Gender differencesin thelevel of engagement with mathematics

support in higher education in Ireland

E. Ni Fhloinrt’, O. Fitzmauric& C. Mac an Bhairtland C. O'Sullivah
School of Mathematical Sciences, Dublin City Ursitgr Dublin, Ireland
“Department of Mathematics and Statistics, UniversitLimerick, Limerick, Ireland
3Department of Mathematics and Statistics, Maynadritversity, Maynooth, Ireland

“Department of Mechanical Engineering, Institutéfethnology Tallaght, Dublin,
Ireland

*Eabhnat Ni Fhloinn, Room X138A, School of MatheitatSciences, Dublin City
University, Glasnevin, Dublin 9, Ireland.

Ph: 00353-1-700-7710=abhnat.nifhloinn@dcu.ie

Over the past couple of decades, mathematics suggrares have become
widespread in higher education, most notably itatrd, the U.K. and Australia.
These centres generally offer a range of free stigpovices to students who feel
they need additional help with their mathematicslutes. A major large-scale
survey of first-year higher education students wadertaken in Ireland to
ascertain students’ evaluation of mathematics suppbere were significant
differences in self-reported attendance betweese @ad female students, with a
binary logistic regression model showing that fesstldents were almost two
and a half times more likely to engage with math@aaupport than male
students, while controlling for other factors sashprior mathematical
achievement, degree, and institution attendedignpaper, the engagement
levels of 1633 students with mathematics suppadsacnine Higher Education
Institutes are analysed. The reasons given bydpthkers for either using or not
using the services provided across a range ofpfiises and higher education
institutes are explored, with the aim of ensurimat the optimum support is

provided to all students who may need such help.

Keywords: gender; mathematics; support; engageraéefidance; opinions.



Introduction

Due to growing concern about the under-preparedrfassoming undergraduates to
cope with the mathematical demands of their coursasy higher education institutes
(HEIs) have implemented various forms of mathensatigpport, particularly aimed at
first-year students (Gill, Mac an Bhaird and Nidthh, 2010). These supports typically
take the form of mathematics support centres, wbftdr one-to-one help to students
on a drop-in or appointment basis and are frednafge. Additional supports also on
offer include online resources, revision classggadutorials, mathematical software
and so on. The widespread provision of mathematipport across HEIs in Ireland, the
United Kingdom and Australia has been well-docureémh recent years (Perkin,
Lawson and Croft, 2012; Gill, O’'Donoghue and Jom&®08; MacGillivray, 2008).
Best practice guides are available for establishiaghematics support centres (Mac an
Bhaird and Lawson, 2012) and numerous papers haptered the effectiveness of such
support services for students who engage with madkies support, using a variety of
approaches such as analysis of usage data (Cd6fd; Rli Fhloinn, 2009; MacGillivray,
2009), internal student questionnaires and focaspg (Parsons, Croft and Harrison,
2011; Carroll and Gill, 2012; Grehan, Mac an Bhaindl O’Shea, 2016), evidence from
external sources such as the UK National Studerne$yresults of which are available
at http://www.hefce.ac.uk/It/nss/results/), and sueas of the potential impact of
mathematics support upon retention and perform@Pek and Croft, 2008; Mac an
Bhaird, Morgan and O’Shea, 2009; Gill and O’Donogh2006) with overwhelmingly
positive results overall. For a detailed revievilwfse and other such research, see
Matthews et al (2012).

However, despite these supports being in placeg ikean ongoing problem

with non-engagement with mathematics support sesvixy a certain cohort of “at-risk”



students, where “at-risk” implies a student whaduhon their mathematical
achievements prior to attending university, woutddeemed likely to struggle
substantially with the mathematical content of tlveurse. Although mathematics
support services are generally open to any studdmiseel they need to attend (Pell
and Croft, 2008), non-engagement by at-risk stiglisrd persistent concern.

While work has been undertaken to investigate stistleeasons for non-
engagement with mathematics support (notably in@wis, Lawson and Robinson,
2008 and Grehan, Mac an Bhaird and O’Shea, 201id)ssue has not been considered
from a gender perspective to date. Once priorrattant, discipline and level are taken
into account, male and female students are eqliladlly to progress to the following
year of study, but low prior mathematical attaintisra major cause of non-completion
(McGuinness et al, 2012) and female students aeelileely to choose to study STEM
programmes, with 29% of degree awards acrosswadlden Ireland made to females in

2015 (vww.hea.ie/node/1557Possible gender differences in engagement levels

worthy of investigation to ascertain whether therfe of mathematics support currently
on offer may be more attractive or accessibleudestts of one gender over the other.
Given that mathematics support strives to provigepsrt for all who need it, it is of
paramount importance that it be perceived as syat-bsk students regardless of
gender. Therefore, there are four main researcstigms that will be addressed in this

paper:

(1) How does the level of engagement with mathematippart compare between
male and female students, when controlling fordecsuch as degree
programme, institution attended and prior matherabtichievements?

(2) In what areas do male and female students redeteht reasons for using/not

using mathematics support?



(3) What differing impacts upon themselves are repdniethale and female
students as a result of using mathematics support?

(4) How do responses given by male and female non-o$enathematics support
differ when asked what might encourage them to gagéth the service if

needed?

Background

The use of mathematics support in higher educadigenerally at the student’s own
discretion; while certain students may be advisedgse the service based on their level
of mathematics upon entry, no extra credit is aedrfdr using the service and no
penalties apply for failing to do so. If a studésdls they need extra help, they are free
to attend. It is important to note that this pag@es not seek to explore whether gender
differences in mathematics exist, but rather t@gtigate the use of mathematics
support from a gender perspective. As a resustrgelnumber of potentially influential
factors come into play regarding an individual shits decision to self-refer to a
mathematics support service. Some of these arly easasured, such as the
availability, type and quality of the mathematiapgort in any individual institution as
well as the discipline of study, the mathematieahdnds of the course and the
student’s prior mathematical achievements. Numereparts exist on such data (see
Mac an Bhaird and Lawson, 2012 for details) andshadl not consider them further
here. However, other influential factors are mafiadlt to quantify, but equally
important, such as mathematical self-confidence:gxamination anxiety; personal
motivation, expectations and attitudes in relatmmathematics; peer-influence and so
on. Much has been written on gender differencesaoh of these factors, particularly
over the past forty years. A good overview candamél in Fennema'’s discussion paper

(Fennema, 2000). While a full review of each fagsdoeyond the scope of this paper,



we will now briefly highlight some of the most relnt work done in this area.

As early as 1987, Mura noted that, when askededigirtheir final grades for
their mathematics course, male undergraduatesmwere likely than female
undergraduates to overestimate their grades (andléestudents were more likely to
underestimate theirs), although the expectatiom®tif genders were overly high
(Mura, 1987). More recently, Nurmi et al (2003) eeti results first found by Fennema
(1980) in second-level students, observing thatelation to mathematics and at similar
levels of achievement, male students displayed &r&ably” higher self-confidence
than female studentdones and Smart (1995), when faced with similarlt@among
the teenage students they studied, subsequentid fimat “as a group, the girls had far
more confidence in their female peers than theyihadldemselves as individuals”
(Jones and Smart, 1995, p. 164). Guimond and Rb{Z¥#1) state that “women may
be led to downplay their own performance in matlievmen may be led to brag about
their relative success” (Guimond and Roussel, 2p0278), and go on to discuss how
students seemed to rely on gender stereotypes thtretheir own marks to self-
evaluate in mathematics. Taken as an overall bbdyotk, these studies point to the
fact that female students are more likely to exptewer self-confidence in relation to
their own mathematical abilities. Given that studeroluntarily use mathematics
support, their perception of their mathematicaligbtan have a major impact on their
decision to attend, whether this perception is lnglow (Gillard, Robathan and
Wilson, 2012).

Mathematics support centres tend to be busiesiihetad-up to the examination
period. In their study of 300 high-school seniod amiversity students, Kosmala-
Anderson and Wallace (2007) found that female sttsdeelf-reported higher pre-

examination anxiety levels than male students. I8itgj a British study of over 400



secondary school students found that girls shovigiteh levels of both maths anxiety
and test anxiety (Devine et al, 2012). In a Nonaagtudy comprising over 900
students ranging from about 10 years old to adaltriers in high school, Skaalvik and
Skaalvik (2004) looked at gender differences ifirsehcept, performance expectations
and motivation in mathematics and found that mialdents of all ages in their sample
had higher self-concept and in older age-groupshingtter performance expectations.
They conclude that “boys seem to judge themsehae fiavourably in mathematics
than girls do as early as the end of elementargatiiSkaalvik and Skaalvik, 2004, p.
249). Han and Li (2009) found in their study of@Quniversity students in China that
the educational outcome of female students wasentied by their peers, but found no
such evidence for male students. Mac an Bhaird.amgon (2012) have noted the peer
effect in mathematics support, observing thatutlents have a positive experience in
mathematics support, they are likely to tell thpsers.

Brandell and Staberg (2008) conducted a revieveoémt literature on the topic
of mathematics as a “male domain” and concludet] #tilnough some recent studies
(Forgasz, 2001; Leder, 2001) have reversed thd {ferding a majority of second-
level students perceive mathematics as genderatgube majority of researchers have
still shown that “mathematics is gendered as a mhaheain, both historically and
currently” (Brandell and Staberg, 2008, p. 499)e Ebntrasting results from some
different studies may be explained by Forgasz, Ladd Kloosterman (2004) who
argue that, due to the different measurement scaks to determine gendered
perception of mathematics, “it is not possiblergua definitively about change in
attitudes over time” (Forgasz, Leder and Kloostern2004, p. 416). Brandell and
Staberg agree, suggesting that “attitudes towaathematics are not static but

influenced by...development in school and societyraRlell and Staberg, 2008, p.



498). The question remains as to whether the viewathematics as a “male domain”
impacts upon student attendance in mathematicostupgntres. It is therefore of
interest to now explore whether evidence of anydgedifferences in relation to
engagement with mathematics support is appargheinesults of our study, to ensure

that the optimum support is provided to all studemto require it.

M ethodology

In 2009, the Irish Mathematics Learning Supportvidek (IMLSN) was established as
an informal focus point for those interested inmeatatics and statistics support in
higher education in Ireland (Mac an Bhaird et 8l P). Committee members are drawn
from a range of HEIs from around the island. Inepri ascertain student usage,
experience and perceptions of mathematics sugpertommittee conducted a
nationwide survey of first-year students on thsuies Surveys previously in use within
HEIs to assess mathematics support were colleated IMLSN members, and
questions from these were collated and adapteario the basis of the large-scale
survey. The questionnaire was anonymous and pasedbthere were 17 questions in
total, with a variety of multiple-choice, five-pdihikert-scale, and open-ended
questions. Gender was not initially a primary footithis survey, but all students were
asked to contribute some personal information, Wwhigs subsequently allowed us to
study results by gender and other categories. & pihs conducted with approximately
100 students from four different institutes, anel shirvey was duly modified as a result
of findings from the pilot. The full survey can been in Appendix A.

In February 2011, the survey was emailed by IMLSRmittee members to a
representative within each HEI in Ireland. Theyeviewited to arrange for it to be
printed and given to any first-year students whoengtudying at least one service-

mathematics module (i.e. students who were studgimgast one mathematics module



as part of their degree programme, but were naialgng in mathematics), and return
the completed surveys for analysis. The surveygwebe completed during
mathematics lectures. As a result, the survey wesed out in nine HEIs, with five
universities and four institutes of technology (#yTaking part, from a possible total of
seven universities and fourteen 10Ts in Irefagitigher Education Authority, 2013).
The universities involved were Dublin City UnivaysiNational University of Ireland
Galway, Maynooth University, University College Dimband University of Limerick.
The l0Ts involved were Institute of Technology Biaardstown, Institute of
Technology Carlow, Institute of Technology Tallaghid Institute of Technology
Tralee. The survey was completed by 1633 first-gdaaents during mathematics
lectures, meaning that only those students whodei lectures on a given day would
have had the opportunity to complete it. As sulis, mmay have introduced some degree
of bias to the responses.

The responses from the survey were collated in Si83he open questions
analysed using General Inductive Analysis (GlA)ditas, 2006), an approach to
Grounded Theory data analysis. As a result, the th@mes within comments made for
each question were identified. This analysis wamlaoted independently by each of
the authors and the results compared to ensuabilély. A report was then produced,

highlighting the main findings of the survey (O’Sw#n et al, 2014,

! Universities offer Ordinary and Honours Bacheldegrees, plus postgraduate programmes.
IoTs also offer Higher Certificate programmes, amad/ not offer postgraduate
[http://Iwww.citizensinformation.ie/en/educationfthi level _education/colleges_and_quali
fications/third_level education_in_ireland.html].

% Note that some of the findings of this paper haneiously been reported in the report

(O’Sullivan et al, 2014), but these are expandezhupere with a more detailed discussion.



Background of Survey Respondents

Of the 1633 respondents, four did not indicatertpender, so their responses will not
be considered further in this paper; of the renmagrii629 students, 939 (57.6%) were
male students and 690 (42.4%) were female students.

The breakdown of responses from each institutdoeaseen in Table 1. It should
be noted that the number of first-year service emattics students in each institute
varies considerably, and not all institutes taedefirst-year service mathematics
students in their provision of mathematics suppgdowever, based on the number of
first-year students registered in relevant disngphreas for that year (Higher Education
Authority, 2013), a minimum overall response rdt@%o for universities and 28% for

institutes of technology can be calculated forgtevey.

University Respondents | Institute of Technology Respondents
Dublin City University 207 Institute of Technologwllaght 254
Maynooth University 345 Institute of Technology (©ar 83
National University of 90 Institute of Technology 34
Ireland Galway Blanchardstown

University College Dublin 295 Institute of TechngloTralee 58
University of Limerick 263 Total 1629

Table 1: Breakdown of student respondents per higthecation institute in the survey.

As well as being based in nine different institnipthese students were studying a
range of discipline areas, which for analysis ha&en divided into six areas: Science,

Engineering, Business, Arts, Education and Compguas shown in Table 2.

Science | Engineering Business Arts Education Computing Total
Male 292 204 241 28 32 142 939
(50.43%) | (86.81%) | (49.9%) | (41.79%) | (35.96%) | (83.04%) | (57.82%)




Female

287 31 242 39 57 29 685
(49.56%) | (13.19%) | (50.1%) | (58.21%) | (64.04%) | (16.96%) | (42.18%)
Total 579 235 483 67 89 171 1624

Table 2. Breakdown of survey respondents by dis@@rea and gender. Note that 5
students did not declare their discipline areay=b624 for this table.

Clearly, some of these areas would be more matheatigtintensive than others, but
all contain some modules of service mathematicerdts a significant association
between gender and discipline area with a p-valQ€81 (chi-squared = 175.5, 5df).
As would be expected, this is particularly pronaoh disciplines such as Engineering
and Computing (see Table 2), which are traditignaléle-dominated in Ireland, as is
the case in our sample. This compares with a ratjpoture of 85% and 78% male
respectively for Engineering and Computing undedgedes (Higher Education
Authority, 2012, p. 56). The Education studentguestion were all studying to be
secondary school teachers, rather than primamgent government report in Ireland
showed 60% of secondary teachers are female, §gunech are in line both with our
sample and with international averages (O’Conn@t02 p. 10).

In terms of prior mathematical achievement, 96%espondents provided a
Leaving Certificate level and grade for mathematfid¢se Leaving Certificate is the
terminal examination taken by pupils at the endemfondary school in Ireland and is
used as a gatekeeper examination for access gitetheducation, with students being
awarded “points” from their best six subjects, aadh degree programme requiring a
certain number of points to obtain a place. Mathersas a compulsory subject for
students and can be taken at three levels: Hi@rdiary and Foundation. Generally, a
minimum of Ordinary Level mathematics would be rexktbr most degree
programmes, and this is reflected among responaetitonly 18 of the 1562 students

who provided their results in the survey havinglgd mathematics at Foundation




Level. In this survey, gender and Leaving Certificanathematics level are independent
with a p-value of 0.4 (chi-squared = 1.8, 2df),hwitry similar proportions of male and
female students studying mathematics at each |elslever, gender and overall
Leaving Certificate mathematics grade at each lakekignificantly linked with a p-
value < 0.001 (chi-squared = 40.6, 8df), with twasemany male respondents receiving
an A-grade in Higher Level (HA) as female (6% conepao 3%), while at Ordinary
Level, this trend reverses with 14% of male stugsleateiving an A-grade (OA)
compared to 22% of female students. This is gelyaeflective of (if more pronounced

than) the national trend that year (see statiftice www.examinations.ig where

(considering only students who passed the examimadis these are the only ones who
would be included in our survey), 3.5% of male stid and 2% of female students

obtained a HA, while 8% of male students and 12%ewfale students obtained an OA.

Engagement with mathematics support

Students were asked if they had made use of thieemaitics support available within
their own institution and 35.9% of respondents taxe so. There is a significant
association between gender and the use of matrensafgpport with a p-value<0.001
(chi-squared = 41.9, 1df), with 29.5% of male rextents attending mathematics
support compared to 45.1% of female respondents.iithe result that initially
suggested that gender differences in mathematpsosuusage be further examined,
leading to the postulation of the four researchstjoas that we aim to address in this
paper.

As a result, a binomial logistic regression wadqrened to further explore the
effects of gender, LC level and grade, mature stusiatus, degree, and institution
attended upon the likelihood that a student engagédmathematics support. The

resulting model was statistically significant wétp-value < 0.0005. The independent



variables in the model together accounted for 481 %e explanation of why a student
engaged with mathematics support. Controlling ffecences in the other factors
named above, being a female student increasekéliddod of engaging with
mathematics support by 2.49 times. This result stassstically significant with a p-
value < 0.0001.

Other variables which had a significant impact upogagement with
mathematics support included the institution atéehand the student’s prior
mathematical attainment, as well as smaller effieota mature student status and
degree programme studied. However, given that tfaeters have previously been
explored, both in a range of other studies (e.glkrer, Fitzmaurice and Hannigan,
2015; Faulkner, Hannigan and Gill, 2010), as welirea general report on this study
(O’Sullivan et al, 2014 the focus of this paper will be the differencegngagement

based on gender.

Gender differences among students who used mathematics support

Our regression model found that students’ priormatatical achievements had an
impact upon their engagement with mathematics stpg® might have been expected,
as those with lower grades are in greater needpgat. Although gender and Leaving
Certificate mathematics levels were independenttferfull cohort of students in this
study, when focussing only upon those who used enadltics support there is a
significant association between the two (p-valué20chi-squared = 7.8, 2df). The
most pronounced difference occurs between maldaandle students who have Higher
Level Leaving Certificate mathematics, with 17.268nale respondents at this level
using mathematics support, compared with 47.09%ro&le respondents at the same
level. If we look more specifically at the gradégained by students within each level,

there is a stronger association again (p-valu€gl).chi-squared = 39.7, 7df). The



spread of grades is shown in Figure 1, where itosaseen that female students for all

levels and grades, except OB, attend at a highreeptage rate than male students.

Usage of mathematics support by gender
and grade
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Figure 1. Percentage of students of each gendeleadng Certificate mathematics
grade who used mathematics support. Note that B#dstfor an A-grade at Higher
Level, while OA stands for an A-grade at Ordinagyel, and so on. “Other” includes
students who did not complete the Leaving Certiicaome of whom are international
students with different qualifications. (males %6, females n = 309).

Again, the discipline the students are studying svagynificant factor in our regression

model, and here again there is a significant aaoni between gender and discipline
studied for those using mathematics support (peval@.001, chi-squared = 76.2, 5df).
This is shown in Figure 2. From this figure, it d@seen that female students from

Science, Arts and Education are more likely torattdnan male students, while the



proportions are almost equal in Engineering andri2ss.

Usage of mathematics support by gender and
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Figure 2: Percentage of students from each disepliho used mathematics support,
given as a proportion of students of each gend#rardiscipline within our study

(males n = 276, females n = 309).

An answer to our first research question is prayide the fact that there are
significantly different levels of engagement betweeale and female students with
mathematics support. Both female students in sirdikciplines to male students, and
female students with equal or higher levels of pmathematical attainment to male
students, demonstrate higher levels of attenddrx@vestigate possible reasons for
this difference, it was important that the reasgimen by students of both genders for
using mathematics support be further consideretermine whether any variation
could be perceived in their responses, and whétleenes in line with the previously-
discussed research on confidence and self-peroegsaes for female students in
relation to mathematics (Fennema, 1980; Nurmi,e2@03; Jones and Smart, 1995)

would also emerge in our data.



Gender differencesin reasons for using mathematics support

Students who had chosen to use mathematics supeatasked an open-ended
question on why they first decided to do so (sepehglix A). There were 555
comments in response to this question, of whichv@8&& from female students and 252
from male students. These responses were codedixaain themes: Assignments /
Exams; Extra help; Improve understanding; Matheesatifficult; Background /
Ability; Struggling. Each comment is placed undex bne main theme it most closely
aligned to. A chi-squared test of independencén@ndata showed that there was a
significant association between gender and the ¢lsegiven with a p-value < 0.001
(chi-squared = 21.6, 6df), providing a partial aesto the second research question
regarding whether students’ reasons for using madlies support differ by gender.
There were a greater number of comments from fenealgondents for this
question; therefore, a clearer picture can be nbthby considering the proportion of
comments from each gender that fell under eachéh@ims is done in Figure 3, in

which the percentages are shown for each gendsacim theme.

Why did you first decide to use mathematics support?
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Figure 3. Percentage of students of each gendesevuaswers to the question “Why
did you first decide to use mathematics suppoef’ifito each of the six main themes

identified (males n = 252, females n = 303).

The most striking difference can be seen wherdybalif of female respondents
identified assignments or upcoming examinationseasg the main reason they decided
to use mathematics support; this compares with amjyarter of male respondents
citing this reason. These students typically mamarents such d$ couldn’t do the
maths assignmen®r “I had a class test coming up”.

Male students were more likely than female studenteention a generic need
for extra help. Some of these students were nocHgpabout the help they required
(“Because | needed some he)pvhile others gave more particular informationtsas
“To get help at the start of the yeadr “Because | needed help with maths and it was
there and free”.

The difference between the genders was less grikithe remaining categories
(improving understanding; mathematics difficultckground; struggling).Indeed,
contrary to what might have been expected fronptiae research in this field, female
students were slightly less likely than male stusiém mention their prior background
in mathematics or their perceived ability as a pnyrincentive for mathematics

support.

Gender differencesin the potential impact of mathematics support

In addition to the open-ended question on why sttedesed mathematics support in the
first place, there were a number of survey questabout the potential impact of
mathematics support, from the students’ point-efaviln one such question, students
were asked to rate how mathematics support hasdéhem to cope with the

mathematical demands of their course. Their regmslsowed significant differences



based on gender (p-value = 0.02, chi-squared 4df2, Figure 4 gives the relative
percentages of male and female respondents foqtigstion (note that the samples in

each group are similar in size, with 245 male ragipots and 284 female respondents).

Rate how mathematics support has helped you
to cope with the mathematical demands of your

course
40
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No help at all Not much help  Average Quite helpful Has been a

huge help
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Figure 4: Student ratings by gender in responskeda@uestion “Rate how mathematics
support has helped you to cope with the mathemdéosands of your course”. (males n
= 276, females n = 309).

As can be seen in Figure 4, female respondentswere likely than male to report
that mathematics support had been a “huge helpdping with the mathematical
demands of their course or “no help at all”, whrlale respondents were more likely to
choose one of the three middle options (“not mugph “average” or “quite helpful”).

However, responses to all other similar questidimaiimpact were
independent of gender, showing no significant déffees between male and female
respondents. These included whether students hesideved dropping out of their
degree programme due to mathematical difficulgeesglue = 0.3, chi-squared = 0.95,
1df); whether mathematics support had improved gemfidence in mathematics (p-
value = 0.7, chi-squared = 2.2, 4df); and whethbkad impacted upon their

performance in examinations (p-value = 0.4, chiesgd = 5, 5df). So in response to the



third research question posed in this paper, insadat overall, male and female
students do not report a differing impact upon teelres having used mathematics
support, with students of both genders appearifgtefit equally once they engage
with the services provided. This is an importanding in that it can provide some
reassurance to those in charge of such servicethtéte does not appear to be an
inherent bias towards one gender within mathematipport; however, the question
remains as to why male students are not engagisigndar levels to female students,
and so the final research question of gender @ifflegs in the non-users of mathematics

support is considered next.

Gender differences among students who did not use mathematics support

While there should always be a significant cohésgtadents for whom mathematics
support is unnecessary, the differences in attaredeates between male and female
students with similar prior mathematical achieveta@md studying the same subject
areas means that it is of particular interest tedain the opinions of those who did not
engage these services. As such, the group of teg@p@dndents (672 male and 380
female) to this survey who did not use mathematiggoort require specific attention.
The mathematical background and discipline of arfgr these students can be seen in
Figures 1 and 2 in the previous section under “male-attendees” and “female non-

attendees”.

Gender differencesin reported reasons for not using mathematics support

Students who did not engage with mathematics summre asked why they had not
done so. In this case, they were given a list aéoas to choose from, based on the most
common responses given by students on individusth@naatics support evaluations in

various HEIs. The reasons given were: Do not neddmes not suitable; Location



unknown; Never heard of it; Afraid/Embarrassed;eHdaths; Other; and the students
were asked to choose the most suitable response® & these reasons relate to issues
that may differ from one institution to the nexasled on the type of campus in question,
the extent and suitability of the opening hoursnatthematics support, local promotion
efforts and so on. Where possible, any such efegetslso taken into account below,
although in many cases the sample sizes in questeotoo small from several of the
institutions (when broken down by attendance, tpemder, then theme) to allow for
further meaningful analysis by institution.

For this question, there were 652 male respondembsmade additional comments and
373 female. In Figure 5, we can see the percemtigespondents of each gender who
chose the reasons supplied in answer to the que'tigou did not use mathematics

support, why not?”

Reasons for not using mathematics support

Do not need it

Times unsuitable

Location unknown

Never heard of it

Afraid/Embarrassed

Reasons

Hate mathematics
Other

0 10 20 30 40 50
% of respondents

‘ D Male EFemaIe‘

Figure 5. Percentage of respondents of each gedechose each of the above
reasons in answer to the question “If you did res mnathematics support, why not?”

(males n = 652, females n = 373).

Given that students had the option of selectingentisan one response here, the data

was analysed by running a series of chi-squares teseach of the seven options



available and then performing the Bonferroni-Holonrection (Holm, 1979) on the
data, to control for the number of false posititlest might otherwise appear. This
correction is quite conservative and so we onlytseanost significant differences
appearing in the results. This gives us a statiyisignificant difference between the
responses for men and women for two of the categoti did not know where it was”
(adjusted p=0.007, 1df) and “I never heard of trethdmatics Support Centre”
(adjusted p=0.024, 1df).

If we consider the responses in terms of frequanaienost half (48%) of
students who had not availed of mathematics supglbthat they did not need to, as
shown in Table 3. Although there is a noticeabfeettnce between the genders here; it
is not as pronounced as we might have expected lmassome of the research
mentioned earlier, ending up with an adjusted prvalf 0.18 with 1 degree of freedom.
The next most common response was that the times spport was available were
not suitable, with 28% of respondents selecting. tAimuch higher proportion of
women than men stated that they did not know whethematics support sessions
were held in their institutions (this was one o tivo responses that showed up as
significant in our conservative test). The majoofythese responses came from two of
the largest institutions involved in the study,iwiesponses from the other institutions
in single figures. Male students were twice asljilkkes female students to say that they
had never heard of the service, though the ovpealentage of students choosing this
response was small (6% in total). Again, this resals significant, and heavily
influenced by responses from three institution® lkange university and two IoTs in
which there was limited mathematics support provisirhe proportions were very
similar in both genders when it came to choosintgpop such as “afraid/embarrassed”

and “l hate mathematics”.



Table 3: Student responses to the question: “Ifdiduinot use mathematics support,
why not? Tick as many as apply.”

Q16 response options  No. oAs % of all| No. of responsesAs % of male
responses | non-engaging| from males (M)| female respondents
students & females (F)
Do not need help 501 48.12% 335 (M) 50.68% of males
166 (F) 43.92% of females|
Times do not suit 295 28.33% 175 (M) 26.48% of male
120 (F) 31.75% of females|
Did not know where it 186 17.87% 99 (M) 14.98% of males
was 87 (F) 23.02% of females
Hate Maths 151 14.51% 96 (M) 14.52% of males
55 (F) 14.55% of females
Embarrassed or afraid 119 11.43% 67 (M) 10.14% of males
to go 52 (F) 13.76% of females
Never heard of the 87 8.36% 68 (M) 10.28% of males
MLC 19 (F) 5.03% of females
Other Reason 133 12.78% 82 (M) 12.41% of males
51 (F) 13.49% of females

However, if we then omit those students who choseerthan one option and

look at the 686 students who selected exactly easan for non-attendance, a

statistically significant difference emerges ovebatween male and female responses

(p=0.006, chi-squared = 18.2, 6df). As this was #i® case for students who used

mathematics support, this provides an answer teecwnd research question, showing

that there are a number of areas, as reported aimowdich male and female students

report different reasons for using or not usinghmaatatics support. Further details and



analysis of the full scope of student commentsnaigg engagement can be found in

(Mac an Bhaird et al, 2013).

Reasons which would encourage usage of mathematics support

Students who did not attend were asked “What wenltburage you to use
mathematics support if you needed to?” There weéferésponses, 419 from male
students and 257 from female students. Studerspbreses were again categorised into
the main themes outlined in Figure 6, and respowses categorised under only one
theme. There is a statistically significant difiece between the responses for men and
women with a p-value < 0.001 (chi-squared = 32d8). & hus, we may be able to use
this information to determine whether different eggrhes should be taken to
encourage male and female non-users of mathensafxrt to engage with the

service, as postulated in our fourth research gurest

What would encourage you to use mathematics support if
you needed to?

Go if needed i |

Better times

Themes

More information

Results/Exams  [22222u3ay

Resources/Location By

disectogo S
Student feedback %

0.00 10.00 20.00 30.00
% of respondents

Figure 6. Percentage of respondents of each gedese responses fell under each of
the main themes listed above when asked “What weniddurage you to use
mathematics support if you needed to?” (males &$; females n = 257).



The most pronounced differences between the gemasesin the top two responses. In
the first of these, where ten percentage pointarségd the genders, 26% of
respondents said that they would attend mathems&igort if they themselves felt
they needed to, with comments suchlagould use it if | needed it without hesitation”
Twice as many women as men (17% of respondentaidverquested opening times
that suited them better, with some being non-smefif the times suited bettely’'while
others gave a range of suggestions regarding tines lwat would be more appropriate,
such aslf the times were earlier in the day, it would encage me to go™If there
were more hours during the day when I’'m in collayeady, it would suit betterbr
“Evening opening hours instead of daytime openiagrk”. Considering these
comments in relation to the 29 part-time studentg,seven of these mentioned
opening times, two of whom were female (the onlg female part-time students in the
sample, both from the same institution). There v&renature students who did not
engage with mathematics support, of whom 60 weralke; eight mature students
mentioned opening times, of whom only one (a paretstudent) was female. Thus,
although a quarter of female students who had mgaged with mathematics support
mentioned better opening hours as an encouragamatiend, there is no evidence that
this was patrticularly the case for mature studantsthe sample of part-time female
students is too small to warrant any conclusiomsgodrawn. It would appear that
appropriate opening times are a major concernuibtime traditional female students.
An equal split of 13% of each gender felt they rekohore information about
mathematics support, both in terms of advertisiregexistence and location of the
service (More advertisement on where and when it's grahd in terms of specific
information of how the support would operatér{fowing more of what's involved and

what | would be spending my time doing.”



It is of interest, given that assignments or upcgreéxaminations were cited as
the main reason for attendance for 45% of the fersidents who used mathematics
support, that only 8% of female students (and 18%ale students, giving 11% of
respondents overall) felt that obtaining poor ressul an assessmenitf(l wasn’t doing
well and getting bad results, then | would neeghebr concern about results in a
forthcoming examinatiort‘if |1 thought | was going to fail) would be a driving force
for them to attend mathematics support. In factieniemale students cited a need for
specific resources being in place inste&blutions and sample papers”A Moodle
page in maths’and“If they could possibly create easy or simplifieat@s on certain
topics that are thorough and contain many differexamples.y or commented on the
physical setting of the support centt®l¢re central location”) than mentioned
examinations.

More female students than male students wouldttikee advised or
incentivised to attend mathematics support, ususlla lecturer“(f | was advised by
my lecturer that it would be useful to me if | neagdhelp” or “If you got a percentage of
final grade for going). Again, somewhat surprisingly, only 5% of eaemder
mentioned feedback from other studefitsl(heard good reviews of it} as being a
primary potential motivator for them to attend, whé would often be imagined that
peer influence would be a more important factontisasshown in this response. In
general, students with a stronger mathematicaldrvackd were more likely to say they
would go if they needed to, while those with a weradkackground were more likely to
comment on the structures of the mathematics stippailable (Mac an Bhaird et al,

2013).



Further discussion

The regression analysis conducted found that festatients were two and a half times
more likely than male students to engage with nmmatties support, when controlling
for factors such as prior mathematical attainmeéegree programme and institution
attended. The difference was most striking in teofmstudents who had studied Higher
Level Leaving Certificate mathematics, where 47%vomen with this level attended,
compared to 17% of men. This result supports trativef literature in existence on
the lower mathematical self-confidence of femalelehts compared to male students,
even with similar background and achievement lefMisra, 1987; Fennema, 1980;
Nurmi et al, 2003; Jones and Smart, 1995; GuimadRoussel, 2001). Female
students’ engagement with mathematics supportmsgsta this scale can in fact be
seen as a possible proxy for lack of confidena@ér mathematical abilities. It is
interesting, however, that no clear evidence & ¢jneater lack of confidence emerged
in comments made by female students, who largelysfeed on more tangible issues
such as room location, imminence of examinatiortinoetable issues.

Although mathematics departments are traditionayved as “male domains”
(Brandell and Stabery, 2008), mathematics sup@mtres do not seem to be similarly
viewed by the students in this study. Indeed,ehseto be easier for female students to
ask for help in this field than male students, Wimtay be explained by the fact that
“male students...are especially concerned not toappeompetent in mathematics”
(Skaalvik and Skaalvik, p. 251) and engaging withathematics support service may
be seen by some students as tantamount to justsuatimission. However, it is also
possible that female students might be more lishbkeek help in general than male
students, as found in the work of Kessels and 8iayn (2013), who found that “girls
reported better overall attitudes towards help isgethan boys” (p. 238), although the

iIssue is complex.



Another theory is that “completing homework, studyibeing organized...(are)
behaviors that are considered feminine (and) woamehgirls may thus be more likely
to enact these behaviors, and they may be reirddoredoing so” (Cheryan, 2012,
p.187), which may make women more likely to make afswhatever academic
supports are available. Equally, the discourse athematics as a “male domain”
(Brandell and Staberg, 2008) may in fact motivatees female students (from a
feminist viewpoint) to engage with support servisemathematics to achieve good
grades, as per the findings of Leaper et al (20d®) state that “learning about
feminism and endorsing gender equality were paditiassociated with girls’
motivation in math and science” (p. 280).

The finding from our student cohort that women wiaremore likely than men
to cite upcoming examinations as a reason for @ngagth mathematics support
aligns well with the work of Kosmala-Anderson an@N&ce (2007). They found that
female students are more likely to self-report @xamination stress and more likely to
use “active coping with problem” to resolve thiglajuote one (female) participant in
their study as saying “When | face the problem uildaather do anything to deal with
it than wait until it all somehow gets sorted o(lfbsmala-Anderson and Wallace,
2007, p. 339). The fact that female students wesg likely than male students to cite
upcoming examinations as an incentive to attetiokly had not previously attended
(with only 11% of all students mentioning it inghgontext), while somewhat
unexpected, was likely to have been influencedeytiming of the survey, which took
place early in the second semester, with few exatioins imminent. Male students
were more likely to mention their need for extréphaes their motivation for having used
mathematics support, but also more likely to say thid not need extra help if they had

not attended. Female students were much more likedgy they did not know the



location of the support available if they had ntérded, and these female students
were primarily located in two of the largest unsiées in the sample. This warrants
further attention in future research to ascertaissible reasons for this difference.

Although female students were more likely to sthtd mathematics support had
been a huge help in coping with the mathematicsathels of their course, overall there
was no evidence of gender disparity in terms ofs#&reported impact of mathematics
support from the student perspective. One posegalson for the difference reported in
terms of coping with mathematics may be found eawlork of Solomon, Lawson and
Croft (2011) who state that “the dynamics of thpart centres provide a context in
which all students can take up empowered positigtisrespect to mathematics...this
may be particularly the case for women in providaegv ways of being both
mathematical and female” (Solomon, Lawson and Ca@f11, p. 580-582).

Importantly, however, for those who work in mathégssupport, students themselves
(at least those in this study) do not report afffgdénce in the level of help they
perceive they obtain.

When considering how to motivate non-engaging sttgd® attend if needed, in
order to determine if there were specific ways raatatics support could be made more
appealing to students who do not currently engagpellts were mixed. While equal
numbers of men and women cited the unsuitabilittheftimetabling of mathematics
support as a reason for non-attendance, twice ag mamen as men felt that more
suitable times would make them more likely to alteviale students were far more
likely to say that they would attend if they neededalthough overall this was true of
students of both genders with higher grades oryentrile weaker students were more
likely to comment on specific structures within hihatics support. Female students

were no more likely to cite peer influence, in gast to the findings of Han and Li



(2009). In fact, peers were ranked very low by lgthders in terms of motivation for
attending mathematics support if they had not sty done so, although Grehan,
Mac an Bhaird and O’Shea (2016) found that theugrite of friends emerged as a
strong factor among students who used mathemaitpgsost. No clear specific
suggestions that could be acted on by supportetaéirged from male students who
were not engaging with mathematics support as tt wiould make them likely to
attend in greater numbers. This suggests thatdinke currently undertaken in
mathematics support centres should be continugd present format, while allowing
for the fact that other approaches (such as oslipport, group study sessions or peer-
support systems, for example) may also be wortlhoeixyg to enable as many students

as possible to benefit from such a service.

Conclusions

This work was motivated by the observation thateatgr percentage of female
respondents than male respondents attended matbesgiport services when the
results of a survey of over 1,600 students frone Hikls in Ireland were analysed.
There were four research questions consideredsrpéper, which explored how
engagement levels with mathematics support conipetreeen male and female
students, whether different reasons were reporgaddle and female students for either
using or not using mathematics support, if thegeeed the impact of the support they
received differently, and if they suggested diffeneeasons that might motivate them to
engage if needed.

Female students were two and a half times moréylikeengage with
mathematics support, when controlling for factarshsas prior mathematical
attainment, degree programme and institution agéndowever, although we have

proposed a number of possible reasons for thisjmgle definitive answer emerged



(and possibly none exists). Indeed, it is uncleav many of the male students who
deemed that they did not need to engage with mattiesrsupport were correct in this
assumption and how many were overestimating thalyl grades in mathematics
(although the latter appears probable, given the&k\wwbMura, 1987 and Guimond and
Roussel, 2001). Encouragingly, among those studembsdid engage with mathematics
support, there was no reported difference betweae and female students with
regards to the impact of the support upon theuties) with both groups deeming that
they benefitted from the experience.

Students, in particular female students, who didemgage with mathematics
support mentioned that they would be encouragediténd if advised to do so.
Lecturers can play a part in encouraging studenéstend mathematics support by
mentioning the services available regularly, butipalarly at key times such as when
introducing topics they know cause difficultiesvdnen returning assignments or in-
class assessment marks. In general, non-engagidgngs of both genders with higher
grades were more likely to say they would atteriiefy needed the help, so this form of
more targeted in-lecture encouragement and promatigy reach some of those
struggling students who do not currently engageolild appear that the expansion of
existing mathematics support services, allowingafonore expansive timetable, greater
advertising of the location and availability of @ees, and more topic-specific revision

resources would be of benefit to all students.
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Appendix A: Mathematics Support Survey

We are looking for your feedback on the Mathemé&fiapport Centre (MSC) and its

services. This evaluation is designed to help usypyove the MSC for you and other

students. Even if you have not used the MSC’sieesy your feedback is important.

Section A

1. Degree Programme:

2. Year:Certificate 1%year 2"year 3"year 4" year Postgrad
Student Category: Full-time Part-time

3. Gender: Male Female

4. Leaving Certificate Mathematics Level (if applicapl
Higher Ordinary Foundation Other

5. Leaving Certificate Mathematics Grade (if appliegbl
Leaving Cert 1991 or before: A B C D E Other
1992 or after: A1 A2 Bl B2 B3 Cl1 C2 C3 DD2 D3 Other

6. If you started off doing Leaving Certificate Highegvel Mathematics, but
changed to Ordinary Level, roughly when did thgigen? (Please circle)
Before Christmasin 5" year Beforethe end of 5" year
Before Christmasin 6" year After theMocksin 6" year NJ/A

7. Are you registered as a mature student? Yes No

8. Have you used any of the Maths Support Centrelgces (drop-in centre,

support workshops, online courses)?  Yes No

If YES, please proceed to Section B. If NO, please proceed to Section C

Section B (Students who used the M SC)



10.

11.

12.

13.

14.

15.

Why did you first decide to use the MSC orsesvices?

Being as honest as you can, rate the followergices that you have used below
on a scale of 1 to 5 where 1 = Not at all WortHevland 5 = Extremely
Worthwhile

Drop-In Centre Comments/Suggestions:
Online Cour ses Comments/Suggestions:
Workshops Comments/Suggestions:

Did you ever consider dropping out of your courskége because of mathematical

difficulties? Yes No Comments:
If yes, has the MSC influenced your decision nadrimp out? Yes No
Comments:

Rate how the MSC has helped your confidence in snatha scale of 1 to 5 where
1= Not at all Helpful and5 = Extremely Helpful. Comments:

Rate how the MSC has impacted on your maths pedioce (in exams/tests) so far on
a scale of 1to 5 whefie= No impact at all and5 = Has had a largeimpact.
Comments:

Having used some of the MSC'’s services, rate arake ®f 1 to 5 how you feel the
MSC has helped you cope with the mathematical ddsaf your course whefie= No
help at all and5 = Has been a huge help.

Comments:

Section C (Studentswho did not usethe M SC)

Oooooods

If you did not use the MSC, why not? Tick as maggsons as apply:
| do not need help with Maths

I never heard of the Mathematics Support Centre

| did not know where it was

The times do not suit me

| was afraid or embarrassed to go

| hate Maths

Other (please specify)
Comments:

What would encourage you to use the MSC argkitgces if you needed to?
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