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Abstract 

Mathematics is a discipline that appears on the syllabus of many courses, including courses in engineering, where it is 
an essential discipline to the formation of all future engineers, whatever their field of study and work. Despite that, 
engineering students tend to reveal difficulties with courses based on mathematics. The factors that influence 
learning mathematics have been the subject of study for several researchers around the world. Researchers attempt 
to identify variables that explain mathematics achievement, but fail to address university students.  

In this paper, we present the results of an exploratory study based on industrial engineering students of University of 
Minho, concerning their grades in the courses of statistics and numerical methods. The preliminary results show that 
gender is an unexpected and significant factor. 
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1 Introduction 
Engineering plays a significant role in the modern world since it is always presented in day to day 
activities concerning construction, computers, technology, energy, electronic devices, and manufacturing 
process. Many aspects of engineering activity comprehend the correct problem formulation and analysis, 
and the choice of the adequate method to resolve it. 

Engineering courses require the awareness of mathematical concepts. During the course, students learn 
and consolidate basic mathematical principles in order to solve practical problems.  

As part of their formal undergraduate training, engineering students should enhance knowledge in 
several mathematical based areas such as statistics, numerical methods, optimization and simulation, 
among many others. These are important techniques that engineering students need to know how to use.  

Unfortunately, engineering students tend to struggle with their mathematical background and fail to 
recognize the importance of these subjects. According to our experience, student grades’ reveals 
difficulties and motivational issues that go far beyond the required mathematical knowledge. 

The present study aims to explore the mathematics achievement of graduate engineer students in the 
complex process of learning mathematical concepts, essentials to their future profession. More precisely, 
our present investigation will focus on mathematics achievements of statistics and numerical methods 
courses of the master of industrial engineer and management of University of Minho. 

This paper is organized as follows. In Section 2 a literature review is presented, summarizing some of the 
factors that could influence the learning of mathematics. Following, in Section 3, we present the results of 
an exploratory study concerning statistics and numerical methods grades of industrial engineering 
students from University of Minho. In Section 4, we intend to present and discuss the most relevant 
conclusions and the future work. 
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2 Mathematics learning factors 
Student performance is a concern for all educators and is an object of study that stands out in many 
academic papers. Due the importance of mathematics, its achievement and performance gained 
educators attention and is been an increasing field of study. Suther et al (2010) note, that there have been 
several researchers who have discussed the issue of learning mathematics and the factors influencing it. 

The factors identified as influencing the learning of mathematics can be divided into two distinct groups: 
the demographic and psychographic factors. In the demographic factors we remark the gender factor that 
could explain differences in academic performance. In the psychographic factors we point out the 
personality, socio-cognitive aspects, the motivation, and the anxiety towards mathematics. 

Following, we resume the most important ideas about these factors. 

2.1 Demographic factors 
Patterson et al (2003) refers in their study that since 1970s, gender has been investigated as a factor on 
which student performance and attitude toward mathematics differ. It is a general perception that boys 
are better at math than girls. However, Meelissen and Luyten (2008) state that studies on gender and 
mathematics show that the advantage held by boys over girls in mathematics achievement has 
diminished markedly over the last 40 years and gender differences in mathematics achievement are no 
longer a relevant issue. According to the same authors, research on gender and mathematics is often 
limited to the relationship between gender differences in attitudes toward mathematics and gender 
differences in mathematics achievement.  

Patterson et al (2003) also refer that gender alone may not explain significant differences in performance 
when viewed in the context of multiple types of mathematical knowledge.  

Accordingly to Meelissen and Luyten (2008:81): 

“... analysis of the results of studies conducted by the International Association for the Evaluation 
of Educational Achievement (IEA) on mathematics achievement showed a decrease in the number 
of countries in which the average achievement of boys in mathematics was higher than the 
average achievement of girls in this subject and an increase in the number of countries with an 
advantage for girls, a situation evident across both the primary and secondary levels of schooling. 
(Hanna, 2000)” 

However, the gender difference in aptitude for mathematics can be explained by various factors, namely 
the preconceived idea, that is inculcated in the students early on, that boys have more aptitude for math 
than girls. Such as, Meelissen and Luyten (2008:84) say: 

“...societies generally regard mathematics as the domain of males, boys and girls receive different 
feedback on their mathematics achievement from people in their social environment, such as 
parents and teachers. As a consequence, boys and girls learn to value mathematics differently… 

…the relationship between attitudes and achievement is not clear and seems to be different for 
girls and boys. Although research on and theories relating to educational effectiveness link 
various school and class characteristics to achievement and attitudes, there is little information 
available to tell us if these factors have the same influence on the achievement and attitudes of 
girls and boys.” 

2.2 Psychographic factors 
Educators and psychologists have given special attention to the relationship between personality 
characteristics, learning and academic performance. As stated in several studies, the learning of 
mathematics is related to personality traits and these are considered as predictors of students' 
mathematical ability. Citing Homayouni (2011:1): 
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“In 21th century, researchers, teachers, and educators have examined and emphasized on some 
factors that can be important in learning, especially scholastic learning. In this domain personality 
factor and emotional intelligence are two concepts that have absorbed many attentions.” 

Homayouni (2011:2) also claims that:  

“Longitudinal data gathered by Mills (1997), over 10 years to ask whether personality traits were 
related to gender differences in long-term achievement in mathematics and the sciences. Math 
ability was the most significant predictor of long-term achievement in math and science for 
young women. Personality traits, when added to high math ability, increased the probability that 
young women would go on to pursue a career in math or science.” 

The socio-cognitive aspects are considered to be the most important in the process of teaching and 
learning. Related to these are also the emotional aspects (Sirmaci, 2010). Students’ attitudes towards 
mathematics can generate positive or negative emotional responses in certain situations and are an 
indicator of success in this discipline. These attitudes are influenced by teachers’ efficiency, the 
environment and the socio-psychological organization in the classroom. Studies have shown that 
teaching methods and teacher’s personality influence students’ positive or negative attitude towards 
mathematics (Sirmaci, 2010).  

Torisu and Ferreira (2009) reported that methodology and affection are inseparable elements in 
education. By establishing emotional bonds with their students in the classroom, the teacher can influence 
them in positive ways, providing a pleasant environment and mutual trust. Such possibilities are directly 
related to the development of self-efficacy beliefs. There are several studies that show that self-efficacy is 
highly applicable to the educational context (Bandura, 2008).  

Individuals can influence the course of events according to their interests and are active participants in the 
direction that their lives take, since it sets targets to be reached through paths chosen by themselves. 
Therefore, the school is the environment in which students spend most of their time. It is consequently 
natural that their behaviour is affected by the established relationship with the school community. 

The self-efficacy is closely linked to motivation. Stronger self-efficacy beliefs of the individual, lead to a 
major motivation for performing tasks (Torisu & Ferreira, 2009, Walter & Hart; 2009). 

Attitude towards mathematics can interfere with future self-esteem, identity formation and relationship 
with the utility of this discipline in the profession. The beliefs have an influence on the action, motivation 
and cognitive processes, the latter being related to the anticipation of consequences of actions and 
results. In the school context, these beliefs can affect students' motivation to perform tasks or avoid them, 
their reactions to their achievements, and even career choices (Neves, 2002).  

Studies by Suthar et al (2010) declare that the mathematical beliefs and the results obtained by university 
students, show there are several evidences that students’ beliefs about mathematics are crucial in the 
development of careers related to this discipline. 

Bakar et al (2010) in a study of the relationship between motivation to achieve results and academic 
performance of college students show that motivation is the driving force behind our actions and affect 
our needs, desires and ambitions in life. Hence, there must be an effort by educators to stimulate the 
students' attitudes and motivation towards learning. This will lead them to achieve the best results.  

According to Muir (2009), another factor that influences students' motivation for learning mathematics is 
the perception that parents have of mathematics. Many parents tend to value their own forms of doing 
mathematics over school mathematics’, while many children value schools’ form of knowledge over the 
parents’ knowledge, hence demonstrating the potential tensions that may arise when engaging in 
mathematical tasks and assignments at home. There are several studies that concluded there were links 
between parents’ attitudes, perceptions and beliefs about mathematics and children’s attitudes and 
performance in mathematics (Muir, 2009). 



 
ICIEOM 2012 - Guimarães, Portugal 

ID285.4 

There are consequences of the fact that students are anxious about mathematics, and this interferes with 
their academic achievement. Students who suffer from math anxiety typically refuse to enrol in courses or 
attending mathematics courses with a strong mathematical component that will condition their future 
career options. The mathematical anxiety is the result of low self-esteem and fear of failure (Kargar et al, 
2010); Meelissen & Luyten, 2008). Students with a high degree of anxiety had less satisfactory academic 
results and when this anxiety was reduced, there was an improvement in their performance. Studies show 
that math anxiety can be reduced through the adoption of special methods of teaching and psychological 
intervention in the areas applicable to improving the educational curriculum practices.  

Mathematic anxiety has also been associated to gender. Male students suffered less anxiety dealing with 
mathematic task than female and they are more confident and motivated at mathematic than female 
students (Vitasari et al, 2010). This statement is supporting that women have a higher incidence of 
depression, post-traumatic stress disorder, and other anxiety disorders 

Mathematics anxiety among engineering students is manifested into five dimensions, namely: (a) Fell 
mathematics is a difficult subject; (b) Always fail in mathematics; (c) Always writing down in a mathematics 
class; (d) Anxious if don’t understand; and (e) Lost of interest in the subjects of mathematics (Vitasari et al, 
2010). 

3 Exploratory research model 

3.1 Elements 
In our exploratory study, and due the course characteristics, we decided to concentrate in industrial 
engineering students from University of Minho. 

 “Industrial engineering is commonly defined as the integration of machines, staff, production 
materials, money, and scientific methods.” (Rouyendegh & Can, 2011) 

The context of formation of industrial engineers has a strong mathematical component. The master in 
Industrial Engineering and Management (MIEGI) of University of Minho is no exception, and since it is a 
course oriented to the decision-making process, mathematics appears linked to all areas of study. In fact, 
in its syllabus arise curricular units such as: calculus, linear algebra, statistics, differential equations and 
integral calculus, numerical methods, operations research, among others. 

For the purposes of the current investigation, and considering our experience as teachers, we are 
interested in students’ achievement in statistics and numerical methods. 

3.2 Methodology 
The aim of this study is to explain academic performance and mathematical achievement of MIEGI 
students in the courses of Statistics I and II and Numerical Methods. 

Based on courses grades, and using additional variables such as gender or former class frequency, we 
intend to explore differences on grades and to test the explaining capacity of several variables. This 
analysis will be made in the likeness of some research already done on the topic under study. 

3.3 Results 
In addition to descriptive statistics, we test whenever possible mean differences between grades. We also 
present the test results of a theoretical model using a regression procedure considering grades and 
possible explaining factors. 

In order to present results, we decided to split the analysis into two parts considering course nature: (1) 
statistics and (2) numerical methods. 



 
Mathematics achievement in engineering: an exploratory study with MIEGI students 

ID285.5 

3.3.1 Statistics course 
For the purposes of this investigation, we decided to analyze the two statistics courses together: Statistics 
I (2009/10) and Statistics II (2010/11). The total sample has 123 students [66 (Statistics I) and 57 (Statistics 
II)], mainly sex masculine (68.29%). Grades varied from 3.6 to 17.7 values, with a mean of 11.46 values and 
a standard deviation of 3.094. 

To evidence gender effect, the boxplot illustrates differences between the two groups, specifically on the 
median and range (Figure 1). The boxplot also identifies two female students as outliers, i.e., with results 
significant distant of the female group. 

 
Figure 1 – Statistics Grade and Gender  

 

When we explore grades in statistics course considering gender, results indicates mean differences, with 
female results superior than male. Female students have a mean of 12.93 values with a variance of 10.539. 
Male students present a mean of 10.77 values with a variance of 7.746. 

Posterior independent t tests confirmed differences between mean gender results (significance level of 
1%). 

To perform the regression analysis to explain course grade, we defined an explanatory model with three 
independent variables: the gender (dummy variable 0=male, 1=female), the class attendance (number of 
attendance days), and former class frequency (dummy variable 0=no, 1=yes). Before regression 
procedure, we check data normality (Kolmogorov-Smirnov test, significance level of 5%). Regression 
results are presented in Figure 2. 

 

 
Figure 2 – Regression results for statistics course 
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Being a female is an important factor, and class attendance also impacts on course grade (an increase of 
one day of attendance, increase grade in 0.672 values). At a significance level of 5%, only the “former” 
class frequency is not significant. 

The model has a lower capacity, since it only explain 39.4% of the variance of statistics grades (R2=0.394). 
Nevertheless, it suggests that we need to improve model, studying additional variables proposed on 
literature (i.e. psychographic variables). 

3.3.2 Numerical methods course 
To explore numerical methods grades, the sample has the 56 students of the Numerical Methods course 
of 2010/11. Grades varied from 2 to 20 values, with a mean of 11.23 values and a standard deviation of 
4.765. The gender distribution is: 53.57% male and 46.43% female. 

When exploring gender differences, we realized that female students have better grades than male 
students: 

 Female students: mean 14.52 values with a standard deviation of 2.441, and a minimum of 8 
values 

 Male students:  mean 8.38 values with a standard deviation of 4.452, and a minimum of 2 values. 

The boxplot analysis also illustrates gender differences (Figure 3). Female students present higher grades 
with lower variability, with significant visual differences comparing with male behavior. 

 
Figure 3 – Regression results for statistics course 

 
Posterior independent t tests confirmed differences between mean gender results (equal variances 
assumed, significance level of 1%). 

The regression analysis to explain numerical methods grade use as independent variables: 

 The gender (dummy variable 0=male, 1=female), and 

 The former Statistics II grade as a measure of previous mathematics achievement. 

Regression results are presented in Figure 4. 



 
Mathematics achievement in engineering: an exploratory study with MIEGI students 

ID285.7 

 

 
Figure 4 – Regression results for numerical methods course 

 
The R square of 0.659 indicates that the considered model has explanatory power. Both variables are 
statistically significant (significance level of 1%). Beyond confirming the strong contribution of female 
condition in the grade, the model confirms the explanatory effect of Statistics II in the numerical methods 
course grade. 

4 Conclusions 
The world is becoming more competitive due to rapid economic growth and development of more and 
better technologies. This means that the sphere of education is hard-pressed to train students that are 
increasingly able to deal with this new reality. As a consequence, the standards of education and research 
in science, mathematics, technology and engineering are been rising accordingly. Mathematics is a 
discipline that appears on the curriculum of many courses, including courses in engineering, where it is an 
essential discipline. 

The present study aims to explore the mathematics achievement of graduate engineer students in the 
complex process of learning mathematical concepts, essentials to their future profession. First, a literature 
review was done in order to identify the factors that could influence the mathematics performance of 
general students. Then our investigation focused on mathematics achievements of statistics and 
numerical methods courses of the master of industrial engineer and management of University of Minho.  

We explore a linear regression model to predict student’s grade in both disciplines. The results for the 
statistics course sample indicate significant gender differences, with female students presenting higher 
scores than their male colleagues. Class attendance also resulted as an important course success variable. 
Nevertheless the explanatory model requires improvements through the study and inclusion of additional 
variables proposed on literature (i.e. psychographic variables). 

Numerical methods course results also highlight similar gender differences. The explanatory model, using 
only gender and former Statistics II achievement, resulted significant, i.e., the two variables considered 
explain grade differences between students: being a female and had previous success (higher grade on 
statistics course) are important to predict numerical methods grade. 

We consider these results as preliminary results, which require future confirmation with a bigger sample 
and a comparison with other engineering students. 

As future work, our research will study the explanatory power of psychographic variables considered 
important in the literature. Whether students are in primary, secondary or higher education, motivation 
for learning mathematics emerges as the main factor influencing the acquisition and development of 
mathematical knowledge. This motivation is in turn influenced by the beliefs that students have about 
mathematics, and self-efficacy beliefs are among the factors that influence the psychological mechanisms 
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of student motivation. Another factor to consider is the anxiety about mathematics. Students who suffer 
from math anxiety tend to withdraw from courses with a strong math (including engineering) which, 
ultimately constrain their choice of future career. 
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