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Development of K-12 STEM Teacher Self-Efficacy through Participation in Goldberg Gator 

Engineering Explorers Summer Programs (RTP) 

 

Abstract 

The Goldberg Gator Engineering Explorers (GGEE) Summer and Afterschool Programs are 

informal learning programs hosted at schools in communities across Florida with the support of 

the Engaged Quality Instruction through Professional Development (EQuIPD) program at the 

University of Florida. These programs are designed to provide programming, computational 

thinking, and engineering design opportunities for middle school students and their teachers. 

Teachers selected by their respective schools or youth organizations to facilitate programs came 

from various backgrounds, subject areas, and prior experience with programming. Training and 

support were provided to ensure that these teachers were equipped with both the content 

knowledge and the confidence to facilitate the program. An IRB study explores the development 

of teacher self-efficacy in science, technology, engineering, and mathematics (STEM) after 

participating in the preparation and facilitation of the GGEE summer programs. This paper 

discusses relationships between teacher self-efficacy and participation in the GGEE summer 

program and other relevant factors that may impact teacher self-efficacy, such as prior experience, 

coding skills, and subject area focus. There were significant increases in teachers’ coding skills 

and overall self-efficacy in STEM after participation in the summer program training and 

facilitation. Teachers shared how participating in the program impacted the way they think about 

their teaching and how they intend to implement STEM concepts from the program into their 

classrooms. 
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1. Introduction 

1.1 Background 

Within research literature, a plethora of studies look at the impact of informal learning on identity, 

achievement, and academic persistence in science, technology, engineering, and math (STEM). 

However, there is less research into the impact of informal learning on teachers or even teachers 

who participate in informal learning with their students [1], [2], [3], [4]. Teachers generally 

develop pedagogical practices based on their educational pre-service programs and then refine 

them over time based on their own experiences, intuition, or professional development 

opportunities [4]. In many schools today, however, many teachers do not have pedagogical training 

because they are entering education with alternative degrees or certification routes. Additionally, 

most professional development programs available to teachers fall under formal learning as they 

are often direct instruction and occur as part of a teacher’s normal work. 

 

Informal learning engages participants in engaging scientific experiences that harness curiosity, 

motivation, and excitement outside of the traditional classroom environment [4]. Understanding 

teachers’ professional identity development through their participation in informal learning 

opportunities for students provides insights into developing more refined professional 

development opportunities for teachers to build efficacy for teaching STEM concepts. Self-

efficacy is defined as a person’s belief in their ability to succeed in a particular task in a particular 

situation; in this case, teachers teaching STEM concepts [5]. Teachers' self-efficacy can be tied to 

their pedagogical beliefs, choices, and practice [6]. Teachers’ experiences with informal STEM 



learning opportunities could also inform factors and attributes of practices that work for STEM 

learning through knowledge transfer into other learning environments [7], [8]. Teacher self-

efficacy in STEM has been found to improve students’ academic performance in STEM [9], [10], 

[11].  

 

1.2 Summer Program Overview 

The Goldberg Gator Engineering Explorers (GGEE) Summer and Afterschool Programs were 

created to engage middle-school-aged learners and facilitators in programming and working with 

hardware through a series of scaffolded projects structured using the Engaged Quality Instruction 

through Professional Development (EQuIPD) model to develop conceptual understanding through 

Elicit, Develop, Deploy, and Refine inquiry model development stages. These activities are 

designed to incorporate all areas of STEM while being anchored in engineering design and 

computational thinking [12], [13], [14]. The summer program introduces programming through 

block coding in Microsoft’s Makecode platform to program micro:bit microcontrollers [15], [16]. 

Summer programs are composed of three main activities hosted using two timelines: four full-day 

or eight half-day sessions based on district preference. The first camp activity comprises a series 

of introductory programming lessons to introduce the platform and hardware and build 

fundamental skills such as process mapping their code, using strings, logic, and various inputs. 

The second camp activity introduces the Stanford Design Thinking Process, where learners are 

posed to design, iterate, and build a unique micro:bit pet for a partner student [17]. The final 

activity of the summer program has learners working in teams to design a solution for a technical 

design challenge from the following choices: a greenhouse monitoring system, a traffic light 

system for emergency service vehicles, or a safe driving monitor. Teams program the micro:bit to 

incorporate sensors and servo motors into their designs. Once the designs are complete, learners 

present their proposed solutions and share their design process. 

 

During the 2024 GGEE programs, 23 K-12 teacher facilitators led the 26 summer program sessions 

across 13 different counties in Florida, reaching a total of 322 middle-school-aged students. 

Teacher facilitators for the programs comprised various elementary, middle, and high school 

teachers, youth program leaders, and counselors, referred to as teachers for the remainder of the 

paper. These teachers were chosen by their organization to facilitate the summer programs at their 

chosen site: schools or youth organization spaces. The hosting groups underwent the process 

outlined in Figure 1 to identify their summer program locations: schools or facilities, teachers, 

volunteers, or recruited to lead programs. The GGEE program held a 10 to 12-hour virtual training 

series of two hours a session, that was live and recorded over the Zoom conferencing platform to 

prepare and support teachers in the program concepts and structure through constructing some of 

the activities themselves. During the training, the teachers were introduced to the engineering 

undergraduate student mentors with whom they facilitate the programs and were familiarized with 

the curriculum delivered as assignments through Microsoft Teams. During the two-hour sessions, 

the GGEE team led the teachers and undergraduates through completing all of the activities in the 

program, modeled facilitation strategies, and programmed all activities. Teachers unable to attend 

a live session or complete an activity were required to complete the session outside the sessions. 

To ensure facilitators participated and completed the training, they submitted activity assignments 

and artifacts to document their ability to conduct the activities.  



 
Figure 1: Process of working with program locations that select their summer program locations and teachers and 

the support from the GGEE program in the form of training, curriculum materials and guides, and trained 

engineering undergraduate student co-facilitators. 

 

2. Study Purpose 

The summer programs provide authentic STEM experiences in programming, computational 

thinking, and engineering design for middle-school-aged students. By hosting these informal 

programs with schools and other youth organizations, the GGEE program supports teachers in 

learning these concepts, upskilling them in programming, and empowering them to continue or 

expand their STEM teaching in their classrooms during the traditional school year, reaching more 

students outside of the summer programs [13]. As teachers develop more self-efficacy in the topics 

they teach, student learning increases [9], [10], [11].  

 

This study aims to investigate the following research aims:  

 

1. How does participating in an informal STEM summer program impact teachers' perception 

of their coding and programming skills? 

2. How does teacher STEM self-efficacy develop after participating in STEM summer 

programs? 

 

3. Methodology 

3.1 Research Tools and Rationale 

Coding Skills 

Programming is a large technical aspect of the summer program. Teachers were asked to rate their 

prior experiences with coding and programming and the level of their coding skills before and 

after the summer program. A pre-survey was distributed to teachers in early May 2024, at the start 

of the summer program training, and a post-survey was distributed after they completed all the 

summer programs they facilitated.  

 

In the pre-survey, teachers were asked about their prior experiences with coding or programming 

to provide the research team with context to their experience and if they had enjoyed the experience 

they had. A teacher’s emotional engagement in STEM influences their engagement in the practice 

of STEM education and is a part of their self-efficacy in the area [18]. Teachers were asked, “How 

much experience do you have with coding or programming?” using the following 4-point scale: 

No experience, A little experience, Some experience, or A lot of experience. Teachers who 

provided they had prior coding experience were asked to rate “How much you enjoyed your 



experience in coding or programming?” using the given 4-point scale: I disliked it a great deal, I 

disliked it a little, I liked it a little, and I liked it a great deal. These questions were chosen to gain 

context on their level of experience in coding and programming and how much they enjoyed that 

experience.  

 

During the pre-and post-surveys, teachers were asked to rate their skill level using the following 

4-point scale: None, Basic, Medium, and High. This question was asked to survey the change in 

teachers’ perceived coding ability after participating in training where they were introduced to and 

learned the programming concepts of the camp and the facilitation of the summer camp, teaching 

students programming through engineering design activities.  

 

Teacher Self-Efficacy 

The Teacher Efficacy and Attitudes Toward STEM (T-STEM) survey tool was delivered in both 

pre- and post-surveys to measure the change in STEM self-efficacy among the participating 

teachers [19], [20]. This tool was designed to gather information about a teacher’s personal 

teaching efficacy and beliefs in engineering. It was adapted to survey STEM efficacy and to better 

align with the experiences in the summer program. Teachers were asked to use the following 4-

point scale: Strongly Disagree, Disagree, Agree, and Strongly Agree to rate how much they agree 

with the following questions about teaching efficacy and beliefs: 

 

A. I am continually improving my STEM teaching practice. 

B. I am confident that I can teach STEM effectively.  

C. I understand STEM concepts well enough to be effective in teaching STEM. 

D. I am confident that I can answer students’ questions about STEM. 

E. When a student has difficulty understanding a STEM concept, I am confident that I know 

how to help the student understand it better. 

F. I know what to do to increase student interest in STEM.  

 

Interviews 

Teachers were interviewed after the last of their summer program sessions to gain more context 

into how participating in the summer programs impacted their teaching practice with respect to the 

concepts developed during the summer camp. Teachers were asked the following two questions:  

 

• How has your participation impacted the way you think about teaching? 

• How do you plan to incorporate computational thinking, engineering design, use of 

technology and system thinking in your future classrooms? 

 

The research team chose these questions as they captured how teachers’ perspectives on teaching 

in STEM may have changed after participating in an informal learning setting. The second question 

is geared toward understanding what major concepts from the summer program teachers are 

bringing back to their classrooms and how they envision applying those concepts. 

 

3.2 Data Collection 

Data collection was approved by the University of Florida’s Institutional Review Board 

(IRB202102451). All teachers who facilitated summer programs were provided the opportunity to 



opt into the study and complete research consent documents acknowledging their participation in 

the study and their ability to leave the study at any time. 

 

Teachers participated in a pre-survey, post-survey, and interview before and after participating in 

the summer programs. The pre-and post-surveys were developed and distributed electronically 

using the cloud-based survey tool Qualtrics [21]. The pre-survey was delivered at the start of the 

training for the summer camp programs in May 2024. In this survey, teachers provided 

demographic data, coding, and programming experience, rating their coding skills and their initial 

self-efficacy in STEM. The post-survey was delivered after a teacher completed all their summer 

program sessions to capture changes in coding skills and self-efficacy in STEM. Survey data was 

exported from Qualtrics and stored in a secure Dropbox managed by the research team. 

 

Teachers were scheduled for 1-on-1 virtual interviews over the conferencing platform Zoom with 

a member of the study team they did not engage with during the summer program. Interviewers 

followed a script to introduce the interview procedures and questions. The interviewer manually 

transcribed the teachers’ responses in real-time in a Microsoft Word document stored securely in 

Dropbox. Audio or video recording of the interviews was not permitted.  

 

3.3 Data Analysis 

Demographic and prior coding experience data collected in the pre-survey were tabulated and 

averaged in Microsoft Excel to calculate the percentage of participant responses. The resulting 

Excel file was imported into the RStudio integrated development environment (IDE) [22] and 

visualized using the open-source programming language R [23]. 

 

For the coding skills and STEM self-efficacy questions that collected pre- and post-summer 

program responses, population matching was completed to ensure responses from the same pool 

of teachers were analyzed and compared. There were 20 participants in the pre-survey and 17 

participants in the post-survey. The three participants from the pre-survey who did not complete 

the post-survey were not included in the analysis. Both the coding skills and STEM self-efficacy 

survey questions were structured as 4-point Likert-style questions. Likert scales were converted 

from text to numeric scales from 1 to 4 in Microsoft Excel in order to compare the pre-and post-

survey results. The data was then imported into RStudio, where the mean and standard deviation 

were calculated, and a paired t-test was completed to identify significant changes.  

 

4. Results and Discussion 

4.1 Teacher Demographics 

During the pre-survey, extensive demographic data was collected from teachers. Teachers provided 

information detailing elements such as gender, race and ethnicity, and regional location. They also 

provided insight into their teaching backgrounds, including grade levels, subject areas, teaching 

experience, and prior participation in GGEE programs. 

 

Gender 

Teachers were prompted to select the gender they most closely identified with from the options 

provided: Female, Male, Gender not listed here (please specify), or Prefer Not to Say. Of the 20 

teachers who completed the pre-survey, 30% (6) reported Female, 65% (13) reported Male and 5% 

(1) preferred not to say, as shown in Table 1 below. There was a larger percentage of male teachers 



leading summer programs, which aligns with the gender distribution in science and engineering 

occupations in the workforce, with 26.7% Female and 65.4% Male.  

 

Table 1. Teacher gender, racial, and ethnic demographics compared to the U.S. population. 
Category Participants Total Population [24] 

Gender (n=20)   

Female  30% 49.5% 

Male  65% 50.5% 

Prefer Not To Say/Not Listed 5% - 

Race (n=20)   

American Indian or Alaska Native 0% 1.3% 

Asian 0% 6.4% 

Black or African American 10% 13.7% 

White 85% 75.2% 

Other Race Alone or in Combination 0% 3.3% 

No Race Selected 5% - 

Ethnicity (n=20)   

Hispanic or Latin(x) 20% 19.8% 

 

Race and Ethnicity 

Teachers were asked to select their race and ethnicity, Table 1, by selecting all the options that 

applied to them: American Indian or Alaska Native, Asian, Black or African American, Native 

Hawaiian or other Pacific Islander, White, or Hispanic or Latin(x). It is important to note that 

Hispanic or Latin(x) was not offered as a separate ethnicity in this survey; as a result, participants 

may not have identified a race along with their ethnicity. 

 

Of the 20 participating teachers, 85% (17) identified as White, 10% (2) were Black or African 

American, and 5% (1) did not identify a race. 20% (4) of teachers indicated they were of Hispanic 

or Latin(x) ethnicity. According to the National Science Board’s “Elementary and Secondary 

STEM Education” science and engineering indicators, the racial minority breakdown for science 

educators aligns with the teacher population selected by the program hosts [25]. Nationally, the 

racial demographics for minorities are as reported: 80% White, 6% Black, and 7% Hispanic. 

 

Grade Level, Subject Area, Years of Teaching Experience 

To provide more insight into the teachers' backgrounds participating in the study, they were asked 

to provide information regarding the grade levels and subject areas they teach in addition to the 

number of years they have been teaching while completing the pre-survey. This information is 

detailed in Table 2. 

 

Teachers indicated the grade level band they taught during the previous school year from the 

following options: K-5, 6-8, and 9-12. If the teacher selected both 6-8 and 9-12, those responses 

were pooled under 6-12. Of the 20 teacher responses, 45% reported 9-12, 15% reported 6-12, 30% 

reported 6-8, 5% reported K-5, and 5% did not reply to this question as they are not a classroom 

teacher. 90% of the teachers taught 6th grade or higher. This is likely due to the summer programs 

being targeted toward middle school students, and most camp locations were middle or high 

schools by districts to encourage the development of STEM pipelines.  

 



Table 2. Teacher grade level, subject area, and teaching experience demographics. 
Category Participants 

Grade Level (n=20)  

9-12 45% 

6-12 15% 

6-8 30% 

K-5 5% 

None Listed 5% 

Subject Area (n=20)  

STEM Elective 50% 

STEM Subject Area and STEM Elective 25% 

STEM Subject Area 5% 

STEM Subject Area, STEM Elective, and Other 5% 

STEM Subject Area and Other 5% 

Social Science 5% 

Other (Non-Teacher) 5% 

Teaching Experience (n=20)  

30+ years 10% 

20 – 29 years 20% 

15 – 19 years 15% 

10 – 14 years 10% 

4 – 9 years 30% 

0 –3 years 15% 

 

Teachers selected the subject area(s) they taught during the 2023-2024 school year, given the 

following options: Science, Math, STEM/Engineering, ELA, Social Science, or Other. Teachers 

were given space to write additional details about the subject(s) they taught for each option listed 

above. Subject areas were categorized into STEM Subject areas, STEM electives, and Other. A 

STEM Subject Area includes science, technology, engineering, or math classes such as AP 

Biology, 4th-grade math, Chemistry and Biology, or 6th grade Science. STEM Elective groups 

include all STEM-related curricula that would not be taught as a core class. For this category, 

teachers put Artificial Intelligence 1-4, Applied Engineering Technology, Robotics, Cybersecurity, 

etc. The Other category refers to non-STEM electives such as Leadership and Business classes. 

One camp teacher is not a traditional classroom teacher but works with students in informal 

learning settings at a Boys and Girls Club location and is identified as “other.” 90% of teachers 

reported they taught either a STEM Subject Area or Elective, 5% reported Social Science, and 5% 

reported Other (Non-Teacher). 

 

Teachers selected the range of years they have been teaching or working in their youth programs 

from the following options: 0-3 years, 4-9 years, 10-14 years, 15-19 years, 20-29 years, or 30+ 

years. Of the 20 teachers, 15% reported 0-3 years, 30% reported 4-9 years, 10% reported 10-14 

years, 15% reported 15-19 years, 20% reported 20-29 years, and 10% reported 30+ years. The vast 

distribution of teaching experience, from 0 to 30+ years, indicates that teacher participation in the 

programs is unrelated to the number of years one has been teaching.  

 

Previous GGEE experience 

Teachers were asked to indicate if they have participated in previous GGEE summer or afterschool 

programs or if they are new to them, Figure 2. Of the 20 teacher responses, 35% (7) of teachers 



are returning from previous GGEE summer or afterschool programs, and 65% (13) reported that 

this summer camp was their first GGEE program. This suggests that the GGEE summer camp 

program grew to reach new teachers while retaining returning teachers from previous summer or 

afterschool programs. 

 

 
Figure 2: Teacher’s previous GGEE summer or afterschool program experience prior to facilitating a 2024 summer 

camp (n = 20). 

 

 
Figure 3: A) Teacher participants' prior coding or programming experience before the summer program (n=20). B) 

How much teachers enjoyed their prior experiences (n=19).  

 

4.2 Surveys 

Prior Coding Experience and Enjoyment 

During the pre-survey, teachers selected how much experience they have with coding or 

programming, Figure 3A, and how much they enjoy their experience, Figure 3B. In response to 

how much experience the teachers have, out of the 20 responses, 5% chose No experience (None), 

35% chose A little experience (A little), 45% chose Some experience (Some), and 15% chose A lot 

of experience (A lot). The 19 teachers who indicated they have prior experience were then asked 

how much they enjoyed that experience: 0% chose I disliked it a great deal (Disliked a lot), 5% 

chose I disliked it a little (Disliked a little), 32% chose I liked it a little (Like a little), and 63% 

choose I liked it a great deal (Liked a lot). Most teachers had limited programming experience (A 

little or Some), suggesting that many teachers were approaching the camp with low familiarity 

with programming. The teachers who indicated they had some experience in coding or 

programming generally enjoyed their previous experiences. Enjoyment is an element of self-

efficacy and can influence their engagement in STEM education [18]. 

 



Coding Skills 

Teachers were asked to rate what they believe is their coding skill level before summer program 

training and again at the end of their respective GGEE program session, Figure 4. Of the 17 

responses, 18% of teachers rated their skills as None, 35% rated their skills as Basic, 41% rated 

their skills as Medium, and 6% rated their skills as High. After the summer programs, teachers 

rated their coding skills the following: 0% None, 18% Basic, 47% Medium, and 35% High. When 

the ratings were converted to a 1 (None) to 4 (High) scale and averaged, the pre-survey had an 

average rating of 2.35  0.86, and the post-survey had an average rating of 3.18  0.73. A paired 

t-test showed a significant (p = 2.01x10-7) change in the average coding skill rating. 

 

At the start, 47% of the teachers rated their skills as Medium or High, and by the end of the 

program, 82% rated their skills as Medium or High. Participation in the summer program training 

and facilitation allowed teachers to develop their coding skills by gaining experience through 

practicing and then teaching students how to program micro:bits using a block coding language. 

This experience allowed teachers with coding experience to teach it in an informal setting where 

they could build upon prior programming and coding experiences. 

 

 
Figure 4: A comparison of teachers’ coding skills ratings before and after the summer camps (n=17). 

 

Teacher Self-Efficacy 

To measure the change in self-efficacy in STEM, teachers rated how much they agreed using a 4-

point scale to answer six questions modified from the T-STEM survey tool before and after 

participating in the summer programs. Pre- and post-survey responses were matched to ensure the 

same 17 participants were in each data set to allow for comparison. The ratings were converted to 

numeric values of 1 (strongly disagree) to 4 (strongly agree) and averaged. An overall rating was 

calculated by averaging all ratings for the entire question STEM teaching efficacy and beliefs block 

as suggested by the guidelines from the tool developers at the Friday Institute at NC State 

University [19]. 

 

The results of the T-STEM surveys are displayed in Table 3. There was a significant increase 

(+0.14, p<0.05) in the average overall ratings from pre-survey, 3.42  0.59, to post-survey, 3.56  

0.57 scores. This indicates that, overall, teachers experience an increase in self-efficacy in STEM 

after receiving training and facilitating a GGEE summer program. There were significant increases 

in the average ratings for questions C. I understand STEM concepts well enough to be effective in 

teaching STEM (+0.24, p<0.05) and E. When a student has difficulty understanding a STEM 

concept, I am confident that I know how to help the student understand it better (+0.29, p<0.05). 



These significant increases could be attributed to the learner-centered training experience teachers 

participate in to prepare for the programs. The hands-on training and the experience of facilitating 

and troubleshooting with students during the summer program build confidence in teachers to 

understand and support students in learning STEM concepts.  

 

Table 3. Pre- and Post-survey STEM teaching efficacy and beliefs. (n=17) 

Question 
Mean (SD) p 

(<0.05) Pre Post 

A. I am continually improving my STEM teaching practice. 
3.71 

(0.47) 

3.65 

(0.49) 
0.332 

B. I am confident that I can teach STEM effectively. 
3.65 

(0.49) 

3.65 

(0.49) 
- 

C. I understand STEM concepts well enough to be effective in 

teaching STEM. 

3.41 

(0.62) 

3.65 

(0.61) 
*0.0413 

D. I am confident that I can answer students’ questions about STEM. 
3.29 

(0.59) 

3.47 

(0.62) 
0.0826 

E. When a student has difficulty understanding a STEM concept, I am 

confident that I know how to help the student understand it better. 
3.24 

(0.56) 

3.53 

(0.62) 
*0.0201 

F. I know what to do to increase student interest in STEM. 
3.24 

(0.66) 

3.41 

(0.62) 
0.0826 

Overall Scores 
3.42 

(0.59) 

3.56 

(0.57) 

*** 

0.0003 

 

4.3 Implications for Practice 

This paper shows evidence that participation as a facilitator in the GGEE summer camp program 

improved teachers’ programming skills and created more efficacy in teaching and supporting 

students in difficult STEM concepts, particularly for computational thinking and engineering 

design. This has implications for teacher practice at the classroom level for improved student 

conceptual understanding of computational thinking and engineering design. Additionally, 

students with teachers who have confidence in STEM topics are more likely to be successful in 

STEM domain knowledge [26]. Furthermore, teachers who improved their own coding skills were 

shown to have improved student performance and satisfaction in the same domain area [27], [28]. 

Based on these findings, we posit that teacher participation in this informal learning program 

shows the ability of the programs to provide passive professional development to teachers to 

improve domain knowledge and efficacy. 

 

When prompted to share how their participation in the program has impacted their thoughts about 

teaching and their current teaching practice, one teacher shared how participating allowed them 

and other teachers to become more comfortable with teaching open-ended engineering design 

lessons. 

 

“It helped me at learning how to teach open-ended project assignments in the computer 

science field. It kind of just helped me with teaching open-ended projects with the micro:bit 

in computer science, and that is what I like to do.” 

 



Anecdotally, teachers have reported bringing in system and computational thinking pedagogical 

practices in their current teaching practice by using process mapping skills learned from the camp. 

Teachers shared the following on system thinking and how it applies to one of their STEM courses, 

 

“…If I write a common story for the course I am teaching, system thinking is going to help 

me narrate that course better. I am teaching Environmental Science. It is all about 

relationships. From the beginning, I am teaching kids to make maps and that is making a 

common map we will use throughout the course. Computational thinking is the logic and 

step-by-step. The activities we did in the camp were common. They were part of my 

teaching before and will continue to be. Engineering design and technology the same thing 

as computational thinking. The one that is most impacted is system thinking.’ 

 

4.4 Limitations 

While 23 teachers worked in the summer program, 20 opted into the research study and 

participated in the pre-survey, and 17 participated in the post-survey. Of the 17 teachers, 15 

participated in one summer program in 2024. The remaining two teachers participated in multiple 

sessions, leading two or three sessions over the summer. Both teachers were returning facilitators 

from previous years of summer programs. The study was not designed to measure if participating 

in multiple sessions directly impacted self-efficacy but rather as the impact of the overall summer 

experience.  

 

The teacher efficacy was self-reported by teachers using a modified T-STEM test. The survey was 

matched but anonymized, so the individuals were not known. Teachers were surveyed in previous 

years of the program but will be studied for the additional years of the program moving forward. 

While some teachers return to the program to teach each year, there are also many new districts 

and teachers each year of the summer camp programs, and teachers who have participated in the 

program should have data separable from new teachers to the program.  

 

5. Conclusions 

The Goldberg Gator Engineering Explorers summer programs partnered with schools and youth 

organizations to host 26 STEM summer camp sessions across Florida for middle school students. 

Teachers from the organizations served as lead facilitators for the camp sessions, with the support 

of an engineering undergraduate student. These facilitators received around 10 hours of training to 

ensure they were confident in the concepts and could complete the programming and engineering 

design activities.  

 

This study aimed to investigate the impacts of teachers’ participation in a summer program on 

coding skills and self-efficacy in STEM using surveys delivered before training and upon the 

conclusion of facilitating summer programs. There was a significant 35% increase in teachers who 

rated their coding skills as Medium or High from pre- to post-survey. STEM self-efficacy was 

measured using an adapted T-STEM survey tool to align with the features of the summer program. 

Overall, teachers experienced a significant increase in STEM self-efficacy after training and 

facilitating a GGEE summer program. The survey data showed two questions with significant areas 

of improvement: increased understanding of STEM concepts well enough to be effective in 

teaching STEM and confidence in helping students with a difficult STEM concept. These increases 

show a gain in perceived efficacy for teaching the engineering, computational, and STEM core 



concepts embedded in the camp activities. Additionally, teachers felt more confident about being 

able to support their students in the acquisition of STEM concepts. This is especially important for 

helping teachers ensure their efficacy in teaching STEM concepts is correlated with improved 

student performance in STEM. 

 

To expand the scope of understanding the impacts of the summer programs on teaching self-

efficacy in STEM, interview questions will be revised to focus on areas of self-efficacy. This will 

allow the research team to gather more directed narratives around exactly how participating in the 

program impacted teachers.  

 

The Goldberg Gator Engineering Explorers Summer Programs were designed to build student 

STEM identity, skills, and confidence through informal learning in an engaging summer camp 

program. This program is being studied to see if there is an additional ad-value for the teacher. 

Findings from the summer of 2024 indicate that the informal learning extended to the students 

results in gains for the teachers participating in the program.  

 

6. Acknowledgements 

This work was conducted through funding from multiple donors to the University of Florida's 

Herbert Wertheim College of Engineering Foundation to support the GGEE programs as part of 

the EQuIPD project at the University of Florida. The research team would like to thank the leading 

donor to the program, Arnie Goldberg, for their support and appreciation toward creating STEM 

opportunities across Florida. The team would also like to thank Kim and Bud Deffebach who 

funded programs in Brevard County, Florida. The researchers would like to thank their co-authors, 

program management, and research teams for their assistance and support throughout the summer 

programs and research study. The researchers would also like to thank the teacher program 

facilitators for making the summer programs and this work possible.  

 

7. References 

[1] D. Stokes, P. Evans, and C. Craig, Developing STEM Teachers through both Informal and 

Formal Learning Experiences. Ediciones Universidad de Salamanca, 2017. Accessed: Feb. 

19, 2025. [Online]. Available: http://repositorio.grial.eu/handle/grial/919 

[2] K. Cheng, “Informal Learning Opportunities and STEM Teacher Identity Development,” 

University of Tennessee, Dec. 01, 2019. [Online]. Available: 

https://trace.tennessee.edu/utk_graddiss/5621 

[3] J. Boeve-De Pauw, H. De Loof, S. Walan, N. Gericke, and P. Van Petegem, “Teachers’ self-

efficacy and role when teaching STEM in high-tech informal learning environments,” Res. 

Sci. Technol. Educ., vol. 42, no. 2, pp. 255–275, Apr. 2024, doi: 

10.1080/02635143.2022.2089873. 

[4] J. D. Adams and P. Gupta, “Informal science institutions and learning to teach: An 

examination of identity, agency, and affordances,” J. Res. Sci. Teach., vol. 54, no. 1, pp. 121–

138, 2017, doi: 10.1002/tea.21270. 

[5] A. Bandura, “Perceived Self-Efficacy in Cognitive Development and Functioning,” Educ. 

Psychol., vol. 28, no. 2, pp. 117–148, Mar. 1993, doi: 10.1207/s15326985ep2802_3. 

[6] M. H. Fisher and D. Royster, “Mathematics teachers’ support and retention: using Maslow’s 

hierarchy to understand teachers’ needs,” Int. J. Math. Educ. Sci. Technol., vol. 47, no. 7, pp. 

993–1008, Oct. 2016, doi: 10.1080/0020739X.2016.1162333. 



[7] S. C. McDaniel, A.-M. Yarbrough, and K. Besnoy, “Research-Based Practices in Afterschool 

Mentoring Programs,” Afterschool Matters, 2015, Accessed: Feb. 19, 2025. [Online]. 

Available: https://eric.ed.gov/?id=EJ1083933 

[8] A. Sahin, M. C. Ayar, and T. Adiguzel, “STEM Related After-School Program Activities and 

Associated Outcomes on Student Learning,” Educ. Sci. Theory Pract., vol. 14, no. 1, Dec. 

2013, doi: 10.12738/estp.2014.1.1876. 

[9] D. Muijs and D. Reynolds, “Teachers’ Beliefs and Behaviors: What Really Matters?,” J. 

Classr. Interact., vol. 37, no. 2, pp. 3–15, 2002. 

[10] W. P. Moore and M. E. Esselman, “Teacher Efficacy, Empowerment, and a Focused 

Instructional Climate: Does Student Achievement Benefit?,” 1992. Accessed: Feb. 19, 2025. 

[Online]. Available: https://eric.ed.gov/?id=ED350252 

[11] J. A. Ross, “Teacher Efficacy and the Effects of Coaching on Student Achievement,” 

Can. J. Educ. Rev. Can. Léducation, vol. 17, no. 1, pp. 51–65, 1992, doi: 10.2307/1495395. 

[12] K. D. Chisholm, O. Lancaster, and N. Ruzycki, “Board 165: Evaluation of an 

Introductory Computational Thinking Summer Program for Middle School to Identify the 

Effects of Authentic Engineering Experiences (Work in Progress),” presented at the 2023 

ASEE Annual Conference & Exposition, Jun. 2023. Accessed: Jan. 03, 2024. [Online]. 

Available: https://peer.asee.org/board-165-evaluation-of-an-introductory-computational-

thinking-summer-program-for-middle-school-to-identify-the-effects-of-authentic-

engineering-experiences-work-in-progress 

[13] K. D. Chisholm, O. Lancaster, A. Razi, and N. Ruzycki, “Establishing Sustainable 

Programs: Creating Lasting Computer Science Summer Programs for Middle School 

Students (Evaluation),” presented at the 2024 ASEE Annual Conference & Exposition, Jun. 

2024. Accessed: Aug. 01, 2024. [Online]. Available: https://peer.asee.org/establishing-

sustainable-programs-creating-lasting-computer-science-summer-programs-for-middle-

school-students-evaluation 

[14] N. Ruzycki, Engaged Quality Instruction through Professional Development (EQuIPD) 

Grant. 2018. [Online]. Available: https://equipd.mse.ufl.edu/ 

[15] “Microsoft MakeCode for micro:bit,” Microsoft MakeCode for micro:bit. Accessed: Feb. 

08, 2024. [Online]. Available: https://makecode.microbit.org/ 

[16] “Micro:bit Educational Foundation.” Accessed: Feb. 08, 2024. [Online]. Available: 

https://microbit.org/ 

[17] H. Plattner, “An Introduction to Design Thinking Process Guide,” Inst. Des. Stanf., 2018. 

[18] C. Kim, D. Kim, J. Yuan, R. B. Hill, P. Doshi, and C. N. Thai, “Robotics to promote 

elementary education pre-service teachers’ STEM engagement, learning, and teaching,” 

Comput. Educ., vol. 91, pp. 14–31, Dec. 2015, doi: 10.1016/j.compedu.2015.08.005. 

[19] Friday Institute for Educational Innovation, Teacher Efficacy and Attitudes Toward STEM 

Survey-Engineering Teachers. Raleigh, NC, 2012. 

[20] A. Unfried, A. Rachmatullah, A. Alexander, and E. Wiebe, “An alternative to STEBI-A: 

validation of the T-STEM science scale,” Int. J. STEM Educ., vol. 9, no. 1, p. 24, Mar. 2022, 

doi: 10.1186/s40594-022-00339-x. 

[21] Qualtrics. (2025). Qualtrics, Provo, Utah, USA. [Online]. Available: 

https://www.qualtrics.com/ 

[22] Posit Team, RStudio: Integrated Development Environment for R. (2024). Posit Software, 

PBC, Boston, MA, USA. Accessed: Feb. 21, 2025. [Online]. Available: https://www.posit.co/ 



[23] R Core Team, R: A Language and Environment for Statistical Computing. (2024). R 

Foundation for Statistical Computing, Vienna, Austria. Accessed: Feb. 21, 2025. [Online]. 

Available: https://www.r-project.org/ 

[24] U.S. Census Bureau, “Annual Estimates of the Resident Population by Sex, Race, and 

Hispanic Origin for the United States: April 1, 2020 to July 1, 2023 2023.” 2023. Accessed: 

Jan. 14, 2025. [Online]. Available: https://www.census.gov/data/tables/time-

series/demo/popest/2020s-national-detail.html 

[25] National Science Board, “Elementary and Secondary STEM Education,” National 

Science Foundation, Alexandria, VA, Science and Engineering Indicators 2022 NSB-2021-1, 

2021. Accessed: Feb. 19, 2025. [Online]. Available: https://ncses.nsf.gov/pubs/nsb20211/ 

[26] K. Shahzad and S. Naureen, “Impact of Teacher Self-Efficacy on Secondary School 

Students’ Academic Achievement,” J. Educ. Educ. Dev., vol. 4, no. 1, pp. 48–72, Jun. 2017. 

[27] J. A. Ross, A. Hogaboam-Gray, and L. Hannay, “Effects of Teacher Efficacy on 

Computer Skills and Computer Cognitions of Canadian Students in Grades K-3,” Elem. Sch. 

J., vol. 102, no. 2, pp. 141–156, Nov. 2001, doi: 10.1086/499697. 

[28] N. Zhou, H. Nguyen, C. Fischer, D. Richardson, and M. Warschauer, “High School 

Teachers’ Self-efficacy in Teaching Computer Science,” ACM Trans Comput Educ, vol. 20, 

no. 3, p. 23:1-23:18, Sep. 2020, doi: 10.1145/3410631. 

 


