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Methods

Data Source and Sample
 Data for this study were collected in collaboration 

with PREP in the summer of 2019 by student surveys. 

2019 PREP pre- and post-participant surveys were ad-

ministered by most sites digitally using Qualtrics. If digital 

administration was not feasible, sites administered paper-

based versions. The pre-survey was administered within 

the first week of programming (week 1) and the post-

survey was administered in the last week of program-

ming (week 7). Both pre- and post-surveys contained 

circa 80 questions and took approximately 20 minutes to 

complete (with approx. one third of the questions being 

demographic/background questions and non-cognitively 

demanding). A total of 1,447 participants completed both 

pre- and post-surveys and are analyzed in this study. 

Measures
 The three DL measures (CT, C&C, and RWC) were 

assessed in the post-survey to determine each’s pres-

ence and association with STEM career orientation. Each 

DL measure (independent variable) was assessed by 4 

items with a 5-point Likert scale ranging from 1 (never) 

to 5 (always) (AIR, 2016; Ottmar, 2019; Rickles, 2019). 

When needed, the wording for certain items was modi-

fied so that it referenced PREP. The outcome variable for 

this study—STEM career orientation (STEM CO)—was 

assessed pre- and post- by 3 items with a 4-point Likert 

scale (modified from Brown et al., 2015; Rozek et al., 

2017). Participants answered by expressing their level 

of interest with each item ranging from 1 (not at all in-

terested) to 4 (extremely interested) While there was no 

statistically significant difference in STEM CO before and 

after the program, the two pre- and post-survey measures 

were valid and reliable for modeling the changes in STEM 

CO (increase or decline) associated with DL among par-

ticipants between the two timepoints.  The wording and 

summary statistics for all items are listed in Table 2 (full 

survey items are listed in the Appendix). 

Demographics

 Demographic variables, including gender, race/eth-

nicity, SES, and PREP year were collected in the pre-survey 

(see Table 3). For gender, other than “female” and “male,” 

“prefer not to respond” or “I don’t know” were combined 

into “other genders”. For race/ethnicity, the URM group in-

cludes Latinx/Hispanic, Black or African American, Ameri-

can Indian or Alaska Native, and Native Hawaiian or Pacific 

Islander, whereas the non-URM group includes White and 

Asian. This study used parental education as a proxy for 

students’ family SES. Participants were categorized into 

three groups based on their parents’ highest level of edu-

cation: (1) low-SES (associate degree or below), (2) mid-

dle-SES (bachelor’s degree), and (3) high-SES (graduate 

or professional degree).

nd Outcome Measures (n = 1,447)

Mean SD Min. Max.

Pre Post Pre Post

Independent Variable

Creative/Critical Thinking (CT)

I was challenged to create new ideas - 3.88 - .96 1 5

I was encouraged to think of creative solutions to problems - 3.96 - 1.00 1 5

I was encouraged to come up with different ideas - 3.95 - 1.02 1 5

I was asked to come up with new ways to do things - 3.83 - 1.09 1 5

Communication & Collaboration (C&C)

I worked with other students on projects during class - 4.18 - .93 1 5

I worked on projects with my classmates outside of class - 2.71 - 1.50 1 5

I worked in groups of two or more students - 4.18 - 1.00 1 5

I needed to work with others to do well in PREP - 3.44 - 1.31 1 5

Real-World Connections (RWC)

I worked with real-world examples at PREP - 3.64 - 1.12 1 5

I searched for information for a PREP project from sources outside the 

classroom

- 3.43 - 1.34 1 5

I worked on helping solve real-world problems - 3.33 - 1.31 1 5

I connected what we were learning at PREP to life outside the classroom - 3.38 - 1.32 1 5

Dependent Variables

STEM Career Orientation (STEM CO)

Studying in a STEM degree program in college 3.30 3.24 .72 .77 1 4

Working as a STEM professional in the future 3.10 3.11 .83 .87 1 4

Building a career in STEM fields in the future 3.20 3.14 .79 .84 1 4

Table 2.   Summary Statistics on DL and Outcome Measures (n = 1,447)

Note. SD = standard deviation, Min. = minimum, Max. = maximum

n %

Gender

Female 757 52

  Male 635 44

Other Genders 55 4

Race/Ethnicity

Underrepresented Minorities (URM) 1138 79

Non-URM (White and Asian) 231 16

Other Races 78 5

Socioeconomic Status (SES) 

Low-SES 437 30

Middle-SES 338 23

High-SES 427 30

No Response 245 17

PREP Year

Year 1 600 41

Year 2 293 20

Year 3 356 25

Year 4 198 14

Note. n = sample size.

Table 3.   Demographic Characteristics of Sample (n = 1,447)





J o u r n a l  o f  S T E M  E d u c a t i o n      V o l u m e  2 3  •  I s s u e  4    O c t o b e r - D e c e m b e r  2 0 2 210

RQ3: Association between DL and STEM 
Career Orientation 
 MSEM results provided further evidence that DL op-

portunities were significantly positively associated with 

participants’ post-program STEM career orientation 

(0.172 standard deviations with a p-value significance 

of .001), controlling for demographic characteristics and 

pre-program STEM career orientation. Findings of the 

MSEM yielded good model fit with an RMSEA of .043, a 

CFI of .958, and SRMR of .043 (Figure 2).

Conclusion

 Our study contributes to the literature on DL and OST 

STEM education in several respects. This study is the first 

to analyze the relationships among multiple measures of 

DL opportunities and STEM career orientation with a di-

verse student sample from a large scale, academic-based 

OST STEM enrichment summer program. It is also the first 

study to offer strong empirical evidence on the validity 

and reliability for DL opportunities— critical thinking, 

communication and collaboration, and real-world con-

nections—in an OST setting (RQ1). Additionally, our 

findings from the design-based MSEM shows a marginal-

ly significant tendency that women and URMs had higher 

opportunities for DL than their non-URM peers (RQ2) 

and provides promising evidence that OST programs may 

address equity gaps in STEM education by enhancing DL 

opportunities among underrepresented groups. Lastly, we 

found that DL opportunities in OST STEM enrichment pro-

grams are significantly positively associated with student 

STEM career orientation, controlling for key demographic 

characteristics and prior measure on STEM career orienta-

tion (RQ3). 

Discussion

 Given that students spend a significant part of their 

time in OST, OST has been identified as a time to provide 

important enrichment (NRC, 2015). STEM enrichment in 

OST appears to be beneficial as it can lead to long-lasting 

positive effects on STEM education (Dabney et al., 2012). 

STEM enrichment programs aiming to make substantive 

progress toward increasing female and URM’s STEM career 

orientation could begin by incorporating and enhancing 

DL opportunities. Additionally, because DL is designed 

to be measurable for educators and students (Conley & 

Darling-Hammond, 2015), practitioners could use adap-

tations of the AIR-DL measures as a guide to assess both 

program processes and student experiences. It is impor-

tant to note that DL is intended to be implemented in a 

rigorous academic environment and the inclusion of DL 

opportunities alone, without an academic program base, 

might not lead to positive results. When coupled with aca-

demic rigor (e.g., PBL in PREP), fostering communication 

and collaboration via various activities such as group proj-

ects and real-world connections could not only provide 

students with opportunities for hands-on learning but 

also fosters personal and shared experiences that fortifies 

learning.  

Limitations and Recommendations 
for Further Research

 There are several limitations to this study which future 

research should address. First, all measures in this study 

were self-reported and only immediate outcomes were 

tested. Findings for this study have limited generalizability 

as they were only gathered from students in Texas and all 

students were largely STEM motivated and had the access 

to OST STEM enrichment programs. To increase generaliz-

ability, data should be gathered from a larger and more 

diverse sample. Additionally, non-self-reported outcome 

measures such as test scores and teacher ratings should 

be incorporated. There are important student characteris-

tics that could also be collected, such as English language 

proficiency, participation in other OST programs, parental 

occupations and involvement, geographic location (e.g., 

rural v urban), etc., that could provide more in-depth un-

derstanding of student unique backgrounds and attitudes 

toward STEM. Lastly, this study only examined three mea-

sures on DL opportunities and one STEM motivational fac-

tor. To shine more light on the effectiveness of DL within 

OST, future research should analyze additional measures 

on DL opportunities and student motivation. By doing so, 

key elements of DL can further be identified that exist in 

STEM enrichment for women and URMs, helping ensure 

that these students are able to meet the challenges of the 

21st century and beyond.   
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