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Abstract

:

Engineering is one of the career fields where women’s underrepresentation has been tenacious. In Korea, the government has made continuous efforts in the last decades to make a difference, yet the rate of women who pursue an engineering career pathway is still low. In this study, we analyzed 415 survey responses at a large private university in Korea to fulfill the aims of the current study: (1) to examine the gender difference on the 11 major- and career-related variables using t-test, (2) to test the adjusted social cognitive career theory (SCCT) model for the engineering undergraduate students’ intention to pursue an engineering career using path analysis. The independent t-test results revealed that the gender differences were found not in any major-related variable, but in three career-related variables, indicating the female students perceived their future career less vested than the male students. The path analysis results indicated that the adjusted SCCT model fitted to the data well and the relations among the variables were generally in the expected way with some exceptions. The highlighted implication is that removing systematic barriers and gender stereotype threats is as important as providing supports for gender equity in pursuing an engineering career.
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1. Introduction


In Korea, engineering is acknowledged as a field that has led to the current economic status of Korea. Although we have made substantial changes during recent decades, the problems of the women’s underrepresentation in engineering fields is ongoing. According to the most recent nation-wide statistics [1], the percentage of the female students entering 4-year engineering undergraduate programs increased from 18.4% in 2009 to 25.3% in 2018. Women are increasingly more represented, but remain at less than one-third of the total students. Worse still, in the workforce in 2018, only 60.8% of the female engineering graduates stepped into the career fields, and that is substantially lower than the percentage of that of male (92.6%) who entered the engineering workforce. The promotion opportunities for women was even lower based on the data presenting that women’s share of management position in STEM workforce was only 10% in 2018. In this respect, for the past ten years in Korea, various programs were specifically designed and offered to female students of engineering and science through WISET (Woman in Science Engineering & Technology) and R-WISET (Regional office- Women in Science Engineering and Technology), which are similar to that of WISE program in the US and WISE campaign in the UK. Through these programs, female students at different levels of education, from middle school and high school, were introduced to engineering and science based programs to motivate, encourage, and maintain the level of interest for more recruitment of women to engineering. At the university level, diverse programs to improve the empowerment of female students and increase the gender awareness culture for more persistence of women in engineering [2].



The two aims of the current study were motivated by the following gaps in the literature. To date, there are very few studies that comprehensively compare the perception of the college students’ career choice motivation, current status related to their major, and their prospectss for future career simultaneously. By bringing those interesting features together, we can draw a more integrated picture of the perceptional differences between male and female students. In addition, this study also employed the integrative social cognitive career theory [3] that reflects social-cognitive, environmental, and behavioral factors together to explain the reason behind the low number of female students choosing engineering career paths. Besides, we included the distal outcome expectation on the future engineering career and perceived distal contextual barriers (negative prospectss on career as minority and perception of male dominance) to investigate the effects of the distal factors on the intention to pursue an engineering career path whereas the social cognitive career theory (SCCT) literature on engineering career development focused on the proximal variables related outcome expectation and contextual barrier or supports.



The process of the current study is, therefore, in three stages: one preliminary phase and two major phases. As the preliminary phase, we identified 11 major- or career-related factors of interest and tested the factor structure of each factor under a confirmatory factor analysis framework to investigate the factors more effectively than to use the original large number of variables. In the first major phase, we compared each composite mean score of the 11 major- or career-related factors between the male and female engineering students using an independent t-test. In the second major phase, we tested the adjusted integrative social construct career theory model for the intention to pursue an engineering career using path analysis under the structural equation modeling framework. The main research questions for the current study are as shown below.




	Q1.

	
How do the female and male students of engineering differ in their motivation for major choice, major-related perceptions, and career-related perceptions?




	Q2.

	
What effect do the social-cognitive, environmental, behavioral, and distal contextual factors have on the low number of female students choosing engineering career based on the adjusted integrated SCCT model of the intention to pursue an engineering career?










2. Literature Review


2.1. Women in Engineering as a Minority Group


A minority group is typically defined in two ways: by numbers, and by norms and power [4]. In that sense, the women in engineering major and career fields have been tenaciously a minority group in many parts of the world except for some countries (e.g., countries in Eastern Europe and Central Asia) [5,6]. In respect to the numbers, women represented 29.3% of the science, technology, engineering, and mathematics (STEM) workforce in 2016, globally [7]. When we focus on engineering, women constitute an even smaller portion of the workforce and degree earners across nations. For example, in the United States, women working in architecture and engineering were 15.7%, while those working in civil engineering were 13.9% in 2019 [6]. In the countries of European Union, women consisted of 26.7% of the bachelor’s degree holders in engineering on average in 2018, with variations across countries (from 13.7% in Switzerland to 35.9% in Sweden) [6]. In the United States, the women who held a bachelor’s degree in engineering and engineering technologies were 21.0% of the total degree holders. Interwound with the small numbers, norms and power have hardly been associated with women in the engineering major and careers. That is, the women in engineering have encountered a multitude of challenges, such as gender-based stereotype threats [8,9,10,11,12,13,14], lack of either role models or mentors [8,11,15,16], male-dominated organizational culture [8,17,18,19], and the glass ceiling which prevents promotion opportunities [20,21,22,23,24,25,26,27,28,29,30]. Although we have narrowed down the gender gap in engineering fields in the last decades [28,31,32,33], those challenges, namely, structural barriers for the women in engineering, have played a significant role in preventing more women stepping into the fields while discouraging their persistence in the fields [8,14,31,33,34,35,36].




2.2. Importance of Having More Women in Engineering in terms of Diversity and Sustainability


The imbalanced gender representation in engineering has been continuously under the attention of the government, industry, and academia, and gender parity has been regarded as the goal to be achieved for several reasons from the perspective of sustainability of the engineering field [1,6,31,37,38]. First, diversifying the perspectives in engineering workforce would promote “creativity, productivity, and innovation” (p. 2) [37]. For instance, the National Center for Women and IT reported that mixed-gender teams invented patents more often than single-gender teams. In addition, gender diversity facilitated a team’s collective intelligence [29,39] whereas the lack of diversity limited the sharing of different ideas [40]. Moreover, the organizations or corporates with more women presented higher performance [41,42,43], thus increasing the productivity and resulting in a better profit. Second, the job market in the engineering fields is growing rapidly and is expected not to be able to recruit enough number of qualified individuals as it stands now [44,45,46]. As one of the leading career fields that drives economic sustainability and a nation’s competitiveness, meeting the workforce demands in engineering is crucial. One possible solution for that is attracting more women into the fields while letting them fulfill their potential [8]. Last, but not least, increasing the numbers is the means and ends toward gender equality, even though it would take a long time to tear down the deep-rooted systematical biases and barriers in the male-dominant engineering majors and career fields. By increasing the number of women who choose engineering majors, we can assure that more women enter the engineering career fields and are retained [47]. When a sufficient level of diversity is achieved and retained, there will be a better recognition and reputation of the workplace, thus resulting in a higher retention of employees. Having more women means that having more role models for the girls who are interested and talented in engineering [15,48,49,50,51], and, eventually, more women are supposed to persist toward leadership positions. That possibly allows the current power dynamics and male-dominant culture to be changed [48]. This can be considered as a sustainable cycle of a work place, thus highlighting the importance of diversity; a better representation of women engineers.




2.3. Social Cognitive Career Theory and Integrative SCCT Model


Adapted from Bandura’s [52] social cognitive theory and Hackett and Betz’s [53] application to women’s career development, social cognitive career theory (SCCT) [54] has served as one of the major theoretical grounds for career development by integrating the contextual, personal, and behavioral determinants for career development. Moreover, SCCT has continuously evolved [55] by producing three interwound models of interest development, choice-making, and performance and persistence in education and career [54], and later by extending models to satisfaction and well-being within education and career domains [56], and career process tasks and challenges during career development [3]. The most comprehensive model was called the integrative SCCT model, which was introduced by Lent and his colleagues [3] to examine the social cognitive factors for engineering major adjustment across different gender and race/ethnicity groups. In the integrative SCCT model, they combined the core elements of the SCCT’s segmental models of satisfaction on major or career domains, major/career interest, choice, and persistence or performance [54,57]. In their integrative model, self-efficacy expectations were directly predicted by environmental supports/resources, personality traits/affective dispositions while outcome expectations were predicted by environmental supports/resources and self-efficacy expectations. In turn, interest was directly affected by self-efficacy expectations and outcome expectations, and satisfaction was directly predicted by environmental supports/resources, personality traits/affective dispositions, self-efficacy expectations, outcome expectations, and interest. Finally, persistence was predicted by environmental supports/resources, self-efficacy expectations, outcome expectations, interest, and satisfaction (for more information on the model, please, refer to the study [3]).




2.4. SCCT Empirical Studies on the Career Development in the Context of Higher Education


The core bivariate relationships among the variables of the social cognitive theories have been empirically tested for the career development of engineering students with either cross sectional or longitudinal data from the diverse backgrounds in terms of gender, race/ethnicity, sub-field of engineering, etc. Some studies supported the originally hypothesized relationships, but some counter evidence also exists.



Some studies supported the significant and positive relationship between self-efficacy and outcome expectations. For example, Lent and his colleagues [3] found that the relationship between self-efficacy and outcome expectation was in the positive direction while investigating the SCCT model of academic adjustment of 1377 engineering students from four universities with different racial compositions. In addition, the longitudinal study to test the SCCT model of academic adjustment of 732 engineering students also supported the same relationship [58].



The aforementioned two studies [3,58] found the positive and statistically significant relationship between self-efficacy and interest. Byars-Winston and his colleagues [59] also found the same supporting evidence with 223 students from various underrepresented racial/ethnic groups (i.e., African American, Latino/a, Southeast Asian, and Native American undergraduate students) majoring in either biological science and engineering. Flores et al. [60] investigated the model of academic satisfaction based on the SCCT model with 527 engineering students in a predominantly Latino/a university, and the results indicated a significantly positive relationship between self-efficacy and interest. In the recent study [61] of the integrative SCCT model, the same relationship was supported with the data from 1335 White and Latino/a engineering students.



The positive relationship between self-efficacy and goals (e.g., intention to pursue engineering careers, in our study) was supported by the two studies [60,61] mentioned above. In the study of the engineering, students’ social cognitive of academic persistence and performance across gender and race/ethnicity [62] supported the relationship between self-efficacy and academic persistence goal using the longitudinal data of the 908 engineering students from two state universities. Lee and her colleagues’ [63] study of the longitudinal test of SCCT’s academic persistence model with 172 participants also supported the relationship between self-efficacy and engineering goals. However, multiple studies [3,58,60] found that self-efficacy and persistence goals were not correlated significantly. Navarro and his colleagues [61] found that the relationship was significant for White men, but nonsignificant for Latino, Latina, and White women.



Regarding the relationships with the outcome expectations, multiple studies [59,60,62,63] supported the positive relationship between outcome expectation and interest. The relationship between outcome expectation and persistence goal was positive and significant in the studies [3,59,60,62] previously mentioned. The relationship between outcome expectation and satisfaction was supported by the studies Flore et al. [60] and Lent et al. [3,62]. However, some studies found inconsistent results. For example, the study on the longitudinal SCCT model for persistence intention with 551 engineering students reported that outcome expectation and intended persistence was not significantly related to each other [64]. Lent and his colleagues found that the relationship between expected outcome and interests was not statistically significant in the longitudinal investigation of the SCCT’s choice model with 116 engineering students at historically Black universities [65].





3. Methods


3.1. Survey Development and Variables of Interest


As a part of the R-WISET (Regional office- Women in Science Engineering and Technology program, the program director and the research professor in the innovation center for engineering education at a large private university in Seoul, Korea developed a survey instrument to investigate the engineering students’ perceptions on their major and major-related career fields. The survey included basic questions on sociodemographic information (e.g., gender, current major, grade level, etc.) and the questions on the reasons for having chosen one’s major with three separate categories (i.e., individual aspiration and interest, influence of significant others, expected value in the major-related career fields), major identity, major self-efficacy, major interest, major satisfaction, negative prospects on career as minority, perception of male dominance, expected career success, and intention to pursue an engineering career. Although the questions were given all at once, the questions can be categorized into three time-points: before, during, and after university studies. Figure 1 illustrates the major variables of interest organized into three time-points with the number of questions under each variable. For all items, the response options were Likert-type with 5-point (1: strongly disagree; 5: strongly agree).



3.1.1. Variables of “Before Entering University”


In order to trace the reasons for having chosen the current major of each participant, we selected three interesting (significant) categories: (1) individual aspiration and interest, (2) influence of significant others (e.g., family members, friends, teachers, etc.), and (3) expected value in the major-related career fields. The individual aspiration and interest category represents the reasons closely related to personal propensity and perceived fit, and it included five items (e.g., “I chose my current major to realize my dream job,”) while the influence of significant others category stands for somewhat passive reasons including five items (e.g., “I chose my current major due to my parents’ recommendation,”). The expected value in the major-related career fields category was considered as being the active reason driven by expected value in the future, and it consisted of five items (e.g., “The career fields of my major was highly recognized in our society.”).




3.1.2. Variables of “During University”


We identified four interesting variables: three of them were individual factors, and the other was a contextual factor. First, the individual factors were major identity, major self-efficacy, and major interest. The major identity factor included four items (e.g., “I think my major fits to my interest and aptitude,”), major self-efficacy consisted of three items (e.g., “I can get good grade in the classes of my major,”), and major identity had five items (e.g., “The classes in my major are intriguing.,”). Second, the contextual factor was the major satisfaction with four items (e.g., “I am satisfied with my major.”).




3.1.3. Variables of “After Graduating University”


We selected the four variables that reflect the participants’ perception on the major-related career fields after graduation. We developed four items (e.g., “I will be successful in the career fields of my major,”) representing expected career success. As distal contextual factors, we developed two constructs: negative prospects on career as minority and perception of male dominance. The negative prospects on career as minority included six items (e.g., “it is hard to find the role models who I can relate with in the career fields of my major,”) while the perception of male dominance included six items (e.g., “I think the culture of the career fields of my major would be male dominant,”) as well.





3.2. Data Collection Procedure and Participants


The data were collected in the engineering school at the same university between 1 November 2017 to 13 June 2018. Printed surveys were distributed to the students in five Architectural Design classes, in a chemical engineering class, and in the orientation for the new students of three engineering programs (Civil, Environmental, & Architectural Engineering, Mechanical Engineering, and Materials Science & Engineering) in addition to the students who participated in the R-WISET programs. To collect more data, we distributed the online survey link to the students majoring in engineering via email. The survey provided the explanation of the purpose of the survey and possible use of the survey data (without any private information) for future research and publications. Based on the information, each student could freely choose either to consent or not to consent to participate in this study.



We collected 509 completed surveys (389 printed surveys and 110 online surveys) checked with the participants’ consent. However, we excluded the 94 respondents’ data with either unanswered questions or insincere responses, and thus, a total of 415 participants’ responses were analyzed in the current study. The characteristics of the participants are presented in Table 1. The participants were dominantly male (71.15%) while the participants major consisted of Civil, Environmental, & Architectural Engineering (19.3%), Architecture (13.7%), Mechanical Engineering (5.8%), Industrial Engineering (3.4%), Materials Sciences & Engineering (30.1%), Electrical Engineering (7.0%), and Chemical Engineering (20.7%). The majority of the participants were freshmen (47.0%) while sophomores, juniors, and seniors were 11.6%, 23.9%, and 17.6%, respectively.




3.3. Data Analysis Methods


We conducted data analyses in three phases: (1) confirmatory factor analysis to examine the evidence of the structural validity for each of the 11 factors, (2) independent t-test to make cross-group mean comparisons between male and female students, and (3) path analysis to test the theoretical model for the intention to pursue an engineering career based on the social cognitive career theory. We conducted confirmatory factor analyses and independent t-test using Jamovi version 8.0 [66] while conducting the path analysis using MPlus 8.0 [67].



3.3.1. Confirmatory Factor Analysis


In the original survey, we included 47 questions, and each set of three to six questions were assumed to be dominated by one of the 11 major- or career-related factors in addition to the intention to pursue an engineering question. To simplify the analysis using higher-level factors, we tested each factor structure of the 11 factors (constructs) using confirmatory factor analysis (CFA). A total of 11 sets of one-factor CFA model were fitted to the data separately. To evaluate the model adequacy, we referred to the chi-square fit statistics and two more alternative model fit indices (i.e., the CFI: comparative fit index; the SRMR: standardized root mean residual). A significant chi-square indicates that the model does not fit to the data. However, the chi-square fit statistics tends to reject an acceptable model given a sizable sample, as in our study (Kline, 2010 [68,69]), and thus, we relied more on the other fit indices. According to Hu and Bentler [70], CFI values greater than 0.95 and 0.90 indicate excellent and acceptable fit, respectively. Regarding the SRMR, values close to or below 0.06 indicate a good fit [70]. Although the RMSEA (root mean square error of approximation) is also a frequently reported fit index, its inconsistent performance with other fit indices (i.e., CFI and SRMR) kept us from reporting it [71].




3.3.2. Independent t-test


We conducted a set of independent t-tests to compare the difference between the male and female students on the 10 major- and career-related factors (individual aspiration and interest, influence of significant others, expected value in the major-related career fields, major identity, major self-efficacy, major interest, major satisfaction, negative prospects on career as minority, perception of male dominance, expected career success). Once the tested one-factor model or modified one-factor model was established, we made a composite score by averaging the scores of the included items under each factor. In addition, we also compared the scores on intention to pursue an engineering career between the male and female students.




3.3.3. Path Analysis Model


The adjusted social cognitive career theory (SCCT) model for the intention to pursue an engineering career was tested using path analysis under the structural equation modeling framework. Unlike the ordinary regression analysis, a path analysis model can incorporate exogenous variables that are very close to the independent variables in an ordinary regression analysis model, and endogenous variables that can serve as both independent and dependent variables. Hence, the complex relations among variables in a theoretical model can be simultaneously tested using a path analysis model. Based upon the literature regarding the social cognitive career theory [55,61], we constructed the adjusted SCCT model with the core elements of the interest development model, choice model, and satisfaction model while adding the distal factors related to future career. The model included the personal factors (i.e., gender, major-related identity, major self-efficacy, major satisfaction), perceived environmental factors (i.e., negative prospects on career as minority and perception of male dominance), expected values (i.e., expected career success), interest (i.e., major interest), satisfaction (i.e., major satisfaction), and intention to pursue an engineering career, as shown in Figure 2.



In the model, the final outcome, intention to pursue an engineering career, was predicted by gender, major self-efficacy, expected career success, major interest, and major satisfaction. Next, major satisfaction was predicted by gender, major identity, and major interest, while major interest was predicted by gender, major identity, major self-efficacy, and expected career success. Then, major self-efficacy was predicted by gender and major identity, while expected career success was predicted by gender, major identity, negative prospects on career as minority, and perception of male dominance. In turn, major satisfaction, major identity, negative prospects on career as minority, and perception of male dominance were predicted by gender. To evaluate the adequacy of the tested model, we employed the same criteria used in the confirmatory factor analysis accordingly to Hu and Bentler’s [70] recommendation (CFI > 0.90; SRMR ≤ 0.06).



The correlations among the variables in the model are presented in Table 2.






4. Results


4.1. Confirmatory Factor Analysis


Table 3 provides the results of confirmatory factor analysis by factor including information on model fit indices and the range of factor loadings of the items under the tested factor. Additionally, Table 3 includes the values of Cronbach’s α for each factor. Each of the original one-factor models was supported with acceptable or excellent model fit by the CFI (0.94–0.98) and SRMR (0.02–0.04) values except for the individual aspiration and interest and major interest factor. For these factors, we allowed one error correlation between two items (the first and second items for both factors), which was indicated by the largest modification index in addition to the similar contents of the related items for each factor. All factor loadings were equal to or greater than 0.49, which indicated that a substantial relationship between a factor and the corresponding items was supported [72]. The Cronbach’ α values ranged from 0.76 to 0.90, which means adequate internal consistency reliability among the items under each factor. Therefore, we could legitimately use the composite mean score for each factor in the next analysis.




4.2. Paired t-Test Results


The independent t-test results are shown in Table 4. The results are presented aligned with the three-time points as follows.



First, we analyzed the three variables (individual aspiration and interest, influence of significant others, and expected value in the major-related career fields representing the reasons for choosing one’s major, to examine possible gender differences before entering university. According to the t-test results, the males and female students did not have different mean scores on any of the three variables, which implies that the male and female students were similarly motivated by the three factors when they chose their major before entering university.



Second, the tested variables of interest during university were the major identity, major self-efficacy, major interest, and major satisfaction. The t-test results indicated that none of the variables tested were significantly different between the male and female students. That means the male and female students perceived their level of major satisfaction, identity, self-efficacy, and interest similarly during university.



Third, the variables of interest after graduating university included negative prospects on career as minority, perception of male dominance, expected career success, and intention to pursue an engineering career. Interestingly, except for the intention to pursue an engineering career, the other three variables had significant mean difference between the male and female students. The females had higher mean score (Mean = 2.98, SD = 0.71) on the negative prospects on career as minority than the males (Mean = 2.62, SD = 0.70) while having higher perception of male dominance mean score (Mean = 2.68, SD = 0.83) than the male students (Mean = 2.35, SD = 0.92). On the contrary, the male students scored significantly higher (Mean = 3.63, SD = 0.76) on expected career success than the female students (Mean = 3.39, SD = 0.77). The effect sizes for negative prospects on career as minority, perception of male dominance, and expected career success, respectively, were 0.51, 0.37, and −0.31, which were between small (0.2) to medium effect (0.5) according to Cohen [73]. Interestingly, female (Mean = 3.90, SD = 1.91) students had the same level of intention to pursue an engineering career with the male (Mean = 3.97, SD = 73) students even though they had higher level of negative prospects on career as minority and perception of male dominance, while having lower level of expected career success.




4.3. Path Analysis


4.3.1. Model Evaluation


The chi-square of the adjusted social cognitive career theory model was statistically significant (χ2 = 85.155, df = 13, p < 0.001), which means the model and the data are significantly discrepant. Given the large sample size in the current study, the significant χ2 fit statistic might be too sensitive to reject an appropriate model, and thus, we relied more on the alternative fit indices; the CFI and SRMR. The CFI (0.94) and SRMR (0.06) indicated the model was good to reserve. Figure 3 illustrates the model with the statistically significant unstandardized/standardized path coefficient, while non-significant paths are expressed with dotted lines. The R2s for the five major outcome variables (major self-efficacy, expected career success major interest, major satisfaction, and intention to pursue an engineering career) were 0.36, 0.11, 0.40, 0.50, and 0.41, respectively. To interpret the R2s, 36% of the variability in expected career success was explained by gender, major identity, major self-efficacy, negative prospects on career as minority, and perception of male dominance, while 11% of the variability in major self-efficacy was explained by major identity. Then, 40% of the variability in major interest was attributed to major identity, major self-efficacy, and expected career success, and 50% of the variability in major satisfaction was explained by major identify and major satisfaction. In turn, 41% of the variability in intention to pursue an engineering career was explained by major identify, major self-efficacy, major interest, major satisfaction, and expected career success.




4.3.2. Model Parameter Estimates


The unstandardized and standardized path coefficients of the modified model are provided in Table 5. The variable gender was a categorical predictor with the male students as the reference group (male = 0; female = 1), and thus, the path coefficients with gender as an exogenous variable (i.e., independent variable) can be interpreted as the female students’ score on the endogenous variable (i.e., dependent variable) compared to that of the male students. The path coefficient (B = 0.36, SE = 0.08) from gender to negative prospects on career as minority implied that the female students scored 0.36 higher on that than the male students while the path coefficient (B = 0.33, SE = 0.10) from gender to perception of male dominance indicated that the female students scored 0.33 higher than their counterparts. On the contrary, the path coefficient (B = −0.20, SE = 0.07) from gender to expected career success meant that the female students rated lower on expected career success than the male students. For each path from gender to either of major self-efficacy, major interest, major satisfaction, or intention to pursue an engineering career was not statistically significant. That is, the female and male students had equivalent scores on major self-efficacy, major interest, major satisfaction, and intention to pursue an engineering career.



The remaining path coefficients indicated the relationship between quantitative exogenous and endogenous variables, and the interpretations were based on the standardized path coefficients. Each path coefficient should be interpreted as a conditional effect, in which the other predictors for the given outcome variables are controlled, and we omitted the explanation on the conditional effect for each path for parsimonious explanations. We reported the results based on each outcome variable from the left to the right in the model. First, the path coefficient (β = 0.35, SE = 0.05) from major identity to major self-efficacy implied that one standard deviation increase in major identity resulted in 0.35 increase in major self-efficacy. Second, the paths with expected career success as an outcome, all path coefficients were positive in their direction except for negative prospects on career as minority. To interpret the path coefficients, one standard deviation increases in major identity, major self-efficacy, and perception of male dominance, yielded 0.51 (SE = 0.04), and 0.14 (SE = 0.04), and 0.13 (SE = 0.05) standard deviation increase in expected career success, respectively, whereas one standard deviation increase in negative prospects on career as minority led to 0.16 (SE = 0.05) standard deviation decrease in expected career success. Among the four factors, major identity was the most influential factor for expected career success. Third, major interest was significantly predicted by major identity (β = 0.22, SE = 0.05), major self-efficacy (β = 0.26, SE = 0.04), and expected career success (β = 0.35, SE = 0.05), which indicated that one standard deviation increase in major identity, major self-efficacy, and expected career success led to 0.22, 0.26, and 0.35 standard deviation increase in major interest, respectively. Fourth, major satisfaction was significantly predicted by major identity (β = 0.61, SE = 0.04) and major interest (β = 0.17, SE = 0.04), which implies that one standard deviation in major identity and major interest yielded 0.61 and 0.17 increase in major satisfaction, respectively. Finally, in respect of the ultimate outcome (intention to pursue an engineering career) in the model, expected career success (β = 0.14, SE = 0.05), major interest (β = 0.12, SE = 0.05) and major satisfaction (β = 0.50, SE = 0.04) and were positively related to the outcome. To interpret the path coefficients, one standard deviation increase in expected career success, major interest, and major satisfaction resulted in 0.14, 0.12, and 0.50 standard deviation increases in intention to pursue engineering career, respectively. The most influencing factor for intention to pursue an engineering career was major satisfaction.



To sum up, the adjusted social cognitive career theory model fitted to the data well, but five of the path coefficients were not statistically significant. All path coefficients were in the expected direction except for the path coefficient from perception of male dominance to expected career success, which was in positive direction. We will discuss the possible reason for that in the next section.






5. Discussion


5.1. Findings and Implications


Based on the survey responses of the 415 engineering students in Korea, we investigated the gender difference on the major- and career-related variables using independent t-test after the confirmatory factor analysis as a preliminary step for reducing the original 47 variables to the 11 factors. Additionally, we examined the adequacy of the adjusted social cognitive career theory model including the core elements of the interest development, choice goal, and satisfaction models as well as the distal factors related to future career using path analysis. Our discussion on the findings and implications focused on the independent t-test results and path analysis results.



5.1.1. No Gender Gap on the Major-related Perception but Prominent Gap in Perceptions on the Future Career


The 11 major- and career-related variables were categorized into three important time points: before, during, and after university.



First, the three variables of the reasons for choosing one’s major were set out to examine the gender difference in the major choice motivation before entering university. The independent t-test results indicated that there was no gender gap across any of the three variables (individual aspiration and interest, influence of significant others and expected value in the major-related career fields). In other words, the female participants in the study chose their major motivated by each factor to the same extent with the male participants. Among the three variables, the female and male participants had the highest score on individual aspiration and interest while having the lowest score on influence of significant others. The finding implies that the direction of the recruitment programs (i.e., the WISET program in Korea for recruiting more girls into the engineering majors) should continue to promote the K-12 female students’ engineering interest and supporting them to find their engineering identity.



Second, the male and female participants had a similar level of major identity, major self-efficacy, and major interest as well as major satisfaction. Nevertheless, our expectation was that the female students would have a lower level on those variables given that the percentage of the female students has been persistently low in the engineering programs at the studied institution. One possible explanation for that is that the institution is one of the most prestigious engineering programs in Korea, and the female students in the programs were already highly motivated, talented, and competent. In addition, the engineering school had made continuous efforts to empower the female students through the R-WISET programs, such as the major-related competency development programs, leadership development programs, internship programs at real work places, mentoring programs, etc.



Third, the current study showed that the intent to graduate with an engineering degree does not translate directly to pursuing a career in engineering, particularly among female students [74]. This was clearly illustrated when asked about the individual’s future career prospects, the differences were evident. The female students foresaw a lower level of expected success in the major-related career field. They were also aware of and concerned about, women engineers being the minority in the male-oriented work place. In contrast, male students were neither aware nor bothered by the fact that female engineers are of extreme minority and the field continues to be strongly male-oriented. Therefore, there is an opportunity for a future study on ‘Peer interaction’, which seems to significantly affect students’ intention to attain an engineering degree or whether they see themselves in an engineering field 10 years on [74]. One surprising finding is that the female students wanted to step into the engineer career field as much as the male students despite their negative expectations and perception on the future career. However, the female students’ negative expectations and perception on the future career are not misconceptions, but the reality [1] that they are likely to encounter at the engineering work places.




5.1.2. The Adjusted SCCT Model Generally Consistent with Previous Findings


The adjusted SCCT model with perceptions on the distal contextual factors in future career had a fairly good model-data fit while most of the core relationships were generally in the same directions with the previous findings except for some cases. The positive relationship between major self-efficacy and expected career success was consistent with the findings from the study of Lent, Brown, and Steven [3] and the study of Lent, Miller, Smith, Watford, Hui, and Lim [58]. The relationship between major self-efficacy and major interest was also in a positive direction as in the previous studies [3,58,59,60,64]. We also found major interest and intention to pursue an engineering career, which was consistent with the findings of Lent et al. [75], where the relationship between interest and intended persistence goals was positive and significant. However, more studies reported nonsignificant relationships between interest and persistent goals [3,60,63,64]. The positive relationship between expected career success and intention to pursue an engineering career was consistent with that in the previous studies [3,60,63,64]. We also found the positive relationship between expected success and major satisfaction as in the studies [3,60,62], while the relationship between expected success and intention to pursue an engineering career is similar to the results of Lent et al. [3].




5.1.3. Gendered Impact of Distal Factors on Intention to Pursue an Engineering Career


As the newly added components in the adjusted integrative SCCT model in our study, we were most interested in the effect of negative prospects on career as minority as the distal factor related to future career (negative prospects on career as minority, perception of male dominance, and expected career success). The female participants had higher scores on negative prospectss on career as minority and perception of male dominance while having lower scores on expected career success. In turn, negative prospects on career as minority was negatively related to expected career success. From the post hoc analysis on the mediation effect, only negative prospects on career as minority showed significant negative indirect effect (β = −0.06; SE = 0.03) between gender and expected career success. The direct effect of gender (β = −0.06; SE = 0.03) was still significant at 0.05 alpha level, which means that the female student had lower expected career success than the male student even after controlling for the indirect effect of negative perception on career as minority. However, we could not find any significant indirect effect of expected career success between negative prospects on career as minority and intention to pursue an engineering career. That is, perception on the distal barrier could not affect the female students’ firm intention for persistence. Interestingly the perception of male dominance was positively related to expected career success for both female and male students. This finding was the opposite result to what was expected. One possible explanation is that the female participants in our study are one of the most high-achieving and highly motivated groups in Korea, and their proactivity and need for achievement might prevent them from being disheartened by the male-dominanted career environment.





5.2. Limitations and Suggestions for Future Studies


The findings of the current study should be understood based upon the following limitations. The identified limitations are derived from the sampling procedure, different modes of the survey administration, cross-sectional data collection, unconsidered factors, and study design.



First, the data analyzed in the current study were collected at one large private university, which is regarded as one of the most prestigious engineering school in Korea. In addition, we could not employ random sampling procedure while relying on the so-called ‘convenient sampling’ procedure. Therefore, the results of the study may not be applicable to the students with different characteristics or from different locations. In particular, the female engineering participants in the current study might be more proactive, goal-oriented, and grittier than the female engineering student in different universities.



Second, the data collection was done in two modes: one was the paper-and-pencil based survey and the other was the online-based survey. The different methods of survey administration possibly confounded the results of the study. For example, it was probable that the students who responded to the paper-and-pencil based survey might have provided more socially desirable answers to the survey questions due to the psychological pressure (e.g., the effect of the proximal presence of their instructors) than those who responded to the online survey. Hence, future studies should administer a survey to each participant in a consistent way. Otherwise, a future study should test whether there is any difference between the different modes of survey administration.



Third, a more reliable result could be deciphered if the survey continues to be ‘longitudinal’, rather than a ‘spot’ or ‘cross-section’. This means that we not only conduct a ‘one-off’ survey asking for answers to questions based on different phases of their lives, but also track students from freshmen through graduation so that we can also understand if and when changes in perceptions occur. To figure out the students’ perceptional changes over time, future studies should address the similar issues of our study based on longitudinally collected data. Specifically, intention to pursue an engineering career might not be directly converted to an actual engineering career choice. Therefore, a follow-up data collection for the actual career choice might add more light to the career development of the women in engineering.



Fourth, we did not include either participants’ university performance (e.g., GPA) or participants’ actual perception on the institutional culture/environment related to male dominance which might play important role in the model. Thus, future studies have to consider including these variables in the model. In this study, an individual was asked about before, during, and after graduating university. In addition, it would be worthwhile investigating whether to extend the survey to include questions on the influence or the effect of programs such as mentoring and networking, run by R-WISET, WISET at university, on the perception of future career in engineering. This aspect could be the critical turning point of R-WISET, WISET programs so as to cultivate a more positive outlook of engineering as a future career for female students.



Finally, we cannot make any causal inference among the variables since we did not employ an experimental design. Even though we interpreted the path analysis results with the expression ‘predict’, that does not mean true causations. Instead, the audience should be aware that the expression just represents the direction of the arrow in the path model. Therefore, to investigate the causal relationships among the variables in the model, the experimental-design studies are imperative.





6. Conclusions and Final Remark


R-WISET, WISET programs in Korea made tremendous efforts to motivate and encourage girls to consider or pursue an engineering major. The results of the survey show that such programs have been a great driving force behind encouraging and motivating female students to embark on studying engineering as their major at university. However, studies showed that female students are hesitant to challenge male-dominated cultural norms that have been established in engineering departments [76,77]. This pattern continues in the work place where women engineers do not challenge when encouraged to take on roles that emphasized the ‘people side’ of engineering rather than developing the technical engineering career [78] (p. 604). This is the typical ‘gendered organizational culture’ that exists in the engineering field. In this regard, a future study in the importance of more ‘inclusive education’ for both male and female students with female mentors who can illustrate work–life issues as well as building a more comparable empathy between male and female students. However, this approach will take years to show any ‘real’ cultural changes in the workplace. Until fairly recently, WISET offered programs only for the female students, but in the last year, the percentage of male students’ participation allowance has been increased to almost 40%. This is a good representation of the realization that building an empathetic relationship between the genders at university level that will bring about less bias working environment in the future. This will also help to foster an organizational culture that promotes gender equity and fairness, as well as increase women’s representation in the work place [79]. However, as the results of the survey showed in this research, there is an underlying lack of awareness in males that they do not realize themselves as biased, which is a fundamental problem that needs to be addressed. What needs to be done as an action for promoting a change in the work place is the change of the ‘system’ which could include regulatory approaches. If we take the example of the example of three children of different heights watching a baseball match over the fence; if all three are treated ‘equally’ and given a box each to stand on, there could be a child who still cannot see over the fence. If, on the other hand, individuals are given different numbers of boxes to stand on, then all children have access to the game. They are treated ‘equitably’, but some have to stand on boxes to watch the game. However, if we remove the solid fence, the cause of the inequity is addressed. In this case, all three children can see the match without any supports or accommodations. The systematic barrier has been removed. This change can only be brought about through a continuous ‘inclusive education’ in the long run at the university level. Other complementary actions, such as more affirmative action policies, for example, mandated regulations on increasing the representation of women on the boards of engineering companies, could be implemented for a faster shift in the gender balance. When this ultimate change through continuous education, with changes in policies and system, is made, then we can expect a dramatic change in the representation of female engineers in the work place worldwide, thus securing better and healthier sustainability of engineering education institutions and work places.
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Figure 1. Illustration of the survey structure categorized into three time-points. 
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Figure 2. The adjusted social cognitive career theory model for the intention to pursue an engineering career. 
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Figure 3. The model with the unstandardized path coefficient; The nonsignificant paths are shown in dotted line; ** p < 0.01; *** p < 0.001. 
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Table 1. Participants’ gender, major, and grade.
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Category

	
N

	
%






	
Gender




	

	
Male

	
295

	
71.1




	

	
Female

	
120

	
28.9




	
Major




	

	
Civil, Environmental, & Architectural Engineering

	
80

	
19.3




	

	
Architecture

	
57

	
13.7




	

	
Mechanical Engineering

	
24

	
5.8




	

	
Industrial Engineering

	
14

	
3.4




	

	
Material Sciences & Engineering

	
125

	
30.1




	

	
Electrical Engineering

	
29

	
7.0




	

	
Chemical Engineering

	
86

	
20.7




	
Grade




	

	
Freshman

	
195

	
47.0




	

	
Sophomore

	
48

	
11.6




	

	
Junior

	
99

	
23.9




	

	
Senior

	
73

	
17.6
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Table 2. Correlation among the variables in the proposed model.
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	1
	2
	3
	4
	5
	6
	7
	8





	1. Major identity
	—
	
	
	
	
	
	
	



	2. Major self-efficacy
	0.33 ***
	—
	
	
	
	
	
	



	3. Major interest
	0.50 ***
	0.41 ***
	—
	
	
	
	
	



	4. Major satisfaction
	0.69 ***
	0.21 ***
	0.47 ***
	—
	
	
	
	



	5. Negative prospects a
	−0.12 ***
	0.10 ***
	0.06 ***
	−0.09 ***
	—
	
	
	



	6. Perception of male dominance
	−0.05 ***
	0.20 ***
	0.15 ***
	0.01 ***
	0.64 ***
	—
	
	



	7. Expected career success
	0.57 ***
	0.32 ***
	0.55 ***
	0.58 ***
	−0.15 ***
	0.01 ***
	—
	



	8. Intention to pursue b
	0.50 ***
	0.19 ***
	0.42 ***
	0.62 ***
	−0.11 ***
	−0.00 ***
	0.48 ***
	—







Note: a Negative prospects on career as minority; b Intention to pursue an engineering career; * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 3. Internal Consistency Reliability and Confirmatory Factor Analysis Results.
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Time Category

	
Variable

	
# of Items

	
α1

	
CFA Results




	
Model

	
χ2

	
df

	
CFI

	
SRMR

	
Range of Stand. FLs3






	
Before Entering University

	
Individual aspiration and interest

	
5

	
0.87

	
One-factor2

	
23.71 ***

	
4

	
0.98

	
0.03

	
0.68–0.84




	
Influence of significant others

	
5

	
0.81

	
One-factor

	
33.50 ***

	
5

	
0.96

	
0.04

	
0.49–0.85




	
Expected value in the major-related career fields

	
4

	
0.83

	
One-factor

	
21.12 ***

	
2

	
0.97

	
0.03

	
0.58–0.86




	
During University

	
Major identity

	
4

	
0.87

	
One-factor

	
17.25 ***

	
2

	
0.98

	
0.02

	
0.66–0.86




	
Major self-efficacy

	
3

	
0.76

	
One-factor

	
0.004

	
04

	
1.004

	
0.004

	
0.60–0.88




	
Major interest

	
6

	
0.87

	
One-factor2

	
45.84 ***

	
8

	
0.97

	
0.03

	
0.64–0.80




	
Major satisfaction

	
4

	
0.85

	
One-factor

	
18.59 ***

	
2

	
0.98

	
0.02

	
0.55–0.90




	
After Graduating University

	
Negative prospects on career as minority

	
6

	
0.78

	
One-factor

	
45.79 ***

	
9

	
0.94

	
0.04

	
0.54–0.75




	
Perception of male dominance

	
6

	
0.90

	
One-factor

	
100.41 ***

	
9

	
0.95

	
0.04

	
0.59–0.90




	
Expected career success

	
4

	
0.88

	
One-factor

	
29.97 ***

	
2

	
0.97

	
0.03

	
0.67–0.93








1 Cronbach’s α; 2 Modified model with one error correlation between the first and second items; 3 Range of standardized factor loadings; 4 Since the model was just-identified, the values of model fit indices were not meaningful; *** p < 0.001.
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Table 4. Independent t-test Results.
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Time Category

	
Variable

	
Female

	
Male

	
t-Value

	
Cohen’s d1




	
Mean (SD)

	
Mean (SD)






	
Before Entering University

	
Individual aspiration and interest

	
3.68 (0.77)

	
3.65 (0.81)

	
0.38

	
-




	
Influence of significant others

	
2.04 (0.75)

	
2.16 (0.90)

	
−1.38

	
-




	
Expected value in the major-related career fields

	
3.23 (0.86)

	
3.32 (0.84)

	
−0.96

	
-




	
During University

	
Major identity

	
3.55 (0.77)

	
3.58 (0.75)

	
−0.33

	
-




	
Major self-efficacy

	
3.04 (0.83)

	
3.12 (0.78)

	
−0.93

	
-




	
Major interest

	
3.28 (0.74)

	
3.34 (0.79)

	
−0.65

	
-




	
Major satisfaction

	
3.57 (0.77)

	
3.55 (0.82)

	
0.22

	
-




	
After Graduating University

	
Negative prospects on career as minority

	
2.98 (0.71)

	
2.62 (0.70)

	
4.71 ***

	
0.51




	
Perception of male dominance

	
2.68 (0.83)

	
2.35 (0.92)

	
3.41 ***

	
0.37




	
Expected career success

	
3.39 (0.77)

	
3.62 (0.76)

	
−2.83 **

	
−0.31




	
Intention to pursue an engineering career

	
3.97 (0.73)

	
3.90 (0.91)

	
0.73

	
-








1 Cohen’s d effect sizes were presented only if the given mean difference was statistically significant; **p < 0.01; *** p < 0.001.
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Table 5. Model Parameter Estimates (Path Coefficients).
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	Parameter
	B (SEB)
	β (SEβ)





	Gender → Negative prospectsa
	0.36 (0.08)***
	-



	Gender → Perception of male dominance
	0.33 (0.10)**
	-



	Gender → Expected career success
	−0.18 (0.07)**
	-



	Gender → Major interest
	0.05 (0.07)
	-



	Gender → Major satisfaction
	0.05 (0.06)
	-



	Gender → Intention to pursueb
	0.10 (0.07)
	-



	Gender → Major self-efficacy
	−0.07 (0.08)
	-



	Major identity → Major self-efficacy
	0.35 (0.05)***
	0.33 (0.04)***



	Major identity → Expected career success
	0.52 (0.04)***
	0.51 (0.04)***



	Major self-efficacy → Expected career success
	0.13 (0.04)***
	0.14 (0.04)**



	Negative prospectsa → Expected career success
	−0.17 (0.06)**
	−0.16 (0.05)**



	Perception of male dominance → Expected career success
	0.11 (0.04)*
	0.13 (0.05)*



	Major identity → Major interest
	0.23 (0.05)***
	0.22 (0.05)***



	Major self-efficacy → Major interest
	0.22 (0.04)***
	0.26 (0.04)***



	Expected career success → Major interest
	0.36 (0.05)***
	0.35 (0.05)***



	Major identity → Major satisfaction
	0.64 (0.04)***
	0.61 (0.04)***



	Major interest → Major satisfaction
	0.18 (0.04)***
	0.17 (0.04)***



	Major self-efficacy → Intention to pursueb
	−0.01 (0.05)
	−0.01 (0.04)



	Expected success in career → Intention to pursueb
	0.14 (0.06)*
	0.14 (0.05)*



	Major interest → Intention to pursueb
	0.16 (0.06)*
	0.12 (0.05)*



	Major satisfaction → Intention to pursueb
	0.53 (0.05)***
	0.50 (0.04)***







Note. a Negative prospects on career as minority; b Intention to pursue an engineering career; B: unstandardized path coefficient; SEB: standard error of B; β: standardized path coefficients; SEβ: standard error of β; * p < 0.05; ** p < 0.01; *** p < 0.001.
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