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1.
Introduction
The Southern Arizona Geosciences Union for Academics, Research, and Outreach (SAGUARO) was funded by the National Science Foundation from 2009-2013 to improve diversity in geoscience at the University of Arizona.  During four years of operations, the project established partnerships with numerous university and community institutions, presented outreach to thousands of local participants, offered field trips throughout the southwestern U.S., and supported research activities for approximately 20 underrepresented minority (URM) geoscience majors.  Here, we present the findings of three separate methods that were implemented to evaluate the project.

First, we used a ‘critical incident’ analysis to examine the differences in experiences between SAGUARO students and other geoscience majors.  By collecting critical incidents, or students’ self-reported experiences, we were able to examine the effect of the SAGUARO program on student persistence in the geoscience major at the University of Arizona.  Second, we collected survey data from attendees at SAGUARO-led outreach events.  We compared the responses from pre-outreach surveys to those from post-outreach surveys to determine the effectiveness of our teaching.  We also looked at how our outreach was perceived by students from our targeted race/ethnicity groups.  Finally, we asked our undergraduate students to complete an exit survey about their experiences in the program.  All three methods were developed and analyzed with the assistance of collaborators from the American Institutes for Research (AIR).
2.
Critical incident analysis

As part of a larger study on the recruitment and persistence of geoscience majors, we interviewed thirty one (n=31) current and former majors at the University of Arizona (Stokes et al., in press).  SAGUARO students were encouraged to participate, and we collected critical incident data from a total of five (n=5) program participants (Table 1).  We found that SAGUARO students reported significantly more incidents than others, on average, related to peer pressure and socialization.  These findings suggest that the program was very effective at providing the students with a positive social environment (i.e., a peer support group) in which the students benefitted from constructive interactions (e.g., Barton, 2003; Costa, 1995).  Alternatively, SAGUARO could have provided a good fit for students who were somehow more socially inclined than mainstream undergraduates, though we have no other data to support this argument.

SAGUARO students also reported more community socialization incidents than other students.  Students who reported these types of incidents generally described how they enjoyed discussing their majors with other people in the community (e.g., grocery story employees, mail deliverers), though one student described a negative interaction with a coworker.  This finding suggests that SAGUARO students were either more comfortable with or derived more benefit from discussing their choice of major with the general public.  These students frequently engaged in community outreach presentations that likely made it easier for them to openly discuss their choice major and its related career options.  Additionally, SAGUARO students had more opportunities than other undergraduates for interaction with the Tucson community.
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PROVIDING SELECTED TYPES OF CRITICAL INCIDENTS

Category

                       SAGUARO (n=5)

                         All Others (n=26)

Percent

Avg. # incidents

Percent

Avg. # incidents

All College Factors

100

24.4

100

21.7

Course experiences

100

3.4

92

3.3

Familial factors

100

4.0

92

3.1

Outdoor experiences

100

2.6

88

2.1

Major selection & advisement*

100

2.0

88

1.8

Experiences in non-geoscience courses

40

0.8

35

0.5

Undergraduate advisors

100

1.2

81

1.0

Geoscience culture

100

2.4

85

1.6

Peer pressure & socialization

100

2.6

†

88

1.5

†

Research & mentors

80

1.4

42

0.9

Geoscience awareness

65

1.0

60

0.9

Career & economics*

60

1.0

69

1.5

Economic factors

20

0.2

50

0.7

Personal characteristics

60

0.8

§

96

2.9

§

Experiences with other majors

50

0.8

60

1.0

Community socialization

40

1.6

†

31

0.5

†

Extracurricular activities

40

0.4

27

0.4

* Aggregate category; values reflect totals from subgroups.

† Significant finding, p < .05.

§ Significant finding, p < .01.


Finally, SAGUARO students, on average, reported fewer personal characteristic critical incidents than other students.  Students who reported these types of incidents often stated that they felt that geoscience was a good fit for them because it appealed to a specific value, behavior, goal, or other personal characteristic.  Some examples of these types of incidents included: 

“I always liked solving puzzles, so geology seemed like a good fit.”  


“I enjoy solving complex problems, and you get that with geology.”


“I like working outdoors, and you can work outside all you want with this major.”

This finding suggests that, for SAGUARO students, the choice of a geoscience major was not driven very much by desires to fulfill personal life objectives.  Alternatively, it is possible that geoscience did not offer a strong overlap with the personal goals and characteristics of SAGUARO students.  It follows that SAGUARO students did not choose a geoscience major because it aligned with something that they always wanted to do.  Rather, they chose the major because it appealed to them in other ways.

In conclusion, though our research sample was limited, we believe that SAGUARO had a positive impact on recruiting and retaining URMs.  SAGUARO students reported more peer socialization than other students, and we believe that this positive social atmosphere helped them to persist in the major.  SAGUARO students also reported more community socialization than other students.  By sharing information about their majors with the community, the students gained experience and perhaps a sense of pride about their choice of major.  And, compared to other students, SAGUARO students reported fewer characteristics that personally connected them to the geoscience major.  Through field trips, peer support groups, meetings, and community outreach, SAGUARO provided these students with other avenues for connecting with the major.
3.
Outreach analysis
From 2009-2012, approximately 3,000 individuals from the Tucson community participated in SAGUARO-led informal science education (Table 2).  We collected survey data from middle and high school participants in 2009, 2010, and 2011 and used the results to evaluate the effectiveness of our outreach.  The survey instrument was developed and statistically analyzed with the help of the American Institutes for Research (AIR).  We administered identical surveys prior to outreach and then again after outreach.  Our results were previously published in our year 3 report, but we show two representative findings here to summarize our efforts (Figures 1 and 2).  Though our efforts were successful on the whole, at times we struggled to connect with Hispanic/Latino and American Indian students (e.g., Riggs and Semken, 2001).  We concluded that a one-size-fits-all approach to teaching informal geoscience is not the ideal way to reach multi-ethnic audiences in the Tucson community.
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2009-2010

2010-2011

2011-2012

Elementary school students

81

903

171

Elementary school teachers

4

54

1

Middle school students

317

146

116

Middle school teachers

15

22

10

Middle school guidance counselors

0

1

0

High school students

15

91

3

High school teachers

2

22

0

High school guidance counselors

0

0

0

Junior college students

2

5

0

Junior college faculty

0

2

0

College or university undergraduate students

12

143

0

College or university faculty

1

16

0

Other adults

140

560

130

TOTAL PARTICIPANTS

589

1965

431


Table 2. Summary of SAGUARO outreach participants from 2009-2012.  Table is reprinted from year 3 report and does not include events where attendance was not counted.
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Figure 1. Averaged data from select questions in pre- and post-outreach surveys from Saturday Science Academy event in 2010.  We sampled 92 participants, 44 of which were Hispanic/Latino and 32 of which were American Indian.  We show that significant gains were made in improving student interest in and knowledge of geoscience.
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Figure 2. Post-outreach, percentage point change for 2010 Saturday Science Academy attendees who strongly agreed that geoscience was relevant to their lives.  We draw attention to the differences between white (42.8%), Hispanic/Latino (21.1%), and American Indian (12.1%) students.  While our outreach was effective in interesting all groups in science, whites reported the most increase in perceived relevance.  This finding indicates that our teaching methods were not equally able to reach all groups in attendance at the event.
4.
Exit surveys
We distributed a questionnaire to the program’s undergraduates.  Out of a total of 22 students, 12 completed the questionnaire (e.g., Figure 3).  These were the highlights:
· Seven (7) students identified as Hispanic or Latino and 9 were female.
· Nine (9) students majored or minored in geoscience at the University of Arizona.
· All twelve (12) students reported taking part in outreach activities.

· On average, the students spent about 8 hours per week on SAGUARO-related activities including research and outreach.

· Nine (9) students worked with geoscience faculty and 10 students worked with geoscience graduate students as part of their program experience.

· Four (4) students are currently in graduate programs, 7 are planning to apply to graduate programs, and one does not plan to apply to a graduate program.

· Eight (8) students are currently in or planning to continue in geoscience in graduate school, one does not plan to continue in geoscience, and three skipped the question.

Nine (9) students commented openly at the end of the survey.  These are their responses:
· Thanks!!

· I think the program was great for the community and sparking interests in younger kids, showing them science is fun!
· Amazing experience!
· Great program!
· I remember feeling overwhelmed and unprepared initially because it seemed that everyone in the program had a solid grasp of the geosciences. I think there should be at least one required course for everyone to take in the program (or a training session) so they know what they need to teach people in outreach events. However, I thought it was a great program and a wonderful experience. Thanks Phil and Karl.
· Amazing program, completely changed my life! Would not be a science teacher today without the support and guidance of Phil Stokes and Karl Flessa along with the rest of the faculty, graduate student mentors, and undergraduates in the program!
· Great program--my first real experience with outreach. Prepared me for TAing and possible professorship in the future.
· By participating is SAGUARO I have gained experience in the scientific world but also how important it is to give back to the next generation.
· It was a really awesome experience, and more schools/departments should have something like this available to all undergrad students! I loved it so much!
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Figure 3. Count of students who reported taking part in various SAGUARO activities.  N=12 former undergraduate participants.

5.
Summary

SAGUARO provided a pathway for URMs to persist in geoscience at the University of Arizona.  The project succeeded in providing a peer support network for URMs, established geoscience outreach in the community, created unique opportunities for students to perform scientific research, and steered many students towards careers in science.  Though very useful in identifying differences between white and Hispanic/Latino majors (e.g., Stokes et al., in press), the critical incident study also showed how the program affected a smaller sample of SAGUARO students.  The project fostered a peer support network and encouraged students to engage the community in discussions about science.  The project also encouraged students who were not already predisposed towards geoscience to explore and persist in the major.
Our outreach efforts succeeded in increasing community awareness of geoscience, but all groups did not benefit equally from this intervention.  Hispanic/Latino and American Indian groups, in particular, did not report as much of an increased interest in geoscience as whites.  Fortunately, as SAGUARO was in the process of completing, we forged a new partnership between the University of Arizona chapter of the American Indian Science and Engineering Society (AISES) and the Department of Geosciences.  The AISES group specifically targets science outreach at Native American students in Arizona, and we were able to facilitate volunteers and the donation of departmental resources towards these efforts.  We believe that these types of relationships are essential for the continued recruitment of URMs into geoscience.
Finally, we know that the project was very meaningful for the students who completed our exit survey.  All students participated in outreach and research activities while involved with SAGUARO.  Through unique experiences, such as attending conferences and giving posters and talks, these students gained the momentum to persist in the geoscience pipeline.
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