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FACULTY-STUDENT INTERACTIONS IN ENGINEERING: THE INFLUENCE OF SOCIAL REPRODUCTION ON REPRESENTATION OF THE SEXES
Sarah L. Marsh, Deborah A. Trytten, Teri Reed-Rhoads, Teri J. Murphy
Context

Women remain significantly underrepresented in engineering despite progress, even parity, in higher education generally and certain fields specifically (Charles & Bradley, 2002). Some studies have examined the situation in specific countries (e.g., for Scotland, see Cronin & Rogers, 1999; for Ireland, see Gibson, 2002; for Italy, see Gatti, 2002). Other research has been cross-national, typically using quantitative methods (e.g., Alha & Gibson, 2003). The research reported in this paper was motivated by the occurrence of gender parity in one department at one institution in the U.S.A. The contribution of this research to international work is a qualitative methodology that offers depth to complement the quantitative breadth of other studies.

Over a five-year period of time (1996-2001), the proportion of women undergraduates electing to major in Industrial Engineering (IE) at the University of Oklahoma (OU) increased steadily from 27% to 58%. As a baseline, we note that, on the national scene in the U.S.A., the proportion of women graduating with a bachelor's degree in IE was considerably lower than these OU numbers (e.g., 25% in 1997-1998). The situation in IE at OU was especially puzzling because the department did not set out specifically to achieve sex parity among its undergraduate majors. At first pass, quantitative data pointed to a correlation between the increase in women majors and the number of women faculty in the department. Yet, correlation does not imply causation. While we were convinced that the high proportion of women faculty was a critical factor, we did not believe that it alone accounted for the phenomenon (Canes & Rosen, 1995). We took as one counterexample the situation in chemical engineering. At that time, across the U.S.A., women comprised only 8% of chemical engineering faculty but 32% of bachelor's recipients were women (National Science Foundation, 2000; Thorsen, Llewellyn, Usselman, & Balsamo, 1998). We found a different counterexample in computer science. The proportion of women faculty remained relatively stable, even comparable to that in chemical engineering (9% in 1993, 11% in 2002), but the proportion of bachelor's recipients who were women decreased considerably: 37% in 1985, 28% in 1994, 24% in 2001 (


Bryant & Vardi, 2002; Lawzowska, 1999; U.S. Department of Education National Center for Education Statistics, 2000 ADDIN EN.CITE ). These counterexamples indicated that a relatively high proportion of women faculty was neither necessary nor sufficient to achieve a relatively high proportion of women undergraduate majors.

Research Question

The School of Industrial Engineering at the University of Oklahoma was interesting not just because the department achieved sex parity at the undergraduate level, but because that achievement was organic. In particular, there was not an infusion of money targeting women – no special scholarships, mentoring programs, or diversity training for the faculty. Of the 12 faculty in IE at OU that we interviewed, none indicated that achieving sex parity was a specific goal for the department and half stated explicitly that it was not intentional. This paper is part of a larger project that investigated the question: “Why did sex parity occur organically in IE at OU?” The specific aspect of that question addressed in this paper is: How was the department culture of IE at OU experienced by students, especially female students, in comparison with experiences of students in other engineering departments at OU?

Theoretical Framework

Our framework included the stand that underrepresentation of women in engineering results not from genetic predisposition nor the inherent nature of disciplines, but has socio-historical-cultural causes. We also believe that some of these causes can be identified, understood, and addressed systemically by institutions, departments, and individual faculty members. Critical cultural theory views culture as something constructed (even engineered) by humans, not given and immutable. According to cultural reproduction theory (Levinson, et. al. 1996, Mehan 1992), families, religion, and educational institutions contribute to the transmission of culture between generations. While many faculty focus on sharing the intellectual content of their discipline with students, they may be less aware on a daily basis that they are also sharing the culture of their discipline (and/or department) with students. Following Seymour & Hewitt (1997), we used an interpretive framework, trusting that the most valid description of students’ experiences and choices would come from the students themselves.

Methodology

Our primary source of data was semi-structured interviews with students in four departments at OU (see Table 1): Chemical Engineering (ChemE), Computer Science (CS), Electrical and Computer Engineering (ECE), and Industrial Engineering (IE). The interview methodology was based on seminal works such as Seymour & Hewitt (1997) and Margolis & Fisher (2002). We selected the comparison departments to represent combinations of representation of women faculty and women students (see Table 2). In all departments, we interviewed male students as well as female students in order to be able to identify issues specific to one sex, issues common to both sexes, and characteristics that might be special to men in IE. Our interview protocols covered a variety of topics, including the focus for this paper: frequency, types, and quality of interactions that majors had with department faculty.

Each interview lasted 60-90 minutes and was recorded digitally. The recordings were transcribed by a professional service. Members of the research team checked these transcripts for accuracy and completeness. Following standard methods in qualitative research (Leydens, Moskal, & Pavelich, 2004; Miles & Huberman, 1994), transcripts were coded at a coarse-grained level (e.g., interactions with faculty). We then performed a search of all categories that involved faculty and student interactions. The result of this search was subsequently coded with more precise labels to identify specific patterns, which are reported in the next section.

Table 1

Number of Student Participants in Each Department
	
	IE at OU
	ChemE at OU
	CS at OU
	ECE at OU
	total

	female
	28
	13
	9
	3
	53

	male
	24
	10
	14*
	17*
	64

	total
	52
	23
	23*
	20*
	117


*One male student was double-majoring in CS and ECE and thus was counted in both departments, but only once in the male participants total.

Table 2

Representation of Women in Participating Departments Relative to U.S.A. National Proportions 
	
	High in Students
	Average in Students
	Low in Students

	High in Faculty
	IE at OU
	
	CS at OU

	Average in Faculty
	ChemE at OU
	ECE at OU 

	


Note. These categories are based on data on Fall 2000 when the study design was determined.

Findings and Conclusions

We believe that issues of sex parity at the undergraduate level are more complicated than a simple body count of women faculty. Thus, the focus of this paper is on department culture, as extracted from accounts given by students who participated in the interviews. Department culture reflects the culture of the discipline, the college, the institution, the individual faculty in the department, and larger societal, political and economic forces. Mapping the elements of department culture to these complex and sometimes conflicting forces is not the purpose of this work. Instead we examine how the departmental culture, wherever it came from, is experienced by female students. Table 3 presents a summary of our preliminary results.

Table 3

A Summary of Preliminary Results

	
	IE/ChemE at OU
	CS/ECE at OU

	Interactions were
	frequent; formal and informal;

initiated by faculty, also by students.
	irregular, infrequent; almost entirely formal; initiated mostly by students.

	Students went to office hours
	for help with content but also for professional (and personal) advice.
	only as a last resort, for help with content.

	During interactions
	Faculty tended to have their doors open and were readily available to students. 
	Sometimes gave the impression that students were interrupting the faculty’s more important work.

	Career options
	Faculty helped students be able to visualize career options.
	Faculty assumed students knew about career options.

	Our labels:
	friendly; student-centered
	non-hostile; tolerate students


On the surface, CS and IE shared the common characteristic that the faculty were visibly enthusiastic about their fields and majors found this enthusiasm attractive, even encouraging. However, IE majors also received concrete individual encouragement from IE faculty, whereas encouragement from CS faculty remained abstract and impersonal (e.g., announcing office hours to a class and encouraging students to come).

Similarly, students in both ChemE and ECE were very much impressed by the intellectual abilities of the faculty in their respective departments. Yet the ECE students used this respect to excuse faculty from engagement in the teaching mission outside of the classroom and posted office hours. In contrast, the ChemE students saw themselves as deserving of attention from these highly respected faculty. The fact that highly respected faculty were choosing to spend time with them was another boost to their already high self-esteem.
Given contrasts such as those described in the previous two paragraphs, we paired IE with ChemE and CS with ECE. The most striking difference between IE/ChemE and CS/ECE was the expectation that majors had for interaction with department faculty. CS/ECE majors seemed to be content if faculty merely showed up for their posted office hours, taught their classes with a reasonable degree of professionalism, and signed advising paperwork. IE/ChemE students expected more from their faculty. In addition to being at posted office hours, IE students expected some IE faculty to be consistently available to students at other times (Lancaster, 2005). As another example, CS/ECE majors seemed content if faculty tried to learn their names. In contrast, IE faculty not only learned names but also paid attention to developments in academic and extra-curricular activities, career aspirations, and personal situations. The students made clear for both IE and ChemE that not all of the faculty had these student-centered attitudes, but a critical mass in both departments did.

We interpret student reactions to the different cultures of these departments as enculturated expectations – meaning that majors learn the social norms of their departments. Some students are attracted to departments in which they feel welcome and valued. This appears to be disproportionately important to women students (Seymour & Hewitt, 1997). In departments that are less student-centered, students seem to become content if they do not feel abused or if the environment is not actively hostile. We believe that non-hostility is not sufficient for increasing diversity – a neutral environment is acceptable only to certain students. Furthermore, even those students who might be content in a non-hostile environment in which they are merely tolerated seem to be happier in departments that are friendly and student-centered. Thus, departments that are friendly and student-centered have the potential to attract a greater diversity of students without losing students from populations historically attracted to that major.

Recommendations

· Encourage faculty to initiate interactions with students, as well as responding positively to student-driven interactions.

· Create non-academic opportunities for students and faculty to interact (e.g. a departmental picnic or pizza party).

· Assign the teaching of foundation classes to the most student-centered and best teachers.  It is particularly important that faculty teaching foundation classes are willing to be available outside of posted office hours and enjoy teaching those classes.

· Allow for diversity in faculty roles so that student-centered faculty can dedicate more time to working with undergraduate students without suffering career ramifications due to perceived lack of research productivity.
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