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Abstract:
The purpose of this paper is to identify factors that can explain the attitudes of business students towards mathematics,
using data from a business school in Norway. This article focusses on gender, personality traits (Big Five Model) and
mathematical background. The independent variables were investigated simultaneously using a linear regression model.
Mathematical abilities are important for success in business studies, and therefore, attitudes towards mathematics matter,
since they will affect students’ effort and their choice of further studies. It was found that mathematical background has
the strongest effect on student attitudes towards mathematics. Personal characteristics also explain the variation in the
attitudes towards mathematics to some degree. Gender has little or no impact on the dependent variable. If there is any
gender difference it is in favour of female students.
Keywords: gender differences, attitudes towards mathematics, Big Five, mathematical skills, independent t-test,
regression analysis, business school

INTRODUCTION
Many factors influence students’ attitudes towards mathematics including the teacher’s view of the use
of mathematics (Marbán & Mulenga, 2019; Schaeffer et al., 2020). Our investigation of this topic will
include mathematical skills and personality traits using the Big Five Model.
Career
Attitudes towards, and belief in mathematics, influence a student’s decisions about study and career
path (Recber et al., 2018). Students who enjoy mathematics and have good mathematical skills tend to
choose quantitative fields of study (Alcock et al., 2008; Larson et al., 2010). The choice depends on the
student’s emotions and feelings about mathematics, Mathematical topics are important in many fields,
including business studies (Opstad, 2018). It is important to investigate business student attitudes
towards mathematics, since this might have an effect on student choices of further studies. Furthermore,
there is a link between performance in mathematics and attitudes towards mathematics (Hemmings &
Kay, 2010).
Gender Effect
The subject of the gender differences in mathematics and attitudes towards mathematics continues to
attract interest among researchers worldwide (Stoet & Geary, 2018). Gender differences in mathematics
might explain the underrepresentation of women in science, technology, engineering and mathematics
(STEM). According to Stoet and Geary (2018), even in countries with a high level of gender equality,
© 2021 by the authors; licensee EJSME. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).
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Table 1. Attitudes toward Mathematics Inventory (ATMI)
Trait

Description

Self-Confidence (S)

Students have high confidence and self-concept in their performance in mathematics.
They believe in success in mathematics.
Example item: Mathematics does not scare me at all.

Value of Mathematics (V)

Students see the usefulness, relevance and worth of mathematics in their life, now and in the
future.
Example item: Mathematics is important in everyday life.

Motivation (M)

Students are interested in mathematics and wish to pursue studies in mathematics.
Example item: The challenge of mathematics appeals to me.

Enjoyment of Mathematics (E) Students joy working with mathematics.
Example item: I like to solve new problems in mathematics.

such as Norway, women are still underrepresented in STEM. Business studies is not male-dominated
field in Norway, and there are approximately the same number of females as males in the field. Despite
this, there is a gender difference in the degree choices of undergraduate students. Females prefer nonquantitative courses (marketing, management etc.), while quantitative fields like finance attract males
(Opstad, 2019). This is in in line with the findings of Worthington and Higgs (2004).
The Purpose
The purpose of this research was to find out more about this issue. Is there a gender difference in
attitudes towards mathematics among undergraduates in business studies in Norway? What impact
does a mathematical background in secondary school have on attitudes towards mathematics? Studying
mathematics is compulsory for the two first years of upper secondary school. Second year students can
choose mathematics for natural science (N-maths), which includes the calculation and analysis of
figures, geometry, and use of vectors. It is also possible to specialise in the same area in the third year.
RESEARCH INSTRUMENT
Attitudes Towards Mathematics Inventory (ATMI)
The instrument for measuring student attitudes towards mathematics was developed over a long
period. Attitudes play an important role in learning mathematics, and for a student’s choice of study
fields (Ngurah & Lynch, 2013). Many models are available (Unfried et al., 2015). According to Pepin
(2011), the Fennema-Sherman Mathematic Attitudes Scales (MATS) is popular among the researchers.
This instrument was developed by Fennema and Sherman (1976) and includes nine factors: (1) Attitude
towards Success in Mathematics, (2) Male Domain, (3) Mother Scale, (4) Father Scale, (5) Teacher Scale,
(6) Confidence, (7) Anxiety, (8) Motivation and (9) Usefulness. Another approach is Mathematics
Attitudes Scales (MAS) (Aiken 1974). Tapia and Marsh (2004) presented another option Attitudes
toward Mathematics Inventory (ATMI). This instrument provides a sharp distinction between the four
factors: (1) Self-confidence, (2) Value, (3) Motivation and (4) Enjoyment (Ngurah & Lynch, 2013; Primi
et al., 2020).
ATMI has high reliability and validity and many authors use the original version of this model (Asante,
2012; Guy et al., 2015; Sundre et al., 2012). Other authors have developed a shorter version of ATMI
(Lim & Chapman, 2013). In this paper, we will use the original version of ATMI with 40 items.
Big Five
The Big Five model is widely used within education (Digman, 1972; Schniederjans & Kim, 2005). Costa
and McCrae (1992) developed this five-factor model, which measures personal characteristics and
includes five factors: Emotional Stability, Extraversion, Openness, Agreeableness and
Conscientiousness.
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Table 2. The Big Five model (Adopted from John & Scrivastava, 1999)
Trait

Description. High scores indicate:

Emotional Stability (ES) No anxiety and a secure feeling, can handle stress and have a high degree of self-confidence
Example: I am relaxed and can handle stress well.
Extraversion (E)

Sociability, talkativeness, optimism, assertiveness, openly expressive
Example: I am outgoing, sociable.

Openness (O)

Intellectual curiosity, to be open to new aesthetics, a preference for variety, and a broad cultural
interest.
Example: I like to reflect, play with ideas.

Agreeableness (A)

Personal warmth, unselfish manner, sympathy towards others, helpfulness, and cooperation.
Example: I like to cooperate with others.

Conscientiousness (C)

High scores indicate purposefulness, hardworking, determination, organisation, reliability, and
punctuality.
Example: I make plans and follow through with them

Conscientiousness and openness are particularly linked to academic success (Chamorro-Premuzic &
Furnham, 2009).
LITERATURE REVIEW
Gender, Performance and Attitudes Towards Mathematics
Several studies have demonstrated a positive correlation between student attitudes towards
mathematics and performance in mathematics (Capuno et al., 2019; Elliot et al., 2001; García et al., 2016;
Geesa et al., 2019; Guy et al., 2015; Lipnevich et al., 2016). There is a correlation between attitudes
towards mathematics and mathematical performance (Ajisuksmo & Saputri, 2017; Frenzel et al., 2007;
Opstad, 2018). Mathematical Anxiety is a barrier to learning mathematics (Buckley et al., 2016).
Many researchers have paid attention to and explored the link between gender and performance in
mathematics). The issue has been a topic for decades. Some studies report that males perform better
than females (Alcock et al., 2014). One reason for this might be gender differences in attitudes towards
mathematic (Frenzel et al., 2007). Using ATMI (Attitudes Towards Mathematics Inventory) scores,
Asante (2012) found a significant gender gap in all four factors (Self-confidence, Enjoyment, Value and
Motivation). According to Asante the girls’ negative attitudes towards mathematics will probably affect
their use of mathematics in the future. They may want to avoid mathematics, and this will influence
their career. Important decisions might depend on student attitudes towards mathematics. The author
suggests that reasons for the gender gap may include teaching style, the attitudes and beliefs of teachers
and parents, the environment and student achievements and experiments that make girls feel inferior
to boys. Meelissen and Luyton (2008) report that factors outside the school are important for
understanding the gender differences. Cvencek et al. (2011) found a significant gender gap in attitudes
towards mathematics using Dutch data, but they also found a decline over the last 40 years in the
advantage held by males in mathematics. Additionally, the gender difference related to self-confidence
was more substantial than that to performance in mathematics. Crombie et al. (2005) confirmed that
boys believed more in using mathematics than girls, even though girls performed better in mathematical
tests. Other studies confirm that men have more positive attitudes towards mathematics than women
(Asante, 2012; Frenzel et al., 2007; Michelli, 2013).
The variance in performance and attitude towards mathematics between women and men are not
universal (Reilly et al., 2019). Many studies do not find any significant gender difference in the attitudes
towards mathematics (Batool et al., 2020; Kamoru & Ramon, 2017; Yee, 2010; Yenilmez, 2007). Males can
also be more anxious about mathematics than females (Olmez & Ozel, 2012).
Furthermore, studies show that the gender gap in mathematical performance varies across countries
(Geesa et al., 2019; Mejía-Rodríguez et al., 2020; Smith et al., 2021). In most countries, there are no
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significant gender differences. If there is a gender difference, it tends to be in favour of boys, but there
are some exceptions. In some countries like Kuwait and Thailand, girls have more success than the boys
in mathematics. In Sweden, girls also outperform boys in compulsory school (Brandell & Staberg, 2008).
Gender and Personal Traits
Previous findings indicate a gender gap in personality traits (McCrae, 2002; Ock et al., 2020; Schmitt et
al., 2008). This seems to be a cross-cultural phenomenon. With a sample from 55 nations (N= 17 637)
Schmitt reported that females scored more highly than males in Agreeableness, Extraversion and
Conscientiousness, while males report higher levels of Emotional stability and Openness. Gender
difference in terms of preferences, personalities and interest, will influences a student’s choice of studies
(Cheryan & Plaut, 2010; Dynan & Rouse, 1997). Alcock et al. (2014) reported that personal characteristics
(Big Five Model), explain the variance in mathematical achievement more than gender. When including
personal traits, the gender difference in performance in mathematics disappeared. Both
Conscientiousness and Openness were significantly positively correlated to achievement in
mathematics.
HYPOTHESIS
The model in this research was used to identify factors which affect attitudes towards mathematics.
Based on the previous literature, we postulate the following hypotheses:
Hypothesis 1 (H1): There is a gender difference in attitudes towards mathematics among business
students.
Hypothesis 2 (H2): Mathematical skills and personal traits have an effect on the attitudes of business
students towards mathematics.
Hypothesis 3 (H3): The gender gap in attitudes towards mathematics change when taking differences
in personal characteristics and mathematical background into account.
Previous studies have documented that gender differences matter when analysing attitudes towards
mathematics (H1). We want to find out if this is also the case in Norway. Personal traits and
mathematical skills diverge by gender. We wonder if these factors will have an influence on the gender
distinction in mathematical skills (H3). We are not aware of any previous study that has explored the
gender gap in attitudes towards mathematics by connecting this issue to mathematical abilities and
personal qualities.
SAMPLE AND RESEARCH METHODOLOGY
The Sample
The sample consisted of about 260 students in 2018 and 2019. Undergraduates attending a second-year
compulsory macroeconomics course were asked to respond to the designed questionnaire. This ensured
the students had the background required for business courses. The survey gives a picture of the
opinions of the majority of the students who attended the lectures. The undergraduates were nonrandomly allocated. Around 30 percent of the students were absent from the lecture when the survey
was taken. We have not estimated the representativeness of the students, however, this was done in a
similar study by Bonesrønning and Opstad (2015). There were marginally more girls and a higher GPA
(Grade Point Average) among the respondents than for the whole group. Approximately 30 percent of
the students generally do not attend the lectures. The instruments for measuring attitudes towards
mathematics and personal traits are based on methods recognised in international journals. The 20-item
version of the Big-Five Inventory (BFI-20) used in this research is similar to that developed by Engvik
and Clausen (2011).
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Figure 1. Gender and attitudes towards mathematics
The instrument used to measure attitudes towards mathematics (ATMI) is identical to the original
version developed by Tapia and Marsh (2004).
The Model
The model’s dependent variable: attitudes towards mathematics. Choosing a linear regression model
makes it possible to investigate the gender impact, controlling for other factors. In this study, those
components are mathematical aptitudes, and personal characteristics (See Figure 1). We used the
following model:

where

𝑌𝑌𝑌𝑌 = 𝑎𝑎0 + 𝑎𝑎1 𝑋𝑋1 + 𝑎𝑎2 𝑋𝑋2 + 𝑎𝑎3 𝑋𝑋3 + 𝑎𝑎4 𝑋𝑋4 + 𝑎𝑎5 𝑋𝑋5 + 𝑎𝑎6 𝑋𝑋6 + 𝜀𝜀

(X)

Yi: Factor i attitudes towards mathematics, i = Self-confidence, (2) Value, (3) Motivation and (4)
Enjoyment (Likert scale 1 to 7, 1: strongly disagree, 7: strongly agree)
α0: Constant
X1: Gender (0:F, 1:M)
X2: Dummy variable for N-mathematics (0: Non N-maths, 1: N-maths)
X3: Agreeableness (Likert scale 1 to 5, 1: strongly disagree, 5: strongly agree)
X4: Conscientiousness (Likert scale 1 to 5, 1: strongly disagree, 5: strongly agree)
X5: Extraversion (Likert scale 1 to 5, 1: strongly disagree, 5: strongly agree)
X6: Neuroticism (Likert scale 1 to 5, 1: strongly disagree, 5: strongly agree)
ε: stochastic error
One way to distinguish between direct and indirect gender impact is to put different sets of independent
variables in the regression model. Step 1 includes only gender as an independent variable, Step 2 adds
gender and personal traits, and finally Step 3 includes all six independent variables. Step 3 will thus
control for other elements, and the difference between Steps 1 and 3 indicates the indirect impact (of
personal traits and mathematical abilities).
Since there is no access to experimental data, one should be careful to conclude about causal
relationships.
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Table 3. Descriptive statistics
N

Min

Max

Mean Std. dev Skewness Std. Kurtosis Std.
Error
Error

242
258

.00
.00

1.00
1.00

.4500
.3256

.49800
.46950

.217
.749

.156
.152

-1.969
-1.451

.312
.302

Attitudes towards Mathematics:
Self-confidence
258
Value
258
Motivation
258
Enjoyment
258

1.59
2.38
1.29
1.00

6.65
7.00
7.00
7.00

5.0356 1.06222
5.0208 .94823
4.8067 1.12163
4.5468 1.25360

-.744
-.402
-.280
-.205

.152
.152
.152
.152

.276
-.056
-.135
-.376

.302
.302
.302
.302

.916
.832
.835
.807

1.75
1.50
1.50
1.25
1.50

5.00
5.00
5.00
5.00
5.00

3.9827
3.7143
3.6637
3.3079
3.3732

-.798
-.598
-.290
-.031
-.059

.152
.152
.152
.152
.152

1.317
.381
-.255
-.275
-.440

.303
.303
.303
.303
.303

.608
.696
.816
.565
.727

Gender (0: Female, 1: Male)
N-mathematics

Big Five:
Agreeableness
Conscientiousness
Extraversion
Openness
Emotional Stability
Valid N (listwise)

256
257
257
256
257
240

.54573
.66973
.73256
.70553
.74685

Scale Reliability
Cronbach’s
Alpha

Table 4. Coefficient Correlations
1
2
3
4
5
6
7
8
9
10
11

1

2

3

4

5

6

7

8

9

10

11

1
.522
.815
.731
.318
-.011
-.012
.024
.123
-.124
-.036

.522
1
.731
.711
.203
.018
-.097
.076
.020
.044
.002

.815
.731
1
.878
.260
.005
-.043
.012
.064
-.053
-.052

.731
.711
.878
1
.282
-.052
-.110
.004
-.003
-.062
-.042

.318
.203
.260
.282
1
-.077
-.002
.049
.034
-.021
.060

-.011
.018
.005
-.052
-.077
1
.207
-.047
.268
.219
-.104

-.012
-.097
-.043
-.110
-.002
.207
1
.248
.000
-.101
-.155

.024
.076
.012
.004
.049
-.047
.248
1
-.091
-.243
-.137

.123
.020
.064
-.003
.034
.268
.000
-.091
1
.204
.419

-.124
.044
-.053
-.062
-.021
.219
-.101
-.243
.204
1
.192

-.036
.002
-.052
-.042
.060
-.104
-.155
-.137
.419
.192
1

1.Self-confidence 2. Value 3. Motivation 4. Enjoyment 5. N-math 6. Extraversion 7. Agreeableness 8. Conscientiousness 9.
Emotional Stability 10. Openness 11. Gender

The Data
Men were in the minority in the sample (45 percent, see Table 2). Note the high scores measuring
attitudes towards mathematics among the business students. Using a 7-point Likert scale, the values for
the factors are around 5.0, with lowest score for Enjoyment (4.5).
There are rather small variations in the value of the dimension for the Big Five (using a 5-point Likert
scale) The lowest value is 3.3 (Openness) and the highest value 4.0 (Agreeableness). We have not carried
out our own factor analysis to measure ATMI and the Big Five. Scores from the components using these
items have been carefully validated worldwide. Note also that the scores for scale reliability (Cronbach’s
Alpha) are within acceptable values, except for the Openness dimension, which is slightly below the
desired limit of 0.6. The values of skewness and kurtosis are within critical limits.
Table 4 shows the correlation coefficient between the variables. It provides useful information that will
be analysed more closely later. As an example, gender is positively correlated with factors measuring
the Big Five, but not with the dimensions that capture attitudes towards mathematics. The effects are
the opposite for the Mathematical Background variable. There is a positive connection between
mathematical abilities and attitudes towards mathematics, but not between mathematical personalities
and personal traits. Gender is positively correlated to mathematical skills, since N-mathematics tends
to be more popular among male students (see Table 5).
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Table 5. Gender and choice of mathematics from upper secondary school
Female

Male

Non N-maths
N-maths

92
42

68
40

160
82

Total

134

108

242

Table 6. Differences in gender and mathematical skills, independent t-test
Gender
Attitudes towards
mathematics:
Self-confidence
Value
Motivation
Enjoyment

Mathematical skills

Female
(N=136)

Male
(N=110)

Difference

N-maths
(N=84)

Non N-maths
(N=178)

Difference

5.06
5.03
4.86
4.62

5.01
5.04
4.78
4.52

0.05
0.01
0.08
0.10

5.52
5.30
5.23
5.05

4.78
4.87
4.60
4.30

0.74***
0.43***
0.63***
0.75***

4.05
3.81
3.71
3.14
3.07

3.88
3.59
3.58
3.39
3.68

0.17**
0.22**
0.13
-0.24**
-.61***

3.94
3.69
3.61
3.23
3.50

3.96
3.69
3.67
3.23
3.32

-0.02
0
-0.06
0
0.18*

Big Five:
Agreeableness
Conscientiousness
Extraversion
Openness
Emotional Stability

Notes: *, **, and *** denote significant level at 5%, 1% and 0.1% respectively (Independent Samples t-test)

FINDINGS
Descriptive Difference in Gender and Mathematical Skills, Pairwise Companionship Using T-test
This research shows a significant connection between gender and personal traits, but not between
gender and attitudes towards statistics (ATMI). None of the four dimensions (Self-confidence, Value,
Motivation or Enjoyment) showed any significant gender difference. Those factors were all significant
with comparing those with or without N-mathematics from upper secondary school. There is a strong
positive relationship between mathematical background and attitudes towards mathematics. On the
other hand, the link between mathematical abilities and personal traits is rather week. Only the factor
Emotional Stability had a significant impact at the 5 percent level.
Results from the Regression Model
The regression analysis shows a strong positive correlation between mathematical background and
attitudes towards mathematics for all four dimensions. The standardised Beta values are around 0.3,
except for Value of Mathematics where the score is 0.233. This is in line with the findings from the
pairwise comparison. The relationships between personal traits and attitudes towards mathematics are
more mixed. Contrary to the paired difference, the regression models show significant effects for several
of the variables. There is a strong link between Emotional Stability and Self-confidence in Mathematics,
with Beta values almost the same as for Mathematical Skills. There is also a significantly strong
connection between Emotional Stability and Motivation for Mathematics. Consciousness is significantly
positively associated with Value of Mathematics. Finally, Agreeableness is negatively related to all
factors, where two are statistical significant at 10 percent level (Step 3). In summary, we can claim that
Hypothesis 2 is valid.
The gender effect on attitudes towards mathematics is not so strong. The Beta values for the total effect
are small and not significant at all. This is in line with the results from the pairwise observations (Table
6). On the other hand, there are some significant results for the direct effect, but only at a 10 percent
level (Self-confidence and Motivation for Mathematics). The standardised beta values are negative for
both. This means the females had more positive attitudes towards mathematics than the males. The
results only partially confirm Hypothesis H1. Table 7 shows the change in the significance level from
direct to total effect for Self-confidence and Motivation. This confirms Hypothesis H3.
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Table 7. Results from the Regression Model: Attitudes towards Mathematics (Standardised coefficient
Beta)
Self-confidence
Beta
Step 1
Gender

-0.220

Step 2
Gender
Agreeableness
Conscien-tiousness
Extraversion
Openness
Emotional Stability

-0.123
-0.011
0.042
-0.103
-0.096
0.272

0.730
N=245,
Adj. R2 = 0.0
0.092
0.875
0.534
0.147
0.160
0.000

N=243,
Adj. R2 = 0.040
Step 3
Gender
N-maths
Agreeableness
Conscientiousness
Extraversion
Openness
Emotional Stability

-0.126
0.331
-0.012
0.021
-0.070
-0.100
0.241

Value

Significance
Level

0.067
0.000
0.847
0.741
0.300
0.122
0.001

N=243,
Adj. R2 = 0.147

Beta

Motivation

Significance
Level

0.040

0.950
N=245,
Adj. R2 = 0.0

-0.043
-0.112
0.168
-0.014
0.080
0.093

0.556
0.103
0.015
0.850
0.246
0.217

N=243,
Adj. R2 = 0.014
-0.046
0.233
-0.113
0.154
0.009
0.078
0.072

0.525
0.000
0.092
0.022
0.898
0.248
0.328

N=243,
Adj. R2 = 0.060

Beta

Significance
Level

-0.036

0.600
N=245,
Adj. R2 = 0.0

-0.128
-0.047
0.049
-0.070
-0.041
0.218

0.084
0.497
0.469
0.329
0.557
0.004

N=243,
Adj. R2 = 0.016
-0.131
0.278
-0.048
0.032
-0.042
-0.044
0.192

0.066
0.000
0.466
0.628
0.544
0.512
0.008

N=243,
Adj. R2 = 0.090

Enjoyment
Beta

Significance
Level

-0.042

0.520
N=245,
Adj. R2 = 0.0

-0.102
-0.114
0.045
-0.081
-0.030
0.108

0.176
0.101
0.515
0.269
0.668
0.159

N=239,
Adj. R2 = 0.003
-0.107
0.304
-0114.
0.029
-0.053
-0.031
0.083

0.360
0.000
0.086
0.662
0.451
0.649
0.257

N=239,
Adj. R2 = 0.092

Notes: Variance inflation factors are between 1.0 and 2.0

Table 8. Direct and indirect gender relationships to attitudes towards mathematics

Self-confidence
Value
Motivation
Enjoyment

Direct (Step 3, Betavalues, Table 5

Indirect (Difference
between step 1 and 3)

-0.126
-0.046
-0.131
-0.107

0.094
-0.086
-0.095
0.065

Total (Step 1, Beta-values, Significance Level, Change
Table 5)
from Direct to Total
-0.220
0.040
-0.036
-0.042

6.7 % to 73 %
52.5% to 95 %
6.6% to 60.0%
36 % to 52 %

DISCUSSION
There is a global attention about students’ attitudes towards mathematics and their achievement in
sciences (Geesa et al., 2019). Much of the finding in this study is in line with prior research.
Gender and Attitudes
Looking at the total effect, the results indicate no relationship between gender and attitude towards
mathematics. Prior research is mixed about this issue. Many studies report that the gender gaps in
performance and attitudes towards mathematics have decreased over time. The current overall gender
differences are negligible, internationally (Baird & Keene, 2019) In an earlier study among
undergraduate business and economics students at the Norwegian University of Science and
Technology a weak gender difference was found in favour of males among the business students, but
not among the economics students (Opstad & Årethun, 2019). Updated data indicates the same result
for undergraduate business students as for economics students. The results show no gender differences
in attitudes towards mathematics. In Norway, boys have traditionally been more interested in
mathematics and have achieved better results. This has changed. Educational institutions in Norway
have prioritised strengthening the position of mathematics and science among pupils (at primary school
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and upper secondary school). In Norway, the Pisa test of 2018 reported higher student scores in
mathematics than on average in OECD countries (OECD Education, 2020). Furthermore, girls
performed better than boys. Medical studies require good scores and mathematical skills from upper
secondary school. Traditionally, these studies have been male dominated, but not anymore. Girls
perform well and the proportion of women in medical schools has increased, and it is now 70 percent
(Hovdhaugen et al., 2020). Utvær (2019) reports no gender difference among pupils in primary schools
in attitudes towards mathematics. Taking into account the development in Norway in recent decades,
in which the position of women has strengthened, the results of this analysis are not surprising.
Analysing the total gender impact means that we can conclude that Hypothesis 1 (H1) is rejected. There
is no gender difference in attitudes towards mathematics (Step 1 in the regression model).
Mathematical Background and Attitudes
There is a very strong and substantial connection between mathematical background and attitudes
towards mathematics (see Tables 6 and 7). This is consistent with previous research. Students with
mathematical skills have a more positive attitude towards mathematics. Students who choose
theoretical mathematics at upper secondary school tend to perform well in mathematics and are
interested in this subject (Opstad, 2019). Many students who have positive attitudes towards
mathematics decide to learn more about this subject. The links therefore probably go both ways. Positive
attitudes towards mathematics improve mathematical skills, and this will increase positive attitudes
towards this subject. Our findings show a strong significant relationship between mathematical skills
and attitudes towards mathematics. Although girls perform well in mathematics at upper secondary
school, among the business students more girls than boys choose practical mathematics (see Table 5).
Personality Traits and Attitudes
The regression models show that mathematical background has a much stronger impact on attitudes
towards mathematics than personal traits. In line with other research this model reveals a significant
positive relationship between conscientiousness and value of mathematics (β= 0.154, p< 0.022).
Consistent with prior research it shows that hard-working and achievement-oriented undergraduates
put a great deal of effort into learning mathematics. Conscientiousness is a good indicator of academic
performance. This explains the relationship between this factor and attitudes towards mathematics,
since mathematics is an important tool for success in business courses (Opstad, 2018). There is also a
strong significant positive link between Emotional Stability and the two factors Self-confidence (β=
0.241, p< 0.001) and Motivation for Mathematics. (β= 0.192, p< 0.008). According to prior research, this
is not surprising, since anxiety is negatively correlated with performance in mathematics (Namkung et
al., 2019). Absence of anxiety results in higher motivation and continued learning. inverse of emotional
stability). Furthermore, there is a weak negative significant association between Agreeableness and
some of the dimensions measuring attitudes towards mathematics (Value and Enjoyment). Brandt et al.
(2020) reported a negative correlation between Agreeableness and success in mathematics. It makes
sense that Agreeableness is also negative linked to attitudes towards mathematics. Both Value (β= 0.113, p< 0.092) and Enjoyment (β= -0.114, p< 0.086) are weakly negatively correlated with
Agreeableness.
There is a gender gap in personal traits. The findings in this research are in line with prior investigations.
The pairwise comparisons (see Table 6) reveal that males have higher scores in Openness and Emotional
Stability, while females have higher values in Agreeableness and Conscientiousness. This will have an
effect on the direct gender influence on attitudes towards mathematics. Furthermore, personal traits can
explain the deviation in student attitudes towards mathematics to a higher degree than gender. This is
consistent with the results of Alcock et al. (2014).
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Contribution
The main contribution of this paper is to simultaneously consider gender, mathematical background
and personal characteristics in the analysis of student attitudes towards mathematics. Controlling for
mathematical background and personal traits, it turns out that the females achieve higher scores than
their male peers. Including mathematical background and personal characteristics means that the
gender difference changes from no impact to a weak difference in favour of girls (see Table 8). This is
an interesting result. Women dominate higher education in Norway, and they perform well in many
fields. They are recruited to attractive positions in the public and business sectors. This has probably
helped to change the self-confidence and attitudes towards mathematics of female students, since the
findings in this research suggest that among undergraduate business students, females today have at
least the same positive attitudes towards mathematics as their male peers.
LIMITATIONS
The dataset in this study is from only one business school in Norway, and therefore it is not possible to
say how valid the results are in an international context. The R square values are rather low, and
therefore, there are probably other important factors which may explain the undergraduates’ attitudes
towards mathematics. This research uses the original version of attitudes towards mathematics (ATMI).
Higher scores of goodness-of-fit can be achieved by conducting an explanatory factor analysis and
presenting an adjusted version of ATMI. In line with many other authors, this method was not
considered here since the original version of the ATMI is commonly applied internationally.
The survey is based on a compulsory introductory course in mathematics for business students. It is
difficult to say what result one would have received if one had asked students who have taken more
theoretical courses in mathematics.
CONCLUSIONS
Traditionally, there has been a gender difference in attitudes and performance in mathematics, where
males outperform their female peers. Many authors have reported that this effect has declined over
time. This study suggests there is no gender gap in attitudes towards mathematics among
undergraduate business students in Norway. Adjusting for mathematical background and personal
traits, the gender difference seems to be in favour of females. The impact is weak and only significant
at the 10 percent level, but nevertheless, this is an interesting result. Mathematics is important for
success in business studies. Since women have positive attitudes towards mathematics, this might have
an impact on gender differences among business students. More females might choose theoretical
mathematics in upper secondary school and this will probably affect their selection of major courses.
The majority of the students in finance are still male, however (Opstad & Årethun, 2020). Mathematics
is an important tool in finance subjects and if more women choose advanced mathematics it is likely to
affect the gender distribution. This is a subject for further studies. Hopefully, this article contributes by
offering more insight into the topic of gender and attitudes towards mathematics. The simultaneous
analysis of how mathematical background, personal characteristics and gender influence attitudes
towards mathematics is an important contribution.
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