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Abstract 

Students start their education in STEM (Science, Technology, Engineering, and Mathematics) 
fields with the aim of having STEM-related careers. However, many students who are in such 
programs, particularly those from historically underrepresented groups, drop out, change majors, 
or ultimately do not pursue STEM-related careers [1]. It is important to attract and retain students 
in STEM fields by understanding their experiences in such programs. The expectations for 
success, sense of belonging, interest, and perceived relevance are critical factors for students to 
embrace; therefore, interventions that effectively foster these perceptions, particularly early in 
their education such as during high school, can significantly enhance the success of 
underrepresented groups in STEM fields. Four such programs exist at a large, four-year 
institution in the Southeast. The focus of this work is the revision and assessment of the tools to 
ensure they effectively capture the nuances of participants’ experiences and identify any 
challenges encountered during implementation. For this purpose, the evaluation of these 
programs included a combination of different assessment tools. The Likert-type surveys 
employed to capture participants' experiences and attitudes toward engineering, administered 
pre- and post-camp. Activity surveys assessed perceptions of specific activities and their 
effectiveness in engaging students. Pre- and post-camp focus groups provided qualitative insights 
into participants' experiences and camp effectiveness. Preliminary findings highlighted 
improvements in data collection and cleaning tools, focus group setup, and the use of established 
frameworks. These assessments helped coordinators refine their methods and enhance student 
engagement. In this work in-progress that began in the Spring of 2024, we present lessons 
learned to guide future programs and their evaluations, focusing on both quantitative and 
qualitative data collection methods. 

Introduction 

Effectively capturing how science, technology, engineering, and mathematics (STEM) outreach 
programs shape participants’ experiences, perceptions of the program, and attitudes toward 
engineering requires careful considerations and use of research-based methods. This includes 
careful planning, attentive implementation, the selection of appropriate tools, and rigorous 
interpretation of the resulting data. In this study, we explore the necessary changes and 
considerations for collecting data, capturing relevant insights from participants, and documenting 
the process to achieve these objectives in four STEM outreach programs held during the summer 
of 2024.  



   
 

   
 

 

The increasing demand for skilled professionals in STEM underscores the importance of 
attracting and retaining students in these fields. According to projections, the workforce needs 
for engineers are expected to grow significantly, driven by advancements in technology and the 
evolving nature of the global economy [2]. However, this anticipated growth presents a 
challenge: women and minorities remain significantly underrepresented in STEM occupations, 
despite various initiatives aimed at increasing diversity and inclusion [3]. This lack of 
representation limits the diversity of thought and innovation within these fields. Further, equity-
based barriers to access for underrepresented groups remain a constant and increasingly fraught 
component of attracting and retaining talent to pursue opportunities in STEM.  

Research has shown that underrepresented students are more likely to experience challenges that 
can lead to higher dropout rates or shifts away from STEM careers [1], [4]. These challenges are 
often rooted in a combination of factors, including stereotype threat, a lack of role models, and 
an unwelcoming academic climate [5]. Addressing these issues requires a deep understanding of 
how students perceive their programs and the broader educational environment, and how these 
perceptions influence their motivation, engagement, and long-term commitment to pursuing a 
career in computer science or engineering.  Additionally, frameworks around “fixing the student” 
or deficit-based, compared to community cultural wealth approaches that center contributing 
factors that marginalized groups bring to engineering and computing from their families and 
communities [6], have increasingly emerged in rhetoric around intervention-based work. To this 
end, evaluating educational interventions, such as summer camps specifically designed for 
underrepresented groups, is crucial. These programs offer a unique opportunity to assess what 
strategies are effective in fostering a supportive learning environment and what areas require 
further improvement. By examining the experiences of participants in these summer camps, we 
aim to identify the factors that contribute to their sustained interest in engineering and the 
barriers that may hinder their progress. Further, STEM intervention programs towards 
broadening participation face unique challenges such as changing of funding sources over time, 
inadequate staffing and service delivery, and long-term program sustainability [7].  

Educational interventions, particularly those aimed at increasing diversity in STEM fields, often 
employ iterative design cycles to refine and enhance their effectiveness. These design cycles are 
grounded in the principles of design-based research (DBR), a methodology that emphasizes the 
importance of developing and refining educational interventions through iterative processes in 
real-world settings [8]. DBR integrates the collaborative efforts of researchers and practitioners, 
allowing them to work together to address complex educational challenges and create practical 
solutions that can be directly applied in classroom or program settings. 

A key feature of DBR is its cyclical nature, where initial designs are tested, evaluated, and 
revised based on empirical evidence. This approach allows for continuous improvement, 
ensuring that interventions are not only theoretically sound but also practically effective in 
fostering student engagement and learning. By involving educators in the research process, DBR 
ensures that the interventions are grounded in the realities of the classroom, making them more 
likely to be adopted and sustained over time [9],[10],[11].  



   
 

   
 

Relatedly, broadening participation in STEM has attempted to follow a research-to-practice 
cycle, in which the results of studies on existing and emerging phenomena are applied in 
educational settings. An expanded view of these cyclical design-based and research-to-practice 
principles is one that includes knowing, documentation, creation, and doing [12]. This expanded 
view acknowledges that in approaches to broadening participation, a common method is to 
attempt to create new interventions and strategies without understanding and documenting what 
is currently in use, as described by London et al. [12] in the context of broadening participation 
of Black Americans in engineering. In line with this expanded view, the purpose of this paper is 
to apply the ‘know, document, create, and do’ frameworks within the context of assessment in 
the summer programs held in 2024. Therefore, the authors sought to explore the question: What 
changes and considerations are necessary for documenting, collecting, and analyzing data in 
order to capture participant experiences in four programs during the summer of 2024 outreach 
program cycle?  

Overview of the Programs and Assessment Methods Used 

The summer camps at [University’s] [Center] include various programs spanning pre-college 
outreach to graduate student support. In preparation for the summer of 2024 pre-college 
programs, the authors focused on four distinct programs: a 2-week residential program for rising 
11th and 12th grade high school women interested in engineering (GAMMA Program); a 2-week 
residential program for rising 11th and 12th grade Black/African-American high schoolers 
interested in engineering (BETA Program); a 2-week residential program for rising 11th and 12th 
grade high school women interested in microchip manufacturing (MU Program); and a 5-week 
summer bridge program for incoming engineering first-year students (UPSILON Program). Each 
of these programs had its own specific audience and unique differences, tailored to meet the 
needs of students in engineering.  
 
For the BETA, GAMMA, MU, and UPSILON programs, the authors began discussions in 
January 2024 to consider increased coverage of qualitative and survey-based data collection. As 
is the nature of managing outreach programs, the combined tasks of assessing, evaluating, and 
facilitating interventions can be daunting. Therefore, in revisiting the assessment and evaluation, 
we looked at what was currently being done and the validated instruments used and needed, 
including Likert-type scales and open-ended questions, to measure student engagement, 
motivation, and overall program effectiveness. These instruments provided reliable and 
consistent data, which was crucial for assessing the impact of the interventions. While validated 
instruments formed the backbone of our evaluation, we also recognized the need for creating 
tailored measurement tools that addressed the specific contexts of the programs. These tools 
were developed in consultation with the program directors. Ensuring high response rates required 
clear communication with participants and a dedicated period for participants to complete the 
surveys. Below, we will explain each of these programs and the assessment tools developed and 
used for each. 

BETA Program  

BETA provides hands-on learning experiences in STEM fields with a focus on engineering, 
specifically aimed at interest development for college and foundational skills development for 



   
 

   
 

participants. To evaluate the impact of BETA, we employed pre- and post-test Likert-type items. 
Scalable items were developed from the F-PIPES (Fit of Personal Interests and Perceptions of 
Engineering) [13], [14] instrument, which measures perceptions of engineering as well as the 
STEM-CIS (STEM Career Interest Survey) [15] tool measures self-efficacy and interest in 
STEM classes and careers. The surveys included a pre-survey before arriving on campus, a 
survey at the end of week 1 and week 2 to capture feedback on specific activities, and a post-
survey at the end of BETA. All surveys were available via QR code for mobile devices. The 
post-surveys include whether students found material in the individual program sessions relevant 
to their goals, contained new knowledge, and presented in a learning-conducive way. The survey 
of activities spanned departments in engineering [16]. 

Additionally, we conducted pre- and post-camp focus groups. These focus groups involved 
meeting with a groups of 12-15 students in a room setting to discuss their experiences, 
expectations, and any changes in their perceptions of engineering. Focus groups were audio 
recorded, and students sat in circles of chairs or at a conference style table. One-hour time blocks 
were built into each of the programs’ schedules so that participants could see the location and 
times of the focus groups and who was conducting the focus groups. An explanation of the focus 
group and the purpose was communicated to students at the beginning of each session. Example 
focus group questions for each program can be found in Appendix A.  

GAMMA Program  

GAMMA is a two-week summer camp that targets high school girls and introduces them to 
engineering and technology through a variety of hands-on activities, lab visits, and interactions 
with role models in the field. Similar to BETA, we used pre- and post-test Likert-type items from 
the F-PIPES and STEM-CIS surveys, along with pre- and post-camp focus groups. Like BETA, 
surveys included a pre-survey before arriving on campus, a survey at the end of week 1 and week 
2 to capture feedback on specific activities, and a post-survey at the end of GAMMA. All 
surveys were available via QR code for mobile devices. The focus groups for GAMMA were 
designed to capture the unique experiences of female students in a predominantly male field and 
to assess how the camp influenced their interest in pursuing a career in engineering. 

MU Program 

MU is designed to support high school girls to develop interest in engineering fields, specifically 
related to microelectronics manufacturing and cleanroom fabrication (e.g., electrical, computer, 
material science, and chemical engineering fields). Activities are lab-based as well as social and 
include engagement with corporate and industry partners. At the request of the MU directors and 
because this program was being offered for the first time, only pre- and post-camp focus groups 
occurred. 

UPSILON Program 

UPSILON program (summer bridge) is aimed at incoming first-year engineering students. This 
five-week program provides a head start on college life by offering academic support, mentoring, 
and exposure to engineering coursework before the start of the fall semester. Given the extended 



   
 

   
 

duration and the target audience, we employed a more rigorous assessment method for 
UPSILON. This included the use of the MUSIC Model of Academic Motivation [17], 
Expectancy-Value Theory [18], and School Belonging [19] framework to assess students' 
motivation, expectations, and sense of belonging. The assessments were comprehensive, 
involving a combination of Likert-type items and open-ended questions to measure the students' 
transition into college life and their preparedness for engineering coursework. For the evaluation 
of UPSILON, we used a longitudinal design, administering Likert-type and open-ended items at 
the beginning, during the first week, third week, and at the end of the program. This approach is 
intended to capture the evolution of students' motivation, sense of belonging, and engineering 
identity development, as well as changes in their short-term and long-term goals. The schedule of 
surveys for UPSILON specifically is included in Appendix B at the end of this work in progress 
paper. 

Considerations Throughout the Evaluation Process 

The considerations represented in this work in progress were the first time in multiple years that 
the scale, types, and coordination of assessment has been revisited in a more intentional way – 
especially post-shutdowns of 2020-2022. In revisiting the evaluation of the summer camps 
several key considerations were central to ensuring the effectiveness and accuracy of the 
assessments. We present the below categories that were essential in exploring: What changes and 
considerations are needed for documentation, data, and collection to capture participant 
experiences in four programs during the summer of 2024 outreach program cycle? 

Collaboration with Program Directors 

From the outset, we held regular meetings with the program directors to understand their specific 
needs and goals for each camp. These discussions were crucial in shaping the assessment tools, 
as they provided direct insights into what the directors wanted to learn about their programs. This 
collaborative approach ensured that the evaluation aligned with the program objectives and 
allowed us to create and refine assessment tools relevant and targeted. As an example, the 
UPSILON program (summer bridge) director communicated a need for a new assessment 
strategy, including tools. The primary reason for needing to pilot an assessment strategy was due 
to no consistent formal instruments being used, changes in program directors, and transitions that 
occurred at the height of 2020 due to campus/residential shutdown followed by a slow 
reintroduction to residential intervention programming. The schedule of surveys coordinated for 
UPSILON is provided in the appendix. In comparison, the MU program (microelectronics) 
technical leads wanted a focus group assessment process to gain understanding of the 
experiences of participants before instituting any form of survey methodology. The 
conversations with program directors occurred during the late fall and spring semesters prior to 
the 2024 summer program cycle. 

Dedicated Periods for Surveys 

A significant consideration was establishing a dedicated period for students to complete the 
surveys. Based on experience from previous years, we knew that survey response rates tended to 
drop when no specific time was allocated for this purpose. To address this, we worked closely 



   
 

   
 

with the program directors to schedule dedicated time slots during the camp sessions for survey 
completion. This strategy was vital in maintaining high response rates and ensuring that the data 
collected was representative. In the case of new surveys in UPSILON (summer bridge), the 5-
week duration of the program meant that the spacing of the surveys was also important and could 
align with key experiential components such as academic testing and midpoints of the program 
that were observed in previous years to be pain points. 

Balancing Reliability, Validity, and Parsimony 

In designing the surveys, we aimed to balance reliability and validity with the need for 
parsimony. While it was essential to include enough items to ensure the reliability and validity of 
the instruments, we also wanted to keep the surveys concise to avoid survey fatigue and 
encourage higher response rates. This balance was crucial in obtaining accurate and meaningful 
data while maintaining participant engagement. Completing the surveys can only be encouraged, 
so this delicate balance is something that was closely considered. Where possibly, if participants 
provided pertinent programmatic feedback on pre-surveys, there was an attempt to share 
aggregate feedback to key personnel, such as program directors and coaches/mentors for 
accomplishable adjustments or needed clarifications in real time. In some way, we hoped this 
would also show the assessments as providing utility in the viewpoint of the participants. 

Flexibility in the Assessment Process 

The evaluation process required a degree of flexibility, particularly in refining the assessment 
tools based on initial findings. Insights gained from the pre-tests and pre-focus groups led to 
adjustments in the post-tests. For example, if a particular question did not yield useful 
information during the pre-test, we revised or removed it in the post-test to improve the quality 
of the data collected. This iterative approach allowed us to continuously refine our tools to better 
meet the needs of the evaluation. This practice was particularly helpful for the new assessment 
process piloted for UPSILON and to accommodate the scheduling and constraints of the director 
and staff to accommodate changes in the program schedule. 

Considerations for Focus Groups 

When planning and conducting the focus groups, several key considerations were addressed to 
ensure a supportive and productive environment. We reviewed relevant literature on focus group 
methodologies and consulted with facilitators who had experience working with similar 
audiences [20], [21]. The protocol used for the focus groups is available upon request. 

Given the age of the participants and the sensitive nature of discussing gender and racial issues, 
certain ethical considerations were paramount. It was important to create an environment where 
students felt comfortable and willing to share their thoughts. To facilitate this, we began each 
session with an ice breaker activity where students were asked to show a GIF or emoji that 
represented their current emotion. This activity helped to lower barriers and encouraged 
openness among participants. Participants also interacted or commented on each other’s choices 
which assisted in comfortability, especially during the pre-focus groups that were conducted on 
day 2 of the programs meaning that participants had limited peer-to-peer interaction up to that 



   
 

   
 

point. To further reduce anxiety, we provided students with processing guides and pencils. These 
guides included focus group questions, allowing participants to jot down notes or simply doodle 
if they felt nervous. This small adjustment proved effective in helping students feel more at ease 
during the discussions. 

The focus groups were conducted by two facilitators not involved in designing or facilitating the 
camps. This separation was explicitly communicated to the participants to ensure that they felt 
comfortable expressing their honest opinions. After the initial introductions, the facilitators 
clearly outlined the discussion rules, emphasizing the importance of mutual respect and the value 
of every opinion. Participants were encouraged to comment on each other’s points, and it was 
made clear that there were no right or wrong answers to any of the questions. Additionally, if a 
participant was being talked over, or not able to insert their thoughts into a discussion, attention 
was paid to follow up and call upon those individuals so that listening and acknowledgment was 
modeled for focus group participants. Attention was also paid as to whether a participant was 
taking up most of the discussion space, and if so, observation to identify others trying to 
comment was done to call on those individuals. 

Hiring a Graduate Assistant for Program Evaluation 

Administrative internships can offer assessment opportunities for graduate students and 
professionals in education, evaluation, and higher education with the results of evaluation 
processes and data contributing to improvement of programming [22]. For the intern, the 
experience can provide real-time application and experience, especially if the experience can 
enhance cultural competency needed in the evaluation and programmatic space. As a 
recommendation of Rincon and George-Jackson [7], results of these internship-type outputs of 
evaluation and assessment processes can contribute to legitimacy and potential funding avenues 
by providing evidence of impact.  

For the first time, an intern was hired to help evaluate the summer camps. The intern, a Ph.D. 
student in Educational Psychology with research interests in academic motivation, engagement, 
and their effects on identity development, brought a valuable perspective to the process. Working 
closely with the program directors and a research fellow, the intern played a crucial role in 
communicating the specific needs of each program. 

The assistant’s expertise in educational psychology was instrumental in finding and applying 
validated instruments for the assessment of UPSILON (summer bridge). Being from outside the 
organization, they provided a fresh perspective that contributed to the evaluation process's 
effectiveness. Their involvement ensured that the assessment tools were both rigorous and 
relevant, aligning with the program’s goals and the broader objectives of understanding student 
motivation and engagement. 

Data Cleaning and Management 

For the data management process, we used different platforms based on the needs of each 
program. For the first three camps (BETA, GAMMA, MU), we utilized Google Forms, while for 
the UPSILON program, we opted for QuestionPro. After collecting the data, the files were 



   
 

   
 

meticulously cleaned in Excel to remove incomplete and repeated responses. This data cleaning 
step was crucial in ensuring the integrity and accuracy of the final data set, providing a solid 
foundation for subsequent analysis. 

After the data cleaning, the quantitative data will be analyzed to identify trends and measure the 
effectiveness of the interventions. The qualitative data, which includes open-ended survey 
responses and focus group transcripts, will be coded to identify key themes. These results will 
then be reported to the program directors to inform the refinement of the programs for Summer 
2025. 

Preliminary Findings 

The findings from the evaluation of four summer outreach programs can be categorized into two 
main areas: insights into students' perceptions of the program and engineering, and lessons 
learned for refining both the evaluation methods and the structure of future camps to improve 
their effectiveness. 

To understand students' perceptions of the camp and their attitudes toward engineering, we 
began by cleaning the data—removing duplicate responses, excluding students who completed 
the survey significantly faster than others (indicating they may not have read the questions), and 
discarding incomplete responses. After data cleaning, we averaged the scores for key constructs 
from the Likert-type survey items. Preliminary findings suggest that participants maintained high 
levels of motivation and engagement, as reflected in their consistent scores across the MUSIC 
Model constructs [17], Expectancy-Value Theory [18], and belonging [19]. Specifically, for the 
UPSILON program, preliminary findings revealed an increase in students' engineering identity 
(the extent to which students see being good at engineering as part of their self-concept) and 
confidence in their ability to succeed in future engineering coursework, along with a 
strengthened sense of belonging within the engineering community. The visualization of the 
collected quantitative data from the UPSILON program, across four data points for participants’ 
program perceptions and their motivational beliefs, can be found in Appendices C and D. 
Qualitative feedback from the open-ended survey items emphasized the value of hands-on 
learning and the social aspects of the camp, while also identifying opportunities for 
improvement, such as increasing activity variety. 

The findings for the program evaluation emphasized the critical importance of collaboration with 
program directors to ensure that assessment strategies were aligned with specific program goals. 
Tailored planning was essential, as the unique nature and audience of each program required 
specialized evaluation methods. A one-size-fits-all approach was not feasible; understanding the 
distinct needs of each program was essential. Moreover, overly idealistic assessment goals were 
impractical, necessitating realistic timelines and logistical considerations for administering 
assessments. Factors such as the time available for students to complete surveys, the optimal 
settings for administering them, and the appropriate frequency of assessments were carefully 
calibrated. While deliberate scheduling helped maintain response rates, they were still around 
75%. Selecting well-established, reliable, and valid assessment tools was vital to preserving the 
evaluation’s integrity and enabled us to interpret responses more systematically. Flexibility in 



   
 

   
 

refining the tools, particularly for focus groups, was crucial for adapting the evaluation process 
based on early findings. 

Conclusion 

The perception of the educational programs plays a significant role in shaping students’ 
motivation, academic engagement, their goals, and ultimately their development of a science 
identity [23], [24]. When students develop a strong interest in the subject matter, perceive 
themselves as capable of success, and experience caring relationships, feelings of belonging, and 
a sense of being valued, they are more likely to see themselves as future engineers. These 
elements are critical in fostering a science identity where students not only engage with STEM 
fields but also envision themselves pursuing careers in these areas. 

Through the summer camps, we aim to provide these essential experiences to the participants. 
Our goal is to create an environment where students can develop a deep interest in engineering, 
feel confident in their abilities, and form meaningful connections that support their sense of 
belonging. By evaluating whether these perceptions influence their identity development, future 
goals, and behaviors, we can better understand the impact of these programs. 

For future administrators and practitioners wishing to implement similar interventions, here are 
the major takeaways from our work: 

• Maintain regular communication with program directors to align goals and assessment 
strategies. 

• Allocate dedicated time slots for surveys to ensure high response rates, considering 
participant availability. 

• Use validated, reliable tools, balancing thoroughness with parsimony to prevent survey 
fatigue. 

• Incorporate both quantitative and qualitative assessments to capture the diverse 
experiences of participants and enhance validity. 

• Be prepared to revise assessment tools based on early feedback; adjust focus groups and 
surveys as needed. 

• Create a supportive environment with icebreakers and external facilitators to encourage 
honest feedback. 

• Consider hiring graduate assistants or interns to bring fresh perspectives and ensure 
rigorous assessment practices. 

 



   
 

   
 

The lessons learned from the summer of 2024 have provided valuable insights into how we can 
refine both the programs and our evaluation methods. These insights will be applied to the 
summer of 2025, ensuring that the camps continue to evolve and effectively support the identity 
development and future aspirations of underrepresented students in engineering. 
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Appendix A – Example Focus Group Questions for Each Program 
Program Example Question  
BETA Which parts of BETA are you most excited about? 

In what ways do you think your culture will have an impact on your experience 
in engineering? 

GAMMA What types of engineering careers do you see yourselves in? 
Why do you think we have such a shortage of women in engineering? 

MU Are there any parts of MU that you are nervous about? 
Do you think being a woman will have an impact on your experience in 
engineering? 

 
 
 
Appendix B – UPSILON Survey Schedule with MUSIC and Motivational Beliefs Items 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



   
 

   
 

Appendix C – Average Values of MUSIC Model Constructs, Effort, and Motivation Across Three 
Time Points 

 
(Each color represents a different time point) 
 
 

Appendix D – Average Values of Engineering Expectancy, Values, Belonging, and Goals Across 
Four Time Points 

 
(Each color represents a different time point) 


