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ABSTRACT This study investigated the effect of using analogical reasoning and extended wait time on science
achievement. 95 students were used in a pretest, posttest experimental and control group design experiment. Analysis
of variance (ANOVA) was used to analyse the result with Scheffe’s test to identify which group(s) showed significant
difference. The result showed that achievement improved where analogy and extended wait time and analogy only
groups were used. The result showed that teaching with analogy and extended wait time enhances achievement, and
teachers should be trained, and retrained to use this strategy in teaching.

INTRODUCTION

Science educators world over are usually
faced with the challenge of improving science
teaching so that learners can achieve high and
develop a positive attitude to science. Needless
to say advancement in science for a nation is the
bedrock of technological development. Thus, the
government of any nation is not just interested in
teaching its populace how to read and write but is
interested in their scientific development which
can lead to higher technological advancement.

Developed nations like the United States of
America, Japan, Chinaetc. pump alot of money
into scientific innovations, which today has
turned them into anation of manufacturersrather
than consumer nationsto which many third world
countries belong.

Since science learning is so important it is
necessary that science educators introduce
appropriate behaviours in their classroom to
enhance effective science learning and therefore
better performancein science. Evidence from the
result of the senior secondary school certificate
examination (SSCE) show that between 1994 and
1998 not up 40% of the registered candidates
passed (see Table 1). The purpose of this paper
thereforeisto tryout astrategy which will enable
studentsto achieve better in science and therefore
be able to face the challenges of the scientific
world better.

Research findings already show that there is

poor performance in science among African
students. The reason for this according to the
proponent of the African World view thesis is
that students who have high level of belief in
African values and tradition perform poorly in
science. This is because certain cultura factors
have negative effect towards science (Ogunniyi
1988; Jegede et a. 1989). Dzama and Oshorne
(1999) said poor performancein sciencein deve-
loping countriesisnot just dueto theworld views
of studentsin these countries, but due to absence
of supportive environment for serious science
learning where science features significantly in
the popular culture. Thus, if the classroom envi-
ronment isto be made conducivefor learning sci-
ence, the teacher has to introduce a strategy
which would develop students’ scientific under-
standing, thinking and problem solving abilities.

Over the years the inquiry method has been
introduced in the teaching of science at both
primary and secondary school levelsin Nigeria
Inquiry which isan art of questioning, exploring
and experimenting. It involves development of
skillssuch asacquisition skills, manipulative skill,
creative skillsand such like (Sund and Trowbridge
1967). However thismethod cannot be properly
practiced even at the primary level let alone at the
secondary schools. Thisis so because of lack of
equipment and even lack of proper encourage-
ment of teachers. Recently in April 2009, teachers
in south-west Nigeria went on strike due to lack
of proper remuneration by that government. In
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Table 1: SSCE Results in Science Subjects Between
1994-1998

Year Subject Number  Number Percentage
that that pass with

registered  passed credit

1994 Chemistry 161262 38212 23.7
Biology 508384 57955 11.4
Physics 146000 21462 14.7

1995 Chemistry 133188 48514 36.7
Biology 453353 80734 18.9
Physics 120768 16738 18.7

1996 Chemistry 144990 48514 33.46
Biology 506628 80734 15.9
Physics 132768 16738 12.6

1997 Chemistry 172382 40652 23.58
Biology 609026 96202 15.79
Physics 157700 14745 9.35

1998 Chemistry 182659 39085 21.39
Biology 626894 215946 34.4
Physics 10063 1002 9.95

Source: WAEC, Lagos 1999 (Nigeria).

the light of this situation educators have to think
of other methods that can develop scientific
under-standing of students, their thinking and
problem solving abilities. Such a method would
help to solve conceptual problems and result in
higher achievement in science.

There are over 400 national reports in the
United States of Americaexpressing growing dis-
satisfaction with the quality of science teaching
and learning and have called for changes in the
practiceof teachersand learnersand policy makers
(AAAS 1989). There is overwhelming consis-
tency in these reports, recognizing that students
should build understanding about what they are
endeavoring to learn and an advocacy for chan-
gesinthetraditional rolesof teachers. One popu-
lar phrase that has been included in most of these
reports is that “less is more”. This means that
fewer concepts need to be studied in greater depth
to enable students build deeper understanding
(Palmer 1973). Thus, teaching Biology using the
strategy of Analogical reasoning and extended
wait time which isthe main focus of this paper is
going to help students achieve better in science.

What isAnalogy?

Analogy is a comparison of structures
between domains (Clement 1978). Itisarelation
between parts of structures of two domains and
may be viewed as a comparison statement on the
grounds of structures of two domains pointing
to some resemblances. The two domains are the
analog and the target. The analog is the domain

used as basis for structural comparison and the
target is the domain to be explained. Over the
years analogy has been used as a concept build-
ing tools. It consists of objects, events or situa-
tions that share features in common. That is to
say they are in one or more ways similar. Those
shared featureshave asignificantly neural impact
by causing increased cell activity which results
infast learning. The brainisan analogy processor
i.e. it works by analogy and metaphors. It relates
whole concept to another and looks for simi-
larities, differences or rel ationshi ps between them.
It does not assembl e thoughts and feelings from
bits of data (Silvester et a. 1999). Thus, the use
of analogy hel ps studentsto concretizetheir ideas
by enriching their representation of problem
situation with previously observed or observable
(but imaginable) structures or mechanisms.
Through analogies an understanding of novel
situations may be constructed by comparison to
morefamiliar domain of knowledge. Many recent
cognitive approaches to instruction emphasize
the importance of understanding the science.
Learning begins with the learners’ science
(Wittrock 1985). Thus, through the use of analogy
one goes from known to the unknown, and the
unfamiliar becomesfamiliar.

What isWait Time?

Wait time is the time the teacher waits after a
question is asked, before accepting an answer,
repeating the question, rephrasing it or supplying
the answer (Rowe 1969, 1974). Lake (1973)
summarizesthewait time phenomenon by defining
it as “the length of pause preceding any teacher
utterance. By defining wait time in this way
teachers are provided with direct control over
relevant pauses within the course of a lesson.
Wait time has been found to be a variable which
could be used to determine the quality and
quantity of learners discourse that occur in a
science lesson.

There are two types of wait time, wait time
land Il. Wait time | is the time the teacher waits
after a question. It normally begins when the
teacher stops speaking and terminates when a
student responds or the teacher speaks again.
The sequence is as follows: Teacher asks a
question and pauses. He/she calls on a student
to answer the question, pauses again. The two
pauses are summed up together and they
constitute an instance of thefirst wait time (Rowe
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1969, 1974). Wait timell is defined asthetime a
teacher wait after a pupil’s response to the
question asked him/her by the teacher. It is
calculated by taking the sum of all the students
pause and terminates when the teacher speaks.
The variable of wait timein learning science has
been found to be very important inteaching. This
means that if it is not properly used, effective
learning cannot take place in the science class-
room (Rowe 1974, 1986; Tobin 1985). This is
because according to Moriber (1971), students
need a period of “private thought” which help
them to put ideastogether during inquiry lessons.

Research work by Rowe (1974), Tobin (1980)
showed that when extended wait time of S5seconds
for wait time | and 3secondsfor wait timell were
used for studentsin inquiry class certain positive
behaviours were observed in both students and
teachers. Such as:

a) Students increase their length of response

b) They offer more alternative responses

c) They asked more questions and interact
more with other students.

The above outcome showed students under-
stand the lesson better and are therefore likely to
achieve better and have positive attitude to
science. On the part of the teacher, the effect the
extended wait time had on them include:

a) Teachers responseexhibit greater flexibility
asindicated by the occurrence of fewer discourse
errors.

b) The number and kind of questions for the
performance of certain children seem to change.
The above outcomes tend to show that the
teacher’s behaviour can be positively affected.
Thiswill put themin abetter position to encourage
the students to achieve better in science. Thus, if
wait time is properly used it will lead to those
outcomes that will enhance higher achievement
in science.

Satement of the Problem

This study aims at investigating the effect of
the use of extended wait time and analogical
reasoning on students’ academic achievement in

Biology.
Resear ch Hypotheses

The hypothesisto be tested states that: There
isno significant difference in the mean academic
achievements of students taught using the
following methods:

a A combination of analogical reasoning and
extended wait time.

b) Anaogical reasoning only.

c) A combination of traditional lecture method
and extended wait time.

d) Traditiona lecture method only.

METHODOLOGY
Research Design

For this study a pretest and posttest expe-
rimental control group design was adopted to
determine any possible treatment effects. There
were four groups, three experimental and one
control groups. The subjects were members of
two intact classes of Samaru and Kaduna Colleges
of Agriculture randomly assigned to the three
experimental and one control groups. The three
experimental groups were labeled E, E,
respectively and the control group was Iabele&
C. Experimental groupl (E,) had treatment that
involved combination of analogical reasoning
plusextended wait time, experimental groupll (E,)
had treatment that involved the use of analogical
reasoning only. Experimental group 111 (E,) had
extended wait time plustraditional lecture method
of instruction. Control group (C) had traditional
lecture method only.

A pretest was administered to both the
experimental and control groups. Treatmentswere
administered to the experimental groups, but were
withheld from the control group who were taught
using the conventional lecture method. Thereafter
a post test was administered to al four groups.
The first experimental and second experimental
groups had 24 subjects each while the third had
25; the control group had 22 subjects. Altogether
95 studentswere assigned to the different groups.

A Flow chart of thedesignisillustrated bel ow:

RO/ X 'IP,

Rl1= Expenmental groupl (E,))

R,"1O/!X,"IP,

R2= Expenmental groupll (E,)

R/TO/IX,IP,

R3= Expenmentd grouplll(E)

R,! O IX,'P, R4=

control group ( C)

X, = Extended wait-time and analogical
reasoning

X, = Analogical reasoning

X, = Extended wait-time and lecture method
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X, = Lecture method alone
O, = Pretest
P, = Posttest

[lustration of the Quasi-experimental
Research Design

Population and Sample

Population: The target population for this
study was all Pre- National Diploma students of
the three Colleges of Agriculture in the Division
of Agricultural Colleges of Ahmadu Bello
University, Zaria, Kaduna and Kabba. The three
towns are located in Northern Nigeria. Zariaand
Kaduna are in the present Kaduna state, while
Kabbaissituated in Kogi State. Thetotal number
isdistributed asfollows: Kabbais 23, Kaduna22
and Zaria73.

Sampling: ThePre-Nationd Diploma(Pre-ND)
students of the Colleges of Agriculture in Zaria
and Kaduna formed the subjects of this study.
Thesetwo Collegeswere chosen for thefollowing
reasons: Firgt, their syllabus is similar to that of
the senior secondary school (SSS) in Nigeriaand
since the results of the study had implication for
teaching in the secondary school, this category
of students was found to be suitable.

Secondly, at thetime of conducting the study,
secondary schools were about going on long
vacation, and it was no longer possible to use the
secondary schools at the time. The Pre-ND
students were found to be a suitable alternative,
sincethe content of their syllabuswassignificantly
similar to that of the secondary school. The
proximity of the two colleges to the researcher
made it less problematic for the researcher to
conduct an experimental research in the colleges.
The Kabba college was not included because of
its distance from the researcher.

The average chronological age of the Pre-
National Diplomastudentsis20years. Candidates
are admitted from the different States of Nigeria,
giving the admission awide geographical spread.
The total number of students was 95, and this
comprised 73 from Samaru college of Agriculture,
Zariaand 22 from kaduna College of Agriculture,
Kaduna. All the students had the same entry
points. The researcher used the student list to
distribute the 73 students of Samaru college of
Agricultureinto three experimental groupsof 24,
24,and 25, whilethe 22 studentsin Kadunacollege
congtituted the control group. Thus, two intact
classes were used for the study.

I nstrumentation

The instruments used for this study com-
prised:
1 Selected Biology Topics.
2 Research Items.
3. Multiple choice Assessment Test (MCAT).

Selected Biology Topics

The topics to be taught during the research
were selected by the researcherswith consultation
with two secondary school Biology teachers and
two Pre-ND Biology teachers. After looking
through the syllabuses the following topics were
selected for teaching:

1 Nutritionin plantswith particular referenceto
photosynthesis

Respiration in flowering plants.
Transportation in plants

Transpiration in plants.

These topics were chosen because they are
present in both Pre-ND and the senior secondary
school Biology syllabuses. Further more, they
areregarded asdifficult topicsin Biology of which
analogy and extended wait time can help students
to achieve better understanding of .

Eight lessons were prepared atogether. Four
were prepared with analogy and four without
analogy. Questionswere a so included in between
the lessons for the purpose of wait time
manipulations. The lessons with analogy were
taught to the experimental groups 1 and Il (E, and
E,).While in addition to analogical reasoning
extended wait time| and Il were used for group 1
and there was no wait time manipulation for
experimental group Il. The lessons without
analogy were taught to experimental group il (E,)
and the control group. No variation of wait time
for the control group. The optimum extended wait
time's| and Il used were 5seconds and 3seconds
respectively. This is in accordance with the
suggestions by Tobin (1980).

PN

Research Items

Research itemsinclude:

1 Audiotape recorder and audio cassettes to
tape the lessons.

2. Thetiming light device used assignalsduring
wait time manipulations.

3. Teaching format — lessons prepared with and
without analogical linkages.
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Multiple ChoiceAssessment Test (M CAT)

The MCAT was constructed by the resear-
chers. This consisted of 25 items and each had
five optionsin the multiple choiceformat in order
to test the knowledge of the concept taught. The
questions covered all four topics. The subjects
were expected to answer all the questions.

The pretest and posttest was one and the
same test, that means a test and retest method
was used. This is quite in order because accor-
ding to Tuckman (1978) from James (2000), a
pretest may increase the likelihood that an
individual will do better on the subsequent
posttest, particularly when it is identica to the
pretest. The test gave a reliability coefficient of
0.79 using Kuder-Richardson coefficient of
reliability.

Data Callection Procedure
Analogical Teaching Format

For the procedure of teaching using analogy
the Glynn et al. (1991), model of Teaching with
analogy(TWA) was adapted. It has six steps:

i. Introduction of target concept

ii. Recall analog concept

iii. identify similar features

iv. Map similar features

v. Draw conclusion about concept

vi. Indicate where analogy breaks down.
However, for this research study this model

will be compressed into four stepsinstead of six,

by merging together stepsiii and iv asit isunne-
cessary for this teaching. Thus, the new steps
will now be:-

i. Introduction of target concept.

ii. Recall analog concept.

iii. ldentificationand mapping out similar features

iv. Conclusion.

The operations can be explained as follows:-
i. Introduction of target concept involvesgiving

abrief description of certain basic facts about

the concepts presented to the subjects in the
process of learning target concepts.

ii. Recall of analog concept: This stageinvolves
the selection of objects by the researcher of
which is familiar to the learner. The analog
concept is supposed to help the learner relate
together concepts they previoudly viewed as
unrelated.

iii. ldentification and mapping of similar features

of both analog and target concepts are pre-
sented to the learner. The teacher uses what
is familiar to the student in the analog to the
target, i.e. what the student does not know
and it enhances the students understanding.
iv. Drawing Conclusion: Drawing conclusion
about the target concepts and indicating where
anaogy breaksdown, i.e. pointing out thelimits
of the structural resemblances or similarities
between target and analog concepts.

Extended Wait TimeDeviceand Wait Time
M easurement

A wait time of 5seconds and 3seconds were
adopted from Tobin(1985). Thetrafficlight device
used by Swift and Gooding(1983) was adapted
for use in this study. Whereas the device was a
voice activated relay system which operated “red
and green traffic light” to signal when an appro-
priate period of silence had elapsed; the one used
for theresearch wasmanually operated by trained
research assistant. The light device had two
switches, the first one switches off after 5 and 3
seconds depending on how it was manipulated.

The four topics used for this research were
taught by the researcher to remove teacher bias.
The researcher adhered as much as possible to
the teaching guidelines.

The 4 groups designed used in this study
consisted of three experimental (E,,E, and E )and
acontrol group ©. Thethree experimental groups
received treatment as follows:

The Experimental Group 1(E.): The pretest
wasadministered to themwith the tM CAT). They
were subsequently taught all four lessons contain-
ing analogy with extended wait time | and Il of
5seconds and 3 seconds, respectively. The wait
time manipul ation was done by atrained research
assistant. Each lesson lasted for 60 minutes.

The Experimental Group Il (E,): This group
was also pre tested and were taught using less-
onswith analogy without wait time manipul ation.

The Experimental Group Il (E,): After pre-
test this group was taught using the lesson with-
out analogy but with extended wait times| and .

Control Group (C): This group was pre
tested. Teaching of the four lessons without ana-
logy was done the conventional way with nowait
time manipulation.

DataAnalysis

The data collected from this study were ana-
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lyzed using theanalysisof variance (ANOVA).This
statistical method was used because more than
two means were evaluated for significant diffe-
rence, and the researcher wasinterested in deter-
mining whether or not one group differed signi-
ficantly from the other. Where the difference was
significant, the Scheffe's procedure was used to
determine which of the teaching methods was
significantly different. Only the scores of stu-
dents who completed the treatment and who sat
for the pre and posttest were included in the
analysis.

RESULTS

The data analysed were obtained from the pre
and post achievement tests. Analysis of variance
(ANOVA) was used for the statistical analysis.
Where the hypothesis found to be significant,
Scheffe'sprocedurewas used to verify which one
of the methods produce the main effect.

To test this hypothesis the data for this hypo-
thesis were first subjected to an analysis of vari-
ance and the result showed that there was a
significant difference as shown in table 1a.

The F value of 0.0001 is less than the critical
vaue of 0.05. Thus, the difference observed in
the achievement scoreswas seen to be significant
at 0.05 level of significance. The result was then

subjected to the Scheffe's test to find out which
of the method is responsible for the difference
(see Table 1b).

The result of the Scheffe's test showed that
only the analogy plus extended wait time group
and the analogy only group result showed
significant difference, when compared with the
traditional lecture method. Also, the traditional
lecture plus extended wait time versus analogy
plus extended wait time groups showed significant
difference. But the mean difference between the
traditional lecture and the traditiona lecture plus
extended wait time was not sgnificant. All these
point to the fact that analogical reasoning has a
great impact on achievementin scienceand it really
helps students’ understanding and the effect is
immediate. However, sncethemean scorefor those
taught using analogy plus extended wait time
method was higher than that of those using analogy
only, it means that extended wait time 1 and Il of 5
and 3 seconds respectively used during questioning
and answering process has a positive effect on
students’ learning. The means and the standard
deviation of the achievement (see Table 1c).

It can also be seen that the mean score of
students taught using the traditional lecture
method plus extended wait time was higher than
those taught using the traditional lecture method

Table 1a: ANOVA of the achievement of the experimental and control groups scores

Source DF Sum of Square Mean Sguare F Value P. Value
Between Group 3 368.77 122.92 7.61* 0.0001
Within Group 84 1357.18 16.16

Total 87 1725.95

*Significant at P € 0.05 level

Table 1b: Scheffe's test of achievement of experimental and control groups.

Methods F value Remarks
Traditional lecture vs Traditonal lecture+Extime 7.61 Not significant
Traditional lecture vs Analogy only 7.61 Significant
Traditional lecture vs Analogy + Extime 7.61 Significant
Traditional lecture +Extime vs Analogy 7.61 Not significant
Traditional +Extime vs Analogy +Extime 7.61 Significant
Analogy vs Analogy + Extime 7.61 Not significant

Table 1c: Mean score and standard deviation of the experimental and control groups in the achievement

tests.

Methods Mean score Standard Deviation
Analogy + Extended wait-time 15.28 4.08
Analogy only 13.27 4.67
Traditional lecture + Extended wait time 11.77 3.54
Traditional lecture only 9.63 3.68
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only. Thismeansthat the extended wait time 1and
I of 5 and 3 seconds used during the questioning
and answering has great positive effect on stu-
dents' learning.

DISCUSSION

The main aim of this study is to find out if
combining extended wait time with analogical
reasoning can positively affect achievement in
Biology. The result showed statistical difference
between the experimental and control groupsand
the hypothesis of no significant difference were
rejected. Themean scoresof the experimental and
control groups showed that the achievement
results of those in the combination of analogical
reasoning with extended wait time and those in
analogy group was significant. This shows that
using analogical reasoning in teaching is very
important. Lagoke (1993) showed that when
analogical reasoning alone was used to teach
students their performance improved as they
retained concept better.

Tobin (1980) said extended wait time during
inquiry science teaching led to improved science
achievement. According to Tobin and Caple
(1982), the use of wait time of between 3-5 se-
conds was associated with high student achieve-
ment in science. It istherefore not surprising that
a combination of these two variablesin teaching
science resulted in better achievement. The fact
that the result of the analogy group was found to
be significant is in line with other previous
research findings (Gilbert 1989; Clement 1987,
Lagoke 1993) which is why the method was
recommended for teaching science. Analogical
reasoning helps studentsto use familiar situation
to explain those that are not familiar and try to
make senseof it soitisimportant that the anal ogy
comes from the students environment.

It may be summarized fromthis study, which
isontheeffect of analogical reasoning and exten-
ded wait time on achievement in Biology. The
instructional strategies used were acombi-nation
of analogical reasoning plus extended wait time,
analogy only, acombination of traditional lecture
method plus extended wait time, and lecture
method alone .The subjects were Pre-national
diploma students of colleges of Agriculture in
Samaru and Kaduna. One hypothesis was tested.
The result showed a significant difference in the
achievements of the subjects.

CONCLUSON

In this study lessons were prepared with
analogical linkages with which the learners are
familiar and extended wait timel of 5secondsand
wait time Il of 3seconds were also prepared and
administered to students. The following conclu-
sions were drawn:

1 Theuseof anaogical reasoning and extended
wait time helped to improve the quality of
instructions such that students understanding
of the subject matter improved and thereby
improving performance.

2. The good effect of extended wait time was
seen more when used with analogical reason-
ing than with the traditional lecture method.
Theimplication of this study isthat the use of
a combination of analogical reasoning plus
extended wait time has greatly enhanced
achievement in science.

RECOMMENDATION

Based on the above findings the following
recommendations are made:

i. itishighly recommended that teachers should
teach for more meaningful learning with the
use of analogical reasoning and extended wait
time, as this led to higher students’ achieve-
ment.

ii. since extended wait time provides for the
student a period of “private thought” which
will allow the new knowledge to be incor-
porated into the existing one, scienceteachers
should cultivate the habit of extending wait
timel of 5secondsand wait timell of 3seconds,
irrespective of what ever method isbeing used
to teach as this will help students to grasp
knowledge better.

iii. science educators should incorporate the use
of analogy and extended wait time into the
teaching methods of teachers in training, so
that they can adopt it in teaching their stu-
dents.
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