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COMPARAT
MEARL SI;EI?EECTS OF TWO PROBLEM- SOLVING MODELS ON
MDARY SCHOOL STUDENTS' PERFORMANCE IN
THEMATICS WORD PROBLEMS

SALMAN, M. F. & AME
D AVLAINy VAL KL EN, S. K.
Lo Emrt“'e“t of Science Education, Univer.;ity of Horin, Ilorin.

S st ABSTRACT 1 alof

780 vew adopted P*‘E-Ié_?ﬂ, post-test, quasi experimental design. A-m a 4
"_Jr secondary two purposively selected from six secondary schools in Iorun
metropolis took part in the study, The instrument used for data gathering the study
was Mathematics Performance Test (MPT) designed by the researchers. The findings of
the xrr::dy showed that there was a significant difference between the performance of the
experimental and the control groups. Gender had no significant influence On the
performance of the students exposed to the instructional models. Subject combination of
d to the Polya’s

students had significant effect on the performance of students expose
probiem- solving model with the science students having the highest nmean gain score
Jollowed by the commercial students while the Art students had the least nean g{’f"
score. Mathematics teachers should take time to teach mathematics language i Bearing
before teaching the actual concept to enhance belter performance of students.
Mathematics Teachers and Mathematics textbook authors should endeavor to employ

thers to enhance

Polya and Bransford and Stein problem solving models among 0
meaningful learning in mathematics.

INTRODUCTION
Mathematics is viewed as the science of structure, order, number, space and
w their inspirations

quantity (Odili, 1990). This definition connotes that all sciences dra
from Mathematics. Therefore, it can be inferred that mathematics is the language of all

sciences. As important as Mathematics is, literature indicates that a considerable number

of students lack adequate understanding of mathematical concepts and skills leading to
high failure rate in the subject (Wasike, 2006). Mathematics problem-solving, in
particular, requires specialized skills which are practical and which involves a unique
linkage between mathematics, communication and the environment. Mathematical
expressions must be properly and accurately understood in order to reduce the mistakes
committed by students while solving mathematics word problems in general and word

problems on bearing, in particular. (Ameen, 2007).
Funkhouser (1992) defined problem-solving as a multiple step process where the

_solver must have had relationship with past experiences (schema) and the
set up a solution. In order words, students need to learn this

process if they are to deal successfully with problems in real life situations and those that
they may come across in schools. Therefore, models have been advanced for the
nd learning of problem-solving. Some of the models are those of Polya (1957)

teaching a
Binghavn (1958), Simon and Newell (1972) and Bransford and Stein (1984).

problem
problem at hand and then
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The use of ;
performance ﬂrStllginEr?: Emt]salmnvg models enhances the teaching, lﬂammg' 30
imsenrcher ertmloyed 1 athematics :wcnrd problems involving bearing. Ther&ff:l!".‘{.—_ff
Soehiitcal tormerir be problem- solving models with more emphasis on teaching the
involved in the stud ¥ the performance of students in mathematics. The first model
understanding the Y yb;s the Polya problem-solving model comprisinglfﬂul‘ stages: (1).
the plan (4 problem (2) devising a plan that will lead to the solution (3) carry out
hli (4) looking back. The second model invalved is the Bransford and Stein |
srt:r em-solving model which comprises five stages (1) dentification of the problem (2)
efining and representing the problem (3) exploiting possible strategies (4) acting on
those strategies (5) looking back.
The stage IT of Polya problem-solving is further broken-down into Stages 1T and 111, l:fy
Bransford and Stein respectively in his model. The choice of Bransford and Stein
problem-solving model as the second model use 1o find out whether the ﬁvle stages
enhance better performance of students in solVing bearing word problems in

Mathematics.

Statement of the Problem
One of the goals of Mathematics teaching and lear

recognize a problem and apply the knowledge of Mat

ning is to develop the ability to
hematics to obtain the solution to
the problem. Reports from Chief Examiners of the West African Examinalions Counc}l
(WAEC) and Mathematics Educators have affirmed students’ poor performances in
Mathematics problems at the Junior and Senior Secondary School l;vels. ff\lso, the. works
of Ameen (2007&2013) respectively affirmed that Word problems involving bearing has

ed difficult. Thus, the present study focuses on

been identified as a topic students perceived dil : )
the comparative effects of two problem-solving models on students’ performance In

mathematics word problems.

Purpose of the Study _ .
The main purpose of the study was to examine the comparative effects of two
d Bransford and Stein on Students’ performance in

problem-solving models of Polya an
Mathematics Word Problems. Specifically, the study examined the comparative effects

of;

(1) Bransford and Stein (1984) and Polya (1957) instructional models on students’
performance in mathematics word problems invoiving bearing.

(2) Bransford and Stein (1984) and Polya (1957) instructional models on the
performance of male and female students in mathematics word problems
involving Bearing.

(3) Bransford and Stein (1984) and Polya (1957) instructional models on the
performance of science, Art and Commercial students in mathematics word

problems involving Bearing.
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'

AMPARATIVE EFFECTS OF TWO PROBLEM- SOLVING MODELS ON

' fesearch Questions
In this study, answers are provided to the followin L (1984)
(i) Wiiat are the comparative effects of Bransford and steil dents eXPOSE i
(1957) problem-solving models on the performance of stu i solving
the treatment and their counterpart in the control  groUP
Mathematics Word Problems involving Bearing? d femal
(ii) Is there any difference between the performance of male an
raught with Bransford and Stein (1984) model? d
(iiiy  Is there any difference between the performance of male an
taught with Polya (1 del? :
g ya (1957) mode ween the performance of Science:

(iv)  Will there be any difference bet ; adel?
Commercial students taught with Bransford and Stein (1984) ™ Arts and

ience;
(v) Is there any difference between the pf:rfannaﬂt:ﬂ?ﬂf scien
Commercial students taught with Polya (1957) model

g research questions: it Pol%

e S.tudents

female studen’s

Arts and

Research Hypotheses ; d
The following research hypotheses are tested in the study- ht with

: e : nis taug )
I. There is no significant difference in the performance of 5“'{1;0&:15 and their

Bransford and Stein (1984) and Polya (1957) problem — solving
counterpart in the control group. ts

2. There isp no significant dif%erenI::e in the performance of male and 'femm?llilf;:f;;“
exposed to Bransford and Stein’s (1984) instructional model in M3a
word problems involving Bearing.

3. There is no significant difference
students exposed to Polya (1957) instructional model
Problems involving Bearing.

4. There is no significant difference in the
Commercial students taught with Bransford an
in Mathematics Word Problem- involving Bearing.

5 There is no significant difference in the performance of science, Arfs anld
Commercial students taught with Polya (1957) instructional model in

Mathematics Word Problem involving Bearing.

e and Female

in the performance of ma _
= in Mathematics Word

performance of Science, Arts and
d Stein (1984) instructional model

Research Methodology
This study employed a quasi-experimental design (non-randomize, non-

equivalent, pre-test, post-test control group design).The choice of this design is
considered appropriate when the true experimental design is not possible. The
Mathematics Performance Test (MPT) which contains six essay items on bearing word
problems was adapted from the West African Senior School Certificate Examinations
while two instructional packages were prepared by the researchers and used as treatment
for the study. The Mathematics Performance Test was administered to senior secondary
7 students drawn from six equivalent co-educational secondary schools in [lorin
metropolis of Kwara State. The Mathematics performance test was used as the pre-test

3
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and post-test. The research instrument had been t

West African Examinations Council since the instrument was s ast Ques
the senior secondary school Certificate Mathematics Examinations p

also revalidated by the expert in the field of mathematics education at the university
llorin. The computed reliability value is 0.67.

The instructional packages were lesson p
on the two problem-solving models of Bransford and Ste
conventional method and the teaching of the technical te
These instruments are:

lans prepared by tl

rms in bearing word problems.

Polya Problem - solving instructional model (PM)
- Bransford and Stein instructional model (BSM) and

- Lesson plan for the teaching of the technical terms in bearing word problems.

Data Analysis and Results

The research questions that have no equiva
descriptive statistics while the hypotheses were les
(ANCOVA). The Scientific Package for Social Sciences (SPSS)
17.00 was used to analyze the data.

lent hypotheses were answered using
ted using Analysis of covariance
programm of version

Research Question 1:
What are the comparative effects of Bran
solving models on the performance of students

counterparts in the control group in Mathematics W

sford and Stein and Polya problem-
exposed to the treatment and their

ord Problems involving bearing?

Hypothesis 1: There is no significant difference in the performa_nce: of students
taught with Bransford and Stein (1984) and Polya (1957) problem-solving models and

their counterpart in the control group. |
The test for significance of the hypothesis is at - level of 0.05. In Tablel, the

analysis indicated that the p-value is zero which is less than 0.05. This indicated that
there was a significant difference between the three post-test scores of the students taught
using the three (3) instructional models. It could be concluded that there was a significant
difference in the performance of students taught with Bransford and Stein, Polya and the
conventional method.The models have significant effects in view of the improved
performance of the students in posttest in mathematics word problems involving bearing.
The multiple comparison test of Scheffe post-hoc analysis was carried out to determine
the actual source of the difference that existed among the three instructional methods.
The direction of the difference was in favour of students exposed polya instructional

strategy.

1e researchers based
in (1984) and Polya (1957), the ‘
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COMPARAT

. TIVE EFFECTS OF TWO PROBLEM- SOLVING MODE

Tablel:

ANCOVA C : ats?
omputation on effects of two pruhlcm-snh!ing models on stn{ll:_llt@? T

performance
in Math i
ematics Ward Problems involving Bearin —
F signiﬁcnut

-__SUUFEES
'l;ype m Df Mean square
um of
—6— d 3(]l-|£lI'E ”///_.
orrecte 1326.4339 .000
Model 2 663.217 23.261 0
Intercept 46948.050 I 46948.050 1646.642 0.000
Method 1326.433 2 663.217 23,261 0.000
Error 5046.517 177 28.511
Total 53321.000 180
Corrected
Total 6372.950 179 /:
R Square =0.208 (Adjusted R Squared = 0.199)
Table 2 shows that post-test mean score of Polya, and Bransford anq stein 15 -
2.92 at 0. 013 significant level. Since 0.013 is less than 0.05 level of significance i
nee of students exist between the two
nd Stein and the other

ficant difference in performa

ls. Also, respectively betwe
onventional method showed t

difference, this was based on the p-value of 0.13 and 0.001 whi

Also, the post-test mean scores of 2.92 and 6.63 indicated signifi
Polya and Bransfo d the conventional method respectively when compared

rd and Stein, an
with the P-value of 0.013 and 0.000 which are less than 0.05 level of significant. lastly,
the post-test mean score differences of -3.72 and -6.63 between conventional method and
Bransford and Stein, ence, with suggested p-value of 0.001 and 0.000

Polya method differ
level at 0.05 level of significance. In conclusion, the table indicated that students expose
io the Polya model performed significantly better followed by those exposed ta the
Bransford and Stein model and those exposed to the conventional method had the least

performance.

en Bransford a the.
hat there exist @ significant
ch was less than & =

cant difference between

implies that signi
instructional mode
methods, Polya and the ¢

i
BBt
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~ SALMAN, M. F. & AMEEN, §. K.
st-test meal scores on exp

Table 2:
significant difference between the po

Test for
Bransford and 2]
Stein, Polya and the conventional methods. dard Significance
Instruetional Instructional Post-test Stan 13
mean score error 3
0.013 © &

Method Method
diflfercnce 5575

Bransford and Polya -2.92%

Stein
35 0.001
Conventional 3.72* 0.97
Polya g:i:sford and g 0.975 gg g}z
Conventional 6.63* gggg 0'001
Conventional Bransford and 3.7 ' )
Stein
_6.63* 0.975 0.000

Polya

between the performance of male and

Research Question2: Is there any difference
female students taught with Bransford and Steins (1984) Model?
cant difference in the performance of male and

no signifi
984) instructional model in

Hypothesis 2: There was ,
female students exposed to Bransford and Steins (1
Mathematics Word Problems Involving Bearing.

R Square = 0.809 (Adjusted R square = 0.802).
From the table 3, the p-value 0.790 was obtained and was greater than a = 0.05

therefore, hypothesis two was not rejected. This indicated that there was no significant
difference between the performance of male and female students taught with Bransford

and Steins’ model in the Word Problems involving Bearing Mathematics.
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VE EFFECT - 2
S OF TWO PROBLEM- SOLVING mw‘ﬁwﬁﬁ -

abh 3

ANCOVA com i

instructional mtﬂiﬁmun on the effect of gender on Bransford and =
on the performance of student’s in Mathematics.

Problems Involving Bearing.
Source Type Il sum Df Mean F

]
S 7.634 2 493.817 120.831 0008
Intercept 4771.629 1 A711.629 1167561 0.000
Pre-test 986.733 | 986.733 241.442 0.000
Gender 0.291 1 0291 0.71 0.790
Total 17391.000 60

Corrected
Total 1220.583 59 /

R Square=0.809 (Adjusted R Square=0.802)

Jance of male and

Research Question 3: Is there any difference between the perforn

female students taught with Polya (1 957) model?

Hypothesis 3: There was no significant difference in the performance of Tnale and
1 in Mathematics Word

female students exposed to Polya (1957) ‘nstructional mode

Problems involving Bearing.
— 0.05. This

From table 4 the p-value of 0,889 was obtained and greater than @
ot rejected, meaning that there was

implies that hypothesis three was 1
of male and female students expose

difference between the performance
model in solving mathematics Word Problems Involving Bearing.

no significant
d to the Polya
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it g .
VA Computation of gender for Polya (1957)

" Mifliematics Word Problems Involving Bearing
Source Type IT1 Df Mean F
sum of square
square
Connected 1646.272 2 823.136 29.305
Model
Intercept 4519.557 | 4519.557 160.902
Pre-test 1625372 | 1625.372 57.865
Gender 0.551 T 0.551 0.020 X
Error 1601.052 57 28.089
Total 2567.00 60
Corrected
Total 3247.33 59

R square = 0.507 (Adjusted R squared = 0.490).
R square = 0.810 (Adjusted R square = 0.799).

Research Question 4: Will there be any difference between the performance of science,
Art and Commercial students taught with Bransford and Stein’s (1984) model.

Hypothesis 4: There was no significant difference in the performance of Science, Art and
Commercial students exposed to Bransford and Stein’s (1984) instructional model in
Mathematics Word Problems involving Bearing.

The p-value of 0.898 was obtained. Therefore, the hypothesis wés not rejected. This
indicates that there was no significant difference in the performance of the Science,
Commercial and Art students using Bransford and Stein problem- solving model.

A
4
|
:4
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B KNﬂA computation of student’s performance based on
Shp to Bransford and Steins (1984) instructional model.

Sources Type Il sum Df Mean F '
of squares square Jf/’/
Corrected 988.2141 3 320414 19397 0.000
model '
Intercept 3104.352 I 496.608 119.694 0.000
Pre-test
(Covariate) 486.600 1 496.608 0.108 0.898
Error 232.342 56 4.149
Total 17391.000 60
Corrected
Total 120.583 59 R
"R square = 0.810 (Adjusted R square = 0.799).
f Science, Arts

Research Question 5: Is there any difference between the performance O

and Commercial students taught with Polya (1957) model.

Hypothesis 5: There was no significant difference in the performance

and Commercial students exposed to Polya (1957) instructiona

Word Problems Involving Bearing.
From the above table, the p-value of 0.000 was obtaine

hypothesis was rejected. This ind icated that there was a signifi
performance of the Science, Commercial and Arts using Polya model.

of Science Arts

| model in Mathematics

d. Therefore the
cant difference in the

(®3 CamScanner
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'Fillﬂlexﬁ:

4 ANCOVA Computation of Stu
xposed to Polya instructional model

M. F. & AMEEN, S. K.

Type T Df

dents performance based ©

n the

Mean
Square

\&

subject combination "'

Significant

Sources
sum of o
> 0.
Corrected 212{;1.222“ 3 710.089 35.598
model 4707.057
0.000
Intercept 653.033 l 4707.057 235.971
0.000
Pre-test 1 653.033 32.735
(Covenanter) 434.5:16__
I 0.000
Class 1117.067 2 242.272 12.145
s’
Error 25674.000 56 19.948
Total 60
3247.333
Corrected
Total 59

R Squared = 0.656 (Adjusted R squared = 0.638).

SUMMARY OF THE MAJOR FINDINGS
Findings from the study are as follows: ‘ .
1. Students exposed to Polya problem-solving model performed better in
bearing than their counterparts exposed

Mathematics Word Problems involving
to Bransford and Stein model. . ‘

2. Students in the polya group also out performed students in Bransford and Stein,
and the conventional groups.

3 Gender of the students exposed to the three models and their counterparts in the
conventional group had no influence on their performance in mathematics word

problems involving bearing.
4 Students’ subject combination had significant effect on the performance of

students exposed to Polya
instructional model with the science students out performing their counterparts in

commercial and Arts.
5. Students’ subject combination had no significant effect on the performance of

students exposed to Bransford and Stein model.
6. There was no interaction effect between the instructional models based on

gender.

10
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COMPARATIVE EFFECTS OF TWO PROBLEM- SOLVING MODELS ON....uuerssartarts

DISCUSSION OF THE FINDINGS

E;E_ut:ﬂ::gf L‘-f'cllhe study showed that Students taught using P-::—I:,fa_'s_ P"‘}blem'selv‘::&

al model performed better in the Bearing post-test administered than t
counterparts taught using Bransford and Stein problem-solving model. This shows that
e Pcrlya problem-solving model is the most effective method of instruction out of the
three nstructional models used in the study. This finding was in line with the findings of
Galadima (2002) and Suleman (2010)

The experimental group taught using Bransford and Stein model was the next group
that performed higher in Bearing post-test administered, while the control group ."h.a - wﬂ;
laugt.u using the conventional method had the lowest performance. In the a_drmmstenla
Bearing pre-test instrument, the sampled students for the study could not interpret t ';e
concepts involving language (technical terms) in bearing correctly, which cmﬂdF =
responsible for the students’ poor performance in the pre-test administered to them. For
Instance, some of the students scored zero in the pre-test. . d

In this study, three instructional models were employed to teach bearing werf
problems in mathematics. Findings showed that the two problem-solving models OI
Polya, and Bransford and Stein are effective models of teaching than the cﬂﬂVB‘_‘t'““a
method. Further, the study revealed that there was significant difference in thE{
performance of male and female students taught using the two problem-solving mﬂfﬂﬂh‘ o
Polya, and Bransford and stein in Bearing post-test. The finding conform with the
findings of Salman (1998), Galadima (2002)Olawoye (2006) and Suleman
(2010).Therefore, both males and females benefited from Polya, Bransford and Stein
models of problem-solving,

Also, the performance of science; Art and Commercial Students taught using ﬂ‘? t“’f:'
problem-solving models of Polya, and Bransford and Stein in the post-test on bearing 1
significantly different with the Science students performing best followed by Commcrcu}'l
and Arts respectively. Therefore, the students’ subject combination had effect on their
performance in bearing word problems. This finding is in agreement with the findings of
Salman (1998).

CONCLUSION

The findings of the analyzed results showed that problem-solving models of instructions

could enhance students’ academic performance better in bearing word problems than the

control group. It could be concluded that the Polya and Bransford and stein models of
problem-solving with more emphasis on teaching the technical terms improved students’

performances in Mathematics Word Problems Involving Bearing. This implies that
problem-solving models explored in this study appeared to have improved students to
retain the learned materials. Also, gender had no influence on the performance of
students taught using the instructional model of Brandsford and Stein.  The findings also
revealed that subject combination (Science, Arts or Commercial) of Students had
significant effects on the performance of students taught using polya instructional
strategy while it has no effect on the performance of students taught using Bransford and
Stein model in words problem involving bearing in mathematics.
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