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Abstract

Mathematics skills are key factors for success in business studies, and for access to
business degrees. It is important, therefore, to understand the determinants of
mathematics scores among business students. The aim of our study was to identify factors
that can explain mathematics performance among a cohort of business school students
in Norway. This paper used a linear regression to quantify statistical associations
between mathematics performance and the following independent variables: gender,
grade point average (GPA) from upper secondary school, background in mathematics
education, Big Five personality traits, and attitudes towards mathematics (ATM). Two
factors — mathematics background, and self-confidence in mathematics — were positively
associated with performance, though the significant effect of mathematics background

disappeared after controlling for ATM. Given the importance of mathematics for success
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in business studies, we recommend that efforts are made to improve students’ confidence

in this topic.

Keywords: gender, attitudes towards mathematics, Big Five, mathematics skills,

performance in business mathematics, regression analysis.

1. Introduction

Few colleges or universities in Norway require a mathematics
qualification for entrance to courses in economics and business administration.
Although mathematics is compulsory at upper secondary school, students can
choose among different pathways spanning the continuum from pure to applied
mathematics. For example, students in their second year can select mathematics
for natural science (hereafter ‘N-maths’), which includes geometry, and the
applications of vectors. Students can also choose to specialise in this field during
their third year, and in all cases, the mathematics grade is included in the student’s
grade point average (GPA).

Mathematics plays an important role in business studies. In guantitative
subjects like accounting, economics, and finance, mathematics knowledge is a
significant predictor of students’ grades (Arnold & Straten, 2012; Brown-
Robertson et al., 2015; Opstad, 2018). Quantitative ability is the factor that best
explains performance in subjects such as microeconomics, and mathematics
appears to be important for achieving good grades on investment courses (Ballard
& Johnson,2004). Students with a strong mathematics background therefore tend
to outperform those without it in business courses such as finance (Alcock et al.,
2008), and mathematics skill correlates with performance in business law and
marketing (Opstad, 2018). According to Alcock et al. (2008), mathematics

knowledge is also a good predictor of success in non-quantitative courses, and
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Opstad and Arethun (2020) found that mathematics knowledge strongly
influenced students’ chosen specialisations in business studies and economics.
Given the evident importance of mathematics for success in business studies, it
is important to understand how and why competence in mathematics varies. There
might also be some gender gap in achievements and attitudes towards
mathematics (Lee et al.,2018).

The aim of this study was to identify factors associated with mathematics
grades in a cohort of students for whom we had data on gender, skills from upper
secondary school, Big Five personality traits, and attitudes towards mathematics.

The data is from Norwegian University of Science and Technology.
2. Theory and Literature Review

2.1 Gender and Performance in Mathematics

Women and girls are markedly under-represented in science, technology,
engineering, and mathematics (STEM) subjects, though this ‘gender gap’ has
narrowed in recent decades (Wang & Degol, 2016), and is not apparent in all
countries (Mejia-Rodriguez et al., 2020). Reasons suggested to explain this gap
include career and lifestyle preferences, as well as cultural and national factors.
Alcock et al. (2014) reported that male undergraduates outperform females in
mathematics, but most research indicates that there is no clear difference in ability
between the sexes (Reilly et al., 2019). At the secondary school level, boys are
more likely to choose theoretical mathematics than girls (Opstad, 2018), but this
is not reflected in a difference in exam results. According to the Organisation for
Economic Co-operation and Development, girls perform marginally better than
boys in upper secondary schools in Norway in 2018 (OECD Education, 2020),

and Brandell and Staberg (2008) reported a similar result from Sweden.
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2.2 Impacts of Mathematics Background

Those with only practical mathematics from upper secondary school tend
to struggle with introductory courses in business mathematics, and students who
selected more theoretical mathematics at secondary school subsequently perform
better in mathematics than those who did not (Opstad, 2018). Tuan et al. (2019)
reported a strong link between GPA at upper secondary school and academic
performance in mathematics, suggesting that admission scores for higher
education applications can be a good predictor of success in mathematics.

2.3 Impacts of Attitudes towards Mathematics

Attitudes towards mathematics seem to be strongly associated with
performance (Farooq & Shah, 2008; Ngussa & Mbuti, 2017), but whilst the
research indicates that students who report confidence and interest in
mathematics perform better than those who do not (Opstad & Arethun, 2019), the
mechanism behind this association is unclear. It is plausible that the causal effect
could go in either direction (or both); success will tend to increase self-
confidence, and vice-versa (Manzana et al., 2019). Enjoyment also appears to
have a positive impact on learning style, behaviour, effort, study time, and
engagement with this topic (Syyeda, 2016). Many students have negative feelings
towards mathematics, possibly related to negative experiences, feelings of
helplessness, or lack of concentration, and mathematics anxiety has negative
impacts on motivation and performance (Hoorfar & Taleb, 2015).

One of the more popular methods for quantifying attitudes towards
mathematics is the Attitudes Toward Mathematics Inventory (ATMI), with a
four-item version (Tapia & Marsh, 2000). This method has high validity and
reliability, and is widely used in education research (Asante, 2012; Guy et al.,
2015). Numerous studies have demonstrated that scores on the four ATMI
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dimensions are correlated with mathematics performance (Ajisuksmo & Saputri,
2017; Bal, 2020; Tapia & Marsh, 2004).

2.4 Impacts of Personality Traits

The Big Five personality traits (Costa & McCrae, 1995) comprise a
popular taxonomy for measuring personality based on extraversion,
agreeableness, conscientiousness, emotional stability, and openness to experience
(Roccas et al., 2002). Prior research on the link between personality traits and
performance in mathematics is mixed. Pipere and Mierina (2017) reported that,
of the five dimensions, openness had the strongest positive relationship to success
in mathematics, but Meyer et al. (2019) found no significant correlation, and
Lipnevich et al. (2016) reported a significant negative correlation between
openness and mathematics grades.

Pipere and Mirina (2017) found a negative association between
mathematics performance and emotional stability, extraversion, and
agreeableness, though the last was not statistically significant. They also found a
positive correlation between conscientiousness and performance, in line with
studies that suggest a positive link between conscientiousness and various
educational fields (Heaven & Ciarrochi, 2008). However, after controlling for
attitudes towards mathematics (anxiety, evaluation, self-efficiency, and self-
confidence), the association with conscientiousness was negative. Other than
anxiety, the attitude factors were themselves significantly associated with
performance, with the strongest effect shown for self-belief. Other authors,
however, have suggested that personality traits do not contribute much to the
performance in mathematics (Lipnevich et al., 2016; Meyer et al., 2019. Meyer
et al. (2019) did not find any significant impact of agreeableness, emotional

stability, or extraversion on mathematics performance. According to Lipnevich
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et al. (2016), the key factor explaining success in mathematics is the student’s

attitude towards the subject.

2.5 Gender and Attitudes towards Mathematics

Asante (2012) found a significant gender difference in all four dimensions
of the ATMI (self-confidence, enjoyment, value, and motivation), reporting that
females’ attitudes towards mathematics were more negative than those of their
male peers, potentially influencing their choice of specialisations. Frenzel et al.
(2007) also reported a gender gap in attitudes towards mathematics, though,
according to Cvencek et al. (2011), the gap has narrowed in recent decades, and
some studies indicate that it has now closed completely (Matotek, 2017; Utveer,
2019). According to Alcock et al. (2014), the gender gap in performance (as
opposed to attitudes) in mathematics disappears if one controls for personality
traits, which are widely believed to differ between the sexes, with females scoring
higher on average in agreeableness, extraversion, and conscientiousness, and
males scoring higher in emotional stability and openness (Ock et al., 2020;
Schmitt, 2008).

3. Hypotheses
We aimed to address the following hypotheses in this study:
H1: There is a gender difference in performance in mathematics.
H2: There is a link between academic and mathematics background, and success in
mathematics.
H3: There is a link between personality traits and performance in mathematics.
H4: Attitudes towards mathematics influence performance in mathematics.
There is still discussion about whether gender is a valid predictor of mathematics
performance, but since fewer women choose theoretical mathematics at secondary

school, one can assume that there are gender differences in mathematics skills in

28



educational settings beyond secondary school, purely as a result of this discrepancy in
educational background (Opstad, 2018). Recent research also shows that gender and
mathematics abilities have an impact on attitudes towards mathematics (Opstad, 2021a).
Given the suggested link between gender and personality traits (Ock et al., 2020; Schmitt
et al., 2008), it is reasonable to assume that personality traits also affect attitudes to
mathematics, though the results of previous research have been mixed. Figure 1
illustrates this hypothesised set of relationships between gender, personality traits,
mathematics skills, attitudes to mathematics, and performance in mathematics.

By using mediation analyses one can distinguish between direct and
indirect impact (Kane et al., 2017). Another approach is to put different sets of
variables in the regression model (Baldry, 2004; Garcia et al., 2016; Opstad,
2020). In this model, Step 1 presents only gender as an independent variable, Step
2 includes gender and mathematical background and GPA, in Step 3 personality
traits enter, and finally Step 4 will add attitudes towards mathematics. The
differences between the steps can indicate or be interpreted as the indirect impacts
as presented in figure 1 (of the different control variables) (Baldry, 2004).
However, the focus in this paper is to the see how the statistical effects changes
by using different sets of independent variables.
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Figure 1. Theoretical model illustrating links between gender, personality traits,
mathematics skills, attitudes to mathematics, and performance in mathematics.
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4. Method

4.1 Sample

The initial sample consisted of 260 undergraduates in 2018 and 2019
combined (see Table 1), all of whom answered a questionnaire designed to
assess their attitudes towards mathematics and their Big Five personality traits.
In a similar study by Bonesrenning and Opstad (2015), there were more girls,
and a marginally higher GPA among the respondents than among all second-
year undergraduates at this school. The instruments for measuring ATM
followed Tapira and Marsh (2004), and personality traits were assessed using a
20-item Norwegian version of the Big-Five Inventory (BFI-20; Engvik &
Clausen, 2011). Only those students who provided personal details (which
allowed survey data to be linked to mathematics exam results) could be
included, and this reduced the sample to 140.

Table 1 Descriptive data for the sample of students in the study (NTNU Business

School).

Min Max Mean St. Dev. Skewnes Kurtosis  Scale

s Reliability
1)

Gender 0 1 0.45 0.499 0.209 -1.986
GPA (from Upper 46.9 66.70 50.9162 2.76287 1.700 6.452
Secondary School) 0
Gender 0 1 0.44 0.499 0.229 -1.975
Performance in business
mathematics 0 5 3.44 1.485 -0.877 -0.141
N-Maths 0 1.00 0.3169 0.46692 0.795 -1.387
Personality Traits:
Openness 1.25 5.00 3.3091 0.73703 -0.066 -0.159 0.57
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Extraversion 1.75 5.00 3.6856 0.75615 -0.175 -0.527 0.82
Agreeableness 2.00 5.00 3.9882 0.53076 -0.641 0.819 0.61
Conscientiousness 1.50 5.00 3.7583 0.62602 -0.483 0.517 0.70
Emotional stability 1.50 5.00 3.3121 0.73087 -0.087 -0.535 0.73
Attitudes towards
Mathematics:

Self-Confidence 1.59 6.65 5.1011 1.13550 -0.896 0.514 0.92

Value 2.63 7.00 5.0975 0.87506 -0.308 -0.136 0.83

Motivation 1.29 7.00 49135 1.11635 -0.285 -0.066 0.84

Enjoyment 1.00 6.86 4.7078 1.24971 -0.332 -0.227 0.81
Valid N 140 1) Cronbach’s Alfa

Note. Performance in business mathematics is coded as follows: 0=F, 1=E,2=E,3=C,4=8B,5=A. N-
maths is a binary variable denoting whether (1) or not (0) the student took mathematics for natural
sciences. Gender is coded as follows: 1 = male, 0 = female.

4.2 Model
The linear regression to determine the impacts of gender, previous
mathematics experience, attitudes towards mathematics, and Big Five personality

traits on performance in business mathematics is:

Y, = ag + a1X1; + a,X2; + a3X3; + a,X4; + asX5; + agX6; + a,X7;

+ a8X8i + a9X9i + a10X1Oi + a11X11i + a12X12i + &

where Y = grade attained in business mathematics (0: F, 1: E, 2: D, 3: C, 4: B, 5:
A), i = student, ap = constant, X1 = gender (0: F, 1: M), X2 = upper secondary
school GPA, X3 = dummy variable for N-maths (0: did not take N-maths, 1: took
N-maths), Xs = openness, Xs = extraversion, Xs = agreeableness, X; =
conscientiousness, Xg = emotional stability, Xio = self-confidence in
mathematics, X11 = perception of the value of mathematics, X12 = enjoyment to

study mathematics , € = stochastic error. The Big Five personality traits were
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measured on a 5-point Likert scale, where 1 = strongly disagree, and 5 = strongly
agree. The four ATMI dimensions were measured on a 7-point Likert scale, where

1 = strongly disagree, and 7 = strongly agree.

5. Results

The sample contained of 56 percent women and 45 percent of men. Since
there is considerable competition for spaces at this business school (NTNU), the
average GPA score was high. Around 30% of the students had taken N-maths at
secondary school. Among the personality traits, the average value for
agreeableness was highest. The average attitude towards mathematics was
noticeably high (around 5 for all dimensions on a 7-point Likert scale). Skew,
kurtosis, and scale reliability were all within acceptable ranges for the chosen
variables (with the possible exception of Cronbach’s alpha value for openness).

The correlation coefficients (Table 2) provide information about the
variables. Notice, there was high inter-correlation among the four ATMI

dimensions.

Table 2 Correlation coefficients between independent variables.

1 2 3 4 5 6 7 8 9 10 11 12 13

0.783

0.731 0.878

-0.022-0.036-0.042

0.320 0.258 0.282 0.058

-0.010-0.040-0.110-0.1540.004

0.030 0.017 0.004 -0.1400.057 0.252

0.125 0.079 -0.0030.414 0.042 -0.002-0.079

-0.0300.006 -0.052-0.108-0.0790.212 -0.0470.260
-0.115-0.063-0.0620.179 -0.015-0.093-0.2320.201 0.216

0.614 0.556 0.532 -0.0740.287 -0.0100.103 -0.087-0.045-0.234
0.088 0.223 0.168 -0.0250.107 -0.020-0.012-0.005-0.1960.032 -0.015

OCoONOOULE, WN B

[
N L O
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13  0.516 0.727 0.711 0.004 0.210 -0.0910.088 0.035 0.014 0.047 0.355 0.211

Note. 1 = self-confidence in mathematics, 2 = motivation to study mathematics, 3 = enjoyment of
mathematics, 4 = gender, 5 = N-maths, 6 = agreeableness, 7 = conscientiousness, 8 = emotional
stability, 9 = extraversion, 10 = openness, 11 = performance in mathematics, 12 = GPA, 13 =
perceived value of mathematics.

Table 3 presents the result of different versions (Steps) of the regression
model. There was no significant relationship between gender and mathematics
performance, so hypothesis 1 is rejected, and no significant relationship between
GPA and performance. There was a significant association between N-maths and
performance, but the association was no longer apparent after controlling for
ATM, so hypothesis 2 is rejected. No significant effects of Big Five personality
traits were found, so hypothesis 3 is rejected. Self-confidence in mathematics was
significantly and positively associated with performance, supporting hypothesis
4,

Table 3 Outputs from stepwise linear regression.

Variable Model 1 Model 2 Model 3 Model 4
(Step1) (Step2) (Step3) (Step4)
VIF
B p B p B p B p 1
Constant 3.47 3.85 4.77 1.40
Gender - 0.7 - 0.53 0.063 0.82 0.296 0.23 1.5
0.078 6 0.154 2 (0.29 9 (0.24 3 5
(0.25 (0.24 4) 7)
3) 5)
GPA -0.13 0.77 0.008 0.85 - 0.67 1.1
(0.04 5 (0.04 6 0.016 3 1
4) 5) (0.14
1)
N-Maths 0.938 0.00 0.881 0.00 0.268 0.24 1.1
(026 0 (336 1 (0.22 1 7
1) 8) 8)
Openness - 0.01 - 030 1.3
0.438 7 0.157 6 1
(0.18 (0.15
1) 3)
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Extraversion 0.101 058 0.053 0.72 1.3
(0.18 6 (0.15 5 4

4) 1)
Agreeableness - 045 - 031 1.1
0.181 4 0.204 6 7
(0.24 (0.20
2) 2)
Conscientiousn 0.051 0.80 0.145 0.39 1.1
ess (0.24 2 (016 O 3
2) 8)
Emotional - 0.51 - 0.05 1.7
Stability 0.136 3 0.351 2 2
(0.20 (0.17
7) 9)
Self-confidence 0.702 0.00 2.5
(014 0 9
1)
Value 0.065 0.67 1.9
(0.5 9 1
6)
Motivation?
Enjoyment 0.097 049 3.2
(0.14 5 8
3)
N=140 N=140 N=138 N=138
Adj.R2=-  AdjR?%= Adj.R2= Adj.R2=
0.07 0.067 0.401 0.398

1 Vvariance Inflation Factor.
2 Not included due to high VIF value (8.5)

6 Discussion

6.1 Gender and Academic Background

We found no evidence to suggest that gender predicts performance in business

mathematics, in line with previous research (Reilly et al., 2019). According to
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Else-Quest et al. (2010), in 60% of countries there is a negligible or no gender
difference in mathematics performance among students. In this study there was
no link between secondary school GPA and performance in mathematics. Since
GPA is a measure of overall academic ability, it would not be surprising to find
an association between GPA and success in business courses, though our result
is consistent with Opstad’s (2018) suggestion that GPA may not be a good
predictor of success in economics courses. Recent data further support this
conclusion (Opstad, 2021b). The conclusion is that the background in

mathematics is more important than general academic ability.

6.2 Personality Traits

Prior studies have established a positive relationship between
conscientiousness and academic success (Wang et al., 2019), but this study found
no evidence for this effect for business mathematics, in line with the conclusions
of Lipnevich et al. (2016). This is nonetheless an interesting observation, given
that Big Five personality traits do appear to contribute to success in economics
and business courses (Opstad, 2021b).

6.3 Attitudes towards Mathematics
The finding that ATM predicts mathematics performance is consistent
with previous research (Brezavscek et al., 2020; Ngussa & Mbuti, 2017). In the
model in this study, only the self-confidence dimension was statistically
significant, but as Table 2 shows, the ATMI dimensions were closely correlated,
so it is possible that all or any of the other three could be linked to performance.
Another important result is that the significant effect of mathematics

background disappeared after controlling for ATM. The significant negative
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association between openness and performance also disappeared at this stage, in
line with the finding of Lipnevich et al. (2016). This result may reflect the fact
that business mathematics is an introductory course, which may not stimulate the
intellectual curiosity of more skilled students; previous work has reported a
positive correlation between performance and openness in subjects that require

advanced analysis and thinking (Lipnevich et al., 2016).

6.4 Implications for Practice

The study from NTNU Business School found that self-confidence in
mathematics was the most important predictor of grades in business mathematics.
Self-confidence will likely facilitate concentration and engagement but gaining
good grades will also tend to increase self-confidence in mathematics, so the
causal relationship could plausibly be in either direction, or both. Given the
importance of mathematics for success in business studies, educators should
consider methods to boost their students' self-confidence, especially at secondary
school, where many students decide not to continue their mathematical education.
Assuming that our results are representative of the general student population, we
also suggest that GPA may not be a useful criterion for admission to business

studies courses.

7. Limitations

The dataset in this research comprises just 140 students from a single
business school in Norway, so care should be exercised in extrapolating the
results to wider contexts. For example, a different result might have been obtained
if we had looked at Masters-level students, rather than undergraduates. We used
the original version (translated into Norwegian) of the Big Five personality traits
and ATMI; a more robust analysis might have been possible if we had employed

an explanatory factor analysis to produce an altered version of ATMI and the Big
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Five personality traits, but we elected to use the unaltered versions in order to

maintain consistency with previous studies.

8 Conclusion

Previous studies have reported that male students outperform female
students in mathematics subjects, but this gap appears to be shrinking. This
research from NTNU Business School found no impact of gender on performance
in mathematics among business students. GPA from upper secondary school is a
good proxy of academic skills, and is used to assign places on business courses,
but we did not find any correlation between secondary school GPA and
performance in mathematics. A background in mathematics from upper
secondary school appears to be more influential, though when attitudes towards
mathematics are taken into account, even this factor has no impact on
performance in business mathematics. The author found no significant link
between Big Five personality traits and performance. The only significant
predictor of performance was the student's attitudes towards mathematics, and
specifically, self-confidence, which was positively associated with the grade in
business mathematics. Since mathematics skills are essential for success in
business studies, further research should be directed towards understanding the

factors that influence achievement in the subject.
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