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Abstracts: The research was an experimental study carried out to determine the efficacy of Problem-Based
Learning on senior secondary school students’ achievement in trigonometry. A sample of 365 out of 4162
senior secondary school two students from four secondary schools in Northern educational zone of cross River
State was used. The items of the instrument were validated by two mathematics educators, two experts in
measurement and evaluation and one mathematics teacher. Mean and standard deviation were used to answer
the research questions while ANCOVA was employed to test the hypotheses at .05 level of significance. The
result was analyzed to verify whether any significant difference existed in the achievement of problem-based
learning group and conventional group, as well as significant gender difference in their achievement. The study
revealed that there existed a significant difference between the experimental and control groups in favour of the
experimental class. The male and female SS students exhibit equal knowledge when taught trigonometry using
PBL. The findings also revealed that there is no significant interaction effect between teaching method and
gender on students’ achievement in trigonometry. Based on the findings of the this study, it was recommended
that problem-based learning may be integrated into mathematics curriculum for the pre-service mathematics
teachers programme as well as authors of mathematics education methods should be encouraged to include
PBL in their writings.

I.  Introduction

Mathematics education in Nigeria seems to be passing through the furnace of transformation. This
could be inferred from the efforts of the Mathematical Association of Nigeria (MAN) in the last few decades to
popularize the teaching and learning of mathematics at all levels of instruction. Consequently, the mere
knowledge of mathematical concepts without the corresponding knowledge of their application to real life
seems to be fading away. This among other things has influenced human learning and challenged educators,
especially in the area of mathematics education, to experiment with innovative instructional methods for core
curriculum across all levels of educational system. In Nigeria, mathematics has continued to be one of the core
subjects at all levels of education so that, every child will acquire appropriate mathematical skills and
knowledge to solve human problems in all spheres of life (Nigerian Educational Research and Development
Council [NERDC], 2008).

Learning and understanding of some mathematics topics have not only been frustrated by the nature of
the topics but also by clumsy methods and instructional materials used (Etukudo, 2000; Etukudo & Utin, 2006).
The resultant effect is the poor achievement level of students both in internal and external examinations. In view
of this, Iji (2002) in trying to find solution to this ugly situation of poor performance in mathematics in public
examination identified teaching techniques by the teachers as one of the contributory factors. This point to the
fact that good teaching helps the learners to learn more qualitatively and quantitatively and poor teaching would
lead to poor learning and poor performance. One may associate this poor mathematics achievement by Nigerian
students to some pedagogies adopted (Salau, 2002). He lamented on poor achievement of students in
mathematics and points out that introduction of suitable instructional materials and methods are the likely
solution. Literature and available records have shown a variety of efficacious innovative teaching strategies that
have been identified by researchers to alleviate this problem of poor performance of students in mathematics,
but their performance continues to deteriorate year after year. However, none of these research efforts has
sought solution to this problem from the dimension of using student-centred and home-based activity approach
to teaching- which is Problem based learning (PBL).

According to Shaibu and Usman in Kurumeh (2006), involvement of students in the teaching and
learning process which means a departure from the traditional methods of teaching is another means of ensuring
active learning in science and mathematics. The call for a departure from traditional methods of teaching with
its attendant poor performance indices has been sounded by researchers ( Okebukola, 2002; Iji, 2005; Etukudo
& Utin, 2006; Abakpa, 2011 ; Mtsem, 2011). This is with the intension of obtaining admirable results.
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However, this departure cannot come only through such means as Computer Assisted Instruction, Mastery
learning, Logo and Basic Instructional Packages as well as Contextual Strategy in teaching mathematics. There
is still poor performance of students in public examinations year after year. Thus, research on instructional
strategies that will improve the quality of learning of mathematics has continued to generate interest among
mathematics educators and scholars as the conventional method has failed to meet the learners’ needs. The
implication of these lapses identified in the conventional teaching method is that non-traditional teaching
methods that will improve students’ achievement have to be explored. Therefore, there is need to try out
another Instructional Strategy like Problem-Based Learning (PBL) in giving trigonometric instructional method.

Proponents of mathematical problem based learning; Karl in Kurumeh (2009) insisted that students
become good problem solvers by learning mathematical knowledge heuristically. A study by Achuonye (2004)
on PBL strategy on higher cognitive skills performance in Biology revealed the emphasis of PBL curricula on
application of previous knowledge, problem-solving, higher order thinking and self-directed learning skills. The
above skills equip students with professional and life-long learning habits of mind are indispensable qualities of
successful professional of this era. This position has necessitated the present study to be carried out on PBL
effect on the teaching and learning of trigonometry at the senior secondary school education.

The Nigerian secondary school mathematics curriculum is developed and structured around five main
concepts namely: algebra, arithmetic, geometry, statistics and trigonometry. Trigonometry is an important
branch of school mathematics that has everyday application in the life of the child especially in estimation,
construction, technology and astronomical relationship (Sidhu, 2006). It is the aspect of school mathematics
involving the measurement of distances, angles, lines, relationships and surfaces. Trigonometry enables the
child to use the knowledge of mathematics in latitude and longitude, when he eventually becomes a pilot, sailor
or navigator to locate position of landing or anchorage (Chire & Akem, 2010). This shows that without
trigonometric knowledge in mathematics, the taking-off and landing of aeroplanes using angles of elevation and
depression will be very difficult. This is as a result of the fact that the determination of altitude of an aeroplane
uses angles of elevation and depression. The knowledge of bearings is a vital tool for the pilots, sailors and
soldiers. This process helps soldiers to locate the position of enemies during wars and range of shelling.

The knowledge of trigonometry assists students to appreciate shapes and situations around their
environment and helps to develop their inductive reasoning skills that become necessary ingredient for learning
mathematics. Unlike geometry, trigonometry constitutes a substantial part of the senior secondary school
mathematics curriculum, which forms a great part in their assessment (Abakpa, 2011). Achievement according
to Elliot, Kratochwill, Cook and Traver (2002), Kurumeh (2006), Musa and Agwagah (2006) and Abakpa
(2011) is the measure of accomplishment in a specific field of study. They argued that achievement in
mathematics test is the demonstration of the child’s ability to attain certain level of instructional objectives out
of his classroom experiences. The low achievement in mathematics by the students has been a source of concern
to the public and mathematics educators in view of importance attached to mathematics as a veritable tool for
the overall development of the individuals and the society at large. The reports of WAEC chief examiner and
mathematics education researchers revealed that most students including those who passed mathematics at
credit level and those who failed, haphazardly attempted geometry and trigonometry questions or avoided them
completely, mostly those of the essay questions(WAEC,2013).

Though researchers have revealed various techniques of teaching mathematics and some aspects of
mathematics, they merely linked general skills of questioning and discussion with specific topics. They do not
reveal ways of enriching the mathematical experiences of all students through discussion, problem-solving and
mathematical investigation. Reports on various teaching techniques indicate that they improve students’
learning and achievement. Yet results from public examination bodies on students’ achievement are low. Thus,
the need to explore other strategies that may enhance students’ achievement in mathematics. Hence, this study
examines if teaching using PBL on senior secondary school students will improve their achievement in
trigonometry.

Problem-Based Learning, according to Debbie and Leanne in Wikipedia (2011), seeks to produce
learners who not only remember Mathematical science theory, but to know how and when to apply it. This
implies that providing a mathematics problem to a group of students, is not a guarantee that they will be able to
solve it. Even more uncertain is whether the solution the students offer and the journey they undertake to arrive
at it resulted in them learning the intended underlying concepts and theories. As students become increasingly
poor in mathematics achievement test, they are less inclined towards a learning approach which requires them
to be self-directed and motivated. PBL should be ideal for students working in groups and can benefit them as
they are more likely to brainstorm and come up with ideas and thoughts before they reach possible solutions.

The need to explore means to close the gaps between students’ mathematics achievement irrespective
of sex had been a source of worry to educators, government and individuals. Review of studies shows
consistency on results of male and female students’ achievement in mathematics. Results in general
mathematics (Etukudo, 2002; Ezeugo & Agwagah, 2000) and in geometry achievement test (lji, 2002 and
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Abakpa, 2011) and in Algebra (Ezeugo & Agwagah, 2000 ; Mtsem, 2011) do indicate that there is significant
difference between the male and female students in mathematics achievement tests. Specifically most of these
studies did not examine the achievement of male and female students’ in trigonometry achievement tests but
rather in general mathematics, algebra and geometry. Thus, mathematics educators are continuously conducting
research on how to improve students’ achievement in mathematics at the secondary school education level so
that individual differences in achievement may be reduced irrespective of gender. This necessitated present
study to investigate if both genders shall benefit equally in Trigonometry achievement test when taught with
PBL.

With self-directed instructional method of problem-based learning, this study intends to find out if the
teaching and learning of mathematics may generally be made simple to enhance students’ interest and
achievement. This study is aimed at finding out the effect of Problem-based learning method on students’
achievement in trigonometric concepts in mathematics at the SS 11 level.

Statement of the Problem: Mathematics as the bedrock of all scientific and technological advancement is a
pre-requisite to almost all courses in colleges of education, polytechnics and universities. Trigonometry as an
aspect of mathematics is a human invention, borne out of human mind, resolve to solve human problems. Thus
as a creation of mind, it is concerned primarily with ideas, process and reasoning. Of all the factors that affect
teaching-learning in the educational system of any society, teaching method seem to constitute the primary
issue. Perhaps, the teaching method in use in many schools such as lecture method, demonstration, and
laboratory among others seem not to have brought about an effective teaching-learning, and could have resulted
in students’ poor achievement in WAEC and NECO examinations. Hence, the need to adopt a better teaching
method that would positively influence candidates’ achievement especially in trigonometry. Therefore, the
problem to be investigated in this study posed as questions are: Would students improve upon their achievement
in trigonometry if problem-based learning method is employed in teaching trigonometry?  Would any of the
sexes benefit more than the other in trigonometry as an aspect of school mathematics due to the use of this
teaching method.

Purpose of the Study: The purpose of this study was to determine the efficacy of problem-based learning on
senior secondary school students’ achievement in trigonometry. It also tries to determine its differential effect of
gender on students’ achievement in trigonometry.

Research Questions: The following research questions were asked to guide the study.

1. What are the mean achievement scores of students taught trigonometry using PBL and those taught using
the conventional method?

2. What are the mean achievement scores in TAT of male and female students taught Trigonometry using
PBL?

3. What is the interaction effects of teaching methods and gender on students’ achievement in trigonometry ?

Research Hypotheses: The following research hypotheses were formulated and would be tested at 0.05 level

of significance.

1. There is no significant difference between the mean achievement scores in TAT of students taught
trigonometry using PBL and those taught using the conventional method.

2. There is no significant differential effect of gender on the mean achievement scores in TAT students taught
trigonometry using Problem — Based Learning.

3. There is no significant interaction effect between teaching method and gender on students’ means
achievement scores in trigonometry.

Design of the Study: The study employs a quasi-experimental design of non-equivalent group. Specifically, the
study used a non-randomized pre-test post-test control group design. This design is selected because it is not
possible to have a complete randomization of subjects as this would disrupt the normal classroom organization
of the schools. Therefore, intact classes were randomly assigned to the experimental and control groups.

Area of the Study: The study was carried out in Northern Educational Zone of Cross River State. This consists
of five Local Government Areas namely: Bekwarra, Obanliku, Obudu, Ogoja and Yala Local Government
Areas. The area comprises two Federal Constituencies namely: Part A comprising schools in Bekwarra,
Obanliku and Obudu Local Government Areas while Part B comprised schools in Ogoja and Yala L.G.As.

Population and Sample of the Study: The target population of the study was 4162 senior secondary school
two (SS 1) students in 72 secondary schools located in the five Local Government Areas of the Zone. The SS |1
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students were used because it is at this level that students are adequately and effectively prepared for public
mathematics examination. The sample for this study consists of 365 students drawn from four Local
Government Areas. It comprised of 203 males and 162 females SS2 students.

Intact classes in each of the four schools were randomly assigned to experimental and control groups in
manner that each has equal and independent chance of being included in the sample. This was done by toss of a
coin- head for experimental group and tail for control group. Two schools, one from each zone for the
experimental groups were the Problem-Based Learning (PBL) groups while the other two schools for control
groups were the conventional Method.

Instrument and Validation of the Study: The research instruments used in this study was Trigonometry
Achievement Test (TAT). The TAT was administered twice, before (pre) and after (post) the experiment. There
were pre-TAT and post-TAT tests. The pre-TAT was used to ascertain the level of trigonometry achievement at
which the students were, before the treatment while the post-TAT was used to determine the extent of students’
trigonometry achievement after the experiment. The content of TAT is based on the trigonometry content listed
as: Trigonometric ratios of angles with and without using tables, sine and cosine rules, angles of elevation and
depression, solving triangles using sine and cosine rules, bearings and distance.

The lesson plans were written as a guide for teaching the control group and the experimental group
throughout the period of this study. There were two types of lesson plans. The control group lesson plan was
written in the conventional way of preparing lessons. The experimental group lesson plan was written by the
researcher using Problem Based Learning method. The lesson plans for both control and experimental groups
retained the same content. They were based on trigonometry content of SS two that was taught during the
period covered by the study. The instrument was teacher—made test constructed by the researchers as well as
extracts of some items from past SSCE questions were used to collect data on the students’ level of intellectual
functioning in secondary school trigonometry aspect of mathematics. The TAT instrument for data collection
was multiple-choice test consisting of 20 items and 5-essay items selected from trigonometry topics in
mathematics curriculum. Each item of the instruments which was multiple choice in structure has five options
lettered A-E with a pseudo-chance parameter of 0.2 probability of success for low ability students.

The marking scheme for the TAT and the lesson plans were developed for the study. The development
of the lesson plans is done as described below: Ten lesson plans were prepared to facilitate the carrying out of
the study. It was three lessons per week for 3 weeks; while post-test took week 4 and retention test took week 5
respectively. Each correct multiple choice test item attracts 3-marks while the essay part was scored in
continuum according to the skills tested. A total obtainable mark for the multiple choice test items was 60 while
that of essay items was 40. The test instrument constructed by the researchers was given for face and content
validation to two mathematics educators, two experts in measurement and evaluation and one mathematics
teacher.

Reliability of Instruments: To establish the reliability of the instruments, the researchers used Cronbach Alpha
(o) and Kuder-Richardson formula 20 (K-R,) methods. The test scores for the instrument were computed using
Cronbach-Alpha to obtain internal consistency measure a. The value of the internal consistency measure was
calculated as 0.80 for TAT (essay). This indicates a positive internal consistency of the items of the instruments.
This showed that the reliability values of the instruments are high and have good degree of stability. Kuder —
Richardson (K-Ry0) was used for the multiple choice TAT test items. This is because they are measured
dichotomously. The internal consistency of the multiple choice instrument indices for TAT was {0.70}. Pallant
(2005) stated that the acceptable alpha () value for large population should be 0.7 and above. It showed that
the values obtained are positive and had enough potential to make predictive study worthwhile.

Procedure for Conducting the Study: The researchers used regular school mathematics teachers as Research
Assistants for the study. A training programme was organized for them. They were properly coordinated on the
necessary steps on the of Problem- Based Learning (PBL) approach and the conventional approach for the
treatment and control groups respectively. The necessary instructional materials were made available for the
study. Before the commencement of the lesson, TAT was administered to as a pre-test to both treatment and the
control groups by the teachers. The teachers taught the treatment group trigonometry topics using PBL approach
adhering strictly to the lesson procedure prepared by the researchers. The control group was taught the topics
using normal lesson plans. The researchers supervised the teachers during the teaching process to be sure they
do not deviate from the steps.

Method of Data Collection: A pre-test was conducted on all subjects in the sample. It was used as a comparing
reference point to post-test to establish extent of effect of treatment. Before the post-test was administered,
treatment was given to the experimental group for five weeks. The pre-TAT was administered to the subjects
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before the commencement of the study. The post-TAT which is the same in content but different in organization
from the pre-TAT was administered to the subjects after the last period of the study. The TAT was scored out of
100% using the marking schemes. In all, the researcher administered 365 questionnaires/test instruments, but
after retrieval, it was discovered that 11 questionnaires had discrepancies and were discarded. A total of 354

copies of the questionnaires were used for analysis.

I1.  Method of Data Analysis

Tne peceapyn BvecTtiove wepe AVoEPES LOLVY peaY avd oTavdapd demiatiov. Tne avoiyclo
0d Xowapravye (ANXOcA) woo vGed T0 Te0T TNE NYnotneces ot 0.05 Aemel o oryvidiyavye (1<0.0
5). Tne xprrepra  dop tne ynorye op ANXOGA 1v TNIo GTLOY 1G TNAT GLVYE TNE LVTUYT YAOUCCES OEPE L
ced Pop TPEUTLEVT OLVO YOVTPOA PEGTEYTIWEAY, TNE YOLV OYOPEC, TNE OLhpdepevye PeTmweev TnE TTPe ALVO
TOOT TECT UEAVO, MAC OLVAAWYLED TO OETEPULVE TNE GTATIGTLYAA CLYVIPLYOVYE PETOEEV ALV OLTNLY VPO
VTG 00 YOTOPLOVYE PETOEEV TPE—TECT OLVO TOGT TEGCT.

Tne two aoccLUNTTIOVS TEGTED TO PLOTLYY TNEe Loe 0op ANXOCA Pop TNIG GTLIY OPE TNE ALVEQ
pityPetmeey  TnE demevOEVT WUPLAPAES AV TNE YOWUPLATES , 0LV NOUOYEVELTY O PEYPECTLOV GAOTE
c.

Tne Aweapity Betweev the Aemevdevt gaprafres avd Xomapiate : Tne Aveapity Betoeev tne  demev
eVt maplafArec avd Tne Yomwaplates wepe eGTAPALONES Py TAOTLVY ALVO LVTEPTPETLVY TNE CYOTTEP Y
paue 0d TNE mMOVTG 0 CLBEEYTC GYOPES LV TNE deMeVIEVT avd yomaplate waplafrec. Tne demevdevt
woplafre (T0oT-1€0T) WOC TAOTED ayavaT the xowmoapiate ( Dryvpeo 1). Tne pehatiovenin v the oy,
QTTEP YPOLE LG ALVEAP , GO TNE LGGLUTTIOV 0 AEOPLTY PEAATIOONIT oo VOT wioiarted ( [Tariavr, 2
005).
Hopoyevelty od Peypecoiov ZAome : Tne NOUOYEVELTY 0d PEYPEGTLOV GAOTEG MOAG YOUTLTES GTGTLOTLY,
oAy avd TNE PEGLAT TPeGEVTES 1V ATmeVOLYes A. ZTATIGTIYOAAY, TNE LVIEPALYTIOV PETMEEV TNE TPE
QLUEVT ALVO YOTOPLOTE OOG VOT Syvidtyavt. Tnepedope, TnE NOUOYEVELTY O PEYPEGTLIOV GAOTE UG V
ot worated. Tne —waive youmvted oo 0.28. Zivye tne T—maALE 16 ypeatep Tnav e .05 Ae
WEA 0 OLYVIPLYAVYE, TNE LVTEPAYTIOV PETMEEV TNE TPEATUEVT OV TNE YOWAPLATE 1G VOT GLYVIPLYOLVT.
Tnepedope, TNE NOULOYEVELTY OO PEYPECGLOV GAOTE MAG VOT BLOAATED TNEPERY MOPPAVTLVY TNE LGE O
ANXOcA Peceapyn Ovectiov 1 : Qnart ope tne Heav oyNIEBEUEVT  GYOPEC 0P GTLOEVTC TALYNT TP
yovouetpy volvy  [IBA avd tnoce towynt voivy tne yovmeviioval petnod? Tne pecuit od e ava
Ayolo 16 pecevted v TaPie 1.

Re<he IR o eViIx oVe XReVvee® we@feXPxHX x(
crjfer@eiedR NoxMeR xIKK NKEQweYXIX @04
YxteoRer OXRPY) voh =U® oxI@eIRIcY=)

do K

Group of treatment type Mean Std. Deviation N

Control group 43.12 5.53 244
Pre-TAT Experimental group 43.58 5.61 110

Difference 0.46

Control group 57.03 7.72 244
Post-TAT Experimental group 64.13 7.46 110

Difference 7.10
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The question can be answered that there is a noticed difference between mean achievement scores of
students taught using PBL and those taught using Conventional Method with students taught using PBL
achieving higher.

10000000 [JA Xevar@r OO0 OO0 OOXOOLOMRBOO RO OsDi-
W00~-2-0 O DamB® B 000a-00 O®OAR® 060 XeX ®~
DOORA~OOD OO0 QOO0=wB®OEDA>~000 ODOO= VvVoh BO®R OO
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Ko <per OB cYox@e xierffer@eriedR RoxFeX xi XHQweIHX Y
e QveMieYX=h Y- cxYRVIxh M

x@vX [Av4
KPP xYx e KMerg
Source Type 1l Sum of df Mean Square F-value Sig.
Squares
Corrected Model 21300.677° 2 10650.338 1215.751 .000
Intercept 176.903 1 176.903 20.194 .000
Pre-TAT 17480.155 1 17480.155 1995.385 .000
Group 3214.924 1 3214.924 366.988 .000
Error 3074.863 351 8.760
Total 1266463.000 354
Corrected Total 24375.540 353

P =.00<.05
Tapre 4 onows ®(1,353) =366.99, t=.00 < .05. TNio UTALEG TNAT TNEPE LG O CLYVIPLYAVYE Ol
dPEPEVYE 1V TNE LEAV AYNIETEUEVT GYOPEC LV TNE TMO YpoLTG. Hevye, Tne VOAL nynotnesis od vo oty
VidLyovye Supdepevye 16 pepeyted. The conclusion is that there is a significant difference between
the mean achievement scores in TAT of students taught trigonometry using PBL and those taught using the
conventional method.
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TABAE 3: MEANX ANA 2TANAAPA AECTATIONZ O® MEAN AXHIEGEMENT 2XOPEX O® MAAE A

NA OEMAAE XTYAENTZ TAYTHT TPI'ONOMETPY YZINI" TIBA.
Male or Mean Std. Deviation N
Source
female
Male 44,11 5.18 55
Pre- TAT Female 43.05 6.01 55
Difference 1.05
Male 64.40 7.65 55
Post-TAT Female 63.85 7.33 55
Difference 0.55

From Table 3, it can be seen in the experimental group that, at pré-TAT the 55 male students had mean
achievement of 44.11 with standard deviation of 5.18 while the 55 female students had 43.05 with standard
deviation of 6.01. The calculated mean difference between the male and female students at pre-TAT is 1.05.
This is an infinitesimal difference. This means that before the commencement of the treatment in the
experimental group, male students have similar knowledge level in trigonometry with the female students. After
the treatment, the mean achievement scores of male students in post-TAT were 64.40 with standard deviation of
7.65 and that of female students was 63.85 with standard deviation of 7.33. The difference is just 0.55. This
means that there is no difference between male and female students in their achievement taught trigonometry
using PBL.

DOI: 10.9790/5728-11151625 www.iosrjournals.org 21 | Page



Effect Of Problem-Based Learning On Senior Secondary School Students’ Achievement...

Hynotneoio 2 : Tnepe 16 vo oryvidiyovt Sidpdepevye PETOEEV TNE LEAV AYNIEBEUEVT OYOPES LV TPLYOVO
LETPY OYNLIEDWEUEVT TEGT O HLaAE OVO PELAAE GTLOEVTS TOLLYNT TPLyovouETPY Lotvy [IBA. Youvy tne

Avolyolo oo
016 16 mpecevted v TaPAre 4.

Xowapravye (ANXOGA), TNc NYTOTNESLIC OO TeGTED. TNe PECLAT 0 TNE ALVAAY

TABAE 4: ANXOcA O® EETTEPIMENTAA T'POYII ITOXT-TAT AYE TO XE=

Dependent Variable: PostTaT

Source Type 111 Sum of df Mean Square F-value ig.

Squares

Corrected Model 5153.75% 2 2576.88 300.20 .00
Intercept 195.43 1 195.43 22.78 .00
PreTAT 5145.57 1 5145.57 599.45 .00
Sex 15.39 1 15.39 1.79 .18
Error 918.47 107 8.58

Total 458426.00 110

Corrected Total 6072.22 109

P=.18>.05

Table 4, reading across row heading Sex and column heading Sig. (Group: Sig =.18) for the
significant difference between male and female students taught using PBL. The associated probability is 0.18 =
p. Since p is greater than 0.05 the difference noticed between male and female students achievement scores
noticed in Table 3 is statistically not significant. So the hypothesis is not rejected. The conclusion is that there is
no significant difference between the mean achievement scores of male and female students taught trigonometry

using PBL.

Peceapyn Ooeatiov 3 : Onat 16 e LvTepayTIoV ePPEYT 0O TEOYMLVY LETNOS OLVS YEVIEP OV GTLOEVTOD LLEOLV AYTLEWEUEVT GYOPEC L
v Tpryovopetpy? Interaction effect of gender and teaching method is read from Table 5 using row heading Group * Sex and column
heading Partial Eta Squared which the value is .005. In percentage, it is0.005 X 100 = 0.5%. So, interaction effect of gender and method on
students’ achievement scores is only 0.5%.

TABLE 5 INTERACTION OF TEACHING METHOD AND GENDER ON MEAN
ACHIEVEMENT SCORES OF STUDENTS IN TRIGONOMETRY.
Dependent Variable: Post-TAT
Source Type lll Sum of df Mean Square F Sig. Partial Eta
Squares Squared
Corrected Model 21318.483% 4 5329.621 608.441 .000 .875
Intercept 170.474 1 170.474 19.462 .000 .053
Group 3182.973 1 3182.973 363.375 .000 .510
Sex 9.216 1 9.216 1.052 .306 .003
Pre-TAT 17487.400 1 17487.400 1996.398 .000 .851
Group * Sex 14.687 1 14.687 1.677 .196 .005
Error 3057.057 349 8.759
Total 1266463.000 354
Corrected Total 24375.540 353

a. R Squared = .875 (Adjusted R Squared =.873)

PEXEAPXH HYTIOTHEZIX 3 : Tnepe 1G VO GLyVIPLY VT LVTEPOLYTLOV EPOEYT O TEAXNLVY HLETNOOS ALVD Y
eVOEP OV LEAV OYMNLEBEUEVT GY0PeC 0P oTLOEVTS v TAT. Tne NYTOTNESLIG MOC TEGTED LOLVY TOO—MOL
v ANXOCcA ctatiotiy ac cnowv v Tapie 5. ®pop e tapre, @(1,353) = 1.68 avd n=.20 > .05 Aewel o
¢ oryvidryavye. TNio IUTALES TNAT TNEPE LG VO GLYVIPLY VT tvTepayTiov eddeyt od tne [IBA avd yevde
P OV GTLOEVTG’ AYNLIEWEUEVT LV TPLYOVOUETPY (Dryvpe 2). Tnart 1o e ayniemepevt od fotn pole
avd GeLOAE GTLOEVTC LV TPLYOVOUETPY YOVYETT LG VOT addheyted By yevdep daytop.

Svppapy op pecvAto:Tne poAlowivy ape TNE LOPOP PLvSLVYG 0d TNE GTLOY:
1. Tnepe 1o a oryvidryavt dSidpdepevye Petweev tne peav ayxniemepevt oxopes v TAT od oTtLdevto ta
VYNT TPLYOoVOUETPY LGLVY [IBA avd TNOGE TOLYNT LOLVY TNE YOVWEVTLOVOA LETNOJ.
2. Tnepe 16 vo oryvidryavt dipdepevye PETOEEV TNE LEAV AYNIETWEUEVT OYOPEC O Lode avd depare
GTLOEVTG TOLYNT TPLyovoueTPY Lolvy [IBA.
3. Tnepe 1o vo GLyvidLyovT LVTEPAYTIOV EQPEYT PETMEEY TEAYNLVY LETN OO OVE GTLOEVTIGD QUYNIETWEUEV
TV  TPLYOVOLETPY.
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AZXYZYION : Tne pecurt necevted v Tafde 1 onowo TNOT TNE HEAV AYNIETELUEVT GYOPES O TNE YOV
TpoA avd e€nepiueviad ypounc wepe 43.12 avd 43.58 v tne mpe—TAT. Adtep TpeaTUEVT, TNE HEAV AYML
EWEEVT OYOPEC 00 TNE XOVTPOA avd e&mepipevtod ypouno wepe 57.03 avd 64.13 mitn Tne peav dt
odepevye 0 7.10 v tne moot-TAT. Tne Aow peav oyopec v Tne Tpe—TAT onomed tnat Tne cvPfeeyTtc
wepe eENPrrivy Low kvomAiedye odp TtpryovoueTpy younoped to  tnelp toot-TA peave.®pop Taprec
1 & 2, Tne nuyn peav ayniemepevt oxopec o tne [IBAypoun 1v the TooT-TAT woc  GTATIOTIYOAAY
GLYVIPLY VT YOUTOPED TO TNE YOVTIPOA YpoLT. Tnic wvdtyateo tnat [IBA evnavyed ayniemepevt o ot
LOEVTG LV TPLYOVOLETPY YOVYETTG PETTEP TNAV TNE (OVBEVTLOVOA TEAYNLVY LETNOD.

Tnie drvduvy 1o v aypegpevt oitn ABdviian, Tapuilt avd ABv (2010) eno povvd Thot e o
nrAtyatiov odp [IBA ac oV dATEPVOTITE LVGTPLYTIOVOA LETNOO O TEAYNLIVY LATNEUATLYC EVIOVYED O
OpU POLP CTLOEVTO PATNEUATIYC TEpPopravye Marayatia. Otnep peceapynepc Ake Axnuovye (200
4), Bapopo, Noptov avd Xonep (2004) ,Axivoyiv avd Tavkoyav(2007), avd ECe (2008) pouvs tnar 1B
A gVNOVYED AYMIETELEVT 1V LATNEUATLYS AVO GOLE OTNEP TYlEVYE CLPPEYTO. AAGO, pecEPYNEPC

cvyn oo et (200), Ipr avd HapBop—Tletepo (2005), Kupupen (2006), Muca avd Aymayon (2006) avd
ABoakra (2011) poLVS TNOT AATEPVATITE LETNOD TO YOVWEVTIOVOA LETNOO EVNOVYED OUYTIETELEV
T 1V YEOUETPY OV LOLTNEUOLTLYC 1V YEVEPOA.

Tne niyn peav aoniemepnevt oyopes od [IBAypovn 1v e moot-TAT pawy Be dve to Tponep do
PUOTIOV 0O YOVYETTC, EEMAAVATIOVS, ATTALYATIOVG OVE LVIEPGTAVILVY 0 TPLYOVOUETPLY POpPLL
LAOLE, LOEVTLTLIES AV VOTOTIOVG NN  YO®E POOLL TO GTLOEVTGD SEETEP LVIEPGTAVILVY O TPLYOVOU
eTPY YOoVYENTS. TN1o 16 v Ave ot tne e€mAavatiov op tne  teopy op Xovyent Popuatiov (Zke
pum v ABokma , 2011) @niyn oToTEG TNAT LATNEUATLYC TEAYNLVY PEBLIPES GTLAEVTC TO POPLL TNE PLYNT

HOLTNEUOLTLY G YOVYETTG ALVO TNAT LATNELOTLYC TEAYNEPT YOV NEAT GTLOEVIC (POPLL TNEGE PLYNT YOVY,
EMTG HLGT KVO® NO® TO EQPEY TITEALY YOUULVLIYATE TNE XOVYENTG. ALGO, CUTTOPTLVY TNE Loe o [TBA
16 Bpuvep v 1ot (2002) TNEOPY 0 ALGYOTEPY MNLYN OTOATEG TNAT VY GLBEEYT ( LATNEUATLYO)
yav e tooynt  edpdeyTImEAY 1V MOVEST popU TO vy  YNAS aT avy otaye op demelomuevt. Tnio wvte
AAeXTLOA deWEAOTUEVT OO TNE YNIAD LG OV YAoYAmice ceBuevye O emEVTO, PEGTOVIG TO LVOALEVY
€ PPOLL TNE EVTWLPOVUEVT, VOTAPAY TNE GYNOOA EVBLPOVUEVT.

The result in Table 3 shows the pre-TAT mean achievement scores of 44.11 and 43.05 for the male and
female students respectively in the PBL group were low compared to the their post-TAT mean scores of 64.40
and 63.85 for males and females. This implies that before treatment, the experimental group male students had
similar knowledge level of trigonometry with the female students. This also shows that after treatment, the PBL
group had brought about improvement in their mean achievement scores. Moreso, their standard deviations of
7.65 and 7.33 for males and females had shown their equal spread around their means. Table 4 shows the
associated probability value of .18 which is greater than .05 level of significance. Therefore, there is no
significance difference between the mean achievement scores of male and female students taught trigonometry
using PBL. This implies that both male and female students in the experimental group performed equally in the
study of trigonometry. This finding is in agreement with Olagunju (2002), and Etukudo and Utin (2006) who
found no significance relationship between male and female students’ achievement in general mathematics.
However, the finding is in variance with Kurumeh (2006) and Achor,Imoko and Ajai (2010) who found the
existence of significant difference between male and female students, with female students benefiting more
significantly than their male counterparts

From Table 5, F(1,353) = 1.68 and p = .20 > .05 level of significance along the Group*sex row ,
implies there is no statistical interaction effects of PBL and gender on students’ achievement in trigonometry
(Figure 2). The implication is that achievement of both male and female students in trigonometry concept is not
affected by gender factor. Therefore, the change in the achievement scores of male and female students in PBL
group was the same within the period of this study. This finding is in agreement with Olagunju (2001) who
found no significant difference between the general performance of boys and girls in mathematics achievement
test. Also, this finding is in conformity with Musa and Agwagah (2006) who found that there was no significant
interaction effect between mode of evaluation and gender students’ achievement in mensureation and geometry.
The reason for this finding may be due to the fact that PBL is gender friendly. However, this finding is at
variance to the findings of lji (2002) and Abakpa (2011) who found that there was a significant interaction
effect of teaching method and gender on students’ achievement in geometry aspect of school mathematics in
favour of males.
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I11.  Conclusion And Recommendations
Based on the analysis of the data in the study, the following conclusions have been reached: The Use

of Problem-Based Learning9PBL) method enhanced significantly students’ achievement in SS2 trigonometry
than the Conventional Teaching Method (CTM). Male and female students achieve higher scores in TAT, their
mean gain achievement scores taught using PBL was not statistically significant.

In general, the method (PBL) has positive influence on the subjects of this study as indicated in their mean
performance.

The findings of this study and their educational implications have necessitated the following recommendations:

1
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[2].

[3].
[4].
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[6].
7.
8].
[9].

[10].
[11].

[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].

[20].
[21].

Since PBL appears to be relatively new, it may be integrated into mathematics curriculum for the pre-
service mathematics teacher education programme. This may help them to learn and use it in their teaching-
learning process.

Workshops and seminars should be organized for pre-service mathematics teachers on the principle of
problem-based learning.

Teacher trainers in Colleges of Education, Faculty of Education, Institute of Education and Ministries of
Education and professional bodies should be encouraged to promote PBL method of teaching as an
innovation in the teaching-learning process.

Authors of mathematics education methods should be encouraged to include PBL in their writings.
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Appendix A
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Figure 1: Linearity Of Tat.
Homogeniety Of Regression Slope For Tat
Tests of Between-Subjects Effects
Dependent Variable: Post-TAT
Source Type Il Sum of df Mean Square F-value Sig.
Squares
Corrected Model 21310.865° 3 7103.622 811.266 .000
Intercept 183.292 1 183.292 20.933 .000
Group 107.670 1 107.670 12.296 .001
Pre-TAT 14825.584 1 14825.584 1693.150 .000
Group * Pre-TAT 10.188 1 10.188 1.163 .281
Error 3064.675 350 8.756
Total 1266463.000 354
Corrected Total 24375.540 353
a. R Squared = .874 (Adjusted R Squared = .873)
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Figure 2: Graph Of Interaction Effect Of Teaching Method And Gender On
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Covariates appearing in the model are evaluated at the following values: PreTAT = 43 2655

Students’achievement In Trigonometry.
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