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Abstract

This study investigated the effects of using advance organizers on students’ achievement in biology in
secondary schools in Kilifi County. Solomon Four, Non-Equivalent control group design was used in
this study. The study targeted all secondary school students in Kilifi County. The accessible population
consisted of all form two students in Kilifi County. Purposive sampling was used to select four
co-educational secondary schools in Kilifi County. The four schools were randomly assigned to
experimental groups (E;) and (E») and control groups C; and C,. A total of 156 students participated in
the study. Data was collected using Biology Achievement Test (BAT). The reliability of BAT was
estimated using Kuder-Richardson (K-R) 20 and Cronbach’s coefficient. This yielded a reliability
coefficient of 0.82 and 0.79 respectively. BAT was validated by experts in science education from
Egerton University. The data collected was analyzed using mean, one-way ANOVA and t-test. The level
of significance was 0.05. The findings of this study show that there was statistically significant
difference in achievement between learners in favour of those taught using advance organizers
compared to those taught using conventional teaching methods. The findings also indicate that there
was no statistically significant gender difference in achievement.
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1. Introduction

United Nations Educational, Scientific and Cultural Organization (UNESCO) (2017) argues that
science should equip learners with knowledge and skills that would ensure sustainability of societies.
Scientific skills gained from learning biology are vital for economic growth in any society. According
to the Republic of Kenya (RoK, 2012a), courses like medicine require strong background in biology.
Emerging issues such as HIV/Aids, drug abuse and environmental pollution which have an impact on
human lives have been incorporated in biology (Kenya Literature Bureau [KLB], 2012). Apart from
inculcating environmental conservation skills, biology also enables learners to acquire problem solving
skills, interpersonal skills, project and time management skills and sharpening of one’s scientific
thinking (Kenya Institute of Education [KIE], 2006). Biological knowledge can be used to find
solutions to four key societal needs: sustainable food production, ecosystem restoration, optimized
biofuel production and improvement in human health (The National Academy of Sciences [NAS],
2009). Biology as a science is, therefore, an important subject that would contribute towards the
realization of Kenya’s vision 2030. Thus, biology has a role to play in contributing towards the
country’s social economic development. For Kenya to realize her vision 2030, the country must adopt a
better Science, Technology and Innovation (STI) dissemination strategy (Republic of Kenya [RoK],
2012a).

Despite the benefits that accrue from studying biology, students in Kenyan secondary schools have
continued to perform dismally at Kenya Certificate of Secondary Education (KCSE) Examination
(RoK, 2012b). Rotich and Mutisya (2013), contend that the persistent state of low academic
performance in national examination in sciences has been a major concern to all stakeholders.
Performance of biology in 2017 KCSE exams was so dismal leading to low numbers of students
admitted into biological science-based careers in Universities in Kenya. Only 18% of the candidates
scored at least a grade of C+ in the subject which is the minimum grade required for admission to
various biological science courses (KNEC, 2018). This poor performance in biology is also exhibited
by other African countries (Trends in International Mathematics, and Science Study [TIMSS], 2011).
For instance, the KCSE biology examination results for 2014 and 2015 indicated that students had low
mean scores of 31.83% and 34.80%, respectively (KNEC, 2015, 2016). This poor achievement can be
attributed to inappropriate teaching strategies, abstractness of science, unqualified science teachers and
lack of enough teaching-learning resources (Keraro, Okere, & Anditi, 2013). The teaching strategies
employed currently do not help the learners to answer questions which approach the curriculum topics
from various angles and perspectives (KNEC, 2018). Gender disparity in biology achievement exists in
Kenyan secondary schools. Forum for African Women Educationalists [FAWE] (2007) contends that
girls’ achievement in biology in Kenya is below average. FAWE (2009) points out that poor
achievement among female students is attributed to cultural practices and teaching methods which do
not take into account individual needs of the girls. Males attain higher scores in sciences than females

at KCSE level (KNEC, 2016). The teaching strategies used in most Kenyan secondary schools are
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expository because most schools do not have science laboratories and those that have, are inadequately
equipped and in most cases poorly maintained (Tsuma, 1998). This poor performance prompted
investigation of an alternative teaching method other than conventional methods which are widely
practiced. This alternative teaching method is the use of Advance Organizers. UNESCO (2017) argues
that performance in STEM subjects can be improved by a more engaging instructional strategy.
Advance organizers is a strategy that would improve students’ achievement. Advance organizers are
instructional strategies that enable learners’ to connect new information to already known material and
also construct their own ideas. After his research to promote meaningful learning over rote learning,
Ausubel (1960) formulated the subsumption theory. This theory stresses meaningful learning by
linking the prior knowledge of students with new information that is presented in the school setting.
According to Ausubel, the best way of facilitating retention is to introduce the appropriate subsumers
and make them part of a learner’s cognitive structure prior to the actual presentation of the learning
tasks. The introduced subsumer thus becomes the advance organizers or anchoring foci for the
reception of new material (Ausubel, 1978). A primary process in learning is subsumption in which new
material is related to relevant ideas in the existing cognitive structures (Kearsley, 2000). Mayer (2010)
contends that advance organizers are presented material that introduce learners to what they will be
learning thus allowing the learners to utilize the relevant prior knowledge.

An advance organizer is an organizational frame work that teachers present to students prior to
teaching new content to prepare them for what they are about to learn (Githua & Nyabwa, 2008).
Ausubel (1968) argues that advance organizers are relevant introductory materials presented in advance
in any format of text, graphics or hypermedia. Chuang and Liu (2014) argue that with the emergence of
multimedia technology, multimedia have served as supportive instructional interventional components
in multimedia learning environment, new and different forms of information are available for use as
advance organizers. Studies have shown that advance organizers have led to improved students’
achievement (Omotade, 2016; Nazimuddin, 2015; Mshenga, 2013; Montanero & Lucero, 2012;
Agnihotri & Sharma, 2013; Babu & Reddy, 2013). Studies have also demonstrated that advance
organizers are associated with improved learning (Tamir, 1992; Dexter & Hughes, 2011; Dexter, Park,
& Hughes, 2011). Maryam, Moenikia and Zahed-Babelan (2010) argue that advance organizers are
effective ways to facilitate the task because they can provide an overview of a new topic and visually
represent links between the concepts to be learned. A study by Atomatofa (2013) revealed that
Advance lead to improved students’ achievement and retention than those taught using conventional
teaching methods. Advance organizers are cognitive bridges, which teachers use to help learners make
a link between what they know and what is to be learnt (Novak, 1980). Novak further argues that
advance organizers may include analogy, metaphor, model, graphics, concept maps, diagrams, pictures
as well as hierarchical structures. Some researchers and developers of Advance Organizers have
explored the use of Advance Organizers with educational computer software (Kenny, 1993). According

to Chun and Plass (1996) the use of advance organizers aids in overall comprehension.
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There are two broad categories of advance organizers namely expository and comparative advance
organizers. Kirkman and Shaw (1997) argue that expository advance organizers provide a conceptual
frame work for unfamiliar material while comparative organizers are used for recall and when the
knowledge to be acquired is familiar. According to Woolfolk, Winnie, Perry and Shapka (2010)
expository organizers provide new knowledge that students will need to understand the incoming
information. Melrose (2013) contends that advance organizers such as charts, diagrams or other visual
tools created by teachers can be used for organizing and representing consensually validated
knowledge into their teaching practice. Ausubel (1968) argues that those organizers which are used in
the activation of existing schemas are called comparative organizers. He argues that comparative
organizers integrate new ideas with basically similar concepts in the cognitive structure.
In this study, a well designed computer simulation, a flip chart and pamphlets on gaseous exchange
were used to help relate what learners already knew and the new content. Expository advance
organizers are used whenever the new material is totally unfamiliar while Comparative organizers are
used when the material to be learned is not entirely new (Bajt, 2004; Keraro & Shihusa, 2009).
According to Chiu and Lee (2009), a pre-class video viewing of the lecture content and hands on
laboratory activities in class enhanced the learning of high-school students’ basic image processing. A
study by Kang Sook-Hi (1997) found that advance organizers made a significant difference in
facilitating learning in a computer simulation environment. Computer simulation provides visual
representation of facts. This study also investigated whether there are gender differences in biology
achievement when students are taught using advance organizers.
1.1 Purpose of the Study
The purpose of this study was to determine the effects of advance organizers on students’ achievement
in biology in secondary schools in Kilifi County, Kenya.
1.2 Objectives of the Study
The study was guided by the following objectives. To:

i. Determine the effects of advance organizers on students’ achievement in learning biology.

ii. Determine whether there is any gender difference in achievement in biology when students are

taught using advance organizers.

1.3 Hypotheses of the Study
Hp!l There is no statistically significant difference in achievement between students taught using
advance organizers and those taught using conventional teaching methods.
Ho2 There is no statistically significant gender difference in achievement in biology when students are
taught using advance organizers.
1.4 Conceptual Framework
The conceptual framework that guided this study was based on the subsumption theory of meaningful
learning. The subsumption theory of meaningful learning is of the view that learners require subsumers

to link new knowledge with previous knowledge. This conceptual framework is based on the
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presumption that learners benefit and enjoy the lesson more when they are allowed to link prior
knowledge with new knowledge. This study had three independent variables namely the use of advance
organizer, conventional teaching methods and gender. These variables were perceived as factors which

are likely to influence the dependent variables of the study comprising of students’ achievement and

attitude.
A
-Teaching approaches Learning Outcomes
e Advance organizer e Students’
e Conventional Teacher characteristics achievement
teaching e Training
-Gender e Experience

Figure 1. Conceptualization of Relationship between Teaching and Learning Outcomes

This framework shows Advance Organizers as an intervention in the teaching and learning of biology.
Learning outcomes are also influenced by intervening variables such as teacher training and
experiences which determines the effective methods of teaching to be employed. The teacher
characteristics were controlled by involving qualified biology teachers with a teaching experience of a
minimum of two years. The effects of teaching methods on students’ achievement was studied.
Students’ gender may also affect their achievement and this was addressed by the choice of

co-educational schools.

2. Research Methodology

Solomon Four, Non-Equivalent Control-Group Design was used in this study. Non-Equivalent
Control-Group Design is used when research participants are not randomly assigned to the experimental
and control groups (Gall M., Gall J., & Borg, 2007).

Solomon four, non-equivalent control-group design was used as shown in Figure 2.

GROUP PRE-TEST TREATMENT POST TEST
E, 0O, X 0,
E, — X 0O;
C; — Os
C, — — Os

Figure 2. Solomon IV, Non-Equivalent Control-Group Design
X is Experimental treatment where students were taught using advance organizers.

O, and O4 were Pre-test while O,, O3, Osand O were Post-test.
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Group E; is the experimental group which received the pre-test, the treatment X and the post-test.
Group E, received treatment X and a post test, but did not receive pre-test.

Group C; is the control group which received pre-test followed by control condition and Post-test.
Group C, is the control group which received post-test only.

Groups C; and C, were taught using the conventional methods.

2.1 Target and Accessible Population

The target population comprised all secondary school students in Kilifi County who are about 37529 in
120 secondary schools. The study focused on county co-educational secondary school students. The
accessible population was all Form Two (second grade) students in Secondary Schools Kilifi County.
2.2 Sampling Procedure and Sample Size

Purposive sampling was used to select the four schools out of the ten co-educational secondary schools
in Kilifi County. Purposive sampling was used because the study required individuals with particular
characteristics (Mugenda O. & Mugenda A., 1999). Not all schools had all the required characteristics
for the study. The characteristics required of the schools included science laboratory, approximately
same number of boys and girls. Other characteristics are computer laboratory for viewing computer
simulations and a qualified biology teacher with a minimum of two years of teaching experience. A
total of 156 form two students in the sample schools participated in this study.

2.3 Instrumentation

2.3.1 Biology Achievement Test (BAT)

Data was collected using Biology Achievement Test (BAT) which consisted of 51 multiple choice test
items and 14 free response items. BAT consisted of section A and B. Section A items were multiple
choice items while those of section B were free response. Maximum score for the BAT was 100marks.
BAT was validated by three experts in science education and four secondary school biology teachers.
BAT was pilot tested on form two students in two randomly selected schools in Kwale County. Kwale
County schools were identified for piloting because students in that county have similar characteristics
to those found in Kilifi County. Reliability of section A of BAT comprising multiple choice items was
estimated using K-R 20. This yielded a reliability coefficient of 0.82. The reliability of section B of
BAT was estimated using Cronbach’s coefficient Alpha. Reliability coefficient obtained was 0.79.

2.4 Advance Organizers Instructional Module

Advance organizer teaching module for use by teachers of the experimental groups was developed by
the researcher. This module was used to teach gaseous exchange to form two students. The advance
organizers that was used included computer simulations, handouts and charts. The computer
simulations were shown for ten minutes. Before the start of each lesson learners were exposed to an
advance organizer. Teachers were inducted on how to employ advance organizers in the teaching of

biology lessons. Students were expected to observe gaseous exchange structures, features of gaseous
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exchange surfaces and mechanism of gaseous exchange. Students were then asked to present what they
observed.

2.5 Data Collection

BAT was administered as pre-test to two groups; one experimental and one control group before the
treatment. After the pre-tests, the experimental groups were subjected to the treatment. Students in the
experimental group were taught using advance organizers. The students in the control group were
taught using conventional teaching methods. All groups were taught by their regular teachers. All
simulation lessons were carried out in the schools’ computer laboratories and all the requirements were
provided by the schools. The intervention took a period of four weeks. The post-test was administered
to all students after the intervention.

2.6 Data Analysis

Pre-test scores were analyzed using the t-test to assess homogeneity of the groups before treatment.
Post test scores for the four groups were analyzed using one-way Analysis of Variance (ANOVA) to
test for any significant difference in achievement between the experimental and control groups at 0.05
level of significance. A t-test was also used to test the gender difference in students’ achievement. All

the tests were computed at 0.05 alpha level of significance.

3. Results

3.1 Pre-Test Results

3.1.1 Pre-Test Performance between Experimental and Control Groups

The mean scores for the two groups were compared using independent t-test statistic to establish if any

statistical difference existed in their performance. The results of the t-test are shown in Table 1.

Table 1. BAT Pre-Test Mean Scores and Independent T-Test Results

Maximum scores=100 marks

Learning method N Mean SD df t-test P-value
E, 39 29.54 5.26 72 0.862 0.392
C, 35 29.29 5.24

Results in Table 1 show that the differences between the mean scores of groups E1 and C1 were not
statistically significant at df=72, t=0.862, P>0.05. The results in Table 1 show that the groups exhibited
comparable characteristics and were therefore suitable for the study. The p-value of 0.392 is greater
than 0.05. This indicates that the two groups were homogeneous and therefore suitable for the study.
3.2 Comparison of Students Pre-Test BAT Scores by Gender

Pre-test BAT scores for male and female students were compared to find out if the groups are

comparable. The results were tabulated in Table 2.
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Table 2. Pre-Test Mean Scores by Gender on BAT and Independent T-Test Results

Gender N Mean SD df t-test P-value
Male 35 2991 5.29 71 1.82 0.0730
Female 39 29.38 5.08

The results in Table 2 show that the groups were homogeneous and could be studied. Table 2 show that
male students had a slightly higher mean score in the pre-test scores (29.91) than girls (29.38).
Independent t-test was computed to find out whether statistically significant gender differences existed.
The results in Table 2 indicate that there are no statistically significant differences between male and
female students in pre-test scores; t(71)=1.82, p>0.05. This indicates that male and female students had
the same level of achievement in biology before treatment.

3.3 Post-Test Results

3.3.1 Effects of Advance Organizers on Students Achievement

Objective one of the study was to determine the effects of advance organizers on students’ achievement
towards learning biology. This was achieved by comparing post test results for students taught using
advance organizers and those taught using conventional teaching methods. The post test scores were
analyzed using mean scores, Standard deviation and One-Way ANOVA to compare effects of the two
teaching approaches on students’ achievement. The post-test mean scores for all the groups are

presented in Table 3.

Table 3. BAT Post-Test Mean Scores of the Four Groups

Maximum scores=100 marks

Gender N Mean SD

E, 39 52.42 8.3298
E, 47 50.21 7.9288
C 35 38.03 7.7781
C, 35 39.29 4.0408
TOTAL 156

The results in Table 3 show that post-test mean scores for experimental groups (E;=52.42 and E,=50.21)
were higher than those of control groups (C;=38.03 and C,=39.29).

Further analysis was done using One-Way Analysis of Variance (ANOVA), to determine whether the
difference in the mean scores was statistically significant at 0.05 level of significance. This was done to
test Hyl of the study, which sought to establish if there was any statistically significant difference in
achievement between students exposed to advance organizers and those taught using conventional

methods.
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One Way ANOVA results for the four groups are presented in Table 4.

Table 4. Analysis of Variance (ANOVA) Results of the Post-Test Scores

Sum of squares df. Mean of square  F p-value
Between groups 6469.1349 3 2071.9958 38.69 0.000"
Within groups 8328.174 152 53.5548
Total 14797.3089 155

The calculated value of F(3,152)=38.69, P<0.05 presented in Table 4 show that there is a statistically
significant difference between the mean scores of the experimental groups and control groups.
Scheffe’s Post hoc test of multiple comparison was used to determine groups means with significant
differences. Sheffe’s Post hoc was preferred because the group sizes were unequal (Kleinbaum, Kupper,

Muller, & Nizam, 1998). The results are presented in Table 5.

Table 5. Sheffe’s Post Hoc Comparisons of the BAT Post-Test Scores for the Four Groups

Learning method Learning method Mean difference p-value

E, E, 221 0.915
C 14.39 0.0001*
C, 13.13 0.0001*

E, E, -2.21 0.915
C 11.91 0.0001*
C, 10.92 0.0001*

C E, -14.39 0.0001*
E, -11.91 0.0001*
C, -1.26 0.74

C, E, -13.13 0.0001*
E, -10.92 0.0001*
C 0.0001* 0.74

" Mean statistically significant at Alpha (a)=0.05 level. P<0.05.

Results in Table 5 reveal that there was statistically significant mean score difference between
experimental and control groups since the p-value is less than 0.05. The results show that statistically
significant differences existed between groups: E, and Cy, E, and C,, E; and C, and E, and C,. The results
also indicate that there is no statistically significant mean score difference between the two experimental
groups. The same case applies to control groups. This implies that the difference in mean for E, and E, is

statistically insignificant since their p-values of 0.217 are more than 0.05. The results show that there is
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no significant difference when one treatment group is compared with another treatment group. The same
scenario is witnessed for C, and C,. Significant differences exists when a treatment group is compared to
a control group.

Cohen’s d was used to accompany the reporting of one-way ANOVA and t-test. Cohen’s d statistic is a
type of effect size. As an effect size it is used to represent the magnitude of differences between two or
more groups on a given variable (Salkind, 2010). Cohen’s d was used to determine the standardized
difference between the mean scores of the control and treatments groups. According to Cohen (1988)
Cohen’s d is used to establish the size of difference between the means. Cohen further argues that
cohen’s d is suitable for establishing the extent to which a null hypothesis is false. This is done to
determine how large the effect size of treatment was. The rule of thumb for effect sizes includes; d=0.2
small, d=0.5 medium and d=0.8 large (Cohen, 1988). Post-test results for the groups E; and C; were
analyzed using Cohen’s d. The results from this analysis was Cohen’s d=(38.03-52.42/8.0587=1.786.
The value of d obtained is 1.786 which is greater than 0.8. This implies that the effect size of advance
organizers is larger. Post-test scores for groups E, and C, were also analyzed using Cohen’s d to
establish the effect size of treatment of groups that were only exposed to post-test only. Cohen’s d
result was d=939.29-50.21/6.293=1.735. The value of d is greater than 0.8.

3.4 Effects of Advance Organizers on Students’ Achievement by Gender

Objective two sought to determine whether there was gender difference in achievement in biology
when students are taught using Advance Organizers. To achieve this, the post BAT mean scores were
analyzed using independent t-test on the basis of gender. Post BAT scores were analyzed using
Independent t-test to compare means obtained by male and female students exposed to advance

organizers. The results are presented as in Table 6.

Table 6. Independent T-Test Results of the Post-Test BAT by Gender for Students Subjected to

Advance Organizers

Gender N Mean Std. dev  t-value  df p-value
Male 41 51.46 7.99 0.29 84 0.387
Female 45 50.97 7.85

Table 6 shows post-test BAT mean scores for boys and girls exposed to Advance Organizers. The table
shows that boys had a slightly higher mean score of 51.46 while girls had 50.97. The standard deviation
for boys was slightly higher (7.99) than girls (7.85). The results as shown in Table 6 indicate that there
was no statistically significant gender difference in achievement in biology (t (84)=0.29; p>0.05). This
is because the p-value is greater than 0.05. This implies that both male and female students had equal

achievement.
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4. Discussion

The results obtained from the study indicate that students taught using advance organizers achieved
higher scores than those taught using conventional methods. It can be argued that advance organizers
enhance students’ retention of biology concepts, therefore making them to score highly. According to
the findings of this study, hypothesis one (H;) was rejected. H; sought to establish if there was a
statistically significant difference in biology achievement between students who are taught biology
using advance organizers and those taught using conventional methods was rejected. The findings of
this study concur with that of Muiruri (2016) on effects of Advance Organizers teaching strategy on
primary school pupils’ achievement in poetry in Nakuru North Sub County which found out that
advance organizers have positive effects on students’ achievement. A study by Korur, Toker and
Eryilmaz (2016) revealed that the use of online advance organizers increases students’ achievement
scores. The findings of this study are also in agreement with those of Kapri (2017) and Muiruri,
Wambugu and Wamukuru (2016) who established that Advance Organizers improved students’
achievement. Student centered and participatory strategies improve students’ achievement towards
biology. The findings of this study further concur with the findings of the study by Wachanga, Arimba
and Mbugua (2013) on the effects of Advance Organizers teaching approach on secondary school
students’ achievement in chemistry in Maara district in Kenya.

Objective two sought to determine whether there was any gender difference in achievement in biology
when students are taught using advance organizers. The findings indicate that there is no statistically
significant gender difference in achievement for students taught using advance organizers. This implies
that the performance of both boys and girls was comparable. This is consistent with the findings of
Wachanga et al. (2013) that gender has no significant effect on achievement when students are taught
using advance organizers. A study by Githua and Nyabwa (2008) on the effects of Advance Organizers
strategy during instruction on secondary school students’ mathematics achievement established that the
use of Advance Organizers improved male and female students equally. Advance Organizers can be
used to reduce gender disparity in biology achievement at KCSE level. This finding is also in
agreement with the findings of Akinbobola (2008) who observed that both the male and the female
students do well in science if exposed to similar conditions. The findings of this study are also in
agreement with that of Omotade (2016) that male and female students taught using Advance

Organizers did not differ significantly in achievement.

5. Conclusions

Findings in this study indicate that:
(1) The use of advance organizers in teaching biology leads to higher student achievement in
biology compared to the conventional teaching methods. Advance organizers can be used to

address the challenge of poor performance.
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(i1) This study also revealed that the use of advance organizers reduces gender parity in biology
achievement. Advance organizers could therefore be used to address the challenges of gender
parity towards learning biology. This study revealed that gender does not affect achievement in

biology when advance organizers are used.

6. Implications of the Findings

The findings of this study show that the use of advance organizers in teaching leads to improved
performance in biology. This makes advance organizers a suitable method of instruction. It is therefore
essential that teachers employ advance organizers in classroom instruction. This study has shown that
the use of advance organizers leads to an improvement in performance for both male and female

students.
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