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ABSTRACT: Computer Science Education (CSE) is often considered to be a difficult degree to attain with many misconceptions
about academic pre-requisites. These perceived pre-requisites are having a negative impact on those studying these courses
by alienating the students because of stereotypes and as a result are resulting in a gender imbalance within Computer
Science. This paper investigates six hypotheses through quantitative research methods based on literature that indicates
issues surrounding male-centric environments within CSE, Mathematical achievements, stereotypes and self-esteem issues. It
concludes with findings and suggestions for additional research and relevant suggestions for future quantitative or mixed
methods research approaches in this area.
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1. Introduction

Providing access to education can be difficult, however, providing education equally to all genders can prove even more
difficult in certain circumstances [10]. [1] looked at different factors affecting educational inequality in India and considered
factors such as religion, social constraints and gender. While the paper was interesting and raised many valid points, other
issues such as stereotyping and self-esteem issues were not analysed. It is the author’s opinion that, within Computer Science
Education, such factors are having a negative affect on the numbers of females wishing to pursue a career in Computing and are
therefore fuelling gender inequality in higher education in Ireland.

2. Aims of the Study

The study aimed to reveal if in fact there were gender differences among selected third level courses at Institutes of Technology
in the Republic of Ireland, namely Computing. It was also hoped that data might reveal if there were self-esteem issues or
stereotyping issues prevalent in these courses. It was also hoped to uncover if correlations existed between Mathematics and
Computer Programming grades which might relate to opinions towards Computer Programming as a module.

3. Research Question
With literature highlighting an obvious gender imbalance within Computing, it is therefore important to ascertain why. What

issues are affecting the number of females participating in Computing-related third level courses and can it be confirmed that
these low numbers are more prevalent in this discipline. Other factors that may influence this trend also require investigation
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such as Grade Point Average, self-esteem, stereotyping concerns, Mathematical grades, Computer Programming grades and
opinions towards Computer Programming.

4. Literature Review

Choosing a degree course can be difficult, but disciplines such as Law at the University of [22] enjoy a relatively even
distribution of men and women. Computing degrees however, across the Higher Education (HE) sector, appear to have a
different trend, with a noticeably lower number of females applying or indeed completing such degrees.

4.1 Gender Imbalances, Self-Esteem and Academic Attainments

Statistics have revealed that in the academic year 2001-2002, 28% of Computer Science degrees were awarded to females and in
the year 2004-2005 this figure fell to 22% [19]. Recruiting females onto Computing-related courses is important for gender
balance and equality in the workplace. It is important that how females are retained on these courses is also addressed.
Changing common opinions on stereotyping might be beneficial. Stereotypes such as: Mathematical proficiency, working
alone, unsocial attitudes and male dominated work places. With technology ever advancing, a more even distribution of genders
is necessary to avoid a male-centric environment [8]. Science, Technology, Engineering and Mathematics (STEM) are striving
(and partially succeeding) in increasing the number of females in these areas. However, Computer Science is not following this
trend [8]. [20] refer to the requirement that exists in many Irish and UK third level institutions for a reasonably high grade in
Mathematics in order to be accepted on to a degree programme in Computing. They discovered in their research that those with
a high proficiency in Mathematics performed well in computer programming. While the statistics are interesting, the authors did
point out that of the 39 participants, all except one were studying Mathematics at the highest level. It would therefore be
interesting to deduce if those with poor Mathematical skills are in fact poor computer programmers.

Gender imbalances within Computing are often attributed to issues such as gender stereotyping, self-esteem issues and a
limited supply of appropriate role models [23]. While others have cited the computer gaming industry as having affected female
choices as the gaming sector seems primarily concerned with targeting males [13]. [23] stipulated how the inclusion of a
mathematical background might help future research in assessing its importance in Computer Science. The study conducted for
this paper takes this variable into consideration and reports the findings in correlation with Computer Programming grades and
attitudes toward the subject itself. The differences between genders in relation to Computer Programming are having an impact
on the discourse of computing as indicated by [7]. The research asserted that women avoid Computer Programming simply
because they are female. This paper will endeavour to determine if females, in the sample, have differing perceptions about the
topic in comparison to males.

[14] conducted research into differences between Grade Point Average (GPA) and gender. The study showed no difference and
therefore could not state that GPA was a reason behind the low numbers of females in Computing. The study selected participants
from an honours roll (high academic attainment) suggesting that only those who were considered to be high achievers would be
interested in a career in Computing. A qualitative study of those not on the honours roll about their opinions towards a career
in Computing would perhaps uncover more variables worth testing quantitatively. Additionally, the inclusion of other disciplines
in the analysis other than Computing may help to solidify findings.

4.2 Principles of Justice —a theoretical underpinning

John Rawls’ Principles of Justice proposed two principles of justice to extend the social contract to include a principle dealing
with unequal distribution of wealth and power [5]. Everybody should have access to a “fully adequate” number of rights and
liberties, so long as this access is in line with others having access to the same number. Likewise, any social and educational
inequalities should be aligned in such a way that everyone has the same opportunity to achieve and be of value to the least-
advantaged members of society (the difference principle) [5]. To place the theory within the context of this paper, as Computing-
related jobs increase, so too should the numbers applying for such courses. An issue arises if one gender in particular is more
engaged than the other. It is the author’s opinion that opportunities do exist for both sexes to gain access to education, however
inequality does appear to exist due to other factors such as self-esteem, stereotyping, academic attainment and expectations of
academic attainment. Rawls’ Principles of Justice provides a theoretical underpinning for conducting a study as to why such
small numbers of females apply to Computer Science degrees and is there an indication that society is inadvertently impeding
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this recruitment. If this is the case, then should Computer Science degrees be marketed in a different way in order to maintain
gender equality?

5. Methodology

A questionnaire was created online using SurveyMonkey and the web link was emailed to the Heads of Departments of
Computing, Science and Engineering of all Institute of Technologies (13) in the Republic of Ireland. This covered a substantial
demographic and provided a response from 383 participants. Without the total number of students enrolled on these courses
available, it is difficult to gauge the response rate, but it was assumed to be relatively low. Analysis was based on respondents
who came from studying at undergraduate level as well as those at postgraduate. With the questionnaire being conducted
online, there was the added advantage of allowing non-Computing students to skip specified questions.

6. Ethical Considerations

Initial consent was gained from the School of Education at Queen’s University, Belfast for the purposes of the paper. As a
researcher also working in one of the disciplines being surveyed, it was felt appropriate that the survey web-link be distributed
to students by their respective Heads of Department. This removed any ethical implications of the researcher contacting
students directly. The purpose of the research was explained to the Heads of Department who then decided, as managers,
whether they felt the questionnaire was appropriate or not for their students. It was made clear to them that they did not need
to complete the questionnaire if they did not wish to.

It was necessary to maintain the confidentiality and anonymity of the participants. This was achieved by not collecting names
on the questionnaire and also not reporting the findings relating to individuals involved. An additional ethical consideration
was to end the questionnaire with a few positive questions about their courses. There were no ethical issues identified with the
particular questions to be asked.

Informed consent implies that the participants are informed about the survey before deciding whether or not they wish to
provide responses [12]. This informed consent was achieved in three ways as part of this research. Firstly, the Heads of
Department were emailed the SurveyMonkey link and given a brief overview of what the questions entailed. They then decided
upon its appropriateness for their students. Secondly, the web link, when clicked, provided the participants with a brief
overview, assured anonymity and allowed users to avoid questions if desired. Finally, the students themselves had the final
decision about whether they participated or not given all the information provided. In fact, conducting the survey online
provides an extra level of anonymity.

7. Validity and Reliability

Ensuring that the data collected was both valid and reliable was an important consideration in order to reduce errors and to
provide data that would add to the research in this area. It was necessary to consider if the questions were adequately assessing
attitudes, particularly in relation to self-esteem and attitudes toward stereotyping. The Cronbach’s & values are stipulated in the
results section. Atried and tested mechanism of assessing self-esteem was adopted in the form of the Rosenberg scale [18]. The
scale is a four point Likert where participants responded with Strongly Agree, Agree, Disagree or Strongly Disagree. With the
scale often adopted in surveys, it was deemed to be an appropriate measure. The Rosenberg scale provided concurrent and
content validity to the self-esteem scale variable with a test re-test value of 0.85 given by [2].

In order to maintain consistency for participants, the same four point Likert scale was used as an attitudinal measure of the
participants’ opinions toward stereotyping. The purpose of the scale was to determine if all the disciplines considered Computing
students to be stereotyped. The results highlighted what might contribute to the negative connotations associated with
working in a Computing related discipline. For the purposes of this paper, only some of the issues were explored such as
attitudes towards Mathematics, male-centric working environments and working alone. Multiple questions in this area went
some way to achieving internal reliability of the survey but the content validity fell short as many other areas could have been
explored such as attitudes toward working from home, promotions, studying online and marital status.

After the internal reliability review, it was necessary to conduct an external review. The external reliability of the questionnaire
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was assessed through a pilot where first year Computing students highlighted potential issues including their inability to
provide a Grade Point Average mid-way through their first semester. As a result, the question was rephrased so that it could be
left blank if not known. This helped the reliability of the data and reduced the potential for errors to occur [6].

Analysis was then conducted using SPSS versions 19 and 20.
8. Results

For the purposes of this research, six null hypotheses were tested using the 383 responses collected.

8.1 Null Hypothesis 1
There is no relationship between gender and discipline studied.

Gender frequency % of n
Computing Male 141
Female 36
177 46.2%
Engineering Male 32
Female 6
38 9.9%
Science Male 53
Female 115
168 43.9%
n 304 100%

Table 1. Gender Distribution across Departments

Of the 79.4% who responded to the questionnaire, it can be seen that the most notable gender split among the disciplines
sampled, was within Engineering with only 15.7% females enrolled (84.3% being male). With a relatively low number of Engineering
students responding to the survey (38), the split could not be noted as being of significance.

Table 1 shows that within Computing (177 students) 20.4% were female with 79.6% being male. This data means that the null
hypothesis can be rejected and suggests that there is a statistically significant relationship between gender and discipline
studied. This rejection is further cemented when the department of Science was analysed. Of the 168 students, 68.5% were
female with 31.5% male. This showed that, within the sample studied, there is a clear gender split among disciplines with females
favouring Science over Computing and Engineering courses.

Figure 1 depicts the gender spread across departments but it was necessary to determine if the findings reflected a pattern
among a wider context of participants. A Chi-Square test was conducted and produced a statistically significant result suggesting
that there is a relationship between gender and discipline studied (p <= 0.001, Chi-Square = 93.565, df = 2). The strength of the
relationship between gender and discipline studied was considered moderate (Phi = 0.494).Therefore the null hypothesis, in this
instance, can be rejected.

8.2 Null Hypothesis 2
There is no relationship between gender and Grade Point Average.

The survey allowed students to skip the question that asked for GPA. As a result, the analysis is based on a 39.2% response rate,
150 students (107 males and 43 females). The distribution was deemed to be normal as can be seen in Figure 2 (p = 0.563,
Kolmogorov-Smirnov Z =0.789).
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For the purposes of this paper, GPA is assumed to be greater than zero and less than or equal to one hundred, with a GPA greater
than 70 indicating first class honours. The analysis was based on GPA results provided by students across all disciplines.

n Gender Mean GPA SD
107 Male 69.27 10.858
43 Female 67.66 11.189
Total
150

Table 2. Mean and Standard Deviation GPA mark across Gender

The mean GPA among females was 67.66 with a standard deviation of 11.189. Males had a mean GPA of 69.27 and a standard
deviation of 10.858. With less than 2% difference between the mean GPA of males and females, it cannot be assumed that one
gender is outperforming another across disciplines. In order to test this further an Independent Samples T-Test was conducted.
As a result, the null hypothesis cannot be rejected as no statistically significant relationship was found between gender and
GPA (p>0.05,t=0.816, df =148) with a weak effect size (r = 0.0044).

8.3 Null Hypothesis 3

There is no difference between the self-esteem scores of students studying computing courses and students from other
disciplines

The reliability of the Rosenberg scale was tested using Cronbach’s o where o was 0.903 indicating a high level of internal
consistency for the scale. The test also showed that the removal of any question would lower the overall alpha value thus
supporting each question’s relevance to the overall scale.
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Figure 3. Rosenberg Sel-Esteem Scale Distribution
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With a response rate of 91.2%, the Rosenberg self-esteem scores were checked for normal distribution as can be seen in Figure
3 and reaffirmed with a One-Sample Kolmogorov-Smirnov Test that showed the distribution of Rosenberg scores across the
colleges surveyed in the sample was found to be approximately normally distributed (p = 0.116, Kolmogorov-Smirnov Z = 1.193).

The Rosenberg scale was coded so that a value <15 is an indication of low self-esteem, >=15 and <= 25 is within the normal range
and > 25 demonstrates a high level of self-esteem. The figures show that the mean Rosenberg score across all 3 departments
were within the normal range, with Computing students having a slightly higher value overall.

n Department Rosenberg Self-Esteem  SD
Mean Score
167 Computing 20.45 6.05
147 Science 20.09 5.27
b Engineering 18.54 5.00
349

Table 3. Rosenberg Self-Esteem Mean and Standard Deviation values

LowSelfEsteem
120.00 @ NormalSelfEsteem
] HighSelfEsteem

100.00

80.00 1

Count

Computing Science Engineering
Department

Figure 4. Rosenberg Self-Esteem by Department

The significance of the differences between Departments was tested using a One-way ANOVA and was found to be not
statistical significant (p > 0.05, F = 1.664, df = 2). Using a post-hoc test, the most notable statistical significance was between
Computing and Engineering (p = 0.163) where Engineering students were showing a slightly lower self-esteem score. This
should be treated with caution, however, with (rp = —0.123). It can be assumed therefore, that the results were approaching
statistical significance.
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8.4 Null Hypothesis 4
There is no correlation between Mathematics grades and Computer Programming grades.

In order to test these variables, based on a response rate of 40.1%, it was necessary to determine if both were normally
distributed. Figures 5 and 6 indicated a normal distribution pattern.
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Figure 5. Mathematics scores normally distributed

The Mathematics scores (p = 0.481, Kolmogorov-Smirnov Z = 0.840) and Computer Programming scores (p = 0.505, Kolmogorov-
Smirnov Z = 0.824) across the colleges surveyed in the sample were found to be approximately normally distributed using the

One-Sample Kolmogorov-Smirnov Test. The scores entered by participants were between 0 and 100 and analysis was based on
the scores provided by students from all years of study.

With less than 2.5% difference in the mean score for Mathematics (minimum score recorded was 30) and Programming (minimum
score recorded was 8); the tests are supporting the correlation between the two modules.

n Mathematics Computer Programming
Mean 69.96 67.65
SD 17.55 19.17
156

Table 4. Computer Programming and Mathematics Scores: Mean and Standard Deviation

Figure 7 shows an overlap of scores between 60 and 70 indicating good proficiency in both modules. In order to further test the
significance of these findings, a Pearson Correlation Test was used.
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A fairly moderate correlation was found between Programming scores and Mathematics scores indicating statistical signifi-
cance (rp= 0.307, p <0.001). However, the scores in the sample shared approximately 10% of their variation in common which is

evident from Figure 7. This is an indication that considerable variation still exists. The null hypothesis is statistically significant
but the findings should be treated with caution based on the relatively small effect size.

8.5 Null Hypothesis 5
There is no relationship between gender and opinions toward Computer Programming.

Gender

W Male
B Female

Count

Stongly Agree Agree Disagree Stongly Disagree

Figure 8. Overall opinions towards the level of difficult within Computer Programming

With a response rate of 79.4%, there was a clear number of both males (188 male respondents) and females (116 female
respondents) agreeing with the statement that Computer Programming is difficult, it was then necessary to break down these
figures further between genders (Figure 9).

Table 5 and Figure 9 appear to support the null hypothesis that there is no relationship between genders and their opinions
towards computer programming. Both genders appeared to have similar opinions. 63.3% of males either Agreed or Strongly
Agreed with the statement, with 70.7% of females showing similar opinions. Similarly, 36.7% of the males either Disagreed or
Strongly Disagreed with the statement with 29.3% of females choosing equivalent responses. The figures do suggest however,
that females are slightly more of the opinion that computer programming is difficult.

Additional analysis was in the form of a Mann Whitney U Test which was not statistically significant (p > 0.05, Mann-Whitney

U =10,807, Z =0.140). The strength of the relationship between gender and opinions towards computer programming was weak
(r=0.0080).

8.6 Null Hypothesis 6
There is no relationship between discipline studied and perceptions that computing students are stereotyped.
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Gender

frequency % ofn

Strongly Agree

Agree

Disagree Male

Strongly Disagree

Male
Female

Male
Female

Male
Female

Male
Female

42
17

77
65

58
23

11
11

304

14%
6%

25%
21%

19%
8%

3.5%
3.5%

100%

Table 5. Computer Programming is Difficult

Count

Male

Figure 9. Computer Programming is Difficult — Gender opinions

An encouraging response rate of 79.4% facilitated some interesting initial exploratory results. The reliability of the Stereotype
scale was tested using Cronbach’s oo where 4 was 0.478 indicating a level that was approaching acceptance for internal consis-
tency of the scale. An alpha value > 0.6 would have been preferable but the low alpha value in this case may simply be due to that
fact that the scale only consisted of 3 questions (Tavakol & Dennick, 2011). The test also showed that the removal of any
question would lower the overall alpha value thus supporting each question’s relevance to the overall scale. However, the
question asking whether respondents felt that Computing was a male-dominated work environment was determined to have the
most significant impact overall. If the question were deleted, the Cronbach’s o value would reduce considerably to 0.321.

Gender

Female

[l Stongly Agree
[ Agree

[] Disagree

I Stongly Disagree
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Although only the stereotype results for Computing were reported, participants were asked similar questions about Engineering
students and Science students so as to avoid bias in the survey.

The Computing Stereotype variable (p < 0.001, Kolmogorov-Smirnov Z = 2.658) across the colleges surveyed in the sample, was
found to be not normally distributed (Figure 10) using the One-Sample Kolmogorov-Smirnov Test.
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Figure 10. Bell Curve for Computing Stereotype variable
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Figure 11. Perceptions across disciplines that Computing students are stereotyped
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After visually inspecting the histogram with the Bell Curve it was deemed to be approximately normally distributed and therefore
further analysis was conducted using a One-way ANOVA.

Figure 11 shows the spread of attitudes among respondents from the various departments. The majority of Computing students
(86.9%), Engineering students (53.3%) and Science students (65.4%) all felt that Computing students were either certainly
stereotyped or towards being perceived as stereotyped.

Course Frequency % ofn

Stereotyped Computing 49 16%
Science 9 3%

Engineering 4 2%

Towards Being Computing 91 30%
Stereotyped Science 65 21%
Engineering 12 4%

Towards Not Being Computing 19 6%
Stereotyped Science 36 11.5%
Engineering 13 4.2%

Not Stereotyped Computing 2 <1%
Science 3 <1%

Engineering 1 <1%

n 304 100%

Table 6. Attitudes about Computing Stereotypes

The Stereotype scale was coded so that a value <= 3 is an indication of being strongly stereotyped, > 3 and <= 6 is within the
range where participants felt that Computing students were almost perceived as being stereotyped, > 6 and <=9 indicated that
participants felt that Computing students were almost not stereotyped and >= 10 demonstrates a perception that Computing
students are certainly not stereotyped. The questions all contributed to the ‘Stereotype’ variable in the same direction therefore
reverse coding questions was not required. The mean stereotype score was 6.58 (in the category of ‘towards being stereotyped’)
with a standard deviation of 1.5 as can be seen in Table 7.

n Mean Stereotype SD

Score
Computing 161 6.09 1.40
Science 113 7.11 1.38
Engineering 30 7.20 1.56
Total 304 6.58 1.50

Table 7. Stereotype Mean and Standard Deviation values across courses of study

One-way ANOVA analysis revealed a statistically significant relationship between the disciplines in their opinions about
whether or not Computing students were stereotyped (p < 0.01, F =20.581, df = 2, 301). However further analysis using Post Hoc
tests revealed that differences between Computing and Science were notable (p < 0.01) with (rp= 0.337). Likewise between
Computing and Engineering (p < 0.01) with (r = 0.272), however the difference between Science and Engineering in their
attitudes towards Computing students being stereotyped was not deemed to be statistically significant (p = 0.954). This would
support the alternative hypothesis that there is a relationship between a course of study and attitudes about Computing
students being stereotyped.
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9. Discussion and Observations

Analysis of the data revealed how there is a gender divide evident within Computing and Engineering disciplines. This
coincides with literature provided by [19] and supports the alternative hypothesis that there are fewer females within these
departments (20.4% in Computing). With this fundamental hypothesis supported, the remaining hypotheses hoped to shed
some light on some of the reasons as to why this might be the case. The null hypothesis suggesting that there was no
relationship between gender and GPA was upheld and so gave additional credence to the findings of [14]. With no alternative
hypothesis supported by the statistics, it is evident that both males and females perform equally as well across the three
disciplines surveyed. Therefore, it could be said that females within Computing are on a par with their male counterparts within
the sample studied. Although, males had a mean GPA 1.61 points higher than their female counterparts. Future research might
look at GPA attainments within Computing between genders and compare that to GPAs from other disciplines separately.

Analysis of the Rosenberg self-esteem scale revealed that Computing and Science students had reasonably high self-esteem
scores with Engineering students on average a few points lower (mean Rosenberg self-esteem scores 20.45, 20.09 and 18.54
respectively). This may be attributed to job prospects in the field where Computing and Science positions are increasing [16].
With an increased demand in Computing related qualifications, this may have impacted participants’ responses. Upon reflection,
the data gathered from this hypothesis might have been better placed against the students’ ‘year of study’. An interesting
comparative would have existed from under-graduate to post-graduate. Students can often become despondent during their
degrees which can impede performance. An additional comparison of the Rosenberg self-esteem score against GPA, by year of
study, might yield more interesting results.

Computer Programming and Mathematics are notoriously difficult modules within Computing and it was suggested by [20] that
a high proficiency in Mathematics equates to a good Programming performance. Analysis of the data suggested that there was
a slight correlation between Mathematical scores and Programming scores, which was approaching significance. However,
there were also a significant number of dispersed scores (only 10% in common) indicating that one can perform better at either
Mathematics or Programming but not necessarily both. With females historically being less inclined to choose courses where
strong Mathematics is required, this might be a reason for such falling numbers of female applicants (Cheryan, 2011). The results
of the analysis revealed that males and females had similar opinions about Computer Programming with the majority deciding
that it was a difficult module.

Combining a qualitative and quantitative approach around this question in the future, might help a researcher to derive more
meaningful data. Likewise the inclusion of an open-ended question around this topic would provide more semantic information
for the researcher. Programming could be considered a prominent module in the backbone to most Computing degrees therefore
any information that would help educators deliver these modules more effectively would be welcomed.

The survey asked all participants (from three disciplines) if they perceived Computing students as being stereotyped (as people
who work alone, in male-centric environments and where strong Mathematical skills were required). All three agreed that these
students were stereotyped (or towards being stereotyped) with Computing students themselves perceiving this the most (mean
score of 6.09). However the effect size between Computing and Science students (rp: 0.337) and also between Computing and

Engineering (r = 0.272) should be treated with caution given the sample size. When the reliability of the scale was tested,
Cronbach’s alpﬁa determined that the most important question was whether or not people felt that Computing careers were male
dominated. This perhaps indicated that addressing the issue of male-centric environments is the key to alleviating stereotyping.
Negating the perception that strong Mathematical skills are required and promoting the presence of successful female role
models within Computing may go some way towards attracting a more evenly distributed gender allocation.

As amale having studied, worked in and taught Computer Science, one observation upon reflection, is that predominantly male
groups in professional circumstances have very different dynamics than mixed groups. Males tend to be more direct with each
other in a male-centric environment but often miss important semantics due to this directness. This is not to say that predominantly
female groups have all the solutions and work better. It is the author’s opinion that gender imbalance within groups (whether
they are Computer programmers or not) affects group dynamics, therefore a balance of both is required in order to achieve the
desired subtleties.
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10. Limitations

Identifying the issues that impact how females apply to third level courses is a major topic. The survey conducted touched on
some interesting and important factors but could have drawn additional information with more questions, which would have
provided interesting inferential data. Although 13 Institutes of Technology (10T) were contacted, the survey did not gather if
respondents indeed came from all 13 or if all the 10Ts offered Computing, Science and Engineering courses . In fact, knowing
which county in Ireland a participant was from may have helped to draw some inferential conclusions such as socio-economic
standing, educational opportunities, broadband connection speeds, employment opportunities and unemployment rates in
urban/rural locations. Without this data, it cannot be stated categorically that a large demographic spread was achieved
therefore there is a danger of generalising an ecological fallacy from the statistics.

If the survey also included University students and not just those from Institutes of Technology, then the correlation between
Mathematical scores and Computer Programming scores would have been additionally validated. It could be argued, given the
Central Applications Office (CAO?) points system in the Republic of Ireland, that those attending University would have
required better Mathematical scores in the first place in order to be accepted on to courses such as Computing, Engineering and
Science. Taking a year of study as a bench mark and comparing that to Mathematical scores and Programming scores might
show an evolution or improvement in scores across years. This could in turn be analysed against gender.

While the Rosenberg self-esteem scale provided interesting results, the research could have been extended to breakdown the
scores per question per course of study between genders. This would help identify if there are self-esteem issues among
particular genders across various departments. With females being in the minority with Computing and Engineering courses, it
would be prudent to determine if they have poor Rosenberg scale scores so that attempts can be made to address this.

The stereotype analysis was useful as it identified that Computing students were in fact stereotyped by both themselves and
other disciplines. With the Cronbach’s alpha score being relatively low, the scale should be extended to include more questions
around the area. Hewner and [11] mention how Computing students tend to self-categorise themselves as being stereotyped
and either use it as a defence or embrace it. The authors suggested that perhaps Computing students look upon the stereotyping
in a positive way whereas students from other disciplines view stereotyping with negative connotations. The sixth hypothesis
conducted as part of the research for this paper resulted in data that appears to give credence to this. Computing students
themselves felt that they were stereotyped more so than students from other courses. An interesting area for further research
may be the effect the gaming industry has had on female perceptions of Computing degrees as indicated by [13]. Given that the
gaming industry is now well established, having a longitudinal survey might produce evidence of a shift in perceptions. As the
sample analysed included students from all years, future research could separate the results based on year of study, especially
when researching areas such as self-esteem and stereotyping.

With all secondary level students (with adequate exam results) having equal access to all third level courses, then Rawl’s
Principles of Justice is upheld. If barriers are inadvertently being placed in front of one gender more so than the other, then
colleges and Universities may be seen to be in breach of this theory. The results generated by the survey conducted add to this
theoretical debate by providing data worthy of further discussion.

11. Conclusions and Further Work

[23] suggests that there are differences of opinions between genders who have actually worked in a Computing discipline and
those who have not. This suggests the importance of a ‘placement” module within these degree programmes in order to help
promote the discipline and also alleviate any anxieties. It could be argued that this academic addition would in turn filter a more
positive opinion about the discipline to all genders equally. The survey conducted as part of the research for this paper did not
ask students if they had participated in a placement module. Further research might take this into consideration.

It could be argued that surveying a population already involved in a course might not yield results that would support
alternative hypotheses relating to issues surrounding it. The females surveyed were already enrolled on the courses and
therefore did not consider the discipline, Mathematics, Computer Programming or stereotypes as a barrier to their third level

L http://www2.cao.ie/points/Iv8_12.pdf
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education or careers. Re-drafting the survey and sending it to secondary school students might yield much more beneficial
information, especially regarding stereotype perceptions and the influence of Mathematics on course choices.

The questionnaire asked participants what their favourite Computing-related module was. Computer Programming was cited as
a favourite (46.1% of 193 responses). Although it was outside the scope of this paper, it would be worth investigating this further
to determine if there is a relationship between gender and favourite modules. If there is, then discovering what modules interest
female students might help academics in the area to advertise or market Computing courses in different ways to different
genders in order to attract the highest possible number of both onto courses. [17] investigated the process of learning how to
become a Computer Programmer and deduced that the computer language taught in the initial years was paramount to instilling
adesire to learn and in providing a framework where students could progress and enhance their skills. This would have obvious
positive consequences for students and improve proficiency and possibly self-esteem as a result. The survey conducted for
this survey did not query which computer language was being taught. Further research might take this into consideration and
compare it with gender. A relationship between gender and a programming language may help promote learning within the
discipline in a more targeted way.

Researching the gender divide within Computing as part of this paper has highlighted that all perform at the same level
academically and have similar opinions and attitudes towards Computer Programming. The theoretical framework for this study
focused on social conceptions about Computing and the research revealed issues surrounding stereotyping, namely that
respondents felt that Computing was male dominated, that there was a requirement to work alone and strong Mathematical skills
were essential. Engaging students in an open debate about gender inequality might yield more information that would allow a
researcher to devise a more probing survey and focus primarily on stereotyping. [15] made mention of having a female faculty
member talk openly to all students about their experiences in industry and the world of academia. This may be a case of
‘preaching to the converted’ where a discussion with students who have not yet started third level may be more beneficial.
Likewise, promoting Computing among women via professional bodies such as the Association for Computing Machinery
(ACM)? help aid a sense of cohesion among members. Providing strong female role models may help alleviate stereotyping
issues and with the ACM being an international professional body, this might be a beneficial avenue to explore further. Events
geared specifically towards female secondary school students would certainly market such courses in a more positive light.

The psychometrics of a survey can have an impact on the result as discussed by [3]. The authors discussed how the environment
in which participants answer a survey can affect the outcome. In relation to Computing, having the survey conducted in a room
containing objects perceived as being ‘geeky’ (Star Trek posters and video game boxes), can enhance the perceptions of
stereotype among females. Whereas an environment set up with non-Computing related objects such as nature posters and
coffee mugs reduced the perception of stereotyping. This would be an interesting area to research further.
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Appendix A-Survey

Your feedback is important to us in how we can better understand the issues affecting those studying at college and
university and how courses might better be described or portrayed.

This survey should only take about 6-7 minutes of your time. Your answers will be completely anonymous.

Q1. Are you male or female?

Male Female
[] []
Q2. Please select your age bracket.
18-29 30-39 40-49 50-59 60+
[] [] [] [] []
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Q3. Which of the following Departments relate to your course of study?

Computing []

Engineering []

Science [ ]

Other [ 1 Please specify [ ]

Non-Computing students can ignore this question.

Q4. Which one of the following is your favourite Computing-related module?
Maths [1]

Operating Systems [1]
Web Development [1]
Theory []
Computer Programming []

Databases []
Multimedia []

Human Computer Interaction (HCI) [ ]
I do not have a favourite module [ ]

Q5. What is your current year of study (e.g. 1, 2, 3, 4, 5, etc.)?
[ ]
Q6. What is your current Grade Point Average (GPA)?

Leave blank if not known.

[ ]
Q7. What mark did you get in your last Mathematics exam?
[ ]

Non-Computing students can ignore this question.

Q8. What mark did you get in your last Computer Programming exam?

[ ]

The next questions are about how you feel about yourself and your course. Please say how much you agree or disagree with

each of the following statements.

Q0. I feel that I am a person of worth, at least on an equal plane with others.

Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q10. I feel that | have a number of good qualities.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q11. Allinall, I aminclined to feel that I am a failure.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q12. 1 am able to do things as well as most other people.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q13. | feel I do not have much to be proud of.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q14. | take a positive attitude toward myself.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
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Q15. On the whole, I am satisfied with myself.

Strongly Agree Agree Disagree Strongly Disagree
[ ] [] [] []
Q16. I wish I could have more respect for myself.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q17. I certainly feel useless at times.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q18. Attimes, I think I am no good at all.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []

The following questions relate to perceptions pertaining to stereotyping and satisfaction with your course.

Q19. | feel that those who work in Computing are stereotyped as people who work alone.

Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q20. I feel that Engineering jobs are male dominated.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q21. | feel that Computing jobs are male dominated.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q22. | feel that Science jobs are male dominated.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q23. | feel that there is a perception that those who work in Computing require strong Mathematical skills.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q24. | feel that there is a perception that those who work in Engineering require strong Mathematical skills.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q25. | feel that there is a perception that those who work in Science require strong Mathematical skills.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []

Non-Computing students can ignore this question.
Q26. | feel that Computer Programing is difficult.

Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q27. | feel that Mathematics is difficult.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q28. Overall, I am enjoying my course.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []
Q29. I would recommend this course to a friend.
Strongly Agree Agree Disagree Strongly Disagree
[] [] [] []

Thank you for taking the time to complete this survey created by a Doctoral student based at Queen’s University, Belfast.
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