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Abstract

This study was designed to determine the relative etfectiveness ol two problem-solving
models on students™ performance in further mathematics. The problem-solving models
considered were Rubenstein Model and Krulik & Rudnick Madel. Three co-cducation
public scnior sccondary schools. randomily selected from Port Harcourt Mcetropolis,
were involved in the study. A total of 180 «<2 [urther mathematics students from these
schools were sclected for the study. This comprised of 35 boys and 25 girls i cach
school. The schools were randomly assigned to experimental and control conditions.
Pre-test was administered to all the groups betore the treatment. Alter treatment the
posttest was administered. The rescarchers taught these different groups at different
lesson periods in their individual schools. The statistical tool used for the study was a 3
x 2 factorial analysis of variance. Schelfe’s post hoc test was used to check for
particular pairs with significance. The results showed that Rubenstemn model was most
cifective, followed by Krulik & Rudnich model and fastiv the algorithm. Gender
difference was insignificant. From the findings, teachers are encouraged (o atlend
seminars/workshops an problem - soiving models in order to faciiitate the teaching and
learning of [urther mathematics in schools.

INTRODUCTION

Mathematics is the bedrock of all scientific technological investigations and  all
activitics ol human development. 1t provides the route to modern world of scicnee and
technology. For students to become goad problem- solvers in mathematics (hey need to
he exposed to many problems- solving models developed by distinguished mathematics
educators, which arc capable of cnhancig the teaching of mathematics  and
conscquently improving students” performances in the subject. As recorded by Alio and
Peter (2000), these modcls include target task. Tormal and Braosfords ideal model,
Krulick & Rudnicks (1989). Rebenstenstein (1975), and Johnson (1975).

Nigerian Journal of Science and Science Fducation Vol 8, No. 2, Sept., 20110



25

Adaramola & Onwioduokit: Relative Effectiveness of Two Problem - Solving Models
on Students’ Performance In Further Mathematics in Senior Secondary Schools in
Rivers State. NJSSE, Vol. 8, No 2, Sept., 2010, pp 24-45

Problem solving has been dcfincd as higher-order cognitive process such as
visualization, association, abstraction, comprchension, manipulation, rcasoning,
analysis, and synthesis, generalization that requires the modulation management,
coordination control of more routine or fundamental skills (Goldstein & Fevin, 1987,
Garolalo & Lester, 1985). Beginning with the carly experimental works of the gestalt
tests in Germany e.g. Dunke (1935) to date, researchers have realized that problem-
solving process differ across knowledge domain  and  level  of expertise
(sternberg,1995), hence, findings oblained in laboratorics cannot be generatized without
caution. _

However, problem-solving is a basic skill nceded by today’s Iearncrs. Jamic (2008),
writing on the need to teach problem solving explained that changing professional
standards, workplace demands, changing learning theories, new technologics trainers &
educators all demand integrated learning environment which encourages the Icarner (o
use higher order thinking skills; and in particular problem-solving skills.

Educators have argued that divorce of content from application has adversely affected
education system. Hebert (1990) stressed that Iearners learn facts and role procedures
with {ew ties to the context and application of knowledge. Problem-solving has become
the means of rejoining content and application. The need for icarners to become
successfui problem-solvers has become a dominant theme in many developing
countries. In nigeria, for instance, the poor performances of students in mathematics in
public examinations have become a major concern in the country.

Problem-solving is not a distinct method of solving particular mathematics problems,
rather a process that should permcate all topics in mathematics and  further.
mathematics. American national council of teachers of mathematics in 1989 argucd that
learners of all ages lacked nccessary basic literacy skills as well as higher order
thinking skills and therefore made recommendations that students be cducated to meet
workplace needs. This took cffect from 1991 when students began to learn content

while solving realistic problem using problem-solving  models. With  scientific
knowledge doubling every 5.5 years (nash, 1994), it
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becomes increasingly important for students to develop higher order thinking skills.
There are similarities and differcnces between the two problem-solving models of
interest (krulik and rudnick’s, and rubenstein’s) considered in this study. These arc as
shown in table 1.

Tablel: differences and similaritics in the problem- solving miodels

KRULIK AND RU!)N]CK RUBENSTEIN

Differences This has 5 stages of problem solving The model has 4 stages
Students rcad problems on theirown | Students  scarch 1()rﬁmld:ll(;§]llp

Awareness between clements in the problem
Students explore the problems for Incubation Sldg,(, students stay quiet,

Understanding possible ways of solution read the problem again to analyze

' ways for solution |
Students select a strategy to solve the Teacher comes in at this smgu to

Comprehension | problem while (he teacher goes round to | inspire the students to think by asking
Jjust guide their choice leading questions

Analysis / Students on their own usc their methods | T

implementation | to solve the problems

Students look back and check Students vuilv il tlu.) -cl stuck, (0
Evaluation procedures to make necessary listen 1o others and lc‘mhc: {0 correct

corrections o | their mistakes -

This is students centered Students arc Iell alonc |n|lmllv yuntil |

stage 3 where the teacher is expected
to come in Lo inspire students

Students are almost left alone through | Greater guldamc is provided to the
out the problem-solving expericnce, to | students, relatively.
“struggle” on their own
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Problem-solving instruction is likely to be more effective when it is provided in a
systematic manner under the dircction of a teacher and students’ problem-solving skills
improve when they attempt o solve a variety of problems on regular basis over a
prolonged period of time. These phascs are simply guides not Algorithms. Algorithms
are special methods specially designed for solving a particular Mathematics problem,

e.g. solving quadratic equation by formula method.

Background of Study |
Ali (1986) highlighted that there exist problems in teaching and learning of
mathematics even to the teachers of mathematics in our secondary schools. Supporting
this fact, Obodo (1993) stated that mathematics teachers at all fevels of education find it
difficult and uninteresting to tcach for so many reasons.

The reason given by the WALC Chicl Examiner in his report for year 2001 was (hat
teaching method contributed greatly to students’ poor performances in mathematics
examinations. The methods usually adopted by teachers seem not to make students
problem solvers. The problem of poor quality of tcaching method in mathematics can
be minimized if teachers arc well cquipped with various types of problem -solving -
models. |

Statement of Problems

In recent years, research on students® achicvement in mathematics has been the concern
of many researchers in Nigeria. Ogunkunle (2007) referred to researchers like Lassa
(1994), Ojo (1986) and Steen (2003) as having documented students’ poor achievement
in mathematics. Outside the country, the concern is the same as indicated by Oakes
(1990), Leder (1992), and Fenncma and hart (1994). Based on Balogun's(1994)
findings, most of these findings have been in general mathematics. Little or ho attention

has been given to further mathematics in spite

Nigerian Journal of Science and Science Education Vol.8, No.2, Sept., 2010
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of the fact that it is onc of the basic foundation subjects for preparing scientists,
technicians, engineers and- Mathematicians for national development. One of the
researches conducted in further mathematics was by maduabum and odili (2007). They
looked into the trend of performance of boys and girls in further mathematics over a
period of seven (7) years in nigeria. Their finding is represented graphically on a bar
chart shown in figure 1
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Year of examination

Figure 1

Bar chart of percentages of candidates who passed at credit level and
above in may/june further mathematics (1999 -2005)

This trend is disturbing. Adding the performances of both scxes [or each year, none is
up to 30% pass at credit level. If this trend continues, the cffect on women in science,
technology and mathematics will be negative on the society.

This research was set out to tcach further mathematics topics with problem solving
models and to sce if therc was going to be improvement in the performance of students

and also discover if boys will perform better than gicls?

Purpose of Study

The purpose of this study was (o investigate the relative cffectivencss of the following
problem solving modcls (Krulik & Rudnick’s, and Rubenstein’s) in facilitating
students; performance in further mathematics to as against Algorithm.

Objectives of the study
Specifically, objectives of the Study included, to:

(1) Determinc the relative cffectivencss of the problem solving models over algorithm
in enhancing students’ performance in further mathematics.

(2) Determine the problem solving model which is most facilitative in enhancing
students” performance in further mathecmatics.

(3) compare the performance of male and female students taught using problem
solving models.

(4) Determine the joint effect of problem- solving models and L.,wdc: on students’™
performance in further mathematics.

Research Questions

This rescarch was guided by the following rescarch questions:-

Nigerian Journal of Science and Science Education Vol .8, No.2, Sept., 2010
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(1) What is the relative effectivencss of the problem-solving models over an algorithm
in enhancing students” performance in further mathematics?

(2) Which of these problem-solving models is most facilitative with respect to the
enhancement of student’s performance in further mathematics?

(3) What difference cxists between male and female students taught further
mathematics using problem-solving modcls?

(4) What is the joint effcct of problem-solving models and gender on student’s

performance in further mathematics?

Hypothesces

The null hypothescs tested in the study were:

Hoy there is no significant difference in the facilitative effect of the problem -solving
models over an algorithm in enhancing students’ performance in further mathematics.
Ho, there is no significant diflerence in the performance of male and female student
taught further mathematics using problem - solving models.

Hos there is no significant joint cffeet of problem - solving model and gender on
students’ performance in further mathematics.

Rescarch Method

Being a quasi - experimental rescarch, a pretest post test control group design was used
with factorial arrangement.

This is structurally represented as:

Problem solving

models
l |
Krulik & Rudnick Rubenstein
model :
Mmic!s M, Alegorithm
4 3
Mal Female Male Female Male Female

Nigerian Journal of Science and Science Education Vol &, No.2, Sept., 2010)
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There are three groups with two experimental and one control. This design was chosen

because it allowed for the use of intact classes and easily controls the reactive effects of
experimentation. '

Table 2:- non randomized groups pretest-post test design

GROUPS PRETEST TREATMENTS | POST TEST
EXPERIMENTAL 1 Y, X Y4
2 Y, X2 YS
CONTROL Y3 X3 Y6

The independent variables are the teaching models while the dependent variable is the
students’ performance. Sex is an intervening variable.

The Population of Study

The population of this study consisted of all senior secondary school two (S82) students
in 20 government approved secondary schools in Port Harcourt Metropolis offering
further mathematics at WASSCE level for the past 5 years. Approximately 1000

students constituted the population of this study (rivers state ministry of ministry of
education, 2005).

| Sample and Sampling Technique
The schools were State Government - owned Co-Education Secondary schools;

randomly selected from the 20 Secondary Schools in Port Harcourt by balloting. They
included: -

1. Community Secondary School, Okoronodo, Rumokoro Port Harcourt.

2. Community Secondary School, Nkpolu Mile 3, Port Harcourt.

3. Community Comprehensive Secondary school, Rumukwrushi, Port Harcourt.

These schools are, day schools and teachers have been trained to the required national
standard of the least national certificate of education (NCE). These have the same
syllabus and all the students have passed the Junior Secondary School

Nigerian Journal of Science and Science Education Vol.8, No.2, Sept., 2010
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Certificate Examinations. The sample comprised of 35 boys and 25 girls from each
school.

Research Instruments

Teacher- made further mathematics problem solving ability test (FMPSAT) was used to
gather data for the study. It was adapted from a ten year SSCLE/NIECO past questions. It
contained forty (40) multiple choice questions specifically testing the ability to solve
problems on combination, Permutation & Pascal Triangle.

It was carelully constructed using a lesson plan and a test blue print based on the
specific objectives of the lesson plan. Since all the instruments were tcacher- made.
they were trial-tested using a group of 25 students from Amadi-Ama Community
Secondary School, Amadi-Ama, a subset of the population not part of the research. The
students were pretested and after a week, were taught and post

tested, this helped to calculate the reliability of the test. Item analysis was also carried
out to determine the difficulty and discrimination indices.

Some items whose indices were either too high or too low were modified. Validity of
instrument to ascertain the validity of the instruments, the test items were drawn from a
test blue print based on the specific objectives of the lesson plan. Face validity and

content appropriateness was judged by the research supervisor and other experts in
mathematics educators. Item analysis was also carried out.

Reliability of Instrument

This was computed using a trial test group of 25 students from Community Secondary
School, Amadi-Ama, Port Harcourt, a subset of the population but not part of the
research. Using Kuder Richardson formula — 21, the reliability of pretest is 0.84 &
reliability of posttest was 0.96.

Teaching Mcthod

The experimental groups were taught using the lesson plans with problem - solving
models at different lesson times by the researcher. FMPSAT was administered as the
pretest for the students one weck before teaching took place in all the schools. This
helped the researcher to determine the equivalence of the groups. After the teaching,
FMPSAT was administered as the posttest The control group was taught using the
algorithm lesson plan.

Nigerian Journal of Science and Science Education Vol .8, No.2, Sept., 2010
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Data Analysis _

Data generated in the study were analyzed using a 3 x 2 factorial analysis of variance.
Scheffe’s Post Hoc Test was used to check for the particular pair with significance
- (howel, 2002; nwankwo, 2006; and onwioduokit, 2000).

Results

To answer the rescarch questions and test the hypotheses, the results are presented in
tables.

Table 3: post test means scores for all the groups.

B | 8 s
E® 1#E7 |84 |3
5% |E3€ |52 |6
< & Mol |2 e =
Boys Y =  4]) 788 958 2218 (n=105)
N=35 TY2= | 6193 20841 20094 47128
= 135 225 27.4 21.1
Girls Y = 190 488 661 1339 (n=13)
YYZ=|1532 10718 18623 30873
N=25 = 7.6 19.5 - 1264 17.8
Total N=60 | XY = 662 1276 1619 3557 (180)
syi=|7725 31559 46717 86001
Y 11.03 21.3 27.0 119.8
SD= 2.67 8.9 1.2 6.3
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Table 4 ‘summary of 3 x 2 factorial analysis of variance of students’ performances
in the experimental and control groups.

F DECISI
SOURCE Df |Ss Ms CRITICAL) VALUE | ON AT
VALUE P<0.05
S (SEX) BETWEEN GROUP | | 47745 | 47745 | 11.8 3.90 *
M (mETHOD) 2 78594 | 3929.7 | 96.1 3.05 o
0
Sxm (interraction) 2 141.25 | 70.63 1.73  3.05
Error (WITHIN GROUP) 177 | 7232.6 | 40.9 — o
' 0
| Total 179 | 15710.
7

*=gignificant at p <0.05

The calculated f- value for sex is greater than the critical value. Also, the calculated f-
ratio for method is greater than the critical f- value while the interaction between sex
and method is less than the critical value. This implies that both sex and methods have
significant effects on the performance of students in mathematics. Table 4 further
shows that the interaction between sex and methods is insignificant.
Table 5: scheffe post hoc analysis

Compared Groups | Compared f- Values | Critical Values Decision
P £0.05
| and 2 6.09 3.03 d
| and 3 16.30 3.03 *
2and 3 39.41 3.03 . e

Nigerian Journal of Science and Science Education Vol. 8, No.2, Sept., 2010
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As seen in table 5, Rubenstein Model was found to be most facilitative seconded by
Krulik and Rudnic Model. Algorithm was however found least facilitative. '

Table 6: summary of main cffects of the analysis of variance of students’scores in
the experimental and the control group.

F critical | Level of

Source Df |SS MS value value | significance
Mcthods with P<0.05
Boys 2 1347935 | 1739.68 | 35.84 | (2.41) +
Girls 2 4522.25 | 2261.13 | 46.58 (2.41)

.
Sex with
Kulak & Rudnick | I | 131.4 1314 271 | 390 |

NS
Rubenstein 1 14.6 14.6 0.30 (3.90)

NS
Algorithm 1 607.5 607.5 12.532 (3.90)

%

Error(within groups) | 290 | 14075.69 | 48.54

*= SIGNIFICANT, NS=NOT SIGNIFICANT

The Calculated F- Values for all the Methods for Boys and for girls are higher than the

critical values. this implies significant effects of methods on both scxes.

Secondly, the calculated F- values in both sexes for Kulak/Rudnick models and

Rubenstein were smaller than the critical value. This implics that male and femalce

students do not differ significantly in their performances based on the two models. The

table further shows that when Algorithm was used, male and female students differed

significantly.

Nigerian Journal of Science and Science Education Vol.8, No.2, Sept., 2010
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Research Question 1

What is the relative effectiveness of problem - solving models over an algorithm in
enhancing the students” performance in further mathematics?

Irom table 3, the experimental group 1 had a total means of 21.3; group 2 had 27.0,
while the algorithm group had 11.03. This shows that both Rubenstein  and
Kulak/Rudnik models are relatively more effective than the algorithm.

Research Question 2

Which of these problem-solving modcels is most [lacilitative in respeet to the
performance of students in further mathematics?

FFrom tables 4 and 5, it is scen that Rubenstein Model was found most lacilitative of the
three models, followed by kulak in enhancing Students’ Performance in further
mathematics.

Research question 3

What difference exists between -the male and female  students taught further
mathematics using problem-solving model?

Comparing the means from table 3, Krulik and Rudnick boys had 22.5 while girls had
19.5 while Rubenstein boys had 27.4 and the girls had 26.4.looking at the

overall mean for problem- solving models, boys had 21.1 while girls had 17.8. This
implics that differences exist between the performances of boys and girls :

with the former performing better than the latter.

Nigerian Journal of Science and Science Education Vol .8, No.2, Sept., 2010
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Research Question 4

What is the joint effect of problem solving and gender on students’ performance in
further mathematics? | ‘

As shown in table 4, the interaction of the problem-solving models with sex was not
found significant. Hence, the modcels used have no joint effect with sex on students’

performance in further mathematics.

Hypotheses Testing

Hypotheses 1

There is ;10 significant difference in the facilitative effect of the problem-solving
models with respect to the performance of students in further mathematics. !
Analysis of data shown in Tables 4 and 5 has shown that there exists a significant
difference in the facilitative strength of the threc models in enhancing students’

performance. Hence, the null hypothesis is rejected.

Hypothesis 2

Null hypothesis (HO2): there is no significant difference in the performances of male
and female students taught further mathematics using problem-solving models.

Data analyzed as shown in Table 6 portray the fact that problem —solving model as a

whole had significant effects on the performances of male and female

Nigerian Journal of Science and Science Education Vol.8, No.2, Sept., 2010
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students in further mathematics. However, the table further showed that except for
Algorithm, no model used in the study significantly impacted male and female students
differently with respect to their performance in further mathematics.

Hypothesis 3

Null hypothesis (HO3): there is no signilicant joint effect of problem solving and
gender on students’ performance in further mathematics.

Table 4 shows the analysis of interaction of problem- solving model and sex. It can be
seen from the table that the interaction effect of these factors is not significant. Thus the

null hypothesis s upheld. This implies that the elfect of onc factor on all levels of the
ather is the same.

Discussion of Findings

The result of this study revealed a relative increase in the means scores of students
taught with the problem -solving models over the algorithm. This is perhaps because
problem- solving models are higher order cognitive processes necded to solve lurther
mathematics problem. This finding is in agreement with gold and Levin (1987) who
observed that problem-solving techniques aid high comprehension of abstract facts
which is embedded in mathematics. Only the algorithm, ol coursc. cannot casily
~achieve this. .

The most facilitative model in respect to the performance of students in further
mathematics is the Rubenstein Model. 1t was followed by Krulik and Rudnick. This is
in agreement with Alfred (2008).

This study also exposed the fact that boys will do better than girls if not taught with
proper problem solving models. This is supported by Alycdun (2000) and Nwachukwu
(2003) who also obtained that that there is no significant difference in the performance
ol boys and girls in mathematics. This proven that girls arc cqually likely to perform

well in further mathematics il taught with adequate methods.

Nigerian Journal of Science and Science Education Vol 8, No.2, Sept., 2010
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The lack of significant joint effect of problem-solving and gender on students’

performance in further mathematics supports by Odili (2006), Gurd and Christopher
(2007).

Initially, the three groups were analyzed (algorithm, inclusive).the outcome showed that
sex was significant. This finding agreed with a number of researchers such as
Maduabum with Odili (2007), hart (1994) and Leder (1992) who said that boys do
better than girls in mathematics and further mathematics achicvements. But when post
hoc test was conducted, the differences that existed were insignificant. This means that
the teacher should go beyond using the ordinary method in teaching particular topics in
secondary schools, if not, there will be gender disparity in the class.

Conclusion _ |

The major finding of the study is that those taught with problem- solving models
performed better than those taught with Algorithm. Teachers should therefore search
for models that can facilitate different topics in the teaching of further mathematics.
Equally important is the finding that the differences in the performances of boys and
girls were insignificant using each problem-solving model. It was on with Algorithm

that a difference as found. Thus, girls should be encouraged to ignore the popular idea

that further mathematics is for male students.

Implications of the findings:

The findings of this research have implications for the students, teachers, curriculum

planners and the government.

1. No girl should hide under the belicf that further mathematics is meant for males.

Girls are as capable as boys in further mathematics.

Nigerian Journal of Science and Science Education Vol .8, No.2, Sept., 2011)
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2. Teacher should employ the use of different problem -solving models in teaching
different topics in further mathematics since it has been cstablished that they have
potentials of improving students’ performance.

& For curriculum planners, policy makers and the government
mathematics teachers allowance should be reasonable. This will motivate the teacher
and enable him/her spend more time in search of the best method to use to teach the
students rather than being a bird of passage.

Recommendations

Considering the problems identified in this study and the benefits derived from the use
of models, some recommendations are being made.

The further mathematics teacher should always use appropriate Problem -solving model
in teaching. On the part of school administrator, mathematics club should be formed to
organize drama, mathematics day, mathematics housc competitions cte. facilitators
should be invited from higher institution to speak to students on such special days on
the importance of further mathematics.

Finally, Teacher should be financed to attend seminars, and workshops on models. This

will help eradicate the teaching of mathcmatics with tears and expose them to a wide
range of heuristic models, which can facilitate the tecaching of further mathematics.

Suggestion for Further Research
In the light of the finding and conclusion drawn, the following suggestions for further

Study are Made:

1. This study can be carried out in other places for cross validation.

2. Other variables like students’ interest, reasoning ability, among others, can be
included in the study.

1 Further studies can be extended to the use of different models on different
further mathematics concepts.

Nigerian Journal of Science and Science Education Vol.8, No.2, Sept., 2010
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