
Factors that influence women to enter and complete engineering studies

Elizabeth Hobart

The University of South Australia, Adelaide, Australia
hobel001@students.unisa.edu.au
Sarah Young

The University of South Australia, Adelaide, Australia
syoung@golder.com.au
Julie Mills

The University of South Australia, Adelaide, Australia
Julie.Mills@unisa.edu.au
Judith Gill

The University of South Australia, Adelaide, Australia
Judith.Gill@unisa.edu.au
Abstract: A study was conducted to determine the factors which influenced female students at the University of South Australia firstly to enter and then to complete engineering studies. 253 engineering students (37 females and 216 males) were surveyed and 13 interviewed (9 females and 4 males) from a total number of 430 students. Three areas were considered; factors that influenced entrance to engineering, retention of females in engineering, and recommendations to improve both access and retention rates. Factors found to be influential included personal traits, external influences such as family and teachers, career motivators such as salary or family interests, and encouragement programs which introduced students to engineering.  Recommendations were given by students as to what could be done to increase this motivation, and how to counteract some of the major deterrents to females wishing to study engineering.
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Introduction
There is a common public perception that gender inequality is now ‘a thing of the past’. However, this is not reflected in the proportion of females studying engineering compared with other tertiary programs. Driessen (1993) makes reference to a study conducted in 1975, which found that less than 2% of engineers in Australia were women.  The number of women studying engineering at university has increased since 1980, but the rate of increase has slowed. In 1980 there were 750 females enrolled in undergraduate engineering courses in Australia, representing 3.3% of enrolments. Enrolments in 1994 increased to 6168 females, making up 13.1% of students, and by 1999 this had increased to 14.8% (Lewis, Harris & Cox 2000, Messer 1998). Female enrolments in engineering peaked at 15.8% in 2001, and by early 2004 they had decreased to 14.3%. Of the total number of students completing bachelor-level engineering degrees in Australia each year, 17.4% are female; this figure remains relatively constant (Mills et al. 2005). 

In their study of South African engineering students, Jawitz and Case (1998) found that white females were mainly influenced to study engineering from their experience of mathematics and science at school.  Similarly, over 50% of respondents to Driessen’s Australian study (1993) stated that their best and favourite subject at high school was mathematics, followed closely by physics. However, despite the much-publicised success of girls in the maths-science areas at school in recent years, hoped-for improvements in engineering retention rates of females do not seem to have eventuated (Gill et al. 2005).
A supportive family environment was seen as encouraging to high school students attempting a non-traditional career (Jawitz and Case 1998). According to Burrowes and Webster (1998), 87% of female undergraduate engineering students at the University of Newcastle stated that they were influenced in their career choice by the advice of family or friends.  Another strong motivator for women to choose a career in a non-traditional area (such as engineering) is the presence of a strong role model (Driessen 1993). Fifteen percent of survey respondents were influenced in their career choice by women in non-traditional careers.

Experience of engineering-related activities, such as scientific hobbies and “fiddling with gadgets” was found to be another important influence. 30% of respondents to Driessen’s (1993) study were encouraged to play “boy’s games” as a child. This is also supported by findings from Mazen and Lemkau (1990), who noted that “masculine-type women are likely to make non-traditional career choices”. 

The focus of much previous research has been to identify reasons that women give for choosing not to study engineering. This paper reports findings from surveys and interviews conducted at the University of South Australia to look at the factors which motivated females to become engineering students and complete their studies, what could be done to increase this motivation, and how to counteract some of the major deterrents discussed in previous research.

Methodology
The study was undertaken by surveying and interviewing students studying engineering at the University of South Australia. A link to an on-line survey was emailed to all students to provide a spread across all engineering disciplines and year levels, as well as to allow comparison between male and female students. Of the 430 surveys distributed, a total of 253 responses were returned, constituting a return rate of 59%. A sub-sample of the same students were asked to participate in face-to-face interviews. The background characteristics of both the survey and interview samples are shown in Table 1.
Instruments

The online survey was designed to be very short and to the point, with multiple-choice responses, taking less than five minutes to complete. The survey questions are listed in Appendix 1. The main aim of the interviews was to expand on the survey results, particularly any unexpected results or other areas of interest, and to investigate aspects of engineering study from a female’s perspective. In order to gain an insight into the opinion of some male students, a single focus group interview was also conducted with four male civil engineering students. 

Table 1. Characteristics of respondents
	
	Characteristic
	Survey Sample
	Interview Sample

	
	
	Women
	Men
	Women
	Men

	
	
	No.
	% of women
	No.
	% of men
	No.
	% of women
	No.
	% of men

	
	
	(37)
	
	(216)
	
	(9)
	
	(4)
	

	Age
	24 and under
	32
	86%
	185
	86%
	9
	100%
	4
	100%

	
	over 24
	5
	14%
	31
	14%
	0
	0%
	0
	0%

	Discipline
	Civil
	17
	46%
	61
	28%
	4
	44%
	4
	100%

	
	Mining
	1
	3%
	9
	4%
	1
	11%
	0
	0%

	
	Mechanical
	5
	14%
	63
	29%
	2
	22%
	0
	0%

	
	Electrical
	14
	38%
	83
	38%
	2
	22%
	0
	0%

	Year Level
	1
	9
	24%
	42
	19%
	2
	22%
	2
	50%

	
	2
	4
	11%
	37
	17%
	1
	11%
	0
	0%

	
	3
	10
	27%
	52
	24%
	2
	22%
	0
	0%

	
	4
	11
	30%
	66
	31%
	3
	33%
	1
	25%

	
	5
	3
	8%
	19
	9%
	1
	11%
	1
	25%


Analysis

The survey results were analysed graphically, with comparisons made between genders and across degree streams. The numerical data provided by the survey results was also compared to the interview responses. The statistical significance of the results was examined using the program Minitab, where chi-squared tests were completed to determine the significance level of each set of results. For the purposes of this research, a probability level (p-value) of 0.05 was selected, signifying a 95% confidence in the results.

Results
The research was focused on determining factors which influence students to enter and then complete their engineering degrees rather than possible deterrents. As such there was little focus on any negative factors, unless these were brought up by the interviewees themselves.

Access, Participation and Retention Statistics

Data was collected from the University of South Australia’s Equity Database in order to support the research. Participation and retention percentages for female engineering students between 1996 and 2005 were reviewed. These results showed that female enrolments in engineering at UniSA peaked in 2000 and 2003. Participation percentages peaked between 2000 and 2002 and have since begun to decrease. The peak in participation in 2002 is a reflection of the highest retention rate for female engineering students at UniSA, which in 2002 was 88.6%.

Table 2 compares the retention rates of male and female engineering students with University-wide statistics. As shown in the table, females in engineering have a better retention rate than the university overall, as well as better than male engineering students. Therefore finding ways to retain female engineering students at UniSA does not seem to be as important as attracting them in the first place.

Table 2. Retention of Female and Male Engineering Students at UniSA 2000-2004

	
	Engineering Students
	All UniSA Students

	Year
	Retention % Female
	Retention % Male
	Overall Retention %
	Retention % Female
	Retention % Male

	2000
	86.9
	80.5
	81.5
	82.6
	79.8

	2001
	84.1
	81.8
	78.9
	78.0
	77.3

	2002
	88.6
	79.2
	78.7
	79.3
	77.9

	2003
	80.3
	82.0
	79.1
	80.4
	77.2

	2004
	83.3
	78.7
	78.9
	80.1
	77.2


High school

The survey asked students about their high school experience before coming to study engineering at UniSA. The University Of South Australia is one of the “new” universities formed 15 years ago through the merger of teacher training institutions and the South Australian Institute of Technology.  Engineering students at UniSA have high equity group characteristics with a significant proportion of low Socio-Economic Status (SES) and Non-English Speaking Background (NESB) students. The majority of students surveyed had attended co-educational high schools, most of which were public schools. Less than 10% had attended single-sex schools. Results show that the type of school that students attended does not appear to have had any significance in their decision to study engineering. Little difference was noted between the subjects taken in senior high school by males and females. This is as expected because the prerequisite subject for studying engineering is Mathematical Studies, with Physics and Chemistry as assumed knowledge (SATAC Guide 2006). 

Although there were some differences between males and females in terms of grades, it is clear from the results of the survey that both sexes obtained their best overall results in Maths and Science subjects, as well as getting the most enjoyment from them. Results also indicated that male students received better grades than females in Maths, Science, IT and Technology while females scored higher in the Languages, Arts and Humanities subjects. The same trends were followed in the nomination of favourite subjects, although more males did well in maths than enjoyed the subject, while they enjoyed technology more. Significantly more females than males both did well in Language subjects (including English) (χ2=6.02, df=1, p=0.014) and enjoyed them (χ2=4.39, df=1, p=0.036).

The TER (Tertiary Entrance Rank) distribution was skewed to the lower end for most engineering disciplines. A common result of interview discussions relating to the importance of the TER was the belief that it is largely irrelevant to engineering study; that is, a high TER is not necessarily important for a good performance at university. Participants gave responses along the lines of “not relevant”, or stated that university study was more about “applying yourself, actually attending every lecture and tute and prac”, and “whatever effort you put in, you get out”.

External influences

A number of external influences for students encouraged to study engineering were identified. Options given in the survey included encouragement from family and friends, the influence of engineering role models, and encouragement from teachers. The survey results showed that there was no statistical difference between the  reported encouragement of males and females, and that the biggest influencing factor for all appeared to be encouragement from family members. When this question was asked in the interviews, most respondents stated that they were influenced by family members, including fathers, brothers and uncles, many of whom were engineers themselves.  The influence of teachers also appeared to play a major part in the decisions of female students.

Another external influence which was identified a number of times during the interviews was attendance at Careers Fairs and University Open Days. ‘Science Awareness Programs’, including Maths and Science and Engineering days, and specialised seminars, were also identified as important 

Personal Traits

Figure 1 shows the response to the survey question, “Which personal traits would you say influenced your decision to study engineering?”
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Figure 1. Personal Traits which influenced students to choose engineering.

Ability in maths and science was the highest motivator for females in choosing engineering; significantly more females rated this as a motivator than did males (χ2=6.71, df=1, p=0.010).  

Significantly more males stated that playing with gadgets and wanting to know how things worked was an influence (χ2=3.97, df=1, p=0.046). The second highest influence for both males and females was an enjoyment of problem solving – around 60% of respondents marked this as having influenced their decision to choose engineering. Similar numbers of males and females also enjoyed outdoor activities.

Responses to the interview question about personal traits highlighted a different set of motivations. The majority of interviewees said that they chose engineering because it posed a challenge, it was “more intellectual” [than other careers], or because the logic appealed to them. Another common response was a desire to help the community, to “find the best real solution” to a problem.

Analysing the results by degree stream yielded no statistically significant results, but it was found that more civil engineering students enjoyed outdoor activities, while more mechanical and electrical students liked playing with gadgets.

Career Motivators

Survey respondents were given a list of eight possible career motivators, and asked to nominate the three that they felt most related to themselves.  Figure 2 shows the responses to this question. 
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Figure 2. Top three motivators of engineering students in choosing a career.

The results show that a significantly higher percentage of males are motivated by money than females (χ2=5.84, df=1, p=0.016). Significantly more female than male students stated that family interests were important when choosing a career (χ2=4.42, df=1, p=0.036), although there was no significant difference between the numbers of males and females who chose engineering through a desire to help society. Students also placed great emphasis on the challenging job and high status of engineering. Significantly more females than males stated that the possibility of travel was one of their top three motivations for choosing engineering (χ2=4.62, df=1, p=0.032).

Interview responses to the question about career motivators did not vary greatly between males and females.  The most prominent response was that students wanted to do something they enjoyed. Male interviewees mentioned the importance of having a prominent job with high status; this was not mentioned by any female student during the interviews. Other common responses to the question included a desire to help the community, travel, something challenging, and a reliable job.

Perception change

Survey results highlighted the fact that females had less of an idea about what engineering involved before starting the degree than did males; nearly 70% of females stated that their perceptions had changed compared to 60% of males. Interviewees stated that before starting their degrees, they believed that engineering involved science, maths, technology and problem-solving. Many of the interviewees stated that they didn’t realise how broad engineering was, and how many different disciplines it encompassed. Analysing the characteristics of respondents who acknowledged a change in their perception of engineering showed that perceptions tended to change in the later years of study once students had had more exposure to engineering subjects.

The greatest percentage of females didn’t decide to study engineering until after year 12 (43%); significantly more than males (χ2=5.25, df=1, p=0.022). This fact that females did not make a decision until later may be because they did not know what engineering was. Interview responses indicate that few females were informed about engineering, unless they actively sought the information themselves.

Encouragement programs

Programs offered to high school students to promote engineering varied from ‘Careers Days’ sponsored by universities, to maths and science exploration days and even programs offered interstate. Other encouragement programs that were rated well by the interviewees included practical sessions such as the “Summer Science Experience” run by UniSA and the University of Adelaide – a multi-day program aimed at exposing students to various aspects of the different sciences.

In general, students appeared to find out about encouragement programs through their schools while in years ten and eleven, though they were not necessarily encouraged by the school to attend.  Many of the interviewees said that they were not offered the chance to participate in any encouragement programs by their high school. Alternatively, students were chosen by their schools to attend programs based on their grades.  This may be the easiest way to choose students to be involved, however the wide range of TER results for engineering students shows that students who may be most interested in maths, science and engineering are not necessarily the highest achievers. The interview responses in general gave the opinion that not enough programs are currently offered to show students what engineering entails, and that those in existence are not necessarily aimed at the correct demographic.

Male dominance of engineering

Some females were deterred from choosing engineering by the fact that it is such a male-dominated field. One interviewee stated that “in order to be successful in engineering, you really have to become more like a guy”. Others disagreed, saying that they were attracted to engineering because of the fact that there were so many males. Four of the nine interview participants stated that the male-dominance of the profession was actually a motivator, as “I get along better with males than females”.

Sexual discrimination

Thirty-eight percent of female survey respondents answered yes to the question “have you experienced sexual discrimination?” The question about discrimination was therefore given a high priority in the interview to try and explain this high proportion. During the interviews, both extremes of sexual discrimination were identified; that is, some participants stated that they had experienced no discrimination whatsoever and others gave a number of stories about discrimination they had experienced through being a female engineering student. 

A common response from those who had experienced sexual discrimination was that it often came from older males who believe that women should not be engineers. One student mentioned that the structure of engineering courses in general, and the teaching styles employed, often used male-oriented examples and, even though she “knew it was harmless”, she still felt like “an outsider”. 

It is interesting to note that nine percent of males also stated that they had experienced some form of sexual discrimination during their study. From the male focus group interview, the only comment that arose relating to sexual discrimination was the fact that there are women-only scholarships but none aimed solely at male students, “and surely that can be considered discrimination”. 

Recommendations from interviewees

Interview participants made a number of comments and recommendations relating to how females might be encouraged to consider engineering as a career. Some were based on attracting females to the degree in the first place, and others focused more on retention of students once they had started the degree.

The main comment from interviewees about improving the attraction of engineering degrees was to modify the SATAC University Guide provided to high school students. It was mentioned more than once that the guides “don’t help you at all’. Students felt that they would have been better served by having an introduction to engineering at school instead of being left to investigate it for themselves. A student who did not decide to study engineering until after year 12 stated that “if it was introduced to me more [at school] I might have considered it earlier”.

Students in the later years of their degrees gave a number of suggestions and recommendations for encouraging more females to complete engineering rather than dropping out partway through. These suggestions include the creation of support networks, recognition of the different learning styles of males and females, and more industry experience. A total of 215 students (86%) in the survey said that they would like more industry experience; this could include site visits and guest lecturers as well as end-of-year work experience.

Recommendations
The research results suggest that retention rates of female engineering students at the University of South Australia are above the overall retention rates for the University. However, current access rates (the number of females entering the degree) are below the University’s long-term target. For this reason, it is suggested that it is the access levels that need improving, and that any future research should be focussed on methods of improving the number of females entering engineering programs.

The greatest percentage of female students did not choose to study engineering until after they had completed year 12. For this reason, it is recommended that more emphasis is placed on encouragement programs and the like, in order to attract females to the degree earlier. There appears to be much support from university students for more encouragement programs aimed at high school students. Investigations should be made into what programs are currently available to expose students to engineering, and why these programs are not attracting more females to the degree. The demographic of students currently being targeted should also be examined - current programs might not be targeting the ‘right’ students. It might also be useful to compare what university students think would be useful to attract more females to engineering with the type of programs that high school students would agree to attend.
A number of recommendations were made by interviewees as to how retention rates of female students could be increased. They suggested such things as support groups and increased industry experience in the earlier years of the degree. A point was also made about the importance of recognising that males and females have different learning styles, and that perhaps the teaching methods require review in order to prevent females from dropping out of the degree. This should therefore be a focus of all engineering schools.  Previous publications on engineering student learning styles and inclusive curriculum such as Felder & Silverman (1988) and Mills & Ayre (2003) can be consulted to provide guidance to address these issues.
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Appendix 1. List of questions used in the on-line survey
1. What age group were you when you started this degree?

24 and under / over 24

2. Are you male or female?

Male / Female
3. Which engineering discipline are you currently studying?

Civil / Mining / Mechanical/Manufacturing / Electrical/Electronic/Computer Systems

4. What is your current year level? (full-time equivalent)
First year / second year / third year / fourth year / fifth year
5. What type of high school did you attend?

6. Public co-ed / Public single-sex / Private co-ed / Private single-sex

7. Which subjects did you take at year 12 level? (choose all that apply)

Maths 1/Maths Studies / Maths 2/Specialist Maths / Physics / Chemistry / English / Biology

8. In which TWO subject areas did you get the best results?

Maths / Science / Languages (including English) / Arts / IT / Technology / Humanities

9. Which TWO subject areas did you most enjoy?

Maths / Science / Languages (including English) / Arts / IT / Technology / Humanities

10. What was your TER?

61-70 / 71-80 / 81-90 / 91+ / No TER

11. Which of the following external influences helped in your decision to study engineering? (choose all that apply)

Encouragement from family / Influence of friends / Role models in engineering / Encouragement from teachers

12. Which of the following personal traits would you say influenced your decision to study engineering? (choose all that apply)

Did well in the maths and science subjects at school / Enjoyed playing with gadgets and knowing how things work / Enjoyed problem solving / Enjoyed doing outdoors activities / Independent nature / Desire to be challenged

13. Choose your THREE highest motivators for choosing engineering as a career.

Money/salary / Ability to help society / Opportunity for promotion / Challenging job / Flexible hours / Family interests / High status, seen as a professional / Possibility of travel

14. When did you decide to study engineering?

Before year 10 / Year 10 / Year 11 / Year 12 / After year 12

15. Has your perception of ‘what engineering is’ changed while studying?

Yes / No
16. Do you think you would benefit from more industry experience while still a student?

Yes / No
17. Have you experienced any sexual discrimination while a student?

Yes / No
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