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Abstract— Mathematics is globally valued for use by an individual and society. It plays a significant role in the development of modern
science and technology. Despite its importance, students’ motivation to learn and achievement at national examinations globally and at the
KCSE mathematics examination in Kenya particularly has been dismal over the years. The learners’ low achievement in the subject has
been attributed to the didactic teaching methods that the teachers use among other factors. The study of geometry in Mathematics poses a
number of difficulties to learners which are different in nature from those of arithmetic and algebra. This is because geometry is primarily
abstract in nature. The purpose of this study was to determine the effects of Open Ended Teaching and Learning Approach (OETLA) on
student’s motivation to learn Three Dimensional Geometry. The study employed Solomon four non-equivalent control group design. The
two experimental groups (E1& E2) received OETLA treatment while the control groups (C1&C2) were taught using the conventional
teaching and learning methods. Only E1& C1 took a pre-test and a post test for all the groups. The target population for this study was form
four 17 year old students of secondary schools in Marani District in Kisii County. Purposive sampling was used to obtain the four district
mixed-sex secondary schools for the study. A total of 40 students from each of the four schools were sampled. The sample size was thus
160 students. A Students’ Mathematics Achievement Test (SMAT) was used to collect data. The instruments were validated by three
experts from the department of curriculum and instruction of Egerton University and three Secondary School Mathematics Heads of
Department. The reliability of the instruments were established using Cronbach’s Alpha. A reliability coefficient of 0.92 was obtained and
thus considered acceptable. ANOVA and t-test were used for data analysis. The level of significance for acceptance or rejection of
hypothesis was at 0.05 alpha. This study concludes that the use of OETLA resulted to a higher academic achievement in mathematics
when compared to the traditional method of learning mathematics. This study recommends that mathematics teachers in secondary
schools make use of OETLA to enhance students’ motivation to learn mathematics and by extension, improves their academic
performance in the subject.
Key Words— OETLA, Open Ended Teaching and Learning Approach, Students, Motivation, Learning, Three Dimensional Geometry,
Geometry.
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1 INTRODUCTION

M

ATHEMATICS is a compulsory subject in the current 84-4 curriculum. It involves the process of manipulating
mathematical procedures and algorithms concerning
specified instructions and axioms relating to mathematical
concepts under investigation. This calls on the learner to be
able to think logically, present information in logical steps and
proofs of theorems systematically. This is noted by the Kenya
National Examination Council (KNEC) annual report which
outlines the main objective of secondary school Mathematics,
as that which assists in the process of producing a person who
will be numerate, orderly, logical, accurate and precise in
thought (Adelson et al, 2012). S/he should be competent in
appraising and using his/her mathematical skills in playing a
positive role. Several studies have been carried out to find out

the real cause of the poor performance in the subject with no
tangible results.
Schools are social organizations with defined rules and
procedures that determine the degree of activities and
behavior of each member (Duck, 2014). Schools are in a sense
factories in which raw children are to shaped and finished to
meet the various demands of life. The specifications for
manufacturing come from the policies laid down by the
government. The system of education in Kenya is highly
selective even in primary level, while access to schooling is
limited. Advancement is solely based on students’
performance in examinations (Gitaari, et al., 2013).
Examinations are used above all to identify and define those
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adjudged suitable to proceed to the next stage of education.
Success in educational institution is measured by the
performance of students in external examinations.
Examinations are used among others to measure the level of
candidates’ achievements and clarify the candidates’ level of
education, training and employment (Ellison & Swanson,
2010). They also provide the basis for evaluating the
curriculum both at local and national level. Examinations can
when used properly, improve the quality of teaching and
learning and because of this reason when Kenya Certificate of
Secondary Education (KCSE) results are released the feedback
is sent to schools through a report indicating not only how
students have performed but also what teachers and students
should do to improve on future examinations (Githua, 2013).
A number of studies have approached the question of
mathematics performance from the school category status,
type and location view. Many studies dating as far back as the
eighties have maintained that single-sex schools are solution
to poor female performance (KNEC, 2006). Survey carried out
by USAID education program strategy revision (2003)
revealed that rural schools in South Africa have poor facilities
and teachers lack rudimentary training in key subjects for
example mathematics (Duck, 2014). Kipronoh, (2011) observed
that urban schools are not badly hit by teacher shortages as
many prefer teaching in urban areas. Yeya (2002) noted that
students with impressive marks avoid day schools in favor of
boarding schools. He further observed that students in
boarding schools perform better in national examinations.
Available literature in Nigeria has not been able to identify a
single direction of difference in performance in mathematics
between male and female students (Hyde, & Meltz, 2009).
Although most studies have found boys performing better
Kane and Mertz (2012) a few others saw girls out-performing
boys while others established no significant difference.
Manoah, et al (2011) asserted that mathematics is a subject of
male domain. This view was supported by Hyde and Meltz
(2009) that girls recorded low performance than boys in
mathematical activities in Nigeria secondary schools. Girls
were found to exhibit more mathrophobies than boys. In
NewZealand, Woodard
(2004) reported a consistent
difference in performance in favor of boys while Shimazoe
and Aldrich (2010) noted that sex difference existed at high
level and not at the junior level in mathematics achievements.
In Nigeria research has shown that the teacher factor in terms
of number of teachers and their competence, teaching strategy,
attitude among other factors affect students’ performance in
Mathematics. The same scenario cuts across other African
countries including Kenya (Too, 2007). In all countries the
teacher factor in terms of competence and mode of delivery
seemingly is very crucial in learners’ performance in
mathematics as a subject. This forms a research gap which,
this research investigates whether the use of OETLA can
improve teachers’ competence in delivery of the mathematics
content to enhance students’ motivation to learn and
achievement in the subject. No Child Left Behind (NCLB,

2001) act in USA, directed that research about effective
practices be a guide in changing the way mathematics is
taught to meet the required standards leading to an
improvement in achievement. This expectation however is not
conceivable when students continue to perform dismally in
the subject at National examinations.
In Kenya, the Ministry of Education Science and Technology
(MOEST) noted that about 10% of the children like and are
willing to study mathematics, (MOEST, 2007), the rest have to
be persuaded or forced to study mathematics because it is
compulsory. The continued dismal performance of students in
the subject at National examinations has continued to trigger
concern as reflected in the Kenya Certificate of Secondary
Education (KCSE) mathematics results, (KNEC, 2006). Kisii
county produces the bulky of bottom performing schools in
national examinations at both primary and secondary school
levels (SMASSE, 2004). Despite the important role that
Mathematics plays in society, there has always been poor
performance in the subject at national examinations, this is
demonstrated on Table 1 in Kenya Certificate of Secondary
Education (KCSE).
Table 1
KCSE mathematics mean scores
levels for the years 2012-2015
Year
National
2012
17.62
2013
12.24
2014
16.26
2015
18.73

Nationally and Kisii county
Kisii county
4.26
4.32
4.90
4.86

Source: KNEC, 2012 - 2015, Kisii County Examination Office
2015
The students’ performance in mathematics in terms of
index mean scores in Kisii county in comparison to other
commonly compulsory science subjects(chemistry and
biology) offered and examined at secondary school are
relatively low in the county as shown in Table 2.
Table 2
KCSE mathematics, biology and chemistry mean scores for the
years 2012-2015 Marani, Kisii county
Year
Gender
Mathematics Biology
Chemistry
2012
Female
1.39
3.42
2.50
Male
2 .34
3.79
3.04
2013
Female
1.29
2.72
2.45
Male
2.84
3.81
2.94
2014
Female
2.52
3.90
2.27
Male
2.89
3.98
3.57
2015
Female
2.74
4.50
2.91
Male
3.60
4.80
4.10
Source: Kisii County Examination office, 2015
Prevailing conventional teaching methods
predominantly teacher centered have been
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contributing to the dismal performance in sciences at the
KSCE (Changeiywo, 2000).Thus, the need for student centered
methods such as Open Ended Teaching and Learning
Approach (OETLA) which it is hoped will improve learners’
Mathematics achievement and their motivation to learn the
subject.
In this study OETLA that emphasizes active learning will
be studied and its effects on achievement and motivation
determined. The long-term use of concrete instructional
materials by teachers knowledgeable in their use and hands
on experiences, improved student achievement and attitudes
learning (Grows & cebulla, 2000). Students are expected to
evaluate each other’s ideas and reasoning in ways that are not
critical of the sharer (Kupari, 2006). This helps to create an
environment in which students feel comfortable sharing ideas
and discussing each other’s methods and reasoning. OETLA is
a teaching learning process where intentionally, students are
offered opportunities to integrate prior knowledge and skills,
their way of thinking and to encourage them to pose and solve
new problems under the teacher’s guidance (O’Conner, 2000).
An Open Ended problem is presented for students to solve
using words, numbers, and pictures and to follow up with a
written explanation. It offers a proficient problem solver with
flexibility through the expansion of knowledge required for
solving non routine problems (Arra, et al., 2011). Hodgson
and Watland (2004), in talking about OETLA, said: “Through
groups and other learning interactions with their online peers,
students acquire deeper understanding because of the
opportunities for exposure to multiple perspectives and
interpretations.
In Kenya, mathematics is a core subject in school
curriculum for both primary and secondary schools and yet
the performance is very dismal. While poor performance is
applicable to most parts of the country, some areas have a
record of perennial mass failures in mathematics. It is widely
believed that performance in the subject depends largely on
the effective teaching and learning process. Odhiambo (2006)
notes that for the last ten years, performance in national
examinations indicates that, national examinations mean
grade for Mathematics has been grade E which is a score
below 20%. A report from the KNEC newsletter found out
that, the greatest challenge the learners face in the process of
examination was time management. The report further noted
that during examinations, candidates were not able to
complete both Mathematics examination papers on time,
which greatly contributes to the poor performance.
Strengthening of Mathematics and Sciences in Secondary
Education (SMASSE) report in The SMASSE Baseline Survey
of 2004 and 2006 pointed out Circle Geometry and Vectors as
topics in which a majority of KCSE candidates lacked
competence and performed very poorly. The two reports by
KNEC and SMASSE informed the government’s initiatives to
alleviate the poor performance trend by setting up more inservice training sessions, workshops and training of more
professional teachers of mathematics. However, despite all
these initiatives and awareness, the performance continues to

remain poor. Since the performance in three dimensions
geometry is the worst hit, it follows that the overall
performance in mathematics which heavily relies on the topic
cannot be any better. This poor scenario is well pronounced in
Marani sub-county of Kisii county.
Despite the above mitigation efforts to reverse the
performance trends, the students continue to perform poorly
in their national examinations. The many efforts being put in
place by individual schools, including remedial, holiday
tuition and even early syllabus coverage do not seem to
provide a lasting solution. Mathematics teachers have
undergone several in-service training and the textbooks
resource bases in many schools are commendable. Currently,
many teachers complete their syllabus quite on time, thus
having an ample time for revision before the national
examinations. After all this is done, the performance continues
to worry many stakeholders leaving us with the big question,
‘why?’ As a review of the teaching and learning methodology,
this study therefore seeks to investigate the effect of open
ended teaching learning approach on secondary school
students’ achievement and motivation to learn three
dimension geometry in mathematics. As a result, three
dimension geometry will be used in this study as one such
topic which poses the greatest challenge to students and its
application of the six levels of cognitive domain; knowledge,
comprehension,
application,
analysis
synthesis
and
evaluation.
The Kenyan government with the assistance from the
government of Japan hopes to strengthen the teaching and
learning of mathematics and science education (SMASSE)
through professional development of science and mathematics
teachers. This started as a project in piloted districts in Kenya
though lately, it is compulsory to all science and mathematics
teachers. One of the approaches recommended by SMASSE is
OETLA. There is however inadequate research studies on the
effect of SMASSE on students’ performance at the KCSE
national mathematics examinations. There is need therefore, to
investigate the effect of Open Ended Teaching and Learning
Approach that is encouraged in SMASSE in Three
Dimensional Geometry. The purpose of this study was to
determine the effects of Open Ended Teaching-Learning
Approach on secondary school students’ achievement in Three
Dimensional Geometry (3DG) in Mathematics.

2. METHODOLOGY
The study used the Solomon’s 4-group non equivalent
control group design which is appropriate for quasiexperimental studies (Changeiywo, 2000). Quasi-experimental
design was used for the study because random assignment of
subjects was not possible since schools do not allow classes to
be reconstituted. The Solomon four group design has an
advantage of avoiding some of the difficulties associated with
the pretest-posttest design (Shuttleworth, 2009).
This design contains two extra control groups, which serve to
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reduce the influence of confounding variables and allow the
researcher to test whether the pretest itself has an effect on the
subjects and posttest (Priming and Learning effect). The
design had two experimental groups and two control groups
which are important in overcoming external validity (SOJNR
2009; Koul, 1984). It was also important in determining effect
of pre-test and the treatment. In design notation this may be
written as:
Group I (E1)
O1
x
O2
Group II (C1)

O1

–

O2

Group III (E2)

x

O2

Group IV (C2)

–

O2

Source: Explorable http://explorable com/solomon-fourgroup-design html
O1 is the pre-test score, X is the treatment and O2 is the post
test score
E1 group received a pre-test, treatment and posttest.
C1 group received pre-test and a posttest without treatment.
E2 received treatment and posttest only
C2 received the posttest only.
According to Shuttleworth, (2009), the comparison between
the posttest results of groups E2 and C2, allows the researcher
to determine if the actual act of pretesting influenced the
results. If the difference between the posttest results of Groups
E2 and C2 is different from the Groups E1 and C1 difference,
then the researcher can assume that the pretest has had some
effect upon the results. The comparison between the C1
pretest and the C2 posttest scores allows the researcher to
establish if any external factors have caused a temporal
distortion. The Comparison between E1 posttest and the E2
posttest allows the researcher to detsermine the effect that the
pretest has had upon the treatment. If the posttest results for
these two groups differ, then the pretest has had some effect
upon the treatment and the experiment is flawed. The
comparison between the C1 posttest and the C2 posttest
shows whether the pretest itself has affected behavior,
independently of the treatment. If the results are significantly
different, then the act of pretesting has influenced the overall
results and is in need of refinement.
The four groups used were from different schools to avoid
contamination. The mathematics teachers in the experimental
schools were SMASSE compliant on the method OETLA thus
they do not require further training. This was ensured by
getting a report from DEO’s office on teachers who have been
trained at the District inset.

form four classes was chosen for the study because the 3DG in
the study is covered at this level of the KCSE Mathematics
syllabus (KLB, 2009). The sampled schools were mixed sex
district secondary schools to ensure same entry behavior in
terms of marks in form one selection. They also helped in
assessing gender differences in mathematics. There are 20
such schools in Marani district.
Random sampling was used to select the four coeducational secondary schools as required in the Solomon 4group design, and then randomly assigned groups of subjects
to treatment (McGahee & Tingen, 2000). Each school formed a
group to minimize interaction during the teaching. The form
four classes were having 40 students (MOEST, 2003).This gave
a sample size of 160 students. The teachers in the experimental
schools were briefed on the use of OETLA while those in the
control groups were expected to use conventional methods in
the instructions.
The study used the following instruments, a Student
Mathematics Achievement Test (SMAT) and a Teacher’s
Guide (TG). The SMAT was constructed using the table of
specification of items to check the content validity. It was
based on the topic Three Dimensional Geometry in the form
four secondary mathematics syllabus. The instrument was
constructed by the researcher and moderated by SMASSE
compliant mathematics teachers, then validated by 2 experts
from the education department of Egerton University. The
total scores was 100 marks.
The researcher sought expert opinion on the instruments in
a secondary school in neighboring Manga district, Kisii
County with similar structures as the sampled schools.
Content and Face validity was done by three Secondary school
SMASSE trained mathematics heads of department, and three
experts from the department of Curriculum Instruction and
Education Management, Egerton University.
The reliability co-efficient of Students Mathematics
Achievement Test (SMAT) was calculated using KuderRichardson formula 21 (KR-21). This is because the items were
scored zero (0) for any wrong responses and one (1) for correct
responses. This formula determines the reliability of the
instrument in a single administration.
A statistical package for social sciences (SPSS) was used in
data analysis. One-Way analysis of variance (ANOVA) and ttest was used in testing the hypotheses at alpha(α) level
0.05.One way ANOVA is suitable where there are more than
two groups and, t-test with only two groups (Amit, 2009).
Since there is one factor (OETLA) and four groups, One way
ANOVA was used to establish if there is any significant
difference in Achievement between the students exposed to
OETLA and those not exposed to it.

This study was carried out in Marani District, Kisii County,
Kenya. The study area covers 123.90km2with a population of
141,000. The target population for this study was 1400 form
four students in District schools of Marani, Kisii county. The
Rigorous Scientific Publishers ©2018
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3. RESULTS AND DISCUSSION
Four groups were constructed in this this study; two
experimental groups and two control groups. Each school
formed a group to minimize interaction during the teaching.
Table 3 shows a summary of the students’ distribution into
different groups.
Table 3
Student distribution into different study groups
School
Group
Males
Females
School A
E1
25
15
School B
E2
23
12
School C
C1
26
13
School D
C2
25
13
Totals
99
53

Totals
40
35
39
38
152

The experimental groups (E1 and E2) comprised the form four
students from two secondary schools while the control groups
(C1 and C2) comprised the students from another two
secondary schools. There were 40 and 35 students in groups
E1 and E2, respectively and 39 and 38 students in groups C1
and C2, respectively. The were more females than males
across all the schools sampled in the study area. This is an
indication that few girls are enrolled than boys in schools.
Their findings revealed that girls are often marginalized and
given subordinate status in the mathematics class. The
findings suggest that perceptions of teachers are that girls’
performances in mathematics are dependent on rote learning,
hard work and perseverance rather than natural talent,
flexibility and risk taking which are the learning styles of boys.
Gender differences in mathematics teaching, learning and
achievement have also been explained on the basis of gender
differences in cognition and brain lateralization (Fennema &
Leder, 1990). In a similar argument, Paechter (1998) argues
that male and female students do experience the world in
different ways. Firstly, they are differently positioned in
society. The second is their different learning styles and how
they perceive and process reality. These researchers
emphasize that most mathematics classroom discourse is
organized to accommodate male learning patterns, hence their
high achievement in mathematics. Mutemeri and Mygweni
(2005) argue that the idea that mathematics is for boys may
result in low motivation in girls and could widen the gender
gap in mathematics achievement in favor of boys.
Prior to treatment, subjects in experimental and control groups
E1 and C1 were subjected to Students Mathematics
Achievement Test (SMAT). This was meant to make it possible
for the researcher to assess the homogeneity of the groups
before treatment application. Table 4 summarized the SMAT
pretest scores obtained by groups E1 and C1.

Table 4
Pre-test Mean Scores on Students Mathematics Achievements Test
(SMAT) scores and T-test Results
Study groups
N
Mean Std.
df tpdev.
test value
Experimental 1
40 48.81
7.72813
77 1.08 0.194
(E1)
Control 1 (C1)
39 42.73
7.42066
Mean Difference = 6.08, Critical T-value = 1.99
The results shown in Table 4 indicates that the differences
between the mean scores of groups E1 and C1 on the SMAT
was not statistically significant at 5% level. The t-test results
shows that the p-value was less than 0.05 significance level.
This implies that the groups were homogeneous and thus
suitable for the study. This view suggests that women seem to
be lateralized more strongly to the left for verbal processing
and men more strongly to the right for spatial processing than
women. These findings show the attitudes held by parents,
students and teachers influences the performance of
mathematics and sciences. There is a tendency to assume that
boys have a better aptitude in mathematics and sciences than
girls. When such an attitude is held it may affect the
achievement of boys and girls in sciences and mathematics.
However there is also an indication that biological factors may
be responsible for the disparity between boys’ and girls’
performance in sciences and mathematics. This gender gap in
mathematics achievement appears to get even more amplified
among students at high achievement levels (Ellison &
Swanson, 2010). Therefore, it can be inferred that there exist
intricate gender related factors in mathematics learning among
the students. For instance, the social and cultural environment
has been blamed for mathematics achievement disparities
among boys and girls of similar innate abilities (Kane & Mertz,
2012). Additionally, boys and girls tend to differ in their
mathematics attitudinal and motivational scores (Manoa,
Indoshi & Othuon, 2011) which are major factors in academic
achievement. Besides, changes in social, cultural, legal and
political factors during the 1960s in the United States of
America lead to substantial reduction of the gender gap in
mathematics achievement among students (Kane & Mertz,
2012). Thus, in an attempt to narrow the gender gap and
improve overall achievement, there is need for gender specific
intervention programmes related to mathematics study among
secondary school students. Internationally, researchers have
undertaken studies in various contexts to examine factors that
influence gendered achievement in mathematics. Many of
such studies have focused on factors related to differences in
the performance of boys and girls in mathematics (Abiam &
Odok, 2006; Mahlomaholo & Sematle, 2005; Opolot-Okurut,
2005; Zhu, 2007). Feminist researchers have tried to make
meaning of the experiences of girls and boys in the
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mathematics classrooms, and to interpret male-female power
relations (Jungwirth, 1991; Waiden & Walkerdine, 1985).
Further comparison by gender of students on SMAT pretest
scores was done and results summarized in Table 5.
Table 5
Comparison of SMAT pretest scores by gender of students
Gender
N
Male
students

51

Female
students

28

Std.
Mean Deviation
48.67
45.31

df

t-value p-value
0.104

8.482

0.081

77

9.174

Mean Difference = 3.36, Critical T-value = 1.99
Table 5 shows that the mean pre-test SMAT scores by males
was 48.67 while that of females was 45.31. The results further
indicate that the mean difference for the pretest SMAT scores
obtained by male and female students was 3.36. The mean
difference was however not significant at 5% level (the
calculated t-value of 0.104 was less than the critical t-value of
1.99). This is an indication of homogeneity of the two gender
groups and therefore the results are comparable.
In a Kenyan study, Ondiek (2001) has found out that there is a
significant relationship between students’ gender and attitude
towards mathematics. The study involved 205 respondent
selected from various secondary schools within Eldoret
Municipality. The study found out that 93.7 per cent of the
boys had a positive attitude towards Mathematics compared
with 59.5 per cent girls. The implication is that there is a
tendency for girls to be negatively inclined towards
Mathematics and a likelihood of averagely lower performance
of girls in mathematics in comparison to the boys. This
indicates how attitude affect performance. Twoli (1986) and
Njuguna (1998) have found that a positive relationship exists
between attitude and academic achievement. The attitude of
boys towards science is more favourable than that of the girls.
They also found that boys have higher aspirations than girls.
Furthermore, they found out that teachers had stronger
expectations for boys than girls concerning science
achievement. Quinn (2001) observes that when girls are
exposed to a situation where stereotypes are applied there
emerges extra anxiety and decreased performance for girls
than for boys. Quinn (ibid.) asserts that stereotypes adds
pressure and impairs performance. A study by Raymond (as
cited in Beal, 1994) which involved mathematically talented
students concludes that stereotypes about math being
unfeminine do not inhibit girls from getting good grades. Such
beliefs did not also explain the male advantage. The talented

boys and girls reported no difference in their view of math as
either masculine or feminine subject. They liked math equally
and reported equal levels of parental encouragement for
studying mathematics. However, girls took one semester less
of math while the boys stuck on to their math classes. The
possible explanation for this is that girls enjoy other classes
than do the boys. Weiten (1983) attributes differentiated
performance between males and female to differences in
hemispheric organization of the brain. Accordingly, the right
and left hemispheres are specialized to handle different
cognitive tasks. In most people, the left hemisphere is more
actively involved in verbal processing while the right
hemisphere is more specialized in spatial problems.
THE EFFECTS OF OPEN ENDED TEACHING AND LEARNING
APPROACH ON STUDENTS’ MATHEMATICS ACHIEVEMENT IN
THREE DIMENSION GEOMETRY
The first objective in this study was to evaluate the effects of
Open Ended Teaching and Learning Approach on students’
mathematics achievement in Three Dimension Geometry. The
use of mean gain analysis and T-test analysis was employed.
The mean gain analysis results for E1 and C1 are shown in
Table 6.
Table 6
Mean Gain Analysis on Students Mathematics Achievements Test
(SMAT) scores
SMAT
E1
E2
C1
C2
scores
Pre-test
48.81
N/A
42.73
N/A
mean
Post-test
57.64
49.72
44.92
41.53
means
Mean gain 8.83
N/A
2.19
N/A
The pre-test and post-test SMAT scores for E1 were 48.81 and
57.64, respectively while that of C1 were 42.73 and 44.92,
respectively. The post-test scores for E2 and C2 were 49.72 and
41.53, respectively. These results show that the mean gain for
E1 SMAT post-test scores (8.83) is greater than that of C1 (2.19).
This may have been as a result of the treatment that was given
to E1. Boys express greater expectations of success in
mathematics while girls expressed greater uncertainty. This
occurs when gender stereotypes have been internalized. Lahey
(1995) agreeably notes that possible differences in
mathematical ability is that women view success in
mathematics as hard work while men look at it as an
intellectual ability. Sivard (1985) also proposes that lack of
confidence may be a greater barrier to women than lack of
ability. A study by Spenser, Steele and Quinn (1999) has found
that women perform significantly worse than men in a
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mathematics test when the participants are made to believe
that the test would produce gender difference. In contrast,
women and men performed equally well when the
participants were led to believe that test did not produce
gender differences. The findings suggest that negative
stereotypes can and do affect performance even when the
stereotype has not been internalized or incorporated into the
view of the self. Stereotypes can negatively affect performance
by increasing anxiety.

Table 8
T-test results for the Difference in Academic Achievement (SMAT)
Mean Gains between E1 and C1

Boys and girls as well as their teachers do have different
attitudes and expectations about mathematics. This
expectation affects children’s attitude in math and their feeling
of confidence in the subject. Mwanwenda (1989) points out
that teachers are placed with the role of facilitating effective
learning without discrimination. Another study by Quinn
(2001) has found that girls at junior high school expect to do
less well than the boys on an upcoming classroom math test.
After the test girls who had done well attributed their high
scores to effort and were less proud of their success than the
boys. Among those who had failed the test, girls were more
likely to assume that they had a lower math aptitude and that
hard work would help them to do better. They also reported
that they would like to avoid math in future. On the other
hand boys were optimistic, expecting to do better than they
did. An American study by Beal (1994) has found out that
boys have superior feelings about themselves with regard to
mathematics.

Mean Difference = 6.64, Critical T-value = 1.98

In order to determine if there existed a statistically significant
difference in the mean gains in E1 and C1 the use of
independent samples T-test analysis was employed. Table 8
shows the descriptive statistics on academic achievement
(SMAT) for E1 and C1.
Table 7
Summary statistics for academic achievement (SMAT) mean gains
between E1 and C1
Parameters
Mean

N Std. Dev.

Std. Error
Mean

E1 Mean scores gain

8.83

40

4.92

.682

C1 Mean scores gain

2.19

39

5.05

.700

The results in Table 7 shows that the mean score gain for E1
and C1 was 8.83 and 2.19. The difference in mean score gains
between E1 and C1 was 6.64. Table 8 shows the T-test results of
mean comparison between the E1 and C1 mean gains.

Parameters
N

Std.
Mean Deviation

E1 Mean
40
scores gain

8.83

4.92

C1 Mean
39
scores gain

2.19

5.05

df t-value p-value
150

8.384

.000

The results in Table 8 shows that the mean difference in mean
score gains between E1 and C1 was significant at 5% level (Tvalue = 8.384, P-value = 0.000). Students Mathematics
Achievements Test (SMAT) mean scores gain for students
exposed to OETLA (E1) of 8.83 was significantly higher than
that of students not exposed to OETLA (C1).
The SMAT scores for groups E1, E2, C1 and C2 is summarized
in Table 9. The post-test means for groups E1 and E2 was 57.64
and 49.72, respectively. On the other hand, the post-test means
for groups C1 and C2 was 44.92 and 41.53, respectively.
Table 9
Summary statistics for academic achievement scores (SMAT) among
the various groups
SMAT
N
Post-test
Std.
Std.
scores
means
Deviation
Error
40
E1
57.64
7.72813
.19460
35
E2
49.72
5.54772
.24495
38
C1
44.92
6.42066
.04410
39
C2
41.53
6.27748
.05916
The use of One Way Analysis of Variance (ANOVA) was
employed to determine the existence of significant difference
among the various groups (E1, E2, C1 and C2) together inorder
to determine the superiority of any of the two methods of
teaching mathematics (traditional and OETLA) in the
academic achievement (SMAT). The results are shown in Table
10.
Table 10
One Way ANOVA results for the difference in academic
achievement scores (SMAT) among the various groups
Source of
Sum of
Mean
Variation
Squares
Df Square
F
Between Groups
1231.27
3
537.44 14.474
Within Groups
13.32
148
38.64
Total
1244.59
151
F-Critical (3, 148) = 2.667, P< 0.05
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The post–test results analysis for the SMAT scores shows that
there was a statistically significant difference in academic
achievements among the four groups. The calculated F-ratio
(14.474) was higher than the critical value (2.667). The results
indicate that experimental groups E1 and E2 (57.64, 49.72)
achieved higher mean scores than the control groups C1 and
C2 (44.92, 41.53) respectively. This shows that use of OETLA
had an effect in academic achievement due to its improvement
of SMAT scores as compared to traditional methods.
A significant aspect of creativity in mathematics emerges from
consideration of the process of thinking involved in problemsolving. This has often been seen as involving four stages:
preparation, incubation, illumination and verification
(Poincare, 1948; Hadamard, 1945). Another trend in
mathematical creativity focuses on creative problem solving as
Ervynck (1991) proposed, mathematical creativity being the
ability to formulate mathematical objectives and find their
innate relationships. He claimed that mathematical creativity
is the capacity to solve problems according to the
appropriateness of integrating both the nature of logicdeduction in mathematics education and its evolved concepts
into its core. Haylock (1987), who mentioned the difficulty of
trying to define mathematical creativity, divided it into two
types of ability; one to overcome the fixation of thoughts or
conventional mentalities and the other to show various
creative responses to open-ended mathematics contexts or
problems. Krutetskii’s research (1976), which analyzed the
elements of mathematical ability in children with great
mathematical talent, is not directly related to mathematical
creativity although one of the elements suggested by him is
closely related to it. Among the necessary mathematical
abilities enumerated in his information-gathering stage,
information-processing stage and information-grasping stage,
one of the abilities required in the information-processing
stage is “flexibility in thought, rapid and free conversion of
thought directions, and the power to reconstruct thoughts,”
which is very similar to mathematical creativity.
A close analysis of Turkey post - hoc test results revealed that
each of the post-test means was significantly different from the
other at 5% level. These results are depicted in Table 11.

Table 11
Tukey’s Post-hoc test results for the mean difference in post-test
scores
Variable Variable
Mean
Std.
Sig.
(I)
(J) Difference (I-J)
Error
E1
E2
7.92*
.20137 .006

*

E1

C1

12.72*

.18057

.000

E1

C2

16.11*

.21944

.000

E2

C1

4.80

.24890

.006

E2

C2

8.19

.23669

.005

C1

C2

3.39

6.42066

.044

*
*
*

means significant at 0.05 level

Results from the Table 11 showed that groups E1 and E2, E1
and C1, E1 and C2, E2 and C1, E2 and C2 and groups C1 and
C2 did showed statistically significant difference in their
SMAT post-test scores. This indicates that there was
statistically significant difference between the four groups (C1,
C2, E1 and E2).
Since the mean difference in post – test SMAT scores between
the groups E1 and E2 and groups C1 and C2 were statistically
significant at 5% level, this study therefore rejected the null
hypothesis that there was no statistically significant difference
in academic achievement between students who are taught
mathematics through OETLA and those who are not exposed
to it. The use of OETLA resulted to a higher academic
achievement as compared to the traditional method of
learning mathematics.
There was however a statistically significant difference in E1
and E2 as well as C1 and C2 due to teachers’ poor masterly of
content in the experimental group (E2) and control group (C2).
Teachers in group E2 and C2 were skipping the topic on three
dimension geometry and thus leading to low student
performance. Masterly of content was responsible for
differences in performance among various schools in Nigeria
where the teachers’ factor among other factors affected
students’ performance in Mathematics (Chika, 2011). The same
scenario cuts across other African countries including Kenya
(Miheso, 2012). In South Africa poor teachers’ content and
knowledge was found to contribute to poor performance in
mathematics (Mji & Makgato, 2006).
These results agrees with Mahlobo (2007) whom on a study on
effects of OETLA on grade II mathematics learners in two
schools (one experimental and one control) noted that an
open-ended approach towards teaching and learning of
mathematics enhances understanding of mathematics by the
learners. The monitored group outperformed both the control
group and the unmonitored experimental group as far as
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average performance in the post-test was concerned. However,
there was no statistical difference in performance between the
unmonitored group and the control group.
According to National Research Council (2004), higher
educational achievement and enjoyment of the student can be
enhanced by the use of OETLA. Similarly, SMASSE (2004)
argued that use of OETLA can increase performance of
students in mathematics since it arouse interest (motivation)
through its great emphasis on group activities and use of
models. Githua and Mwangi (2003) observed that OETLA
enhances mathematics achievement through learners
perceived probability of success in the subject.
In Tharaka south, lack of use of OETLA contributed to poor
performance (Eric & Gakii, 2013). This scenario is no different
in particular Kisii County where there has been relatively
lower performance in mathematics as shown in the K.C.S.E
results (KNEC, 2013) where OETLA is not adequately
implemented though being among the SMASSE piloted
project districts.

4. CONCLUSION AND RECOMMENDATIONS
There was a statistically significant difference in academic
achievement between students who are taught mathematics
through OETLA and those who are not exposed to it. The use
of OETLA resulted to a higher academic achievement as
compared to the traditional method of learning mathematics.
Mathematics teachers in secondary schools should pay greater
attention to the ways in which their chosen approach of
teaching can become more problem solving and where the
students are offered an opportunity to integrate the skills they
already have, learning discussions and then extend it to new
problems. The use of OETLA can enhance students’
motivation to learn mathematics and by extension, improves
their academic performance in the subject.
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