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ABSTRACT 
 
Geoscience attracts few African American and Hispanic/Latino students to the major and 

has historically not retained women at the same rate as men. Many factors have been 

proposed to explain these disparities but no quantitative study addressed geoscience 

diversity at the undergraduate level. To examine potential barriers to recruitment and 

retention, we interviewed geoscience majors from two large public universities in the 

U.S. and gathered ‘critical incidents,’ or life experiences that affected choice of a 

geoscience major. Critical incidents were classified by time period (when they occurred), 

grouped by outcome, sorted into categories, and compared by race/ethnicity and gender. 

 

Three manuscripts -- each involving different analyses of the critical incident dataset -- 

comprise this dissertation. Among many findings, our study showed that that white, 

Hispanic/Latino, and African American students reported different types of experiences 

affecting major choice while growing up. For instance, 81% of white students reported 

outdoor experiences (e.g., camping, hiking) as children, whereas Hispanics (33%) and 

African Americans (22%) reported significantly fewer outdoor experiences from the 

same time period. Men and women geoscience majors also reported differences. In one 

example, men (92%) reported at least one positive experience involving career and 

economics factors; far fewer women (50%) reported the same. 

 

Our results can inform recruiting and retention practices. Geoscience programs can 

provide field trips for all prospective majors, target on-campus advertising towards 

diverse student groups, meet with academic advisors of incoming freshmen to encourage 

African American and Hispanic students to enroll in introductory geology courses, and 

provide major and career information to parents of prospective majors. To better recruit 

and retain women, geoscience programs can emphasize other, non-economic factors 

when advertising the degree, promoting internships, and developing field and academic 

experiences. 
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PROLOGUE 

 

 

 

 

 

 

 

 

 

My parents didn't know much science; in fact, they didn't know science at all. But they 
could recognize a science book when they saw it, and they spent a lot of time at 
bookstores, combing the remainder tables for science books to buy for me. I had one of 
the biggest libraries of any kid in school, built on books that cost 50 cents or a dollar. 

- Neil deGrasse Tyson 

 

 

 

 

 

 

 

 

 

Source: 

 http://www.pbs.org/wgbh/nova/space/conversation-with-neil-tyson.html 
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INTRODUCTION 

Despite historical gains, the geoscience major is not particularly diverse. Women earn 

39% of all undergraduate degrees, 47% of all Master’s degrees, and 41% of all Doctorate 

degrees, yet only occupy 30% of the geoscience workforce (NRC, 2013; AGI, 2011). 

Underrepresented minorities (URMs) select the geoscience major with an even lower 

frequency. In 2013, fewer than 15% of all geoscience undergraduate degrees were 

awarded to Hispanics, Asians or Pacific Islanders, African Americans, and Native 

Americans combined (NSF, 2015). While African Americans (2%) and Hispanics (6.5%) 

have increased their share of awarded geoscience degrees over the past decade (Figure 1), 

these gains have been minimal. 

 

Diversity -- in which the human components of a community reflect the makeup of the 

larger population -- benefits students’ academic development, awareness of cultures, 

workplace environment, and overall college experience (Velasco and Velasco, 2010). 

Improved diversity also lessens the projected geoscience workforce shortage (AGI, 2014) 

and enhances the quality of the geoscience workforce (Chan, 2013). 
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Figure 1. Log plot showing total earth science BS degrees awarded in U.S. from 2004 to 

2013 by race/ethnicity. Data from temporary residents and majors of unknown ethnicities 

excluded. Data source: NSF (2015). 

 

Prior to my research, studies addressing these phenomena in geoscience were uncommon. 

Women in geoscience may encounter unhelpful advising, work environments that are 

inhospitable to building families, and a shortage of female mentors (NRC, 2013). Moss-

Racusin et al. (2012) found that both male and female scientists possess a subtle bias 

against female scientists. In a hypothetical situation, they described how female scientists 

were considered to be less competent, less hirable, and worthy of less mentoring than 

male peers of identical experience and ability (Moss-Racusin et al., 2012). 

 

Gender stereotypes may also undermine women in geoscience. One experiment studied -- 

and countered -- the stereotyped belief that men were superior to women in a college 

physics course (Miyake et al., 2010). They explicitly noted how this stereotype, if 

unaddressed, caused women in the course to receive lower scores on course exams and 

tests. Further, this stereotype affected diversity within the physics major (Miyake et al., 

2010).  Related research on career aspirations reported similar findings. In an experiment 

designed for self-assessment, Correll (2004) found that men used “a more lenient 

standard in assessing their task competence compared to women performing at the same 

level” (p. 106). The author concluded that women will judge themselves more harshly 

than men in evaluative settings (Correll, 2004). 

 

More common were studies which explained -- or proposed to explain -- the dearth of 

URMs in geoscience. Some causes identified include: a lack of mentors of color, low 

visibility of URMs in the scientific community and in textbooks, outright (i.e., overt) 

discrimination, systemic (i.e., subtle) discrimination, covert biases, cultural disconnects 

between students and science pedagogy, and inaction towards solving the preceding 

issues (Holmes et al., 2008; Holmes and O’Connell, 2003; Lewis and Baker, 2010; 

Mattox et al. 2008; NRC, 2013; O’Connell and Holmes, 2011). 
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Semken (2005) described how place-based teaching on the Navajo Reservation was more 

effective than traditional science teaching towards reaching the Native American student 

populations. He generalized that science and culture must be intertwined to connect with 

Native learners. Munro’s (2009) qualitative study illuminated how family structure in 

Hispanic groups strongly influenced student persistence in STEM majors. Martin (2000) 

argued that family influences had a substantial role in the success of African American 

students in math. 

 

Leslie et al. (1998) examined the effect of parental occupations and educational 

backgrounds on the STEM persistence offspring. They wrote that “parental backgrounds 

work their efforts on their children primarily through demonstrating the feasibility of 

science and engineering careers, that becoming a scientist or engineer is a reasonable 

expectation, in a word, that it is efficacious” (p. 260). To these ends, the presently limited 

number of URM scientists creates a perception that these careers are attainable for 

URMs. Similar conclusions were reached -- that the short supply of URM role models is 

a barrier to diversity -- in related STEM studies (Hill and Pettus, 1990; Komarraju et al., 

2010; Lusher et al., 2015; Price, 2010; Rask and Bailey, 2010; Seymour and Hewitt, 

1997). 

 

CRITICAL INCIDENT TECHNIQUE 

I tested these explanations using a robust method developed by psychologist John 

Flanagan in the 1950s -- The Critical Incident Technique (CIT). In the CIT, respondents 

are interviewed and asked a series of open-ended questions regarding life experiences 

that affected a particular outcome. The reported experiences are classified as critical 

incidents. Flanagan (1954) defined a critical incident as  

 

“Any observable human activity that is sufficiently complete in itself to permit 

inferences and predictions to be made about the person performing the act.  To be 

critical, an incident must occur in a situation where the purpose or intent of the act 
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seems fairly clear to the observer and where its consequences are sufficiently 

definite to leave little doubt concerning its effects” (p. 327). 

 

A simple example of a critical incident affective choice of a geoscience major follows. 

Interviewer: When did you decide that you wanted to be a geoscience major? 

Respondent: I took an introductory geology course during my freshman year and 

really enjoyed learning about the earth. It made me want to be a geology major. 

 

Documenting students' experiences using the CIT proved to be a useful way to quantify 

the otherwise anecdotal interview data. Through classification and sorting into a 

taxonomy (e.g., Linnaeus, 1758), I was able to put order to the complex set of factors 

responsible for a choice of a geoscience major. Previously, Levine et al. (2007) piloted a 

CIT-based framework for similar purposes. However, this research could not investigate 

the impact of gender, race, or ethnicity due to sample size limitations. I used Levine’s 

taxonomy as a starting point for my classification system but some changes as noted in 

Stokes et al. (2015). For instance, I decided to combine all incidents that were reported as 

occurring in-school -- but prior to college -- into one major category; Levine et al. (2007) 

included categories for middle and high school factors. 

 

Flanagan’s critical incidents are rooted in B.F. Skinner’s behaviorism; social forces 

provide the necessary operant conditioning. However, the CIT could also be used to 

inform to notion of social identity -- or how one defines themselves through social 

relationships. Gee’s (2001) concepts of Discourse-identity and Affinity-identity, in which 

identities are gained through communicating with others and through sharing in a 

community, respectively, are informed by experiences like critical incidents (Figure 2). 

Some identity-building experiences certainly carry more weight than others. Drake et al. 

(2001) uncovered insights into ‘turning-point experiences,’ or major life events which 

substantially affect identity. Given the broad nature of Flanagan’s definition of a critical 

incident, I proposed that turning-point experiences could also be considered critical 

incidents. However, not all critical incidents could be turning-point experiences. To limit 
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the scope of this study, I emphasized the quantitative nature of critical incidents and 

overlooked the cyclical nature of the identity-building model. In other words, I did not 

examine how critical incidents affected identity. Instead, I presumed that greater numbers 

of positive reported critical incidents created a stronger likelihood that a respondent 

would choose the geoscience major. 

 

 

Figure 2. Conceptual model of identity acting as a filtering prism between experiences 

and storied critical incidents: 1) Social communities provide experiences and feedback; 

2) An individual processes these experiences and outcomes (i.e., incidents); 3) Social 

identity is affected; 4) The individual creates a product or affects the community in some 

way; and 5) The cycle repeats. 
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Following Institutional Review Board (IRB)-approved protocols at two study 

universities, I solicited respondents using emails to departmental list serves and paper 

fliers. I offered $25 gift cards as participant incentives. Utilizing a screening 

questionnaire via email, I was able to recruit the necessary respondents based on 

demographic information as well as confirm that study respondents were current or 

former geoscience majors. 

 

Interviews were scheduled for 45-60 minutes in unused offices and conference rooms at 

the study institutions. Respondents provided informed consent, and I took notes and made 

audio recordings. Open-ended questions were from a standard protocol (see Appendix 

D). After the interviews, audio data were transcribed using a secure service, and all 

identifying information was removed. Respondents were coded based on gender, 

race/ethnicity, and age. 

 

I collected critical incidents from 41 current and former geoscience majors. In the case of 

former majors -- and to reduce the bias due to time factors, I limited my respondent pool 

to students who had either recently graduated in the past two years or who had recently 

left the major. Critical incidents from all 41 respondents were identified and sorted into a 

classification system (i.e., taxonomy) which reflected the factors behind a choice of a 

geoscience major. The three studies used different samples from within the pool of 

respondents. 

 

The taxonomy underwent several revisions, and was ultimately designed somewhat 

similarly to the taxonomy of Levine et al. (2007). I felt that a temporal sorting system 

would be helpful towards addressing the study hypotheses. Since many respondents 

reported incidents from outside of school while growing up, I created a major category 

called ‘Out-of-school factors.’ It followed that ‘K-12 factors’ and ‘College factors’ were 

major categories created to include incidents that took place while the respondent was 

enrolled in K-12 or college classes. 
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There was some intersectionality; for instance, familial factors were a part of all three 

major categories. Due to the relatively low values obtained for inter-rater reliability, I 

concluded that the taxonomy was probably too detailed for the proposed purpose and 

small sample of respondents. Still, my effort represents the first study to quantify the 

differences in reported experiences which affected choice of major between Whites, 

Hispanics, and African Americans, men, and women geoscience majors. I attempted to 

interview a sample of Native American geoscience majors, but found that they were 

difficult to locate in large enough number to produce meaningful statistical findings. 

 

MAJOR RESULTS 

GSA Today Manuscript 

Stokes et al. (2013) represented completion of the first phase of the research study. After 

building and populating the taxonomy in QSR NVivo, I generated then-preliminary 

findings using Microsoft Excel IBM Statistical Package for Social Sciences (SPSS). I 

kept the analysis straightforward and limited as my sample of Hispanic students was 

relatively small and I had yet to consider the implications of gender on reported critical 

incidents. And, I had yet to test the inter-rater reliability of my methodology. 

 

This manuscript was originally intended for a journal which allowed a greater number of 

pages. However, despite the claim that it ”publishes timely, innovative, and provocative 

articles relevant to its international audience, representing research from all fields of the 

geosciences,” I was told that my work was of no relevance to the journal. I adapted the 

manuscript for a shorter ‘bulletin-style’ journal which seemed appropriate as it had 

recently published a short article involving a quantitative study involving the persistence 

of Hispanics in science. The manuscript was promptly rejected and it was recommended 

by an editor that I perform a more thorough literature review and pursue original research 

this time around. In response, I performed the most logical action and submitted the 

manuscript to a competing journal. Success! 
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The centerpiece of the manuscript was a chart which plotted the small number of 

statistically significant findings versus a selection of subcategories in which there were 

no significant differences (Appendix A, Figure 1). Significance was tested via Chi-square 

for nominal variables (i.e., the presence of an incident in a subcategory) and ANOVA for 

continuous variables (i.e., the count of incidents in subcategories). We found that 

Hispanics (4.9) on average reported more experiences than Whites (2.6) involving family 

factors in college. These experiences were overwhelmingly negative for Hispanics more 

so than Whites and included familial scrutiny of the choice of major as well as anxiety 

over some attributes (e.g., travel away from home) of the geoscience career path. In our 

other finding, we showed that Whites (1.2) on average reported more outdoor experiences 

than Hispanics (0.4) while growing up. 

 

These findings led us to conclude that Hispanics faced greater familial scrutiny than 

Whites in the choice of a geoscience major. Families, as the existing literature 

established, are important components of the college decision-making process; this 

scrutiny -- which often invoked the low visibility of geoscience careers -- doubtlessly 

undermined recruiting efforts in geoscience. We suggested that geoscience departments 

could provide career information to the families of prospective majors to help counteract 

this condition. Separately, we stated that the fewer reported outdoor experiences by 

Hispanics was concerning considering that geoscientists typically spend a great deal of 

time outdoors.  

 

Journal of Geoscience Education Manuscript 

My second manuscript was substantially greater in length, highly descriptive of my 

methodologies, included race/ethnicity and gender analyses, and included a much broader 

discussion of sociocultural factors. This publication process was without frustrating 

rejections, though the process involved a large number of revisions from two very 

thorough reviewers. 

 

17 
 
 



In Stokes et al. (2015), we detailed the existing research and restated the relevant 

hypotheses for the underrepresentation women and Hispanics in geoscience. We outlined 

the lack of appropriate mentors, subtle biases, discrimination, cultural disconnects, and 

apathy towards diversity as factors in the low persistence of both groups. We also 

invoked previous explanations of cultural disconnect between underrepresented groups 

and the geosciences from Steve Semken at Arizona State and others.  

 

Following an explanation of the historical applications of the CIT, we described our 

methodology and study sample. We compared our taxonomy to Levine et al. (2007) and 

noted that our version did not have a particularly high inter-rater reliability (i.e., value of 

agreement between independent reviewers of a subsample of incidents). In my 

estimation, the taxonomy perhaps was overly complex -- some subcategories and sub-

subcategories may have been so narrow that the correct sorting of incidents was too 

challenging given the limited training that I provided to my anonymous raters (Appendix 

C, Figure 2). 

 

We framed our findings into three ‘results’ sections: Popularity of factors, Race/ethnicity 

analyses, and Gender analyses. In Popularity of factors, we presented a ranking of the 

most commonly reported types of incidents in the three major categories (Appendix B, 

Table 1). Course experiences, familial factors, personal characteristics, outdoor 

experiences, major selection and advisement, geoscience culture, and peer pressure and 

socialization dominated the ranking of college factors as nearly all respondents reported 

these types of incidents. We then presented the top 14 subcategories of college factors in 

a new ranking which involved positive-to-negative incident outcome ratios (Appendix C, 

Figure 3). Career and economics incidents, for example, involved the high marketability 

of a geoscience degree and were interpreted as the most positive subcategory of incidents. 

On the other hand, experiences with other majors documented students who were 

dissatisfied with their non-geoscience majors -- prior to enrolling in geoscience -- and 

were interpreted as the most negative subcategory of incidents. In K-12 factors, course 

experiences were by far the most popular incidents. In out-of-school factors, familial 
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factors and outdoor experiences were the most popular incidents. A description of these 

subcategories with examples from the data followed in the discussion section. 

 

Our race/ethnicity analysis (Appendix B, Table 2) expanded on the results from Stokes et 

al. (2013). Though our major findings were unchanged, we were able to present 

additional data which included both percentage of respondents reported a type of incident 

and the average number of incidents reported by respondents of each type. Again, we 

found that Hispanics reported more family factors -- and negative family factors -- than 

Whites in college. And, we found that Hispanics reported fewer outdoor experiences than 

Whites while growing up. 

 

Several new findings were documented in our gender analysis (Appendix B, Table 3). In 

college, we found that men (92%) were far more likely than women (50%) to report 

positive incidents involving career and economic factors. These men reported an average 

of 2.2 positive career and economics incidents, while the women only reported an 

average of 0.8 incidents. Also in college, women (44%) were more likely than men (8%) 

to report negative experiences in required non-geoscience courses (e.g., chemistry, 

physics, calculus). These women reported an average of 0.7 negative experiences in this 

subcategory; men reported an average of 0.1 incidents. 

 

Our findings guided several notable conclusions. First, we were able to recognize the 

most important factors -- positive experiences in introductory courses, supportive family 

members, personal characteristics while helped respondents fit into the major, and fun 

field experiences -- of a choice of a geoscience major in our sample. Second, our 

race/ethnicity results informed us that families of Hispanic students should be brought on 

board early with career information in order to encourage support of their child’s major. 

The results also suggested that providing Hispanic youth with outdoor experiences would 

facilitate future interest in a geoscience career. Third, our study outlined how a broad 

advertisement of geoscience -- beyond showing just career opportunities and salary data -

- could attract more women to the field. And, we found that retention efforts for women 
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in geoscience should address the differential challenges noted in required non-geoscience 

courses. 

 

Un-submitted Manuscript 

My third manuscript accomplishes two tasks: it adds a comparison group of African 

American geoscience majors and increases the total size of the study sample. Herein, I 

employed a similar methodology to the previous paper but also included two types of 

post-hoc testing: Tukey’s test for continuous variables (i.e., the number of incidents in a 

subcategory and modified pairwise Chi-square tests for categorical/nominal variables 

(i.e., if an incident in a subcategory was present). Data were also normalized to 

compensate for a significant difference in the average numbers of incidents reported by 

White (29), Hispanic (32), and African American (22) respondents. While examining 

preliminary results, I noted that statistical tests by gender group yielded no differences 

from the previous study. These findings were excluded from the manuscript. 

 

In College factors, we again observed different levels of familial scrutiny by 

race/ethnicity (APPENDIX C, Table 3). In this study, we found that 78% of African 

Americans, 67% of Hispanics, and 24% of Whites reported at least one negative family 

factor in college. African American and Hispanic majors also reported significantly more 

negative familial factors than Whites on average. There were differences in other 

subcategories as well. While Whites (71%) and Hispanics (67%) tended to report positive 

incidents in career and economic factors, African Americans (33%) did not. Whites 

(71%) and Hispanics (44%) were also more likely to report positive geoscience 

awareness incidents than African Americans (22%). There were some disparities that 

favored African Americans. For instance, more African Americans (67%) reported 

participating in extracurricular activities than Hispanics (44%) and Whites (24%). 

 

We found that -- much like in our previous study -- URMs did not report high levels of 

participation in outdoor activities that led to a choice of major while growing up. While 

most Whites (81%) reported at least one outdoor activity, the same types of experiences 
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were only reported by 33% of Hispanics and 22% of African Americans. Compared to 

our previous study, one key difference emerged in out-of-school factors when we added 

the sample of African American majors: though Whites (81%) and Hispanics (78%) 

essentially reported these incidents at the same frequency, African Americans (22%) did 

not. 

 

This study reinforced the important of family factors on choice of major. To improve the 

recruitment and retention of URMs, geoscience could take steps to improve its visibility 

by distributing college and career information to families of majors. For example, and 

information session designed for parents could highlight the coursework needed to 

graduate, internship opportunities available to students, and job placement rate of recent 

graduates. Networking events with alumni could also help allay the concerns of students 

and families regarding geoscience careers. 

 

Providing urban youth with opportunities to work, study, and play in outdoors settings 

would also encourage African Americans and Hispanics towards the geoscience pipeline. 

These objectives could be reached through community outreach and engagement efforts 

at colleges, universities, and community centers. Though results will not be 

instantaneous, our research shows that outdoor experiences -- especially while growing 

up -- are an important part of the process of becoming a geoscientist. 
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ABSTRACT 

Geoscience attracts few African American and Hispanic/Latino students to the major. To 
examine potential barriers to recruitment, we interviewed 39 geoscience majors from two large 
public universities in the U.S. We gathered 1,169 ‘critical incidents,’ or life experiences that 
affected choice of a geoscience major. The critical incidents were classified by time period 
(when they occurred), grouped by outcome, sorted into categories, and compared by the 
students’ race/ethnicity. 

 

We found that white, Hispanic/Latino, and African American students reported different types 
of experiences affecting major choice while growing up. For instance, 81% of white students 
reported outdoor experiences (e.g., camping, hiking) as children that affected major choice, 
whereas Hispanics (33%) and African Americans (22%) reported significantly fewer outdoor 
experiences from the same time period. African Americans also reported significantly fewer 
science-related interactions with family (e.g., watching science television programs at home) 
than whites and Hispanics while growing up. We found that African Americans reported less 
exposure to the geosciences than whites and Hispanics in college. 

 

Our results can inform recruiting and retention practices. Geoscience programs can provide field 
trips for all prospective majors, target on-campus advertising towards diverse student groups, 
and meet with academic advisors of incoming freshmen to encourage African American and 
Hispanic students to enroll in introductory geology courses. 
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INTRODUCTION 

Few underrepresented minorities (URMs) choose the geoscience major. Though slight gains 
have been achieved over the past decade, in 2013 fewer than 15% of all geoscience Bachelor’s 
degrees were awarded to Hispanics, Asians or Pacific Islanders, African Americans, and Native 
Americans combined (NSF, 2015). While African Americans (2.0%) and Hispanics (6.5%) have 
increased their share of awarded geoscience degrees over the past decade (Figure 1), these 
gains have been minimal. Lessening the projected geoscience workforce shortage (AGI, 2014a), 
improving the quality of the geoscience workforce (Chan, 2013), and reaping the positive 
benefits of a diverse workplace (Velasco and Velasco, 2010) are some of the reasons for 
improving recruiting and retention practices of URMs. 

 

There are many explanations for the low levels of diversity in geoscience: a lack of mentors of 
color, low visibility of URMs in the scientific community and in textbooks, outright 
discrimination, institutionalized discrimination (i.e., policies which unintentionally create 
barriers to diversity), subtle biases, cultural disconnects between students and science 
pedagogy, and inaction (Holmes et al., 2008; Holmes and O’Connell, 2003; Lewis and Baker, 
2010; Mattox et al. 2008; NRC, 2013; O’Connell and Holmes, 2011). 

 

Stokes et al. (2015) compared the experiences of White and Hispanic geoscience majors and 
found that Hispanic majors were more likely to report scrutiny of the major by family members. 
They found an additional contrast: Hispanics were less likely to report outdoors experiences 
from childhood. We wondered if these factors were apparent in geoscience majors at our study 
institutions, and if so, what were the differences in experiences reported by Whites and URMs? 
To test these hypotheses with a larger sample that included African American majors, we 
employed a sociocultural lens. 

 

SOCIOCULTURAL FACTORS 

In broadly addressing the diversity challenge, Lewis and Baker (2010) wrote that “a sociocultural 
perspective” would be useful “to investigate why we fail to recruit geoscience majors and future 
teachers from underrepresented groups” (p. 125). We connect several sociocultural 
perspectives from existing STEM literature to provide hypotheses used in this study. 

 

Brickhouse (1994) observed that minorities “are marginalized in U.S. society and, in particular, 
are outsiders to scientific institutions” (p. 403). She explained that this outsider status could lead 
minority youth to avoid academic programs which are at odds with their ethnic identities. 
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Furthermore, traditional science teaching -- which made URM students especially skeptical of 
the value of scientific knowledge -- could create barriers to diversity. 

 

Similarly, Martin (2000) described how negative community beliefs about mathematics were 
reinforced through socializations and led many African American students to reject the 
importance of math education. His data showed that 

 

“A disproportionate number of the students…displayed negative agency and appeared 
to be pulled toward low achievement and low motivation by a host of norms, beliefs, 
and behaviors that were common in their peer groups and that undermined the 
teacher-initiated efforts to help them” (p. 180). 

 

Through peer socialization, fellow students had a far greater influence than teachers on shaping 
attitudes towards math. Science curriculum -- and the division between the cultures of 
traditional science and underrepresented groups -- could also be a factor in the lack of 
minorities in geoscience (Baber et al., 2010; Semken and Freeman, 2008; Semken, 2005; 
Semken, 1999). In this case, URMs may not be open to new learning experiences and modifying 
their existing beliefs towards science if their culture is substantially different from, or fails to 
connect with, traditional scientific teachings and practices.  

 

Families are also a powerful force in shaping students’ attitudes towards STEM careers (e.g., 
Munro, 2009; Reyes et al., 1999). Leslie et al. (1998) examined how parental occupations and 
educational backgrounds affected the STEM-efficacy of their offspring. They wrote that 
“parental backgrounds work their efforts on their children primarily through demonstrating the 
feasibility of science and engineering careers, that becoming a scientist or engineer is a 
reasonable expectation, in a word, that it is efficacious” (p. 260). In this context, the limited 
number of URM scientists and engineers intrinsically inhibits the perception that these careers 
are attainable for URMs. To break the cycle, the authors recommend early socialization of 
children around the work environments of minority scientists to foster positive aspirations 
about these types of careers. 

 

In a critical incident study, Stokes et al. (2015) found that familial scrutiny of geoscience careers 
disproportionately affected Hispanic majors. They described how Hispanics reported more 
encounters with skeptical family members than Whites, which created a barrier to persistence 
in the major. Additionally, they found that, compared to Whites, Hispanics were less likely to 
report that an outdoor experience influenced their choice of major -- which suggests fewer 
outdoor experiences. Since these types of experiences can be formative in an appreciation of 
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the outdoors, the disparity could eventually undermine efforts to recruit Hispanic youth into 
geoscience majors. 

 

Other research has highlighted the shortage of URM science role models, both parentally (e.g., 
Buzzeto-More et al., 2005; Perna and Titus, 2005) and professionally (e.g., Tate and Linn, 2005). 
Many studies emphasized the racial/ethnic differences between the vast majority of the 
scientific community and URMs. Carlone and Johnson (2007) ascribed that “it is much easier to 
get recognized as a scientist if your ways of talking, looking, acting, and interacting align with 
historical and prototypical notions of scientist” (p. 1207). They noted how women from their 
study who were most racially or ethnically different “from the norm” had the most difficult time 
identifying as scientists (p. 1210). Social capital theory (i.e., the role of relationships in career 
development and success) informs us that URMs additionally struggle to feel a sense of 
belonging in majors where there are limited opportunities for interacting with peers and 
mentors of color (Callahan et al., 2015). 

 

Similar conclusions were reached -- that the short supply of URM role models is a barrier to 
diversity -- in related studies which examined large samples of African American middle, high 
school, and college students for both persistence in STEM majors and academic performance 
(Hill and Pettus, 1990; Komarraju et al., 2010; Lusher et al., 2015; Price, 2010; Rask and Bailey, 
2010; Seymour and Hewitt, 1997). This shortage of role models also biases geoscience literature, 
where white scientists are 17 times more abundant in textbooks than scientists of color (Mattox 
et al., 2008). Though subtle, this misrepresentation could create the perception that science is 
not welcoming to people of color.  

 

CRITICAL INCIDENT TECHNIQUE 

Our study utilized the critical incident technique (CIT), which is a set of procedures used to 
collect and systematically organize human behavioral data (Flanagan, 1954; Hughes, 2007). CIT 
respondents are asked a series of open-ended questions about experiences which led to a 
specific outcome (in this study, making a decision). Flanagan (1954) defined a critical incident as 

 

“Any observable human activity that is sufficiently complete in itself to permit 
inferences and predictions to be made about the person performing the act. To be 
critical, an incident must occur when the purpose or intent of the act seems fairly clear 
to the observer and its consequences are sufficiently definite to leave little doubt 
concerning its effects’’ (p. 327). 
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The CIT offers flexibility to address many types of questions, and has previously been used to 
address choice of a geoscience major (Houlton, 2010; Levine et al., 2007; Stokes et al., 2015; 
Stokes et al., 2014). The CIT has been more broadly applied in a number of fields, including 
education (e.g., Fitzgerald et al., 2008; Goodell, 2006), medicine (e.g., Levine et al., 2012; Levine 
et al., 2008), and the service industry (e.g., Chell and Pittaway, 1998; Edvardsson and Roos, 
2001; Gemler, 2004; Johnstone, 1995). 

 

METHODS 

Data collection 

We conducted critical incident interviews with 39 current and former geoscience majors: 23 
women and 16 men. We define current majors as enrolled undergraduates who, at the time of 
the study, had formally declared a geoscience major and who had completed at least one 
required course in the major. Respondents included 32 students who were enrolled as 
geoscience majors and had taken at least one geoscience course at the time of the interview; six 
respondents who had graduated with a degree in geoscience within the past two years, and one 
student who had switched from a geoscience major to a non-geoscience major. 

 

Nine students (five female, four male) self-identified as Hispanic/Latino or biracial including 
Hispanic/Latino (Hispanic, hereafter), nine students (six female, for male) self-identified as 
African American or Afro Caribbean (African American, hereafter) and 21 students (12 female, 
nine male) self-identified as white, non-Hispanic/Latino or biracial including white, non-
Hispanic/Latino (white, hereafter). We acknowledge that these race/ethnicity designations are 
general; our limited sample size precluded narrow and culturally specific classifications.  

 

To recruit respondents, we distributed flyers and sent blanket e-mails to current geosciences 
majors, recent graduates (i.e., graduate students who earned their degrees in the previous two 
years), and former majors at two large universities: one in an urban area in the northeastern 
U.S., and the other in an urban/suburban area in the southwestern U.S.  NSF-funded geoscience 
diversity programs existed at both study institutions; our respondents include participants from 
these programs. 

 

Interviews were conducted in person. The average interview lasted 45 minutes and followed a 
semi-structured interview protocol. We encouraged respondents to recall as many different 
types of experiences as possible, and then asked follow-up questions about how respondents 
felt during the experiences, or critical incidents; these determined the outcome of the incident. 
If the respondent reported that the incident promoted geoscience major choice or retention, we 
labeled the incident ‘positive.’ If the incident had opposite consequences, we labeled it 
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‘negative.’ A white male geoscience graduate student recruited participants, conducted all 
interviews, and coded all data. 

 

Each respondent received a gift card valued at $25. We recorded all interviews on a digital audio 
recorder and also took notes by hand. The recordings were transcribed via a secure and 
confidential service, and individually identifying information was subsequently removed from 
each transcript prior to CIT analysis. This research obtained Institutional Review Board approval 
at both study institutions. 

 

Our interviews yielded a range of 15 to 47 incidents per respondent (mean M= 28.1), or a total 
of 1,096 critical incidents. Of all incidents, 842 (76.8%) resulted in positive outcomes and 254 
(23.2%) resulted in negative outcomes. Each subject reported, on average, 21.6 positive critical 
incidents and 6.5 negative outcome critical incidents (negative incidents, hereafter). 

 

Analyses 

Our critical incidents were organized and sorted into a taxonomy (i.e., hierarchical classification 
system); this grouping included three temporal categories: Out-of-school, K-12, and College; 30 
subcategories; and 11 sub-subcategories (Tables 1 and 2; see Stokes et al., 2015). Subcategories 
and sub-subcategories were identified after examining all data for common social and 
environmental themes. We used QSR International NVivo 10 to import, code, and organize 
incidents, which enabled convenient taxonomic revisions and facilitated detailed analyses. Inter-
rater reliability was evaluated and found to be relatively low for a CIT study of this nature 
(Stokes et al., 2015). We used NVivo 10 to export data tables into Microsoft Excel and IBM’s 
Statistical Package for Social Sciences (SPSS). 

 

Categorical/nominal variables (i.e., whether or not an incident belonging to a category or 
subcategory was present) were tested using a two-step process. First, overall Chi-square tests 
were employed. If significance was found, modified pairwise Chi-square tests were conducted to 
identify the likely source(s) of the overall significant finding. ANOVA tests were employed for 
continuous variables (i.e., the number of incidents in a category or subcategory). We similarly 
used a two-step process for these data. If significance was found, we conducted post hoc group 
comparisons with Tukey’s test to identify the likely source(s) of the overall significant finding.  

 

Normalization 

We found that white and Hispanic respondents reported an average of 29 and 32 incidents 
each, respectively. African American respondents reported significantly fewer (22) incidents (p < 
0.01). To facilitate proportional analyses using ANOVA, we multiplied the incidents reported by 
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African American students by a constant factor; Chi-square analyses were unaffected. In our 
normalized dataset, we recorded 1,168 incidents, including 897 (76.7%) positive incidents and 
271 (23.1%) negative incidents.  All reported results herein are based on our normalized (i.e., 
proportional) dataset. 

 

RESULTS 

Our taxonomy was based on Stokes et al. (2015), with one exception: we added a subcategory 
to College factors to address an encounter with racism reported by an African American student.  

 

College factors 

Our respondents reported the greatest number of differences in College factors (Table 3).  

 

College: Familial factors 

Our respondents indicated differences in how family members perceived choice of major (Figure 
2). Negative incidents were reported by significantly different proportions of Whites (24%), 
Hispanics (67%), and African Americans (78%, p < .01). And, on average, White respondents (0.5) 
reported significantly fewer negative family factor incidents compared to Hispanics (2.2) and 
African Americans (1.4, p < .01). 

 

College: Career and economic factors 

Significantly different proportions of Whites (71%), Hispanics (67%), and African Americans 
(33%) reported incidents related to career and economic factors (p < .05); these incidents were 
nearly all positive. Post hoc testing suggested that African American respondents reported fewer 
of these types of incidents than the other groups. 

 

College: Geoscience awareness 

Significantly different proportions of Whites (71%), Hispanics (44%), and African Americans 
(22%) reported incidents related to an awareness of geosciences (i.e., exposure to geoscience in 
an informal setting; p < .05); these incidents were largely positive. Post hoc testing suggested 
that African American respondents reported far fewer of these types of incidents than other 
groups. 

 

College: Experiences with other majors 
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Significantly different proportions of Whites (38%), Hispanics (56%), and African Americans 
(67%) reported negative experiences with other majors (p < .05). Post hoc testing did not 
identify a likely cause of this difference. 

 

College: Extracurricular activities 

Less than half (38%) of our respondents reported an incident related to an extracurricular 
activity. Of this number, respondents from our African American (67%) and Hispanic (44%) 
comparison groups were more likely to report these types of incidents than White respondents 
(24%, p < .01). African Americans (1.7) reported the most extracurricular activity incidents on 
average, followed by Hispanics (0.4) and Whites (0.3). This participation was driven by increased 
numbers of African Americans who reported teaching and tutoring activities (56%) or part of a 
diversity program (33%). 

 

K-12 factors 

With one exception in a narrow subcategory, our respondents did not differ significantly in how 
they reported K-12 incidents. The single finding was caused by positive incidents involving 
teachers and mentors. More African Americans (44%) reported these types of experiences than 
Hispanics (22%) or Whites (10%, p < .05). Our post hoc testing suggested that the difference was 
between African American and White respondents. If we assume that all respondents had 
similar opportunities for interacting with K-12 science teachers and mentors, then this finding 
indicates that African American respondents either sought out -- or valued more highly the 
guidance of -- K-12 teachers and mentors. 

 

Out-of-school factors 

These incidents typically began with “When I was growing up…” statements and often involved 
family members who provided some sort of connection to science. We found that our 
respondent groups reported significantly different numbers of incidents of this type. Whites 
(95%) most frequently reported these incidents (p< .01). Hispanics (78%) reported these 
incidents with the next-highest frequency, followed by African Americans (56%). Our post hoc 
tests suggested that the differences between White and African American groups created the 
statistical disparity. 

 

Out-of-school: Familial factors 

A majority (67%) of respondents reported family factors -- including discussions of science and 
scientific news -- while growing up as influencing choice of major. However, more Whites (81%) 
and Hispanics (78%) than African Americans (22%) reported these incidents (p < .01). Post hoc 
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testing showed that the likely cause of this difference was the dearth of incidents reported by 
African Americans. 

 

Out-of-school: Outdoor experiences 

Most Whites (81%) reported an outdoor experience while growing up; on average they reported 
1.2 incidents each (p < 0.01). Far fewer Hispanics (33%) reported an outdoor experience; they 
reported 0.3 incidents each. Even fewer African Americans (22%) reported an outdoor 
experience; they also reported an average of 0.3 incidents. Post hoc testing suggested that the 
reported experiences of the White respondents were significantly different from the Hispanic 
and African American groups. 

 

DISCUSSION 

That African American students from our sample reported significantly fewer overall incidents 
compared to other groups is suggestive: our sample may have been biased by the fact that our 
interviewer was less well-known at the study university with the larger African American 
population. These geoscience majors may have been reluctant to share some experience with a 
newcomer. Alternatively, the possibility exists that the African American students from our 
sample did not have the depth of experiences reported by other respondents. This could have 
been caused by their collective inexperience within the geoscience major (i.e., these students 
were not as far along in their degrees as Whites and Hispanics).  

 

College: Familial factors 

Hispanics and African Americans were more likely than Whites to report negative family factors 
related to choice of major.  And, Hispanics on average reported more negative familial factors 
more often than other groups.  These incidents often took the form of family members who 
were concerned or skeptical with the respondent’s decision to major in geology. An African 
American female shared her frustration: 

 

“My family said “What is geology?  Are you going to study rocks and stuff?”  They didn't 
understand what it was about. They were disappointed because my first plan was to 
become a dentist.” 

 

Though this study does not address gender differences, data like these are consistent with 
cultural barriers which impose additional restrictions on females who are considering careers in 
male-dominated fields (e.g., Reyes et al., 1999). Our findings of families as a powerful shaping 
force are supported by previous research showing the upstream battle that URMs encounter 
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with non-scientist family members who are skeptical of STEM careers (Buzzetto-More et al., 
2010; Catsambis, 1994; Leslie et al., 1998; Perna and Titus, 2005; Stokes et al., 2015). 

 

College: Economic factors 

We found that Whites were more likely to report career and economic factors (i.e., the 
possibility of a high-demand or financially lucrative career) as a motivator of geoscience choice 
than Hispanics and African Americans.  One white male reported: 

 

“I wanted a practical major.  I wanted to make a smart decision to be employable after I 
got out of college.” 

 

Another white male likewise indicated his preference for an in-demand career: 

 

“I was interested in the average salaries of geologists.  The demand was expected to 
increase and there weren't necessarily a ton more people in the pipes studying to 
become geologists.” 

 

Tate and Linn (2005) found that URM women had naïve understandings of the field of 
engineering; they recommended that precollege science curricula should introduce career 
exploration and relevant engineering problems with a more personal relevance. To offset the 
lack of URM interest in career and economic factors, we suggest developing recruiting materials 
that emphasize the environmental component of the geoscience major. For instance, many 
geoscience departments currently offer coursework related to hydrology and climate; these 
courses could be integrated into the core curriculum. Another possibility would be for 
geoscience departments to encourage majors to take courses in areas such as biology, wetland 
ecology, environmental law, and conservation biology. This degree plan -- which diverges 
slightly from a traditional geology pedagogy -- would support students who desired a degree 
that would be perceived as helpful to society, especially after growing up in an urban area 
where environmental issues were often are the forefront. By doing so, majors would feel like 
they could use their degree to give back to the community in which they were raised. Baber et 
al. (2010, p. 32.) suggested as much when they wrote 

 

“When students are able to “find themselves” in the curriculum or academic projects, they are 
more likely to be open to new learning experiences and modify previously held beliefs and 
attitudes about geoscience.”   
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College: Geoscience awareness 

Whites were more likely than Hispanics and African Americans to report positive incidents 
related to exposure to geoscience while in college. In these incidents, our respondents shared 
stories about reading about geological disasters online, desiring to better understand political 
debates involving geoscience, and attending on-campus geology presentations. We can only 
speculate about possible explanations for these differences. It may be that URMs entered 
geoscience more committed to the field than their White peers, and thus had fewer 
transformative experiences. Conversely, it is possible that students of color did not interact with 
presumably White geoscience faculty as often as White students (e.g., Komarraju et al., 2010; 
Price, 2010; Rask and Bailey, 2002) or were not aware of prominent geoscientists of color (e.g., 
Mattox et al., 2008); however, our study data are limited to a few non-conclusive anecdotes. 
Since we lack data to understand the opportunities for minority student access to geoscience 
information and faculty, we cannot speculate further. 

 

College: Extracurricular activities 

African Americans took part proportionately, and more often, in extracurricular activities than 
Whites or Hispanics.  These activities included both participation in diversity programs and 
opportunities to teach science to K-12 audiences in the community.  One African American 
female talked about a summer teaching program in which she was involved.  She said 

 

“We have a summer program for high school students in a nearby urban school district.  
We help them gain knowledge, and we're trying to get kids enthusiastic about 
geosciences.  And I feel like whenever I'm doing like a lesson or working with the 
students, I'm mastering the things that I'm learning and I become more confident with 
that material.” 

 

We propose that federally-funded diversity programs at both study institutions -- which ran 
concurrent with our research -- were responsible for the correlation herein. Yet, it would seem 
that Hispanics participate in diversity programs less frequently than African Americans. Both 
federally-funded diversity programs offered community outreach and engagement. We note 
that these types of experiences support the recruitment and retention of minority students in 
STEM majors (Callahan et al., 2015; Levine et al., 2007; Seymour and Hewitt, 1997). 

 

College: Experiences with other majors 

While all three groups reported significantly different negative experiences in other majors, our 
post hoc tests were not able to provide clarifying detail about this difference. Therefore, this 
finding is not conclusive; rather, it is suggestive that Hispanics and African Americans may be 
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disproportionately withdrawing from other majors prior to geoscience (e.g., Seymour and 
Hewitt, 1997). Considering that parental involvement plays a large role in major selection (Perna 
and Titus, 2005), we speculate that African American and Hispanic students may be pressured 
by family into non-geoscience majors -- at least initially in college -- more so than white 
students. Alternatively, it is possible that African American and Hispanic students are not 
disproportionately transferring. Rather, these students simply have more negative experiences 
to report than their white peers in former majors. We recommend further study in this area. 

 

K-12: Teachers and mentors 

African Americans were more likely than whites to report positive experiences involving 
teachers and mentors in K-12 STEM settings. However, our very small sample of incidents -- 
involving teachers who made lasting impressions -- in this subcategory (n = 11) is not particularly 
informative. We entertain the idea that our disparity in out-of-school experiences could be 
behind the increased number of incidents in this subcategory. It is possible that a student who 
did not have much exposure to science while growing up might find unexpected enjoyment in a 
middle or high school science course, or may take particular interest in learning more from the 
teacher of such a course. 

 

It follows that we call attention to the role of K-12 teachers and mentors as points of entry into 
the geoscience pipeline. Perhaps a student with little formal exposure to STEM would be 
encouraged by a positive role model in middle or high school. However, we also highlight the 
dearth of teachers of color -- who make up only 17% of the K-12 workforce -- as a barrier to 
minority enrollment in STEM majors (Enwemeka, 2015). That African American men make up 2% 
of K-12 teachers further depletes the potential pool of mentors (Peatross, 2011). With limited 
opportunities for URMs to have meaningful interactions with similar mentors, perhaps it is 
unsurprising that they are underrepresented in STEM. 

  

Out-of-school factors 

Two factors drove our differences in out-of-school factors: outdoor experiences and familial 
factors. The importance of outdoor experiences in choice of a geoscience major has previously 
been identified (Levine et al., 2007; Stokes et al., 2015). Our findings are supported by national 
statistics showing that African American and Hispanic youth spend less time outdoors than 
white youth (Larson et al., 2011; Outdoor Foundation, 2006). In consideration of this trend, the 
geoscience major might improve URM recruitment by offering some courses without field 
components (e.g., remote sensing) to satisfy students who do not have a deference to the 
outdoors. 
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Significantly fewer African Americans reported out-of-school familial factors than Whites or 
Hispanics. White and Hispanic students typically reported parents who helped them create rock 
and mineral collections, family members who were scientists, and parents who discussed 
geological features and events; African American students rarely reported these types of 
experiences. Missing out on early exposure to science has undoubtedly limited the interest of 
African Americans in STEM careers; for geoscience -- with its low visibility -- the barrier is 
especially restrictive (Buzzeto-More et al., 2005; Perna and Titus, 2005; Tate and Linn, 2005). 

 

Limitations 

Our sample size was small (n=39) and our study was limited to students from two 
urban/suburban institutions. Our single recruiter/interviewer/data coder/analyst was a white 
male graduate student. Respondents were recruited and interviewed over a short period of time 
and an ideally purposive sample became a convenience sample. Though we had no trouble 
finding White geoscience majors for the study, African American and Hispanic geoscience 
majors were underrepresented with respect to the local community at both institutions. Our use 
of broad race/ethnicity categories assumed homogeneity within groups that likely was not 
present; this improved our analysis power. 

 

Samples of our size are not ideally suited for comparison analyses. For instance, only one 
student reported an encounter with racism. While this type of experience could strongly affect 
choice of major (Carlone and Johnson, 2007), our methodology -- involving binary 
characterization of positive and negative experiences -- does not allow us to compare how this 
experience affected the student’s overall likelihood of persisting in the major respective to other 
negative incidents. 

 

IMPLICATIONS 

Perhaps unsurprisingly, families are integral parts of the major selection process. Our finding 
that Hispanic and African American families were more likely than white families to scrutinize 
the geoscience major creates an additional recruiting challenge. We propose a composite 
approach: 1) sharing these sorts of research findings with academic advisors to improve 
engagement of URMs; 2) providing geoscience career and salary information (e.g., AGI 
publications) for advisors to share with students and their families; 3) bringing parents of majors 
into the culture of geoscience departments (e.g., open house events with faculty socialization); 
and 4) offering recruiting presentations which incorporate photos and testimonials from current 
students showing the experiences that are most enjoyable about the major. To better serve 
diverse audiences -- and connect with individuals who are concerned about environmental 
issues -- geoscience departments can broaden their majors by offering courses outside of the 
scope of traditional geology. And, they can provide course and career options to majors who do 
not wish to spend a great deal of time outdoors. 
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To level the playing field, urban youth should be offered more opportunities for outdoor 
experiences. Community outreach and engagement provides a substantial boost towards long 
term recruitment of URMs. Increasing the numbers of science teachers and mentors of color 
should improve STEM awareness among Hispanics and African Americans. In the meantime, 
instructors could create curricula that includes the contributions of Hispanics and African 
Americans to science. Similarly, textbooks could seek to reflect the true diversity of people and 
ideas in the scientific community. 

 

Extracurricular activities, such as geoscience clubs and diversity programs, have a positive 
influence on major retention. These activities can help students to take part in a community that 
exists outside of the classroom but is closely related to the degree program (Callahan et al., 
2015). Extracurricular activities also provide networking opportunities which are much-needed 
for Hispanic and African American students who may otherwise feel excluded from their 
departments. And, participation in diversity programs helps URMs to feel more comfortable 
sharing academic and personal issues that they might not share with others. 

 

CONCLUSIONS 

A decade ago, Whitney et al. (2005, p. 277) called attention to the race/ethnicity disparity in 
geosciences and suggested that “relative to other ethnic groups, Caucasians in this ethnically 
diverse student survey group tend to have greater involvement in outdoor activities, greater 
perceived knowledge of the geosciences, and greater family support to pursue the geosciences.”  
Our data support these hypotheses. 

 

To reduce familial skepticism and increase majors’ social capital, we encourage geoscience 
departments to broaden their course offerings to attract a range of students. Solving the 
diversity problem requires team buy-in and ingenuity; how the geoscience community rises to 
this challenge will show in the speed of our success. 
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Figure 1. Log plot showing total earth science BS degrees awarded in U.S. from 2004 to 2013 by 
race/ethnicity. Data from temporary residents and majors of unknown ethnicities excluded. 
Data source: NSF (2015). 
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Figure 2. Percentage of respondents by race/ethnicity group reporting select types of incidents.  
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TABLE 1. SUMMARY OF COLLEGE CRITICAL INCIDENTS
Category Total Students Student

incidents reporting mean
n n (%)

All College Factors 879 39 (100) 22.6
Course experiences 139 37 (95) 3.6
Familial factors 120 37 (95) 3.1
Personal characteristics 103 36 (92) 2.6
Outdoor experiences 84 35 (90) 2.2
Major selection & advisement* 77 35 (90) 2.0

Undergraduate advisors 46 32 (82) 1.2
Experiences in non-geoscience courses 20 12 (31) 0.5
Course selection 11 7 (18) 0.3

Peer pressure & socialization 70 34 (87) 1.8
Geoscience culture 65 32 (82) 1.7
Career & economics* 53 24 (62) 1.3

Economic factors 23 16 (41) 0.6
Internships 11 7 (18) 0.3
Networking & professional development 10 7 (18) 0.3
Prestige 8 6 (15) 0.2

Experiences with other majors 38 20 (51) 1.0
Research & mentors 37 18 (46) 1.0
Geoscience awareness 31 21 (54) 0.8
Community socialization 21 11 (28) 0.5
Extracurricular activities* 26 15 (38) 0.7

Tutoring & teaching activities 11 7 (18) 0.3
Undergraduate geology clubs 5 5 (13) 0.1
Diversity programs 6 4 (10) 0.2
Conferences 3 3 (8) 0.1

Fiscal abilities 13 11 (28) 0.3
Encounters with racism 1 1 (3) 0.0
* Aggregate subcategory.
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TABLE 2. SUMMARY OF K-12 AND OUT-OF-SCHOOL CRITICAL INCIDENTS
Category Total Students Student

incidents reporting mean
n n (%)

All K-12 Factors 146 31 (79) 3.7
Course experiences 54 31 (79) 1.4
Geoscience awareness 22 14 (36) 0.6
Personal characteristics 13 8 (21) 0.3
Teachers & mentors 13 8 (21) 0.3
Outdoor experiences 11 9 (23) 0.3
Familial factors 10 5 (13) 0.3
Course selection 8 7 (18) 0.2
Peer pressure & socialization 6 6 (15) 0.2
Extracurricular activities 7 5 (13) 0.2
College preparatory activities 1 1 (3) 0.0

All Out-of-School Factors 143 32 (82) 3.7
Familial factors 48 26 (67) 1.2
Outdoor experiences 32 22 (56) 0.8
Geoscience awareness 29 17 (44) 0.8
Personal characteristics 29 15 (38) 0.7
Ethnic & cultural values 5 4 (10) 0.1
* Aggregate subcategory.
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TABLE 3. NUMBER AND PROPORTION OF STUDENTS REPORTING SELECT CRITICAL INCIDENTS BY RACE/ETHNICITY GROUPING

White Hispanic African American         White vs. Hispanic White vs. African American Hispanic vs. African American
n = 21 n = 9 n = 9

Category Percent Average # Percent Average # Percent Average # Percent Average # Percent Average # Percent Average #
Overall incidents

College: Career and economics 71† 1.5 67† 1.2 33† 1.1 0.05

College: Diversity programs 0§ 0.0§ 11§ 0.1§ 33§ 0.6§ 0.02 0.01

College: Extracurricular activities 24§ 0.3§ 44§ 0.4§ 67§ 1.7§ 0.03 0.01 0.02

College: Geoscience aw areness 71§ 1.0 44§ 0.8 22§ 0.5 0.02

College: Teaching and tutoring 10§ 0.1§ 0§ 0.0§ 56§ 0.9§ 0.01 0.01 0.02 0.01

K-12: Teachers and mentors 10† 0.1 22† 0.3 44† 0.8 0.05

All Out-of-School factors 95§ 4.6† 78§ 3.4† 56§ 1.8† 0.02 0.04

Out-of-School: Familial factors 81§ 1.4 78§ 1.6 22§ 0.5 0.01 0.05 0.01

Out-of-School: Outdoor experiences 81§ 1.2§ 33§ 0.3§ 22§ 0.3§ 0.02 0.03 0.01 0.02

Positive incidents

College: Career and economics 71§ 1.5 67§ 1.2 22§ 0.8 0.02

College: Diversity programs 0§ 0.0§ 11§ 0.1§ 33§ 0.6§ 0.02 0.01

College: Extracurricular activities 14§ 0.2§ 44§ 0.4§ 67§ 1.7§ 0.01 0.01 0.02

College: Geoscience aw areness 71§ 0.9 33§ 0.7 22§ 0.5 0.05 0.02

College: Teaching and tutoring 10§ 0.1§ 0§ 0.0§ 56§ 0.9§ 0.01 0.01 0.02 0.01

K-12: Teachers and mentors 10† 0.1 22† 0.3 44† 0.8 0.05

All Out-of-School factors 95§ 4.4 78§ 3.2 56§ 1.8 0.02 0.05

Out-of-School: Familial factors 81§ 1.4 78§ 1.6 22§ 0.5 0.01 0.01

Out-of-School: Outdoor experiences 81§ 1.2§ 33§ 0.3§ 22§ 0.3§ 0.02 0.03 0.01 0.02

Negative incidents

College: Experiences w / other majors 38† 0.5 56† 1.2 67† 1.2

College: Familial factors 24§ 0.5§ 67§ 2.2§ 78§ 1.4§ 0.03 0.01 0.01

Note: Chi-square used for percent of students reporting. ANOVA used for average number of incidents, Tukey's range test for post hoc.

† Signif icant f inding, p < .05.

§ Signif icant f inding, p < .01.

66 
 
 



APPENDIX D - Critical incident protocol and forms 
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Identification and creation of behavioral taxonomy for minority and non-minority undergraduate 
majors in the geosciences 

 

Critical Incident Protocol (rev. 10/18/10) 

INTRODUCTION 

Hello.  My name is [NAME], and I’m glad you could make it today.  

NOTE: IF THE FOLLOWING INFORMATION (IN THE NEXT 2 PARAGRAPHS) IS IN 
THE CONSENT FORM, JUST SAY: “Before I can interview you, I need to get your informed 
consent. Could you read this (HAND CONSENT FORM]? If you have any questions feel free to 
ask. HAVE RESPONDENT SIGN CONSENT FORM AND GIVE RESPONDENT A COPY 
FOR THEIR RECORDS. 
 
[AS YOU MIGHT REMEMBER or AS YOU KNOW], we are doing a study for the National Science 
Foundation. We want to identify the reasons why people choose geoscience majors. This will help in the 
development of effective outreach programs, increasing the size and diversity of the geosciences work 
force.   

This interview should take about 45 to 60 minutes of your time. Everything you tell me during 
the interview is strictly confidential and your cooperation is totally voluntary.  
 
I'd like to tape this interview, so that I can focus on what you are saying and accurately record 
what you tell me. We’ll erase the tape after the project is complete. Is this okay?  
 
Let’s begin by talking about the things that cause people to consider majoring in geoscience. 

What is your major? (THIS IS SIMPLY TO CONFIRM THEIR GEOSCIENCE MAJOR AND TO ALLOW US TO 
REFER TO THEIR MAJOR IN THE SAME WAY THEY REFER TO THEIR MAJOR.) 

When did you decide to major in <MAJOR>? 

 - Why? Probe to get specific critical incidents. 

- Can you think of something that someone did or said that caused someone to seriously 
consider majoring in <MAJOR>? 

- Tell me about it. What I really am interested in is learning about the specific things that 
people do -- or don’t do that cause people to seriously consider studying <MAJOR>  or 
other related STEM degrees. 

Can you think of something that you -- or someone else -- did that influenced someone to choose 
a degree in <MAJOR> or other related STEM degrees? 
 - How did you know that this was something you would like? 

 - How did you know that this was something you would be good at? 

 - What else made you feel this way? 
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Who has supported or encouraged you to major in <MAJOR>? What did they do or say? 

What do your friends think about your choice of majors? 

 - How do you know this? 

 - How does this make you feel? 

What does your family think about your choice of majors? 

 - Were there specific family members who encouraged or discouraged you? 

 - How does this make you feel? 

When others ask about your major, what do you tell them? 

 - How does this make you feel? Tell me more about this. 

Did you take any geosciences courses before you came to the U of A? 

 - IF YES: Why? 

 - What did you like about (COURSE)? 

- Why do you feel that way? Tell me about something that happened or that showed this, or 
that made you feel that way. 

Did you know anyone who worked as a geoscientist?  

 - IF YES: Who? 

 - Did you ever talk to them about their job? How did this make you feel about 
geosciences?  

Let’s switch gears now, and talk about some examples that were not so positive. 

Did you ever think of switching majors? Why (not)? 

 - IF YES: What happened? Tell me about it? 

 - Can you think of another time? 

What else did you think of majoring in? Why? 

If you switched majors, what would you miss most about <MAJOR>? Probe for specific incidents. 

What do you dislike about your major? Probe for specific incidents. 
Can you think of something that you -- or someone else -- did that caused someone to switch out 
of a degree in <MAJOR>? 
GENERAL PROBES (these can be used throughout): 

Think of a friend of yours who is (also) in <MAJOR>. Why did he or she decide to go into <MAJOR>? 

• Probe for specific incidents 
 

Why do students switch into <MAJOR> or choose to study <MAJOR>? 
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• Tell me about the reasons why someone told you they wanted to study <MAJOR>? 
 

What do students like the most about being a <MAJOR> major? 

• How do you know this? Tell me about a time something happened that shows this. 
 

Why do students switch out of <MAJOR> majors? 

• Tell me about the reasons why someone switched out of <MAJOR>. 
• What else do students dislike about <MAJOR>? 
• What happened -- can you tell me about an experience that shows this? 
 

 

IDENTITY QUESTIONS: 

What do you think that a geoscientist does? 

- Could you define yourself using that definition of a geoscientist? 

- IF YES: Has this always been the case? 

Do you consider yourself to be a geoscientist? 

 - How does this make you feel? Why? 

- Compared with your peers, how would you rank your own scientific abilities? 

Were there any specific events that helped you to become a better scientist? 

- IF YES: Could you describe them?  How did these make you feel? 

 

CONCLUSION 
 

Thanks!  This has been a very interesting and worthwhile conversation. Now, I’d like you to complete a brief 
background survey. HAND STUDENT SURVEY. 

 

AFTER COMPLETION OF SURVEY: Thanks so much for your time and thoughtful ideas. GIVE STUDENT INCENTIVE 
AND HAVE STUDENT SIGN RECEIPT FORM. 
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Background Survey 

 

1.  What is your gender? 

 

_____________________ 

 

3.  Which best describes you?  You may choose one or more. 

 

Asian American    � 

Black or African American   � 

Hispanic or Latino    � 

White     

 � 

Native Hawaiian or other Pacific Islander � 

American Indian or Alaska Native  � 

Other      

 � 

 

4.  How old are you?   

 

  __________ years old 

 

5.  What is your current major?  If appropriate, you may list more than one. 

 

__________________________________________ 

 

6.  When will you (or when did you) earn your degree? 

 

__________________________________________
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[In response to the critical incident interview questions and probes, information is collected and the 
interviewer completes this form for each event, to briefly describe the important features.]  

 

 

Critical Incident Form 

 

 

 

What was the situation? 

 

 

 

What happened?  What did (person) do? 

 

 

 

What was the result? 

 

 

 

IF NOT OBVIOUS: How does this make you feel (bad/good)? 
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