery strategies will impreove students reasoning
ability.

vii. find out if there is a positive change in students
attitude to chemistry learning when concept-mapping and
guided discovery strategies are used.

viii. determine the independent and combined éontribution by
the variables (reading, reasoning and attitude) on
students’ performance when concept-mapping and guided

discovery strategies are used,.

1.2 Statement of the Problemn

Some of the problems of science education in this
country have been: students poor performance, low enrolment
and poor performance of girls and the failing of our
educational efforts. For years, science educators have
advocated for discovery instruction, In Nigeria, guided
discovery was adopted. This is because it is believed that
science should not be taught to a child but that he should
be guided to discover it through such processes as
observing, measuring, classifying and so forth. Yet over the
years, students ocutcome in discovery instruction has been

disappointing (Welch et al, 1981; Pizzini et al, 1991; Watt,
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i981; Babikian, 1971, STAN, 1992).

Many reasons have been adduced. Some researchers are of
the opinion that the society is changing and discovery
method is no more adequate (Watt, 1988). Others suggested
that the process of communication and prior knowledge which
are the basis of learning are underestimated. Perhaps, the
strategy is either not appropriate for the teaching of
senior secondary chemistry or the teachers do not implement
the approach appropriately. ‘

Recently, many efforts were made to improve science
instruction by looking at various ways students construct
knowledge (Novak, 1989; Scott and Dyson, 1989; Urevbu, 1988;
Von Glaserfeld, 1989; Osborne and Wittrock, 1983). This is
a relatively new method of instruction that owes its
existence to Ausubel and Piaget. Ausubel (1968) put forward
the view that "the most important factor influencing
learning is what the learner already knows; ascertain this
and teach him accordingly". An interpretation could be that
science educators must elicit the existing preconceptions
of the physical world that students bring to class and use
them to modify, these students concepts so that they
become more like the accepted "scientific conceptions of
the world" (Driver and Bell, 1986; Osborne and Freyberqg,
1985) .

One of the instructional strategies that is gaining

ground in science education is concept mapping. There is
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evidence .uat concept mappin. could promote understanding of

science concepts (Novak, 1983; Okebukcla and Jegede, 1989;

Okebukola, 1990).

Specifically, the study will attempt to answer the

followiny yuestions.

i.

ii.

iv.

vi.

vii.

Wouid there be any significant difference in

per formance hetween groups taught using the

" goncepi-mapping strategy and groups taught using the

strategy (guided discovery) recommended by the
National Science Curricula for Senior Secondary
School.

Would the teaching of chemistry .concepts using
concept-mapping strategy enhance students retention
more than the guided discovery strategy?

Would the use of concept-mapping strategy and guided
discovery strategy result in differential performance
of boys and girls in chemigtry?

Would home factor(s) influence students performance in
chemistry?

Would any of the two strategies (concept mapping and
guided discovery) enhance students reading
comprehension?

Would the use of concept-mapping strategy be more
effective in improving reasoning ability than the
guided discovery?

Would the use of any of the two teaching strategies
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promote students positive attitude to chemistry

learning?

viii. Would there be significant contribution by any or all

were

H(O)

H(O)

H(0)

H(O)

of the variables (reading, reasoning, attitude) on

students performance in chemistry when concept-mapping

or guided discovery strategy is used?

1.3 Study vaothesés

The following hypotheses formulated in the null form

tested in this study.

1:

ii.

iii.

There is no significant difference in performance
between groups taught using concept mapping and
guided discovery strategies. |

There is no significant difference in the level
of knowledge retention of selected chemistry
concepts between groups taught using
concept-mapping and guided discovery strategies.
There is no significant difference between the
performance of boys and girls taught using
concept mapping and guided discovery strategies.
There 1is no significant relationship between
students’ home factor (variables) measured by:
Parental status

Parental involvement

Students’ study routine and performance in



H(0)

H(0)

H(O)

H(O)

foll
- 1

ii.
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chemistry.

53 There is no significant difference between the
reading comprehension score of students taught
using concept-mapping and guided discovery
strategies.

6: There is no significant difference between the
reasoning ability performance of students taught
using concept-mapping and guided discovery
strategies. .

T There is no significant difference in the
attitude to chemistry learning between groups
taught using concept-mapping and guided
discovery strategies.

8: There is no significant contribution by any or
all of the variables (reading, reasoning,
attitude) to the students’ performance in

chemistry.

1.4 Significance of the Study

The findings of the study could be useful in the
owing ways:
It could be used to clarify, support or substantiate
the existing learning theories expressed by
psychologists like Piaget, Bruner and Ausubel.

It could contribute to the improvement of science
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instruction at the secondary school level.

iii. It could foster new approaches in curriculum and text
development.

iv. It could add to existing knowledge and perhaps open a
gateway for further research.

Vs It could help in actively involving the participation
of students.

The world in general is becoming more and more
scientifically and technologically oriented. éhemistry like
Physics is a pre-requisite for almost all engineering and
other technological courses.

It is therefore anticipated that the findings of this
study would be found valuable by students and various bodies
engaged in scientific and technological policy formulation,
implementation and development in the country like:

: 1 Teachers:

Teachers responsible for the teaching of chemistry to
secondary school students might utilize the findings in the
science classroom by:

a. helping students to have conceptions shift in favour
of scientifically valid concepts.

b. taking into consideration, students prior knowledge.
c. developing inexpensive modules that would enhance
teaching and assessing understanding of concepts.

ii. Universities and Colleges

Institutions of higher learning where chemistry
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teachers are trained would need to be aware of the utility
value of the strategqgy to teaching and learning. This would
enable them to produce more effective teachers who would

help students construct knowledge on their own.

£ 1 9 i cation O A
P “'~s like Science Teachers Association of Nigeria
(STAN -ience Association of Nigeria (SAN), National

Educaic.un wesearch and Development Centre (NERDC)that carry
out research, discuss and disseminate resaar;:h findings,
might wish to consider the results of the research with a
view to using the strategy to promote science instruction
in schools.
iv. 8 ent

It is hoped that the result of the study would
encourage students to be actively involved in the
construction of knowledge and to take charge of their own
learning. Active participation of students might help them
to develop self confidence and positive attitude to
science. Tt might attract more girls to science,
V. Curric Developers

Curriculum developers who decide on syllabuses and
recommend effective methods of instruction might wish to
consider the results of the study with a view to

recommending it as a teaching strategy in the schools.
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1.5 Basic Assumptions

Some assumptions made in this study were:

a-l

That prior knowledge, determines what further type of
learning would take place.

Tha. the students in the sampled schools are
reps csentative of the student body in the State (Niger
SstaiL., where the research was conducted.

That the students in responding to the ﬁuestionnaires
would give precise and honest information.

That students prior ideas about the research concepts

have not been altered in any way.

1.6 Delimitations

The subjects for this study were drawn from three

secondary schools in Minna. In selecting chemistry concepts

for the study, emphasis was placed on topics related to

‘structure and energy’ because:

i.

5.9
5 ¥
iv.

vl

vi.

thiey are of major importance in chemistry

thiey are widely used by the society.

they are often misunderstood/misconceived by students,
they are rated as highly difficult by students,

the national curriculum content for senior secondary
school chemistry is organized around the major concept
of "periodicity, structure and energy".

most other concepts can be subsumed into them.
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vii. most ordinary level chemistry text books used in
Nigeria, treated the selected topics at their initial
chapters, thus emphasizing their importance as

puilding blocks.
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CHAPTER 2
REVIEW OF RELATED LITERATURE
2.1 Introduction

In the early 70’s ‘discovery’ instructional strategy
was adopted. What had existed prior to that time, was what
Freire (1985) called "banking" view of learning. Barnes
(1976) described it as the "transmission" view. By these
views, students minds were seen as empty storage bins into
which knowledge could be piled indiscriminately. The teacher
provided all the necessary facts of science to the students.
The teacher asked and answered questions without much
opportunity for the students’ to discover things for
themselves. The students’ passively listened to the
information transmitted. As science knowledge increased, the
transmission mode of instruction was found to be deficient
in meeting the goals of science. Also it encouraged
memorization of information with the result that retention
and application of ideas were difficult.

In order to avoid the situation where our students
become conformists and lack an inventive and committed
attitude towards science a change in teaching method was
advocated.

It was at this point that ‘discovery’ method was
adopted. Sputnik of 1957 catalysed the shift from

‘transmission’ or ‘banking’ view to "discovery" method. It
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was assumedliat science concepts would be learned by just
being good observers. In Nigeria, the ‘guided discovery’
strategy was adopted and recommended for instruction in the
secondary schools. The guided discovery strategy is
activity oriented. It involves discussion, experimentation
and practical demonstration. The students’ guided by the
materials «nd teachers engaged in investigations involving
science p. . ..esses structured to discover some concepts.
Willis (1261) asserted that if students ;re guided to
discover ncepts themselves, they may be better prepared to
make wider application of the materials learned.

Therc was burst of interest on the introduction of this
strategy. A huge amount of money was spent in training
teachers in the use of the new teaching strategy. Despite
the huge amount invested in training teachers, it would be
difficult to identify significant changes that resulted
from the use of guided discovery instructional strategy in
Nigeria and discovery method overseas.

A large number of influential reports have claimed the
existence of serious short-comings in secondary scheool
science education and have proposed major reforms. Bozimo
(1985) and Jegede (1982) reported that only minimal changes
have been noticed in the learners, since the introduction of
guided discovery in Nigeria. Watt (1990) stated that for
years science educators have advocated discovery based

instruction,yet students’ outcome of discovery instruction
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have been disappointing. Investigations revealed that during
the last two decades, there appears to have been an increase
in the catalogue of topics perceived by student to be
difficult (Adegbeye, 1986: Duncan and Johnstone, 1973;
Lazonby et al, 1982 and Pearson and Hughes, 1986; Jegede
and Okebukola, 1990). Students aversion to certain key
concepts in science is on the increase. In chemistry;
concept of mole, chemical combination, chemical equation and
thermodynamics (Bajah, 1979; Bello, 1990; Adeyegbe, 1986;
Atherton, 1974; Duncan and Johnstone, 1973; Dawson, 1978;
Eniayeiju, 1990; Eseonu,1982; Ingle and Shayer,1971;
Johnstone et al, 1971), were seen to be difficult.
Failure rate in science continues to increase, Also girls
are not achieving as well as boys in the sciences. Moreover
the noticeably low performance of students in Senior
Secondary Chemistry generally (WAEC Chief Examiners
report,1988, 1989, 1990, 1991) makes it a matter of
necessity to think about what can be done to improve the
situation.

If educational efforts are, indeed failing, the pre-
suppositions on which these efforts have been founded must
be questioned. It seems reasonable to suggest that we begin
by inspecting other areas of instruction (Von Glaserfeld,
1987) . There must be something about the guided discovery
which affected the outcome for the past 20 years. Some

reasons have been advanced for the poor outcome of guided
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discovery sliategy. Schmid and Telarog (1990) cited two
principal reasons:

B the strategy is not actually being implemented to the
extent claimed.

ii. 1lack of materials and difficulty in understanding the
strateqgy.

Novak (1990) stated that a fundamental reason for the
failure of the curriculum approach of the 1970s had to do
with the neglect of how humans construct and ﬁse meaning to
guide their actions. Cleminson (1990) asserted that in
guided discovery prior conceptual framework before one can
discover anything at all was not accounted for.

The world is growing scientifically and
technologically. Science educators cannot afford to fold
their hands. The importance and practical applicability of
chemistry concepts in the everyday life of adults become
increasingly apparent. Yet, the failure rate on examinations
grow (Duyour, 1981; STAN/WAEC, 1992). So far, efforts to
rectify the situation have aimed at creating a better
curriculum whereas little has been done with respect to the
learning process that underlie science instruction.

It is now recognized that the major efforts to improve
science education has fallen short of expectation. Science
educators now advocate for changes in instructional
practices that would take cognizance of students pre-

conception. It is observed that some instructional
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strategies proposed to improve science instruction are those
using the constructivist view. The premise behind the
constructivist view is that knowledge is actively
constructed by the learner on the ground of constructs
already available to him. In other words, knowledge is not
passively built but actively built up by the learner from
existing knowledge framework to make meaning. All meaning
making begins with objects or events observed. New knowledge
is constructed when we perceive new regularity or
relationship between what we know and the new regularity we
observe in event. Concepts and principles are the major
elements usually dealt with in science teaching.

The new epistemology (constructivism) is attracting a
great preponderance of adherents (Watts, 1990; Pope, 1985,
Driver and Oldham, 1985; Von Glaserfeld, 1983; Gilbert,
1983; Okebukola, 1990). It looks therefore that a revolution
in the Kuunian terms has occurred and constructivism is the
new paradigm (Jegede, 1990). The constructivist view has
become prominent and is fast gaining ground. The tendency of
many science educators to adopt the constructivistic view
expresses its efficacy (Ault, 1985; Jegede and Okebukola,
1989; Pope and Gilbert, 1983; Okebukola, 1990). Of all the
new instructional strategies within the constructivist
framework, there is evidence that concept mapping strategy
might enhance students understanding of science concepts and

bring about meaningful learning (Novak, 1987; Jegede and
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Okebukola, 1990). Concept mapping strategy has been shown to
move students from their pre scientific conceptions to
science conceptions (Driver and Erickson, 1983; Novak, 1987;
Okebukola, 1990). Concept mapping strategy stresses the role
that concepts play in guiding the production of new
knowledye and meaningful learning. Concept mapping derived
from Ausubel (1968) theory stresses meaningful learning and
appear to improve science learning.

As students make concept maps, they identify and
organize concepts into a hierarchical network depicting
relationships among the concepts. Concepts in a map relate
to each other by connecting lines that define relationships
between concepts. For instance, "Acids have ionizable
protons"; ‘Photosynthesis produces oxygen’. The acquisition
of such relationships is the key element in meaningful
learning. When students engage in concept mapping they might
increase their understanding of subject matter as they
search for personal meaning of the concepts,.

This research is therefore undertaken to investigate
the effectiveness of concept mapping strategy in bringing
about meaningful learning of science concepts. Specifically,
the effectiveness of concept mapping strategy was compared
with the Federal Ministry of Education (National
Curriculum) strategy for secondary school science.
Therefore, whatever, view of learning adopted by the

teacher/system, be it guided discovery or concept mapping
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should have practical implications for what goes on in the
classroom.

Some variables known to have some influence on
instruction have been included in the study. They are:
gender, reading comprehension, home factors, reasoning
ability and attitude. The literature review for this study
has been discussed under these headings:

- Guided discovery instruction
- Constructivistic perspective

- Concept mapping

- Understanding concepts

- Gender differences and science learning

- Home factors and science learning

- Reading comprehension and science concepts

- Reasoning and science concepts

- Students attitude towards science

- Summary
2.2 Guide iscov s io
Discovery approach is an outcome of the reform

movement spurred by Sputnik towards improving instruction in
science education. Many science educators in the 70’s
advocated for this method.They believed that science should
not be taught to a child but that he should be left to

discover it. Abdullahi (1982) defined discovery in terms of
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exploration ... the laboratory in which students perform
such processes as observation, measurement, classification,
and so forth and finally draw conclusion from gathered
information.

From the standpoint of instruction, two types of
discovery strategies are recognized, namely, guided
discovery and unguided discovery. Guided discovery and
unguided discovery approaches involve ‘finding out’. The
two types of discovery strategies require students to
engage in activities in an attempt to discover or find out
things for themselves. Both approaches may lead students to
a discovery.

In the unguided discovery strateqgy, which is also known
as ‘pure discovery’ individuals act as a mature scientists,
formulate problems, design experiments in the process of
finding out. In guided discovery strategy, the teacher
guides the students to discover some science concepts by
using leading questions and engaging students in activities
that will make them draw conclusion from their observations.
The guided discovery strategy is activity oriented and
involves experimentation. This guided discovery strategy is
recommended for wuse in our schools by the National
Curriculum for Senior Secondary School Science. This
strategy is recommended to ensure that learners are guided
through activities to find out things for themselves.

Guided discovery could be structured to be inducive or
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deductive in nature. Verification experiments which
characterize laboratory exercises in our schools employ the
deductive process. When laboratory experiments are designed
for students to verify "law of conservation of matter" or
"law of definite proportion", guided discovery is used in
the form of deductive method. Guided discovery in the
deductive form is used in our schools. With this, the
general principle is given and students are guided through
some experimental activities to discover solution to a
specific problem. Literature in the past decade has shown
that it is ©becoming increasingly evident that our
educational efforts are failing (Novak, 1987; Watts, 1988).
Guided discovery strategy seem not to yield the desired
result. There has been little or no significant change in
science learning resulting from the use of the strategy. The
result of studies carried out on guided discovery revealed

that its support is not significantly concin=ive,
22l elated Literature Guided Discove

The Literature examining guided dis.uvery strategy is
very sparse. The findings of few reported studies have shown
that guided discovery may be effective but it is not
actually implemented to the extent claimed. While in
Nigeria, guided discovery strategy is recommended for

schools, studies overseas used mainly discovery approach. 1t
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is observed that the general outcome of all these strategies
has been disappointing. Surprisingly, in research work, the
outcome is not so disappeinting.

In Nigeria, Ajewole (1990) carried out a study to
determine the effects of guided discovery and expository
instructional methods on transfer of learning. He used 240
students in six selected secondary schools in Oyo State. He
found that the quided discovery group performed better with
respect to the transfer of knowledge in biological concepts
than the expository group students. He attributed the
significant performance of the guided discovery group to the
opportunity given to students to emplony the processes of
science. A follow up study by Ajewole (1991) on the effects
of guided discovery and expository instructional methods on
the attitude of students to biology gave similar results
favouring guided discovery approach. Ajewole used 240 Form
IV biology students and 40 item scientific attitude
guestionnaire to gather data. Analyses of the result showed
that the guided discovery group evinced » ~'~ificantly more
favourable attitude to biology than the expusitory group. He
conclﬁded that science learning using | ..¢ guided discovery
method might enable the learners to evinre more favourable
attitude to science learning than the expository method.

Similarly, Michael and Eugene (1921) in their study
found that the guided discovery approach was significantly

better in improving achievement of students. Davis (1979)
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examined the effects of two science instructional approach
on students achievement. He used guided discovery and
expository instructional approaches. The result of the study
revealed that the guided discovery method of instruction
improved students achievement and enhanced positive attitude
to science.

These findings were inconsistent with that of Babikian
(1971) who found that expository and laboratory methods were
significantly more effective than the guided discovery
approach for science teaching with respect to recognition
and application of concepts. Elsewhere, Schlenker(1971)
reported that children who studied under the discovery
method developed a significantly greater understanding of
science, scientists and retention of science concepts than
those children who used the traditional method. Wise and
Okey (1983) in their analysis of instructional strategies
found an increase in cognitive outcome when the discovery
strategy was used. Also the result of meta-analysis by
Anderson (1983) pointed to positive result from discovery
teaching. A conflicting view was given by Butt and Jones
(1966) who studied the effect of discovery training in
producing problem solving behaviour in sixth grade
children. The study concluded that though students could
benefit from direct instruction in problem solving
behaviour, the ascertion that meaningful concept

development results from discovery training could not be supported.
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Although guided discovery strategy is specified in the
National Curriculum for secondary schools, it appears that
research results on guided discovery instruction is
inconsistent. It would be difficult also to identify
significant changes that resulted from the strategy (STAN,
1992). What is recognized now is that students achievement
in science have been on the decline. Evidence abound in
literature showing that there has been increase on topical
difficult concepts (Pearson and Hughe, 1986; Jegede and
Okebukola, 1989; Okebukola, 1990). If no intervention is
forthcoming, the time may be in sight when most of the
topics in science syllabuses will be considered difficult by
most students. This will make the goal of winning more
students over to science difficult to ~'tain. It will also
affect the number of future engineers and doctors. Are we
ready to take that chance in a country that is crying for
inadequate number of doctors and engineers?

The question is "why is it that guided discovery still
makes some impart in research work but not in the general
performance of students”. Some research reports have
attempted to suggest reasons for the poor outcome of the
general "Golden Age" curriculum approach worldwide.

Welch et al (1987) identified 6 . —:ons for the poor
outcome of discovery instruction:

i. Poor preparation of science instruction

ii. Science teachers view the approach as difficult to
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manage.

iii. Science teachers believe that the instructional
approach is successful only for above average ability
students.

iv. Science teachers sees the purpose of their courses as
academic preparation of students for the next level of
education.

V. Lack of discovery activities in commonly published
science books. .

vi. Discrepancy between importance science educators
placed on discovery and its use.

Schmidt and Telang (1990) contended that discovery
approach may be effective but cited three reasons that migﬁt
have affected its outcome.

3. The approach is not actually being implemented to the
extent claimed.

ii. Lack of materials and difficulty in understanding the
approach.

iii. The approach is found difficult by teachers and
therefore is motivationally deficient.

Hudson (1988) observed that science activities were
initially discovery in nature but degenerated to what he
termed "pseudo" discovery because of class management,
Consistent with Hudsons’ view, Mani (1983) asserted that the
choice of teaching method open to science teachers in

Nigeria is seemly restricted by social conditions such as
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over crowded classes, hon-availability of books and in-
sufficient time,In Finocchiarios’ (1980) view, one obstacle
that stood in the way of improving science education through
the discovery approach was the ‘obsolete epistemology’ that
was behind discovery oriented science. According te him,
experiments were shown to be ways to ‘prove’ or ‘falsify’
hypothesis rather than a method to construct new meaning.

Watt (1988) stated that discovery learning is now
‘unfashionable’ because the goals of science education have
changed since the 60’s.

Novak (1981) put forward the view that a fundamental
reason for the failure of the "Golden Age" curriculum reform
of the 1970's was a failure to distinguish between a
teaching and a learning approach.

Consistent with Watt’s argument, Abimbola (1983) argued
that many of the curriculum projects of *he 70’s had no
foundation in the philosophy of science 'le observed that
there was little relationships between the conception of
discovery held by science educators and those held by
philosophers of science.

In spite of the attractiveness of the guided discovery
strategy, there is no evidence to substantiate its potency.
The general picture today is th~* our science education lags
behind (Bajah, 1986). Science ~ducators, the world over are
faced with the problem of finding ways of improving science

instruction. In search for an effective method of
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instruction, researchers developed other methods 1like
mastery learning, individualized instruction etc. (Osa, 1980
and Brooks, 1982). None of these methods stood the test of
time. For instance, Douglas, (1979) found individual
instruction effective but admitted that it was difficult and
costly to implement.

There is now emerging new consensus among science
educators that learners construct knowledge from already
existing conceptions. They do not simply mirror what they
are told or just discover by mere observation. This emerging
construction of knowledge from prior experience is the core
of the constructivistic framework. There is evidence that
the application of constructivist framework would lead to

meaningful learning.

2.3 Constructivism

Current philosophies of science recornize the role of
personal construction of meaning in the development of
scientific information (Feyaraband, 1980). Constructivism is
the new science philosophy dealing with active construction
of knowledge by individuals from their prior knowledge. This
prior knowledge may or may not be in line with scientific
way of thinking. The theory of constructivism rest on the
principle that knowledge is not passively received but is

actively built up by the learner from existing knowledge.
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The tenets of constructivism can be summarized thus

(Cleminson, 1990):

i. Knowledge of the physical world develops from birth.
Concept and theories are personally constructed. Their
status is temporary in so far as additional experience
or instruction may modify such conceptions.

ii. These personally constructed views about the physical
world affect individuals observation of that world.

iii. Learning new scientific concepts involve more than the
utilization of established methods of scientific
processes. It requires a creative act of imagination.

iv. Learning new scientific concepts is problematic and
never easy. Abandoning cherished knowledge, even as a
result of exposure to science teaching, is difficult
and may be done only superficially.

V. We all have conceptions about our physical world. These
conceptions may or may not correspond to those of
formal science. As such they necessarily have
subjective meaning for us.

The constructivist view of learning has become a
leading idea in science and education in cneneral since the
last decade (Duit, 1987). It is based on the idea that the
conception the learner already holds, considerably
influences the learning process. It focuses on the meaning
individuals construct from their experience through learning

rather than on behaviour of individuals.
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Constructivist view is not new in education, the idea
that humans construct their own meaning from prior
experience goes back as far as the Greek and Roman times.It
has some psychological foundation. The constructivist view
is similar to what Piaget (1953) described as the
equilibrium of learning. It consists of the process of
assimilation and accommodation i.e. adding a new knowledge
to an old existing one and attaining a state of equilibrium.
To Piaget learning is an active construction process and is
possible only on the basis of already acquired knowledge.
Gagne (1970) also realized the importance of relating the
unfamiliar to the familiar in order to attain meaningful
learning when he stated ...... "that any piece of knowledge
can be acquired by individuals who possess certain pre-
requisite knowledge",

Ausubel spelt out the relevance of prior knowledge in
learning. He stated ..... "If I had to reduce all of
educational psychology to just one principle, I would say
this:..... The most important single factor influencing
learping is what the learner already knows. Ascertain this
and teach accordingly". There have been many empirical
research reports on constructivism (Driver and Bell, 1985;
Drive and Erickson, 1983; Duit, 1987+ WNovak, 1987; Novak,
Gowin and Johansen, 1983; Pope and Gilbert, 1983; Scott and
Dyson, 1987; Wittrock, 1974; Wheatley, 1989; Von Glaserfeld,

1987; 1989).
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Nowvak (1994Q) contended that learning in the

constructivist perspective 1is a process of actively
constructing knowledge by the learner on the grounds of
already existing conceptions. Osborne and Wittrock, (1983)
and Von Glaserfeld (1989) combined all ideas about
constructivism to produce a model they called ‘Generative
learning model’. This model shows how learners construct or
generate meaning from old experiences by incorporating new
construct into the old. The model is summarized thus:

i. The learner’s memory store interacts with the sensory
input from environment. He actively selects some input
and ignores others.

ii. The learner dgenerates a link between that input and
those parts of his memory store relevant to the
situation. (At times the learner may make a 1link
between the meaning store not implied by the teacher).

11i. The learner retrieves information from memory store
which he uses to construct meaning from the sensed
experience,

iv. The learner tests the constructed meaning against the
sensed experience.

V. The learner may incorporate the construction into
memotry. At this stage, the ‘arner may readily
accommodate the construction alongside other ideas.
Sometimes, a considerable restructuring of ideas or

reinterpretation of experiences may be required to
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successfully incorporate the new construction.

vi. Finally, the new status 1is placed on the new
construction. At times, the new construct and the
previous ideas are held simultaneously. With time, the
status of one may decrease while the other may
increase.

This mouel shows the process of human construction of
meaning from prior ideas. The implication is that for
effective instruction, the teacher must be- aware of the
ideas swuuents bring to class.

The constructivist framework has been examined in
science curriculum development. Hand and Treagust (1989)
examined the teaching strategy of conceptual conflict in
curriculum development. The curriculum involved the topic
"Acids and Bases" taught to tenth grade students of average
age of 15~ 16 years. In the study, students knowledge about
the topic was determined to ascertain the area of students
misconceptions. Interviews were conducted to ascertain
students knowledge. Through the interviews, misconceptions
about acids and bases were identified and used as the basis
of the teaching strategy. Students were later tested at the
completion of the topic. It was observed that there was a
greater degree of meaningful learning using the
constructivist approach. The result of the study showed that
curriculum development strateqgy using ideas of

constructivism allows for greater student understanding of
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concepts.

2.3,.1 vist i ' i Vv

Learning in the constructivist perspective is not
viewed as an accumulation of knowledge by a largely passive
learner but as an active process in which the learner is
engaged in constructing (not accepting or discovering)
concepts. With the constructivist view, the first stage of
learning involve the interaction between individual and his
environment. Such interaction provides him with a wealth of
sensory input which lead him to form meaning. Such meaning
are usually from a self centred point of view and
invariably different from accepted science view, but for
the child are sensible and meaningful.

Individuals at times have two meanings for same idea.
Oone that is for use in science lesson and the other they
find plausible for every day living. The two view points may
seem quite unrelated and the student may make no attempt to
reduce the contradictions between the two stand points.
Ofteh these views may not be known to the teacher. Science
therefore remains ‘unreal’ to the student (Osborne and
Freyberg, 1985). These intuitive knowledge students possess
can adversely affect their ability to learn from science
instruction.

During instruction this student may come across new

concepts that conflicts his ideas about the world.
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According to Champagne, Gunstone and Klopfer (1983), it is
this conflict between students intuitive ideas and formal
ideals presented in science lesson that makes science
lesson difficult. Osborne and Cosgrove (1983) gave exanmple
with children arriving science lesson believing that the
bubbles in boliling water are air. In science classes they
learn that water is made up of oxygen and hydrogen. They
deduce that on boiling, water changes into hydrogen and
oxygen. Thus showing that the direction of children’s
learning may be entirely different from that anticipated by
the teacher. Hence the emphasis of constructivistic view on
the role concept and prior ideas play in human construction
of meaning. It recognises that we "nderstand things in
terms of what we already know. Only then does learning make
meaning. Meaningful learning within the constructivitic
view is seen as the fundamental procsss underlying useful
knowledge acgquisition and construction.

Learning process in the traditional approach involves
transmission of information from teacher to largely passive
listeners who accept information unguestioned. What makes
learning difficult with the traditional method is the
memorization and the passive way of accepting information.

Constructivist view of learning differs also from the
guided discovery learning in that tlhe guided discovery
approach follows the empiricist philosophy that focus on

experiments, designed for proof or falsification of
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hypothesis. It ignores the roie of prior knowledge and
construction of meaning in learning.

Numerous studies have shown that the traditional and
even guided discovery methods do not meet science education
goals in the 80’z (Bajah, 1986; Watts, 1986). There is
evidence that the teaching approaches based on
constructivism may lead to meaningful and productive

learning in science (Novak, 1987; Okebukola, 1990).

2.3.2 constructivism (General Implicatiops

A, For the Teacher

i. The role of the teacher is that of a diagnostician,
prescriber of appropriate learning activities and
facilitator of learning.

ii. Gunstone, Northfield (1986) and Du’" (1987) warned that
the constructivist idea can only work in school if
teachers are familiar with them and are convinced of
their value. | .

iii. Teachers should attach much importance to the ideas
students bring to the classroom.

iv. variocus technigues should be ured by teachers to
uncover students prior idea r» -ubject.

B. For the Learner

i. The students assume the role of meaning makers.

ii. The learner constructs his own meaning through
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experience with the physical environment.

iii., The learners have the final responsibility for their
learning.

iv. The teachers and students are viewed as active meaning
makers (Cobb, 1988). Their interaction is seen as a
process of negotiating meaning rather than imposed
fixed procedure (Bishop, 1985).

C. For Assessment

The constructivist view, recognises that ideas tend to
develop with time. Assessment technique gives credit for
progress made. This does not suggest that there is no room

for formal testing and examination.

2.3.3 Constructivist Teaching Model

There are five stages in the constructivist teaching
moedel (Driver and Bell, 1985; Scott and Dyson, 1985). They
are: Orientation, Elicitation of id: 3; Restructuring of
ideas; Application of jideas; and Review. The model commences
with the first phase, Orientation.

A, Orientaticn

This phase sets the scene for the study by raising
students interest in what is to follow. Motivation tc learn
is aroused through  pictures, carroard drawings,
discussion, demonstration and so forth,

B. Flicitation




In this stage students idea about concept or topic is
elicited, through small group discussion, concept mapping

etc.

C. Restructuring

The exchange of ideas in the elicitation phase mnmay
provoke students to reconsider their thinking. In this
stage teachers provide learning experiences which interacts

with students knowledge.

D. Application

If newly constructed ideas by students are to be

meaningful, these 1ideas should be applied to other

situations.
E. Review

This is the final stage or conclusion of teaching. The
consequences of teaching science using a constructivist
model is to give children opportunity to express their
ideas. In the light of the advantages of learning within
the constructivist framework, the present study hopes to
adopt the teaching model of Driver and Bell (1985) with
slight modification.

It should however be noted, that construction is a
general theory focusing on individual construction of
knowledge from prior ideas. Within the constructivist frame
work, numerous teaching strategies abound like concept

mapping, analogy, metaphor, prcblem solving and so forth. Of
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all these strategies, concept mapping strategy seem to be
gaining ground. There is evidence in the literature that it
may lead to meaningful learning (Ault, 1985; Novak, 1987;

Okebukola, 1990; Pankratius, 1990).

2.4 Concepts

Recent epistemology of science focused on the role
concepts and conceptual framework play in the understanding
of science. Concepts are the source of human understanding.
Psychologists do not agree on any one definition of the
term concept. They all however, agree that thinking is a
mental activity involving the use of symbols. The most
important process in the thinking is conceptualization, the
forming of concepts. Perception is the first stage of
conceptualization. In perceiving, for instance, an
individual is aware of an object or event that is present in
his senses. In recalling what he has perceived, he uses
symbols for words to represent the ohject or event. 1In
forming concepts, one goes through a 1long process of
thinking and classification. Concep! are formed when
characteristics common to certain objer!s are categorized.

Many educators have put forward va ‘omus definitions of
concepts. Klausmeier (1972) and Davis (1973) stated that
concepts can be defined structurally, systematically,

operationally or axiomatically.
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I Structurally, in terms of properties or attributes
ii. Systematically, in terms of synonymns or antonyms
iii. operationally,in terms of the procedures used to
distinguish the concept from other concepts or
ix. Axiomatically, in terms of numerical or logical
relationships.

Staats (1961) defined concepts as a verbal habit formed
on the basis of a class of stimulus objects having identical
elements. Bourne (1966) states th ' a concept exists
whenever two or more distinguishable jects or events have
been grouped or classified together on basis of some common
feature.

Pella (972) defined concepts as a summary of the
essential charateristics of a group f ideas. Shalvonson
(1974) defined concept as an assem! '1ge of identifiable
elements and the relationship between them. According to
Stone (1979) " A concept is an abstraction from objects,
situations or events of the attribute: these phenomena have
in common".

It could be seen that the term '~oncept’ is used in
many ways. Some definitions focus or ‘ommon attributes of
objects or events which make them belong to the same
category. Concept is shown to occur ~t different levels of
generality, one subsuming the other and thus be represented
by hierarchical relationships (Novak, 1984; Novak and

Gowin, 1984) . Most notable in the science education
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literature is the use of the concept map. For our
study, ‘concept’ is defined as a perceived regularity in
events or objects designated by a label. Most of the labels
we use are words or at times sign.

Concepts are acquired early in life. Macnamara {1982)
has shown that children sometimes perceive regularities in
objects before they learn the label for the concept. By the
age 30 months, most normal children have acquired several
hundred concepts. These early concept meaning are
constructed by children before any formal schooling. For
instance, a baby learns that his family cat is similar to
neighbours cat by seeing, touching both animals and hearing
them purr. When the baby encounters another cat, he perceive
the similarities and classifies the strange animal with the
familiar one. The baby has thus formed a concept of "cat".
Conceptualization reduces an infinite number of objects,
events or symbols to a smaller and more easily manipulated
nunmber of categories. Certain attributes have been

identified as being common to concepts.

2.4.1 Attributes Of Concepts

Kausmeier (1972); Davis (1973) and Bourne (1970)
formulated a conception of concepts in terms of the defining
attributes and values which are identified as being common

to many concepts from various disciplines.
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These deiining attributes are useful in specifying what
concepts are and also in identifying the great variability
among concepts, (Flavell, 1970). The major attributes of
‘concepts’ are learnability, usability, validity,
generality, power and structure. A brief description of each
attribute is as follows.
i. Learr ility
Leacwunility of a concept varies from concept to
concept in the sense that some concepts aré more readily
learned by individuals who share similar experiences and
language than others. Also the level to which a particular
concepts as a mental construct is learned by an individual
varies and increases with learning. The level of mastery of
any concept also varies among individuals of roughly

equival maturational and experiential levels.

ii. Usapaility

Concepts vary in usability because some concepts may be
used more than others in understanding and in solving
problems. Concepts as mental construct of the individual
become more usable as they are attained at higher level,
Bruner, Goodnow and Austin (1956); Novak (1989) indicated
that attaining a classificatory/ mapping concept helps the
individual by:
. 3" reducing the complexity of the concept

ii. 1identifying the objects of the world around him
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iii. reuucing the necessity of constant learning
iv. providing direction for activity and
V. ordering and relating classes of events/cbjects.
As the individual matures he begins to use the acquired
concepts ‘@ effectively in the ways listed above.
iii. Vasiugiy
A concept is valid to the extent that experts agreeon
its definition. An individuals concept increases in validity
when his concept 1learning come closer té that of the
experts. Markle and Tiemann (1969) assess the validity of an
individual, classificatory concepts by ascertaining the
extent tou which he makes errors or over-generalization,
under-gencralization, and misconceptions.

iv. Generality

The generality of a concept refers to position on
hierarchical system of concepts in the subject. Concepts are
arranged in hierarchical manner. The higher the concept
within the system, the more general it is in terms of the
number of sub-classes or subordinate concepts it includes.
v. Power

The attribute of power refers to the extent to which a
particular concept facilitates or contributes to the
understanding of other concepts. Ausubel (1966} dealt with
the power of concepts through the construct of advance

organizers.
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vi. Organizers
According to Novak (1987) a concept organization that
will lead to meaningful learning is one that starts from the
most important inclusive concept or events to the least
important. That is, the introductory material to a lesson
should include concepts at a higher level of generality than
those in the lesson so that the concepts presented in the
new material could be related to those in the advance
organizers.
vii. Structure
Any concept defined in terms of attributes has a
structure which is related to the defining attributes, With
concept maps the various related units are linked up to form
a structure. However, understanding a concept requires
recognition and naming of the defining attributes (Bruner,
Oliver, Greenfield et al (1966); Wiviott, 1970 and Nelson,

1971) .

2.4.2 Understanding Concepts

Understanding has been defined and interpreted in
various ways. What does understanding mean? The dictionary
meaning of understanding is -- to apprehend, comprehend,
conceive or to know. To understand according to Novak (1976)
means to connect the new information we perceive, with the

old that we know to make meaning. Goodstein (1989) defined
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understanding as a bridge bhetween subject matter structure
and mental structure in a way that allows the advance from
static use of knowledge to flexible, dynamic and strategic
mental operaticon. Nachtigall (1989) defined understanding in
terms of the process of understanding itself. He defined
understanding as the process of tapping existing individual
knowledge and applying it meaningfully to other situations
to arrive at a correct solution. It is reported about late
Prof. R. Feynman, who received the 1965 Nobel prize for his
contributions to the creation of the theory of quantum
electrodynamics, that to him unds ‘tanding meant to
reformulate physics so that it could k-~ presented to young
students. During a lecture seminar, his colleague was
reported to have asked him to explain, so that he, the
colleague could understand, the spin - 1/2 particles.
Feynman answered, ‘I will prepare a freshman lecture on it”’.
A few days later he came to the colleague and said "You
know, I couldn’t do it. I couldn’t reduce it to the freshman
level. That means that we really don’t understand it"
{(Goodstein, 1989). It seems that the term ‘understanding’
is best explained than defined. It has so far been
explained in terms of process, a bridge and the ability to
present or communicate to lower 1=vel students. To explain
what is meant by understanding in this study, we must
distinguish between memorization or rote learning and

understanding.
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In case of ‘memorization’ or ‘rote learning’

informations are just stored away in the memory. There are

no connections established with what we already possess as
our ‘mental property’ and the new phenomena,

In other words the new phencomena (NP) according to
Nachtigall (1289) are still not incorporated into the
existing wmemorystock or stockpile experience (SE). These
informations are still strange and unfamiliar to the
existing mental environment., One can learn by rote learning
but this is highly limited to recall of informations and
any deviation from the pattern in the mental structure
cannot be understood because according to the psychologist
Gagne, the mental structure has been functionally fixed.
Therefore higher mental activities or problems beyond the
level of just ‘know how' cannot be handled py a student who
has learnt concept by memorization. For instance, one can
recall that Avagradro’s number is 6.02 x 10®, There is no
understanding for this kind of knowledge. The constant is
just memorized. It can only be said to be understood when
this constant could be effectivrly applied to preblem or new
situation. The same is true for wastering certain kinds of
procedure. For instance, to operate a video recorder, we
just have to remember which buttons must be pushed in which
succession. This, Nachtigall (1989) referred to as
procedural knowledge. Both kinds of knowledge just need

memorization. It does not require understanding; students
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may even pass examinations requiring only recall and
be able to carry out routine operations but still cannot
apply knowledge effectively.

The process of understanding is characterized by seeing
relations between elements of the SE and NP. The proof of
understanding, however, can be obtained from seeing results.
The essence of the results is that we can come with others
to agreement that we share same concept. Let us consider a
classroom situation in an attempt to explain the meaning of
understanding. During a chemistry class on the continuation
of the topic thermodynamics, for example, the following
teacher-student interaction was observed.

Teacher: Gibbs Free Energy is related to enthalpy and
entropy by the equation G = H - TS, Then the change in
free energy is given by:
DG = DH - TDS.
Do you understand?
Students: Yes, of course; DG = DH - TDS

The guestion is "Did the students really understand".
Relaging the term ‘understanding’ to the thermodynamics
guestion above. If the following questions are now given to
these set of students that have affirmed their understanding
of thermodynamics,
R Show how DG, DH and DS are related.
ii. Given the values of H, 8, find DG?

iii. Given the values of DH, DS, and T. Find the equilibrium
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constant, K.

It could be seen that by recalling the formula, DG = DH
- TDS, students can answer guestion (i) without any
understanding of the formula. Question (ii) redquires the
students to know what DS and DH stand for before they could
attempt finding DG,

It therefore reguires not only a recall of the formula
but an understanding of the varicus terms. Now to answer
question (iii) the students should not only know that DG =
DH -TDS but also know that at equilibrium DG®° = 0 and when
DG" = 0, there exists a relationship between DG and K. This
last gquestion therefore requires not ~nly knowledge of the
terms, application te related tasks but also recognizing
relationship between known formula and the new task.
Question (iil) could therefore be tackled appropriately only
by students who have understood the topic and this will be
reflected in the students perfo ance in the test.
Therefore a student that has underr' »od the concept of
thermodynamics will correctly answer questions (i), (ii) and
(iii) but students that learn by ju~t applying rules and
memorizing will attempt only (i} & get confused with
guestion (iii) since the question rela' -d DG to K and not DH
and TDS which she/he has memorized., Understanding is being
able to conveniently switch ones thouyht back and forth
without being functionally fixed to a direction. It also has

to do with recognizing relationship between known idea and
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new observation or event. To understand, the new incoming
information or task, one perceives is connected with the old
information that we already possess to make meaning.

The ‘old‘ mental structure, in turn is not the same
anymore due to the incorporation of the new. It is
strengthened, modified and changed. This new mental
structure becomes a more powerful tool for operational
thought process. The process of understanding is therefore
characterized by seeing relations between elements of our
existing prior experience (SE) and neWw phenomena (NF).

Understanding is represented thus:

Understanding
Understanding Process
Source: Machtigall (1989)
Proceeding ofEurophysics study conference,

It follows that understanding is only possible when
there is a connection, relationship and integration of new
knowledge (NP) with elements of existing experience (SE). SE
has been described as a mental map or blue print that
enables the learner to find pathwa of understanding.
Numerous research reports show that in our science classes,
learning by understanding is neglected in spite of the fact
that science teachers are aware of its importance. In
Nigeria, it seems that the 1lack of understanding of

concepts 1s the biggest obstacles on the way to better
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science teaclh, . (Arons, 1981; Okebukola, 1990; Cleminson,
1990; Novak 1988). Many difficulties and misconceptions
that students have in science have been attributed to poor
understanding of science concepts.

In chemistry, research report have shown that students
avert fundamental concepts. The use of correct chemical
formulae and chemical equations is a common occurrence in
the classroom (Burce 1983, Adeyegbe, 1989). Also, students
inherent difficulties in solving stoichiometié problems are
associated with their inability to write correct chemical
formula and ecquation (Lazonby, 1982; Schmidt, 1984). There
is the need to find effective teaching strategies that will
increase students understanding of chemistry concepts by
structuring the multitude of fundamental isolated phenomena
in a more lucid way.

The society 1is changing and the goals of science
education is not conformatory anymore hence knowledge by
rote or procedural learning is not adequate. The individual
and our society need more than rote learning and application
of rules if Nigeria is to develop scientifically. To
understand a concept, that concept we perceive to be
difficult should be taught in such a way that it connects,
relates and integrates with the memory stock. This will make
meaning to the individual. This type of understanding leads
to meaningful 1learning and science becomes real to the

students. To have understood a concept, means to have
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attained the concept and is reflected in the application of
new XKnowledge to other situations. The result is high
achievement outcome even in standardized tests. However,
understanding is a life long process. It is never complete,
It is an interactive process where one moves gradually from
less understanding to more understanding. The starting point

being the individual existing memory stock.

2.4.3 Concept-Mapping/Strateqy

Concept-mapping is based on the constructivist
epistemology. Concept maps are diagrams in which concepts
are organized into a hierarchical network depicting
relationships among the concepts. It is based on the premise
that concepts do not exist in isolation L:ut depend on each
other for meaning. Concepts in a map relate to each other by
connecting lines that define propositions or specific
relationships between concepts, For instance ‘photosynthesis
produces oxygen’. The acquisition of such relation is the
key element in meaningful learning.

In its simplest form, a concept ~»uld be just two
concepts connected by a linking word, tu  »rm a proposition.
For example, ‘sky is blue’ would represent a simple concept‘
map forming a valid proposition about the concept ‘sky’ and
‘blue’. Most concept meanings are learned through the

composite of propositions in which the concept to be
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acquired is embedded. Thus ‘acid turn litmus red’, ‘acid
give off protons’ and so on, lead to increasing meaning and
precision of meaning for the concept ‘Acid’.

Mapping exercises require the student teo think in
multiple directions and to switch back and forth between
different levels of abstractions. This pfocedure demands
that a student should have a good knowledge of the nature
and attributes of the concept before locating it in the
appropriate place on the map. In doing that, students
appreciate the inter-relationships among the concepts.

It has been shown that students use different methods
to draw concept maps. Some first develop small ‘submaps’
containing 6 - 10 concepts and then integrate them into a
larger final map. Other students begin by ranking the
concepts and gradually adding more subordinate concepts as
they proceed (Ault, 1985). Either method leads to well
organized hierarchically structured concept map. Novak and
Gowin (1983} reported that without exception students they
worked with reported that concept mapping ‘really nade
them think’ and helped them see relationships they never
saw before. Novak found a great willingness in boys to redo
concept maps. Concept mapping is the act or process of
organizing concepts in a hierarchical manner to show
relationships among concepts. There has been increasing
literature on concept mapping since Novak and Gowin (1983;

1984; 1986) publication of "learning how to learn™.
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Novak, Gowin and Jcohansen (1983) explored the use of
concept mapping and vee mapping with seventh and eight
grade science students. They found that:

i. in general, students of any ability could be successful
in concept mapping.

ii. the experimental classes (concept mapping dgroup)
demonstrated superiority in problem solving performance
on novel proplems after less than 6 months of
instruction with concept mapping strategy.

Frazer and Edward{1985) conducted a one-short
intervention treatment to determine the effect of concept
mapping on students achievement in traditional classroom
tests.They found evidence that suggested that the students
who scored highest on an end of unit test had high level of
concept mapping. Bosquet (1982} conducted a study of three
versions of concept mapping among 117 students in a college
natural - resources management course. Result of the study
revealed that Concept mapping skills predicted subsequent
achievement on a post-test. .

Pankratius (1990) investigated the effect of the degree
of concept mapping on achievement. He used six intact high
school physics classes. Four classes received six-weeks of
concept mapping instruction prior to the unit under study.
Two of these four classes were the low-level treatment group
and were required to submit concept maps during the

instruction. The other two classes were the high level
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treatment groups and were required to submit concept maps at
the beginning and at the conclusion of the unit under study.
One class from each treatment group took the pretest prior
to instruction. An analysis of the post test results
revealed no pretest sensitization. A one-way analysis of
covariance indicated a significant mean effect for the
treatment level. He concluded that mapping-concepts prior
to, during and subsequent to instruction led to greater
achievement.

Lehman, Carter and Kahle (1985) conducted a rigorous
study involving ten secondary school bioclogy classes. The
study compared concept-mapping and Gowins vee-mapping to
outlining. Their results suggested a tendency toward an
effect of the experimental (concept mapping and vee-mapping}
method.

The findings of Stewart, Rowell (1979), Lehman, Carter
and Kahel (1985) in biology; Ault {1985) in earth science
concepts revealed that concept mapping may bring about
meaningful learning. cliburn (1987) found that students
using concept maps during a 3 week unit on the skeletal
systems showed significantly higher performance on a
retention posttest, Moreira (1977) used concept maps with
university students in physics classes. He used concept
mapping for experimental classes and lecture method for
control classes. He found that the experimental classes

performed significantly better than the control group.
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Basconans and Novak (1985) found that the mean sores on
problem solving tests in high school physics were two to
three standard deviations higher for students using concept
mapping.

Pankratius and Keith (1985) compared effect of concept
mapping and lecture method on ninth grade understanding of
general science. He found 10% higher mean scores for the
concept mapping group over an 18 week period.

In Nigeria, three studies were reported on the use of
concept mapping strategy on biological concepts. The result
of the studies showed evidence that concept mapping strategy
could lead to meaningful learning and reduction in anxiety
towards science,

Jegede, Alaiyemola and Okebukola (1987) determined the
potency of concept mapping in teaching nutrition in cell.
They found that students taught using the concept mapping
strategy performed significantly better than those taught
using the traditional method.In a related study,Okebukola
(1990) worked on the effect of concept mappingon students
anxie;y towards science. He administered the Fraser, Nash
and Fisher (1983) Science Anxiety Sc to the concept
mapping group. He found highly signif' nt difference in
mean anxiety scores (P < 0.001) favouring the concept
mapping students. Analyzing the data with respect to gender,
he found that males made greater achievement gains than

females and also showed greater reduction in anxiety score.
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Okebukola (1990) examined the potency of concept mapping
technique in attaining meaningful learning of concepts in
genetics and ecology. He used 138 predegre biology students
to try the efficacy of the concept-mapping strategy. The
results showed that the 63 students in the experimental
group who employed the concept mapping technique performed
significantly better on test of meaningful learning in
genetics (P < 0.001) and ecology than the control group
(expository) counterpart.

This findings of substantial set of studies on concept-
mapping within the past decade have converged in suggesting
that the strategy is potent in bringing about meaningful
learning (Stewart et al, 1979; Novak, Gowin and Johansen,
1983, Ault, 1985, OKebola, 1987; Okebukola and Jegede,
1987) . The research studies compared mainly concept mapping
and expository methods.

This study considered concept mapping strategy, based on
the constructivistic epistemology in the light of the above
reasons and also motivational difficulty, students have in

grasping meaning of fundamental concepts in science.

2.4.4 Introducing Students To Concept-Mapping

Concept maps are intended to represent meaningful
relationships between concepts in the form of preposition.

As with any act of teaching, there is no one best way to
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introduce mapping of concepts but there are specific steps
to be followed.
The steps in concept mapping as elucidated by Ault
(1985) are: |
i. Select an item for mapping
ii. Choose and underline key words/ideas/concepts
iii. Rank and list concepts from most abstract to most
specific

iv. Cluster the concepts according to +two criteria:
concepts that function at a similar level of
abstraction and concepts that interrelate closely.

v. Link related concepts with lines and label each line
in prepositional form.

A correct completed map represents a meaningful
understanding of the relationship between important set of
concepts. For this study, concept mapping will be introduced
to students as follows:

i, Introduction to the idea of concept by defining
objects, events etc.

ii. Introduction of the word concept.

iii. Introduction of linking words like ... can be, are,
have, contain, determine, made of, as in, are in etc.

iv. Students to give examples by constructing some short
sentences of their own using 2 or more concepts and a
linking word.

V. Listing of concepts from discussion or text,



vi.

vii.

set
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Ranking the <concepts according to levels of

abstraction.
Circling the concepts (objects or events) and linking

with appropriate word(s).

2.4.5 Ugsefulness Of Concept Map

A concept map iIs a schematic devise for representing a

of concept meaning embedded in a framework of

proposition. It has been found useful in various ways.

i.

vi.

Concept maps work to make clear to both students and
teachers, the smaller number of key ideas they must
focus on for any specific learning task.

Concept maps represent a summary of what has been
learnt. |

Cc ‘pt maps provide a kind of visual road map showing
the uifferent pathways to connect meaning of concepts.
Concept map is a useful tool for negotiating meaning
between students and teachers. Negotiating meaning or
sharing meaning in this context is because students
bring their own ideas to the class.

Concept map has been found to be a powerful evaluation
tocl for observing the meaning a student heolds for the
concepts embedded in the map (Novak, 1990).

Concept maps reveal students cognitive organization of

- knowledge (Bowen, 1990},
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vii. Concept maps are used to point out misconceptions (Hand
and Treagust, 1990; Driver and Erickson, 1983; Novak,
1987; Okebukola, 1990; Pope and Gilbert, 1983).

viii. Concept maps helps students take charge of their own
meaning making (Novak, 1985).

ix. Concept map appears toc have capability for helping
learners cope with demands of difficult concepts
(Cliburn, 1987; Okebukcla, 1990).

X. Concept map has been shown to help students in learning
the topies "ratio and proportions (Cardemone, 1975) and
genetics" (Budgden, 1987; Okebukola, 1990).

xi. Concept maps have been shown to increase comprehension
{Taylor and Beach, 1984).

For the teacher

xii. Concept maps have been used as an evaluation tool
(Novak, 1983).

xiii. Concept mapping strategy has been shown to force
teachers to take students prior knowledge into
consideration (Novak, 1287}.

xiv. Concept maps serves as a source of instructional
feedback on the level of students understanding of
concept. L

Xv, Concept maps can be used byteachers to plan and
organize their lessons (Novak, 1987). i

xvi. Concept maps have been used to develop curriculum

(Cliburn, 1986} for lecture preparation and laboratory
|
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report (Ault, 1985).
For the learning process
xvii. Concept mapping may open up new perspective in
learning.
xviii. Result from concept mapping activities point ih the
direction that students who learn meaningfully acquire,
retain and use knowledge better than those who learn by

rote {(Okebukola, 1990).

2.5 Students’/ Attitude Towards Scienpce

Measuring students science achievement is not the only
way to evaluate students and instruction. Attitude plays a
major role in students learning (Gardner, 1975; Mukherjee,
1978; Levin and Fowler, 1984; Alao, 1985; Ajewole, 1991).

Various definitions have been proferred for attitude.
Moore and Sutman (1970) defined attitude as an opinion or
position taken with respect to a psychological object in the
Field of science.Gagne (1977} defined attitude as an
internal state that influence the personal actions of an
individual. Conmbs (1%71) considers attitude as a regulator
of all behaviour. Ones behaviour at any time, according to
Combs are not causes but conseguences of what is going on
within the individual. Mukherjee (1978) asserts that
attitudes are organized through experiences and impart a

direct influence upon the individual. Brown et al (1964}
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views attitude as representing the underlying dispositional
and motivational urge for the Jlearner. Attitudes,
interests, appreciations are all terms used to describe what
educators call the "affective domain". It is a continum from
positive to negative. A person may like or dislike something
or possess varying degree of neutrality. It is this
predisposition to respond positively or negatively that
characterizes a person’s attitude.

For the present study, the term attitude is used to
refer to one’s feeling, thought and predisposition to behave
or respond in some particular manner. Attitudes are best
expressed when individuals make statoment about their
feelings or opinion (Mukherijee, 1978). Students reaction to
a subject is influenced by his attitude to it. According to
Alao (1985) learners attitude to a subject is influenced by
both internal and external factors. Some of these internal
and external conditions must be satisfied before attitudes
are changed. The internal conditions. he noted, are the
individual skills and certain amount of relevant information
which the learner must possess about the concept tec which
the new attitude will be directed. The external conditions
are mainly the human models appeal to which the obiject
attitude is applicable. Attitude is an important ocutcome of
science teaching (Haledyna et al, 1982; Bajah, 1986). For
one, the attitude which an individual has influences to a

considerable extent his learning of science and his use of
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scientific information (Ajewole, 1991). Secondly, the
possession of favourable attitude towards science is an
important characteristic of a scientifically literate
person, (Balogun, 1985). |

The study of students attitude to 1earning. and
instruction is important. Shuaibu (1984) helds the view that
attitude study is necessary for a teacher who expects to
understand why his efforts are sometimes s0 well rewarded
and sometimes so seemingly hopeless. Gardner (1969) likewise
explained that attitude research is important because
important decisions which students make are strongly bound
with their attitudes, such as career choice. It is
therefore not surprising that many studies in Nigeria and
elsewhere have not only focused on the attitude of students.
and teachers toward science but also con the relationship of
those attitude with performance. Studies by Orisaseyi
(1977) and Jegede (1984) concentrated on attitudes towards
physics. Babatunde (1982), Soyinbo (1982}, Ajewole (1991)
investigated students attitude towards Biology. On the
whole attitudes were)mreported to be positive, though
correlation of attitude to performance was 1~w. Alao (1985)
showed that the attitude to any of the hasic sciences, is
positively correlated to performance. Among American high
echool students, attitude was found to huve a direct effect
on science achievement (Schibeci and Riley, 1986). It is not

surprising that individuals who are majoring in science and
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who are themselves scientists have a good attitude towards
science (Hirschorn, 1974; Baker, 1983; Alao, 1985}.

An international study by Kelly (1978) found that
attitude was significantly related to achievement in science
even when ability was taken into account. McMillian and May
(1979} and Baker (1985) found that science achievement as
reflected by grades did not influence attitude to science.
They interpreted this to mean that students receiving poor
grades could have a more positive attitude than those with
good grade.

Method of instruction could affect performance of
students and attitude (Piburn and Baker, 1991). Studies by
(Anderson, 1970; bickson, 1979; Story and Brown, 1979) have
shown that students attitude toward science seem to improve
through the use of some instructional procedures and models.
This lends support to Nwaagwu’s (1976) assertion that
attitude must be Jlearned and may be mnodified later by
instruction. Disingerand Mayer (1974) investigated the
influence of some teachers background characteristic ang
some instructional variables on changes in attitude toward
science. They reported that no single set of teacher and
class characteristics could be found to associate with
chahges 1in students attitude but rather instructional
variables seem to be more related to at! " 1de. The number of
instructional strategies that can be employed in teaching

are as many as there are students and teachers but the
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instructional strategies of interest in this study are
guided discovery and concept-mapping.

Ajewole (1991) investigated the effects of guided
discovery and expository instructional methods on the
attitude of students to Biology. The study sample consisted
of 240 Form (IV) Bioclogy students randomly drawn from six
gecondary schools in Oyo State of Nigeria. The students were
assigned into two groups - the experimental and control. The
experimental group was taught using guided discovery method
and the contrel group was taught using the expository
method. The major instrument was the 40 item Scientific
Attitude Questionnaire using five point scale. Analysis of
the data showed that the experimental group (guided
discovery) evinced a significantly more favourable attitude
to biology than the control group. The study also revealed
that there was no significant differernme in the attitude of
male and female students exposed to the two teaching
methods. The above result is consistent with the findings of
Jochnson (976), Brown and Story (1279), Ajewole (1987) and
Balogun (1981) which showed that students taught using
discovery method showed a more posi*ive attitude toward
science than those exposed to the expository method.

A conflicting result was reported by Fraser (1978) that
instructional methods and gender do not affect students
attitude. However, Babikian (1971) found that expository and

laboratory methods for teaching concepts were significantly

4
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more effective than the discovery method for teaching
science concepts to students with respect to recognition of
concepts and application of concepts to numerical problems.
Some other research reports by Novick and Dauduani (1976),
and Hassan (1985) revealed no change in attitude. Gabel and
Rubba (1979) and Tolman (1979) reported a positive
significant change in students attitude due to their
enrolment in some new courses. The change in attitude might
be perhaps due to the method of instruction rather than
change of course,.

There seem to be little or no reported study on the
influence of concept mapping strategy on attitude. One
reason for this,could be that concept mapping strategy is a

recent innovation in the area of science instruction.

Research has shown that some students variable like gender
seem to be associated with attitude townrds science. Most
research studies show that male students hold more positive
attitude towards science than do female students (Ormerod,
1975; Steinkamp, 1982; and Ormerod, 1975). A few other
stud%es revealed that there is no significant change in
attitude with respect to gender.

Fleming and Malone (1983) foun’ hat males had more
positive attitude than females in tl. ~lementary school but
females had more positive attitude than wales in the middle
school. 1In the high school, they reported, that the trend

reversed and males again held more positive attitude towards
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science. They attributed the pattern shift to teaching
emphasis in which increased effort to promote cognitive
learning leads to decreased attention to attitude. Abiola
(1971) attributed the positive male attitude to science at
secondary school level to parental expectation. He asserted
that 1in some parts of Nigeria, parents expect boys to
achieve a higher level of education than the girls.

However, according to Whitefield (1979), boys
favourable attitude to science is displayed early during
primary school years. In later high school, when science
becomes optional the difference in attitude between boys and
girls become less marked.A contradicting result was given by
Steinkamp and Maehr {(1983) after studying attitude and
achievement with respect to gender. They reported that for
girls, the correlation between attitude and achievement is
slightly stronger at the high school than the junior school.
A different result was reported by Fraser (1978) who found
that gender differences did not significantly affect
students attitude. Several students attitude surveys
and scales have been develeoped. In spite of careful
deveiopment of these attitude components, it is not clear
if they measure what they purport to measure. Also none
has been developed to measure attitude to specific
instructional strateqgy in chemistry. Moreover, available
research on students attitude towards science does not

provide satisfactory answer to guestions related to
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instructional methods affecting performance and attitude.
Hence,the present study is an attempt to determine
instructional strategy that might be effective in positively
and significantly changing students attitude towards
chemistry. Specifically, the study is interested 1in
determining whether a concept mapping strategy and/or guided
discovery strategy could bring about significant and

improved change in attitude to chemistry learning.

2.6 Gender Differenceg And Scirnce Learning

Many studies have focused on wder.differeﬁces and
school learning (Kelly, 1978; Tobi., 1987; Becker, 1989;
Versey, 19%0; Ajewole, 1991). In science education, there is
the concern that girls are not achieving as well as they
might (Kelly, 1978; Erickson, 1984; Welch, 1985; Jegede and
Okebukola, 1990). The differences were most pronouced in the
physical sciences. Also a lack ¢of representation of females
in the science and engineering professions is well
documented (Olstad, 1981; Dix, 1987; ©~~, 1990). The need to
attract girls to science profession hi 'ed to such projects
as GIST {Girls into Science and Techiiwlogy) and WISE (Women
in Science and Engineering) that have examined ways of
making science more ‘girl friendly’.
| Fernama and Sherma (1978) ncoted that fewer girls take

advanced science and mathematics courses and aslect careers
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in science. Steinkamp (1982) results of qgualitative
synthesis of data samples taken from studies that examined
sex differences in science achievement and attitude toward
science revealed a consistent pattern of performance
favouring males. He reported that at high school level,
males achieve better grade in science courses and perceive
the classroom environment to be more supportive than do
females (Zerega and Haetel, 1985). Bajah (1979) noted that
boys were superior to girls in school achievement. Grayball
{1975) found that American boys were better than girls at
activities requiring manipulation.

Research by Jegede and Okebukola (19920} revealed that
male students made greater achievement onin than females and
showed greater reduction in anxiety level when the concept
of nutrition in green plants and respiration in cells were
tested. Studies by Babikian (1971) revealed that
irrespective of the teaching method used boys achieved
significantly better than girls.

If gender related differences in science achievement
are a reality, as research results have indicated, then
there are likely to be differences inp ~*vilents engagement,
participation and performance in science activities. Reasons
for the sex related differences in science engagement and
achievement have been attributed to a wide range of factors
including social, personal, interest, study area, teacher,

instructional factor and spatial abilities. Since learning
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involves internal cognitive process for learner, it is
possible that the differences in science achievement might
have to do with teacher interaction with students. Studies
by Becker (1981) and Hall (1982) revealed that teachers
spoke more frequently to boys, asked the boys more higher
ordered questions, praised boys for quality work and girls
for neatness. Sadker and Sadker (1985) noted that male
students received more praise and criticism from the
teachers than the females students. Another reason advanced
for the sex differences in science learning was given by
Tobin and Gallagher (1987b) who observed from their study
that teachers asked and expected certain students (mainly
the male) to provide appropriate answer. However, Becker
(1981) and Versey (1990) noted that the factors which
determined whether or not males or females engaged in the
same way are complex because of joint influence of the
teacher and the students,

Fernema and Sherma (1977) and Sherma (1979) ascribed sex
differences in science learning to differences in spatial
abil}ties of males and females. According to them, spatial
abilities are related to the development of the right
hemisphere of the brain. The males are known to use the
right hemisphere more than the left, while the females use
the left more but these spatial abilities are usually not
observed until adolescence, from the age of 16. In a

related study on SAPA process, Shuaibu (1982) noted that
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female subjects had statistically superior performance in
SAPA process over the malr subjects in the test. The girlis
superiority were evident in the process of observation,
inferring and interpretation. He stated that it might have
to do with some Nigerian culture where girls are not to be
heard but seen.

Oormeraod and Duckworth ({1975) suggested that the
differences in the performance of male and female subjects
could be related to interest in content area. Raghubir
(1979) found that females were more interested in biology
and social science topics., Other reasons for the sex related
differences in science achievement according to Tracy may be
related to three areas: Social, educational and personal.
Social factors included, sex-role model, sex-role
orientations and stereotyping. Educational factors included
parent, teacher, peer expectation, classroom and extra-
curricula activities. Personal factor due to spatial
ability. Sherman (1967) suggested that children’s sex-typed
play behaviour (i.e, the tendency for givls to play with one
set of toys, while boys tended to play with another set) may
have contributed to the developwment »f sex-type spatial
ability. Other studies have found that sex-typed extra
curricula activities of boys and girls influenced their
career choice in science and their achievement in
mathematics and science (Kelly, 1987; Fox, 1981; Skolnic,

Langbort and Day, 1982; Kahle, 1983; Jacobson and Doran,
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1985). A conflicting report was given by Comber and Keeves
(1973), Erickson and Erickson (1984) who found no
significant differences in the science achievement of boys
and girls. - |
Ajewole (1990) studied the effects of the guided
discovery and expository instructional metheds on students
transfer of learning. Analysis of the result revealed no
significant difference in the transfer of learning bhetween
male and female students exposed to guided discovery and
expeository methods. In a related study on instructional
methods and attitude to science with respect to gender,
Ajewole (1991) found no significant difference in the
attitude of male and female students exposed to the
discovery and expository methods. |
Most of the literature cited have indicated significant
sex differences with respect to achievement. These
differences have always consistently favoured male. While
this under representation/under achievement of females in
science is pervasive, unfortunately, it is still not well
understocd. The explanations for the observed gender
differences in science learning and achievement seem
inconclusive. Speculations have centred around differences
in spatial ability, differing attitude towards science,
differential treatment in science classroom, study or
content area and instructional factors.

It is hoped that the result of this study would help to

l
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attract girls to science/chemistry. It could be that a
particular teaching strategqgy to science instruction might
perhaps lead to exciting girls interest in science. It is
within this context that gender variable for this study was

conceived.

2.7 Home Factors And Science Achievement

A reasonable number of studies have been conducted over
the years to evaluate the impact made by various factors
including age, school and home on students science learning.
This is because learning does not occur in a wvacuum.
Students’ performance is affected by factors in the school
as well as conditions in the home. The home environment has
been identified as having important influence on the
development of children’s cognitive abilities and effective
characteristics (Bloom, 1981; Bloom, 1984; Keeves, 1972;
Marijoribank, 1979; Walberyg, 1984; and Ware and Garber,
1976). Parental invelvement in a child’s education is a key
factor influencing a child’s desire to learn. Teachers
theréfore find it wuseful to involve parents in their
children learning activities at home. The relationship of
performance and students home variablcs has produced some
interesting results, but as with all such results, it has
raised more questions than it can answer.

Onocha and Okpala (1985) studied family environment
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correlates of science achievement of pupils in primary
schools. They found that occupation of parents, material
possession, number of children, education of parents when
taken together seemed to be effective in predicting the
science achievement of primary school children who
participated in the study.

Ware and Garber (1972} 1in their study found that
availlability of materials in the home seem to be the most
important variable for predicting school achievement. He
recommended that parents should provide supplementary bocks
for their children to enhance what is taught in schools.
Walberg (1983) revealed that family socio~economic status is
predictive of academic learning. Awoyemi (1986) examined the
status of family as a factor in explaining variations in
school achievement. His study revealed that consumption
occurring within a household and the size of the family
influence educational achievement. According to him, a
household within a given income is likely to spend more on
food, the more mouths it has to feed. That family must
therefore correspondingly spend less on some cother
mate?ials. He found that there was relationship between
students family socio-economic background and their academic
performance. A related study by Boococck {(1272) found that
the most important predictor of achievement in school is
family sociceconomic status, SES. According to him the

higher the SES of the students family, the higher the
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achievement. Research shows the same pattern in America,
Eurcope, Asia and Africa (Dubey, 1972, 1973). According to
Dubey, the relationship of SES to achievement is always
consistent, no matter the measure of parental occupation,
education and income used. A conflicting result was reported
by Onyeabe (1977) who found that the family SES is
negatively asscciated with achievement with Nigerian School
children. Similarly Fraser {1978) reported that the result
of his study indicated no significant difference between SES
and School achievement.

In the light of family structure and its influence on
scilence learning and achievement, Blakemore (1981) noted a
distinct class structure emerging in Africa. Access to and
performance in education was increasingly becoming a
reflection of class background. Brown (1982) classified
typical Nigerian community into three maior categories. The
first included the well educated and wealthy business
people. According to him, both grou; strive to give their
children good sound education. Thongh the educated ones
are aware of the value of education, the business person
is not so sure but since he can afford it, he sends
his child to school. The second category is the fairly
educated ones who can just manage to make ends meet. They
send their children to school fFor prestige and to show that
they can afford it. The third category consists of people

with little or no education. They find it difficult to feed
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their family properly. This group could withdraw their wards
due to fees or even resist efforts to send them to school.
The results are consistent with studies by educationists and
psychologists such as (Pella,1968; Perl, 1973; Nema, 1978;
Chuche, 1978; Brookover, 1979; Archenhold, 1981; Meren,
1983; and Hassan, 1985).

Abiola (1977) stated that science will only becone
meaningful to the African child if school science has direct
link with home activities. According to him, no matter the
method of teaching if the school activities are not familiar
to home activities, the child will continue to have a formal
distant view of science.

Bookcoak’s further studies on home factor revealed that
father occupation was strongly associated with the style of
interaction between members of the family. Middle and upper
families tend to give more freedom to thelr children in
decision making. At the same time, they are available for
guidance and consultation. Children from lower class
families are raised in condition of greater restrictions.
Both parents according to him probably work and every one
contfibutes to keep the family alive.

Brown (1973) found from this study that only one
variable from a number of student background variables (i.e
enrolment in physics course) seemed to be associated
positively and significantly with college achievement. TIn

some of the studies, little distinction was made amongst the
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various ﬁome factors. Results of studies have been
inconsistent. Some have reported a pogitive correlation
between home factor and achievement others negative or no
correlation. So far the results on home factors and
achievement seem inconclusive. The question of what makes
studant understand has not fully been understood., Also how
these factor operate and their overall strength on science
learning is far from being fully explained. The present
study is an investigation to identifying home factor that

affects students’ understanding of chemistry.

2.8 Reading Comprehension And Science Concepts

Many concepts, process skills and problems found in
science are also part of and central to other disciplines.
Reading comprehension and activity oriented science
emphasis the same intellectual =skills and are both
concerned with thinking process. When a teacher helps
students to develop science processes, reading processes are
simultaneously being developed (Mechling and Oliver, 1983;
Simoﬁ and Zimmerman, 1980). For instance, when a teacher is
working on the concept ‘chemical combination’ in chemistry,
students are learnhing to isolate and enumerate important
characteristic, use appropriate terminology and synonyms.

Reading involves the abilities to decode and decipher

intelligently, the graphic symbols of a given language. We
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read to add to our range of ideas and become increasingly
aware of new developments in arts, sciences, technology and
politics. Reading also helps to reshape our way of thinking.
However, it is not enough to be able to read but to read
well with maximum understanding. Understanding fully what
one reads leads to meaningful learning. A text on rapid
reading is a test on comprehension. One has to read many
passages guickly with maximum understanding to be able to
attempt the questions on the passage correctly.Most of what
is read is in English. The medium of instruction in the
Nigerian secondary schools is English. All science text
books that are used for secondary school chemistry in
Nigeria are written in English Language.

Many educators have commented on the importance of
comprehending the language of instruction (Thelan, 1976;
Carter and Simpson, 1978; Harm, 1981;). Sutton (1983) sees
language as a tool for the construction of knowledge
intimately involved in the process by which concepts are
formed. Luna (1986) indicated that language enables the
child to form concepts and draw conclusions from accepted
assuﬁption. The first step in understanding chemistry
concept is to understand the vocabulary and language of the
concept. Mgbo-Elue (1985) stressed that English Language
should be to enable students imbibe sufficient good English
to understand what the science book says as they read it and

be able to understand what they are doing, or intend doing
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and explain their experiences in simple terms.

Taylor and Brown (1976) stated that without language,
there can be little communication, without communication
there can be little education. Carr (1970) noted that the
failure or the success of the educational enterprise is
heavily dependent upon how well students are able to read
and comprehend language in their instructional materials,
since, much of the knowledge contained in the school
curriculum is transmitted through the medium of written and
spoken English. Other researchers have also shown that the
ability of the students to read with understanding and
participate fully during instruction or even read from a
textbook may 1likely affect the understanding of the
subject. Quinto (1979) stated that the problem of English
Language use and comprehension continue to mitigate against
the efforts of science educators in Vigeria. He reported
that over 90% of the Nigerian secondary school chemistry
students cannot distinguish between the verbs heat and warm,
words routinely used in chemistry laboratory classes. Ali
(1983) attributed the poor performance in school science to
Engligh language comprehension problems. Meshacb (1984)
studied the relationship between performance in English
language and science subjects in W.A.S.C examination of
secondary school students in Niger State. The result of his
study revealed that students who performed well in English

language had a high probability of performing well in






