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Abstract

This paper offers an augmentation to the work of Smailes and Heyman (2018) and Farjadpour and
Fresneda-Portillo (2018). Smailes and Heyman (2018) considered techniques for teaching mathematics to
non-mathematicians (e.g. business programmes) whilst Farjadpour and Fresneda-Portillo (2018)
considered mathematics anxiety. What was particularly salient about the latter study was that it involved
undergraduate mathematics students. This struck a particular chord with the first presenter: if
mathematics anxiety occurred in students choosing this as a specialism, what additional impacts could be
occurring within Business based cohorts? Are there further complexities that require consideration within
these cohorts? For example, past experience indicates that the advent of technologies, in this case
spreadsheets, can be both a blessing and a curse. Hesse and Hesse-Scerno (2009) posit that spreadsheets
have changed the world and suggest that they have potentially saved some mathematics based business
curricula. Spreadsheets are now a universal business tool that needs to be learned (Pan et al., 2018).
What are the potential relationships between mathematics anxiety and spreadsheet confidence? Do similar
factors that impact on mathematics anxiety impact on spreadsheet confidence? This paper illustrates that
indeed there are a number of similarities between the two and suggest the impact of technologies is such
that techno-math literacies supersedes numeracy capability as a concept (Geiger, Goos, & Forgasz, 2015).
Furthermore, additional dynamics linked to confidence are exposed that merit further qualitative
investigation.
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1. Introduction

A lack of confidence in learning mathematics is a long-standing phenomenon. It is now almost
50 years since Richardson and Suinn (1972) designed an instrument for the measurement of mathematics
anxiety which in both its original and adapted formats is still commonly utilized today.

Pelch (2018) acknowledges that mathematics anxiety is a difficult area of research due to the
multiplicity of interrelated factors involved. Investigations within the literature include examinations of
what may occur in early and later stages of schooling, demographic and geographic influences, links to
self-efficacy and the impact of technology to name just some of the areas of interest. For example,
Farjadpour and Fresneda-Portillo (2018) used an adapted Mathematics Anxiety Scale to assess the impact
of gender, ethnicity, parental support in mathematics, number of siblings amongst other factors.

The lack of a mathematical skills base, often referred to as mathematics literacy continues to be a
global issue due to the impact in the economy of a country (Geiger et al., 2015; Johnson, 2012; Matthews,
Hodgson, & Varsavsky, 2013). However, due to the exponential growth of information technologies, in
particular, of mobile technologies, it is proposed that mathematical literacy can no longer be treated
separately. Geiger et al. (2015) recommends techno-maths literacy as a more appropriate nomenclature.

The authors would argue that this is particularly case within higher education. Evidence from
employers backs this up. Grant, Malloy, and Murphy (2009) noting that within business IT abilities are as
“customary as pen and paper” (p.145). It is clear that the most common IT ability associated with
mathematics is spreadsheet use and preferred over specialist statistics software (Pan et al., 2018; Brennan
& Vos, 2013; Johnson, 2012).

The advances in technology have also changed the landscape of employer expectations. For
example, data analysis once considered a specialism is now viewed as a generalist function involving
spreadsheet skills is implied (Tufte, 2004).

In this context, a module, known as Business Analysis, is the main mathematical component
delivered to all (approximately 800 students, 400 per semester) undergraduate Business and Management



programmes. This unique combination of confidence in both mathematics and spreadsheet use are known
issues of interest. Mathematics anxiety is a well-established factor, and the teaching strategies employed
are continually practised and reviewed in an attempt to minimise impact of student learning, e.g. flipped
classroom methodology (Smailes & Heyman, 2018).

As documented by Verhoeven, Heerwegh, and De Wit (2016) IT capabilities of students are not
as anticipated. Although many students have used a spreadsheet, their previous experience is basic and
appears to be limited to data entry, basic formulas and perhaps graphical construction. In the very early
stages of teaching there is a sense that mathematics anxiety is exacerbated by spreadsheet shock. This
latter point also being picked up by Gorman (2008) whom comments that the necessity to learn Excel can
become an additional obstacle in learning statistics — the vast majority of the business analysis
curriculum.

Spreadsheet shock is a self-generated term used to express how many students, claim to be
familiar with spreadsheets but within two to three weeks of teaching, realize how little they actually
know, or that they may incorrectly assumed was simple. A common example of the latter is that many
students find that constructing a graph from scratch is more complex than previously led to believe.

The most notable issue in considering both mathematical and spreadsheet confidence is the
influence of gender. This factor provides a focus to several investigations, the majority of which, note
how females report lower levels of confidence in both than males (Pelch, 2018; Nunez-Pena, Suarez-
Pellicioni, & Bono, 2016; Verhoeven et al., 2016; Plenty & Huebeck, 2013; Tarasi, Wilson, Puri, &
Divine, 2012; Joyce, Hassall, Montano, & Anes, 2006). As noted by Matthews et al. (2013) amongst
others this element is well researched due to its impact on both enrolment and retention within Science,
Technology, Engineering and Mathematics (STEM) subjects.

This paper aims to extend research by Farjadpour and Fresneda-Portillo (2018) by considering a
sample of business and management undergraduate students and determine factors impacting both
mathematics anxiety and spreadsheet confidence.

2. Methodology

A questionnaire was distributed to business and management students shortly before the
commencement of the teaching programme. Fourteen questions employed by Farjadpour & Fresneda-
Portillo (2018) were adapted slightly to take in account the context of the business and management
curriculum.  Six supplementary questions were included referring to spreadsheet knowledge. An
additional section of ten questions was added to in respect to self-efficacy (Bandura, 2006) — a seminal
author in this field. As recommended by Bandura (2006), for all mathematical, spreadsheet and self-
efficacy questions the traditional Likert scale was replaced by a wider numerical scale, in this case a
percentage level of confidence, where 0 indicated no confidence through to 100 full confidence. An extra
Likert based question was included on how anxious facing an exam would as anxiety is an known entity
that can be independent from mathematics and/or spreadsheet confidence (Pekrun, Goetz, Titz, & Perry,
2002). As noted by Farjadpour & Fresneda-Portillo (2018), there are a number of demographic
sensitivities which need to be considered when collecting data, therefore any questions relating to
demographic elements such as parents, siblings, mathematical support mechanisms were carefully
designed to take any sensitivities into account.

3. Results and Analysis

University attendance recording systems indicated that there were 382 students registered in
semester 1, 147 responses were received yielding a 38.5% response rate. Responses rates from gender
and nationality broadly represented the student population. The variable of interest, spreadsheet
confidence is an average of the six questions presented within the questionnaire. The mean for the whole
sample was p = 56.75 and the standard deviation ¢ = 22.78. Sample skewness was found to be -0.013 and
the kurtosis -0.769. Furthermore, the median is 57.80, very close to the mean and implies that the
distribution is symmetrical. After studying the Q-Q plot which additionally suggested that the variable
spreadsheet confidence is normally distributed, and thus, the mean and standard deviation are
representative parameters of the sample.

The main factors to be investigated alongside spreadsheet confidence were self-efficacy,
mathematics anxiety and test anxiety. The latter factor was ranked, and maths anxiety sample results
cannot be deemed as following the normal distribution. As a consequence non-parametric statistics are
applied from now on. Firstly, the Spearman’s correlation coefficient is applied to test the null hypothesis
of monotonic (the more of one variable, the more of the other and vice versa) relationship between
variables (Table 1).



Table 1: Non-Parametric correlations (n = 147)

Spreadsheet Mathematics Anxiety Self-Efficacy
Confidence
Mathematics Anxiety 0.559%#*
Self-Efficacy 0.274%%* 0.384%**
Test Anxiety 0.442%** 0.491%** 0.145

*p <0.05, **p < 0.01, ***p < 0.001

Table 1 illustrates all the variables of interest preserve a monotonic increasing relationship
except for Test Anxiety and Self-Efficacy. The relationship between Mathematics Anxiety and
Spreadsheet Confidence as well as with Test Anxiety are confirmed. On the other hand, Self-Efficacy is
significantly correlated with both Spreadsheet Confidence and Mathematics Anxiety but not with Test
Anxiety.

The null hypothesis linked to gender (i.e. no differences between males and females) was tested
using the non-parametric test for independent samples (Mann Whitney) was applied to Spreadsheet
confidence, Mathematics Anxiety, Self-Efficacy and Test Anxiety (Table 2).

Table 2: Mann Whitney test —Factor: Gender (n = 147)

Mann Whitney U Z p-value Median Median
Males Females
Spreadsheet Confidence* 1978.5 -2.411 .016 62.92 50
Mathematics Anxiety* 1972 -2.437 .015 79.32 72.71
Self-Efficacy 2202 -1.520 129 69.15 73
Test Anxiety** 1783.5 -3.320 .001 3 2

*p < 0.05, **p < 0.01, ***p < 0.001

Table 2 demonstrates that there is a significant difference between males and females in respect
to Mathematics Anxiety, Spreadsheet Confidence and Test Anxiety. In all three cases, males exhibit
higher levels of confidence.

Farjadpour & Fresneda-Portillo, (2018) established a relationship between the number of siblings
and mathematics anxiety and hence was examined within the business and management cohort. To assess
this the sample was divided into two groups. Group A respondents whom had two siblings or less and
Group B defined as those with three siblings or more (Table 3).

Table 3: Mann Whitney test — Factor: 3 or more siblings (n = 147)

Mann Whitney U Z p-value Median Median
Group A Group B
Spreadsheet Confidence 1800.5 -.889 374 60.83 52.75
Mathematics Anxiety™* 1561 -1.983 .047 79.14 70.75
Self-Efficacy** 1352 -2.939 .003 72.50 64.60
Anxiety** 1380 -2.924 .003 3 2

*p < 0.05, **p < 0.01, ***p < 0.001

Table 3 determines that there is a significant difference between Group A and Group B in
regards to Mathematics Anxiety scores, Self-Efficacy and also on Test Anxiety. In all cases, the scores of
Group A are higher than those scores on Group B. The results imply that students with two or less
siblings feel less Mathematics Anxiety, have higher levels of Self-Efficacy and are less anxious in
respects to test situations.



4. Conclusion

In line with the mathematics and engineering cohort there are distinct gender differences in
respect to mathematical anxiety. Evidence from the business and management cohort suggests that this
also extends into test anxiety and spreadsheet confidence where males illustrate higher levels of
confidence than females. However, there is not enough evidence to suggest that gender differences occur
in respect to reported self-efficacy. Findings in respect to the number of siblings do not concur with the
mathematics and engineering cohort, it is indicated that for business and management students children
from larger families (three or more siblings) have lower levels of mathematical confidence and self-
efficacy. This does not appear to be the case in relation to spreadsheet confidence.

Connections were established between the four factors of particular interest i.e. self-efficacy, test
and mathematics anxiety and spreadsheet confidence. In general levels of spreadsheet confidence were
much lower than that of mathematics and levels of self-efficacy. In all permutations there were positive
correlations found e.g. the more confident a person exhibited in mathematics the higher their spreadsheet
confidence was and vice versa. Overall, there is an indication that as suggested by Geiger et al. (2015)
educators need to consider both factors in unison i.e. techno-mathematics. The findings reveal additional
potential links to self-efficacy. There is an intention to implement a further qualitative research strand to
scrutinise the interrelationships between techno-maths literacy, self-efficacy, gender and family size from
a more personal perspective.
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