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Abstract

This study /nvesttgated the Effects of Mathematical Modeling on Mathematics
Achlevement and Attitude of Pre-Service Teachers in Niger State, Nigeria. It was
an attempt to ease students’ difficulties in comprehending Mathematics. The
study| used randomized pretest, posttest control group design. Two Colleges of
Educat/on were purposively selected from Niger State with a sample size of 84
(42 flor experimental . and 42 for control group). Two research instruments
Mathematical Modeling Achievement Test (MMAT) and Attitude Tow4 rds
Mathematical Modeling Questionnaire (ATMMQ) were used for data collect/on
Pearson Product Moment Correlation (PPMC) and Cronbach alpha were used to
determine the reliability coefficient of the instrument as 0.76 and 0.75. The
research questions were answered using mean rank and standard’ deviation,
while|the hypotheses were tested using independent sample t-test and Mann
Whitney (U) test at 0.05 level of significance, Findings revealed. that students
taught mathematics using Mathematical Modeling performed .better than their
counterparts taught using lecture method. However, there .was no significant
difference in the achievement scores of male and female pre- service
Mathematlcs Teachers taught Mathematics using Mathematical Modeling.
Modelmg therefore, was recommended to be used by Mathematics teachers with
a view to improving students’ achievement in Mathematics. Also, Modeling
shoulp/ be taught at Nigeria Certificate in Education (NCE) level in order to
prepare Pre- service teachers towards real task in the field of Mathematics.

Keywords: ‘Mathematlcal Modeling, Achievement, Pre- service Teachers,
Modeling. |

.. Introduction

: Mathematics is an interdisciplinary language which explains the relationships,
. structures, quantities, properties and forms of objects, constructs, time and space.
Mathematicslas a subject cuts across all areas of human learning and endeavours. An
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that achievement motivation, creative inclination, cognitive style, the mathematica

cognitive structure and mathematics modeling self-monitoring ability, had significan

correlation with mathematics modeling academic achievement.
Inaddition, Mathematics is viewed by students as a difficult subject from primary,

secondary and tertiary institutions Awofala & Awolola, (2011) arﬁd Sweeting, (2011)..f
students show negative attitude towards mathematics, there is the possibility that they
will not like the teaching method adopted by the teacher. Attitude whether positive ol
negative will affect learning of mathematics. Demonstrating negative attitude towards ¢
subject can affect learning. However, helping students develop a positive attitude towart
mathematics should be considered as an important way forward in science educatior
and mathematics. The Impact of Mathematical Modeling on Students’ Learning anc
Attitudes in America was investigated by Nicola (2011). The study reveals that students
recognized a positive impact of the mathematical modeling process and how it relates &
their learning; Students are better desirous and able to try new problems and are read)
to take risks, only with the types of mathematical processes they have engage
in.Furthermore, Wilkins and Ma (2002)in their work titled ‘Modeling change in student
attitude toward the belief about mathematics in middle school rep'orted that students wh
had higher initial status showed less interest than those from a lower status. ;
The issue of gender in teaching and learning process has attracted mucl
attention in the research world. Looking at modeling achievernent as a variable fron
learners’ point of view has been a matter of concern in present day research. It is th
satisfaction students achieve as they progress through andl complete the primary
secondary and tertiary education. There are quite a number of researches focused ()1

gender differences in the school learning process. |
With regard to the issue of gender differences in mathematics achievemer

establish that there is inconclusiveness in the research findings of researchers. Samir
and Gatabi (2014) reported in their study, gender differences between Iranian student
in grade six in mathematical modeling competency and students’ attitudes towar
mathematical modeling problem. They adopted a quasi-experimental design with tw
different groups. These two groups of students responded to the pre-test, th
questionnaire after pre-test, and post-test. The experimental g'roup participated in a ¢
of intervention classes that concentrated on modeling activities and answered th
questionnaire after the intervention. The results of this study showed that although giﬁ
had better performance than boys in pre-test, after intervention, boys had bette
performance than girls in post-test at 0.05 of significance. All students who participate
in the current study considered modeling problems out of mathematics domain, but afte
intervention their attitude toward mathematical modeling problems was change
dramatically so that almost all students in the experimental group recognized modelin
problems as mathematics problem and they were interested in solving modelin
problems. Durundt and Jacob (2015) examined the Mathematics Student Teacher
Approach to, experience of and attitude towards mathematical modeling in South Atric:
They observed no significant difference between the males’ and females’ performance |
mathematical modeling using 38 third year mathematics student- teachers., the stud

mathematics modeling academic achievement using path analyéis method, conclude&

32
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- used the attitude towards mathematics inventory (ATMI) and the results show that male
- (N =24) 63% has positive attitude towards mathematical modeling than female (N=13)

“with 34% . They recommended that mathematics student- teachers should formally
acquire modeling knowledge and skills during their education and it should ideally

happen in teaching situation.

Purpose of the Study
The purpose of this study was to investigate the effects of Mathematical
~ Modeling on Mathematics Achievement and Attitude of Pre-service Teachers in Niger
State, Nigeria. It sought to specifically find out:
(1) The impactj of mathematical modeling on Pre- Service Teachers Mathematics’
Achievement. | -
(2) Examine the influence of gender on students’ achievement in mathematics when
exposed to Mathematical Modeling.
(3) The attitude: of Pre- Service Mathematics Teachers when exposed to mathematical
-~ modeling. | ' :
|
Research Questions
1. What is the: difference in the mean achievement scores in Mathematics of Pre-
service Teachers when expose to Mathematical Modeling and those not exposed to
mathematical modeling?
2. What is the gender difference on mathematics achievement of Pre- Service
Mathematics Teachers when exposed to mathematical modeling?
3. What difference in attitude of Pre- Service Mathematics Teachers exposed to

mathematiq’al modeling?

Hypotheses ' -
HO,: There is q’o significant difference in the mean achievement scores of Pre- Service
Mathematics Teachers when exposed to Mathematical Modeling and those that were
not expose to Mathematical modeling. -

| |
HO,: There is :no significant difference in the mean achievement scores of male and
female Pre- Service Mathematics Teachers when exposed to mathematical modeling.
HO;: There is|no significant difference in the attitude of Pre- Service Mathematics
Teachers exposed to mathematical modeling.

Methodology |

. The study adopted a randomized pre-test, post-test control group design which
entails the use of two groups being measured or observed twice. The first measurement
serves as the pretest, the second as the post- test. Random assignment was used to
form experimental group and control group. The measurement or observations are
collectgq at the same time for both group. The total population of the study was 311,
comprising 212 male and 99 female pre-service Mathematics teachers (NCE Il) from two
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colleges of education in Niger State during 2016/2017 academic sessi
Education, Minna and Kontagora) emic session (College of

| A Multi- staged sampling technique was used for the study. First Purposive|
sampling was used_ to'sele.ct two colleges of education because they are the only two |
Colleges of .Educatnon in Niger State. At the second stage simple random sampling was |
used to assign schools to two groups, Experimental and Control group. The sample of]
the study was made up of 84 (42 for experimental and 42 for control group) NCE |l
mathematics students of the two colleges. The sample size was chosen based on the
central limit theorem.
The instrument used for data collection was Mathematical Modeling Achievemenf‘
Test (MMAT) and Attitude Towards Mathematical Modeling (ATMM). MMAT contained!
five mathematics questions adapted by the researcher to determine the achievement of
students in mathematical modeling. Each question carried 20 marks given a total score
of 100 marks covering the following content in mathematics: Statistics, geometry, simple|
interest and functions. The ATMM is an instrument used for gaining learner attitudes’
towards Mathematics as a subject. The ATMM questionnaire on Mathematical Modeling|
used in the study is a likert- type response scale, and contained 20 items ranging from
Strongly disagree (S.D), Disagree (D), Undecided (U), Agree (A) and Strongly Agree
(S.A). The items were scored on the basis of the weight of each point. That is, 5, 4, 3, 2,
1 for SA, A, U, D, SD respectively. The instrument was face and content validated by
three specialists, two from Science Education Department, Federal University of
Technology, Minna and the other one from Mathematics Department Niger State
College of Education, Minna to ensure clarity, arrangement and suitability in addressing

the purpose of the study. -
The instrument were face and content validated by three specialists, two from

Science Education Department, Federal University of Technology, Minna and the other
one from Mathematics Department Niger State College of Education, Minna. This was to
ensure clarity, proper arrangement of the items and their suitability in addressing the
purpose of the study. It was trial tested at College of Education, Zuba. The data
collected for the study was used for computation of the reliability index of MMAT using
Pearson Product Moment Correlation Coefficient (PPMC) and Cronbach alpha for
ATMMQ. A reliability coefficient of 0.76 was obtained for MMAT while 0.75 was obtained
from ATMMQ at the end of computation. The instrument was administered by the
researcher and the research assistants to the two groups at the same time. The
respondents answered the questions to the best of their knowledge. 1

Data was collected in two stages. At the first stage which lasted for one week,
the colleges were visited by the researcher. The mathematics lecturers of the college
were trained on how to administer the instrument after which pre-test of MMAT and
ATMMQ administered, at the Second Stage which lasted for 3 weeks the selected
students (experimental group) were exposed to modeling activities with the aid of power
point presentation and control group the lecture methed. At the end of the weeks,
posttest was administered on both the selected (experimental) and control groups to find
out students’ achievement in mathematical modeling. | !
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The research questions were answered using mean and standard deviation, while the
hypotheses were tested using independent sample t-test at 0.05 level of sngnmcance

Results
Research Question One

What is the difference in the mean achievement scores in Mathematics of Pre- service
Teachers when exposed to Mathematical Modeling and those not exposed to
mathematical modehng’?

Table 1: Mean, Standard Dev:atlon of Experimental and Control Groups

| * Pretest ' Post-test
Groups N Mean (x) SD Mean (x) - 8D
Experimental 42 55.17 13.62 62.67 19.72
Control 42 55.28 14.60 56.48 16.06

!

Table 1 shows the pre-test and post-test of the mean achievement scores of students in
both experimental group and control groups at the commencement of the study. The
table reveals that the mean score of experimental and control is 55.17 and 55.28. The
table also shows the post-test mean score of 62.67 for the experimental group and
standard deviation of 19.72, which is greater than mean of control group‘(56.48) with
standard deVIatlon of 16.06. This shows that students exposed to mathematical
modeling achieved higher mean achievement score than those not exposed.

Research Question Two
What is the difference in attitude of Pre- Service Mathematics Teachers exposed to
mathematical modeling?

| ,
Table 2: Mean Rank and Standard Deviation of Experimental and Control Groups
attitude towards Mathematical Modeling.

Pre-test Post-test
Groups : N  Mean Rank S.D Mean Rank S.D
Experimental | 42 44.26 17.06 50.57 22.14
Control . 42 40.74 5.72 34.43 19.49

Table 2 reveals that experimental group has (Mean Rank = 44.26 and S.D= 17.06); and
Control (Meaq Rank = 40.74 and S.D = 5.72), at pre-test while at post- test experimental
group has (Mean Rank = 50.57 and S.D= 22.14); and Control (Mean Rank = 34.43 and
S.D= 19.49).| This indicates that experimental group had better attitude towards

Mathematics when exposed to modeling than control group with a mean rank difference
of 3.52 and 16 14.
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Research Question Three |

What is the gender differ
ence on mathematics a 3
Teachers when exposed to mathematica| mOde&h;vement of Pre- Serwce Mathematics 4

it .
e B

Table 3: Mean and Standard Deviation of Male and Female in Experimental group

|

Pretest Post-test Y

MGROUPS N Mean (x) SD Mean (x)  SD
ale 25 45.72 12.63 69.12 14.46
Female 17 45.82 12.09 7459 11.83

Table 2 shows the pretest and posttest of Male and Female achievement score in the | j
Experimental group. Male has (X = 45.72 and SD = 12.63); and Female (X= 45.82 and -

SD = 12.99). This table also shows the posttest score of Male and ,Female students from ;
the Experimental group. Male has (X = 69.12 and SD = 14.46); and Female (X= 74.59"

and SD = 11.88). This show that Female students had a higher mean score than Male |

students before after treatment with a mean difference of 0.65 and 5.47 respectively.

Hypothesis One ‘
There is- no significant difference in the mean achlevement scores of Pre- Servnce

Mathematics Teachers when exposed to Mathematical Modelmg and those that were'
not expose to Mathematical modeling. o ,' |

™

Table 3: Summary of Independent t-test Analy5|s of Experlmental and Control
Groups at Post- test.

Group N Df X SD ¢ P Romark
Experimental 42 62.67 19.72 | ]
B 82 - 1.40*  0.011  Significant
Control 42 56.48 16.06 B }

l

|

*: Significant at p < 0.05 |
Table 3 shows the t-test analysis of mean achlevement scores of pre-service teachers in

both the experimental and control group at posttest. The t- value =1.40, df =82, p =
0.011 indicating that p < 0.05 therefore, Hypothes:s one was rejected. This further
indicates that students taught Mathematics using modellng approach SIinflcantlyl

performed better than those exposed to lecture method. |

Hypothesis Two '
There is no significant difference in the attltude of Pre- Service Mathematics Teachers '

before and after they were exposed to mathematical modeling. |

36 , -
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“Table 4: Summary of Mann Whitney U-test analysis of Attitude of Pre- service
Mathematics Teachers towards Mathematical modeling.
EXPERIMENTAL -

GROUP N df  X-Rank U P-value Remark
Pre-test 42 36.27 .

| 40 620.500  0.019 - Significant
Post-test - 42 48.73

| *Significant at p < 0.05

Table 4 shows the comparison of Mann Whitney U-test of the attitude of Pre- service
Mathematics Teachers towards Mathematical modeling. The table reveals that the
calculated U-value (U = 620.500, df = 40, p = 0.019). p< 0.05. Hence, HO, was
rejected. Henc;e, there is significant difference in the mean attitude scores toward
. mathematics bgefore and after exposure to mathematical modeling. J

Hypothesis Three
There is no significant difference in the mean achievement scores of male and female
Pre- Service Mathematics Teachers when exposed to mathematical modeling.

Table 4: Suh1mary of ihdependent t-test analysis by gender of Pre- service
Mathematics Teachers taught Mathematics using Mathematical modeling.

T

|
|

Group iN df X S.D t P Remark.
Male ’25 ¥ 69.12 14.46
' ’ 40 ‘ -1.29"™  0.644 N/Significant
Female 17 74.59 11.83

": Significantat p > 0.05 .

Table 4 showsithe analysis of independent sample t-test of mean achievement scores of
male and female students in experimental group taught Mathematics using
Mathematical modeling. It reveals that the calculated t—value = -1.29, df = 40, p = 0.644
indicating P >/ 0.05. Hence, Hypothesis two was retained. This mean, there was no
significant difference in the mean achievement scores of male and female students
taught Mathematics using Mathematical modeling.

Discussion

The results of hypothesis one revealed that students taught Mathematics using
mathematical modeling achieved significantly better than their counterparts taught
mathematics using lecture method. This discovery is in line with the previous.findings of
Georgia (2009), Li, Pang and Yu (2009), Nicola (2011), Baskan and Alev (2013),
Sokolowski (2015) that students taught mathematics using mathematical modeling
approach performed better than those taught with lecture method. Georgia (2009) in a
study titled “Effects of Mathematical Modeling on Students’ Affect in Greek High School
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Shich fourd acob, 2015; the study however, disagrees with Samira and Gatabi (2014)
ound that gender has effect on students’ academic achievement and that male
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These findings have strong implications for the science and mathematics

matics than the control
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By teachers, government and administrators of colleges of education and curriculum
- planners. The findings of this study revealed that mathematical modeling improved
g students’ achievement in mathematics than the lecture method.
5 One _of the implications of the findings indicates that Mathematics teachers must take
cognizance of the specific needs of students in the planning and the delivery of lessons.
s Conclusion |
The study examined the effects of .mathematical modeling on mathematics
- achievement and attitude of pre-service teachers in Niger State, Nigeria. It revealed that
) Mathematical Modeting facilitates learning outcome compared to lecture method most
commonly used in the classroom. It was concluded that use of mathemfatical modeling is
an innovative package strategy capable of enhancing students’| achievement in
mathematics. -Therefore, mathematical modeling was more effective in teaching some
concepts in Geometry, statistics and interest rate, than the lecture meth:od.
!
= Recommendations : |
LY Mathematics Pre- service should formally acquire modeling knowledge and skills
during their training as teachers. This should ideally happen in teaching contexts, which
P will enable them to understand that Mathematics teaching is not formula- dependent, but

authentic, open- ended and thrilling approach. The curriculum planner}s should enshrine
mathematical modeling in the syllabus of NCE mathematics course in colleges of
education in Nigeria. Researchers should produce modeling text books that will serve as
guide to mathematics teachers at NCE levels of education. The Federal Government of
Nigeria (FGN) and state ministries of education in collaboration with teaching training
institutions and professional bodies such as National Teacher Institute (NTI) and
Science Teachers Association of Nigeria (STAN) should organize special re-training,
workshop and seminars for Mathematics teachers on mathematical modeling and its

application to real life situation. ;
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