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Abstract

Pre-service teachers (PSTs) often lack the self-efficacy necessary to effectively implement STEM education
into their classrooms. Undergraduate research experiences (URE) can help fill this void by providing
opportunities for PSTs to engage with STEM content and K—12 students in a field-based research context.
This case study details the impact a URE had on PSTs’ STEM self-efficacy and views on research. The URE
consisted of STEM curriculum development, teaching the curriculum at a local middle school, gathering
research data, and presenting results at academic conferences. Participation in the URE positively influenced
the PSTs’ self-efficacy in STEM and changed their perceptions regarding research. This research provides
practical value to educator preparation programs (EPPs) as an option to enhance STEM education for PSTs.
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Introduction

There has been an exponential growth in the amount of academic scholarship on STEM integration in the
classroom (Li et al., 2020). Studies reveal that there is a positive relationship between successes in the current
innovative age and STEM education (Breiner et al., 2012; Li et al., 2020; Suchman, 2014;). On this note,
Breiner et al. (2012) stated that the core STEM disciplines are essential to “creating better prepared high
school and college graduates to compete globally” (p. 3). Incorporating academic findings into governmental
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policies, the current STEM movement’s purpose (according to the Committee on STEM Education, 2018) is to
intellectually foster students, both at the K—12 and higher education levels, to become future leaders and
workers in the ever-advancing knowledge-based economy.

Responding to this correlation, many state governments require K—12 teachers to implement STEM activities
in their classrooms (AIP, 2017; Ridgeway & Brown, 2018). While some boosts regarding student achievement
have been made over the past few years (Pal et al., 2018), there are still needed improvements (Camera, 2019;
Desilver, 2017). At the root of primary and secondary students learning STEM education are the abilities of
teachers. Despite noble intentions, teachers often lack training and/or the knowledge needed to effectively
implement STEM education activities (Eckman et al., 2016). Many educators shy away from STEM education
because they do not feel confident in implementing problem-based learning activities (Campbell et al., 2018).
They may lack the content knowledge or the “know-how” to effectively engage students in relevant lessons. In
these situations, many teachers opt to engage students with fun science activities, such as the creation of goo
and deem them STEM. Although this approach is exciting for students, these activities often lack the problem-
solving component and critical-thinking skills that true STEM activities elicit. Expanding on these noted
inefficiencies, a 2015 report published by the Pew Research Center revealed that only 29% of Americans
viewed STEM education in the K—12 setting as above average, while 46% of polled American Association for
the Advancement of Science members labeled the STEM education curriculum and classroom integration as
below average (Pew Research Center, 2015).

Given this concerning data, it is no surprise that there is a recent call to give more focus and attention to
educator preparation programs (EPP) offered at colleges and universities regarding STEM education (Corlu et
al., 2014; Ejiwale, 2013; Mangiante & Moore, 2020). To better foster student STEM learning in K—12 school
systems, pre-service teachers (PSTs) must be knowledgeable about STEM content and comfortable with
STEM classroom integration. However, research has found that teachers lack self-efficacy regarding STEM
education (Nadelson et al., 2013; Stohlmann et al., 2012). EPPs need to do a better job at providing future
teachers with a strong foundation and understanding of STEM integration. Despite this dire need, EPPs rarely
offer courses to undergraduates that focus primarily on the pedagogy of STEM education; this topic tends to
be reserved for master’s programs. By providing opportunities to engage in undergraduate research
experiences (UREs) centered on STEM education, PSTs can gain the self-efficacy needed to effectively
implement STEM across the curriculum.

Conceptual Framework

The conceptual framework utilized in this study combined the concepts of self-efficacy and effective faculty
mentorship. Bandura (1997) defines self-efficacy as “beliefs in one’s capabilities to organize and execute the
courses of action required to produce given attainments” (p. 3). These beliefs are developed from mastery
experiences, vicarious experiences, verbal persuasion, and physiological feedback and are, therefore, a
significant component of the social cognitive theory (Bandura, 1986). Expanding on the context of Bandura’s
theory, Tschannen-Moran and Woolfolk-Hoy (2001) consider self-efficacy to be a motivational construct that
determines the amount of effort given by an educator. Teachers with high self-efficacy are more likely to
search for and implement innovative instructional strategies (De Neve et al., 2015; Depaepe & Konig, 2018;
Riggs & Enochs, 1990), modify their instruction based on student need (Whitley et al., 2019), and find
teaching meaningful and rewarding (Karabatak & Alanoglu, 2019). It is no coincidence that these
characteristics also align with EPP goals for PSTs.

At the higher education setting, faculty members are responsible for providing learning experiences and
environments for PSTs. There are several models of effective faculty—student mentorship relationships and
structures (Law et al., 2020). This study incorporates Linn et al.’s (2015) mentor model of knowledge
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integration to frame a URE aimed at increasing the self-efficacy of pre-service teachers. Based on Linn et al.’s
(2015) model, effective mentorship has four stages: guiding students to develop ideas to frame the URE,
expanding their content knowledge by conducting an experiment, leading students toward a more complete
understanding of their field, and assisting students in developing their identities as researchers and future
practitioners through reflection. The last stage can be conducted through surveys, conference presentations,
and writing research reports. Mentors, according to Linn et al. (2015), guide students through these four
stages toward accomplishing knowledge integration of the ideas spurned through the URE.

Literature Review
Significance of STEM Education

Based on economic predictions, job openings in the STEM sector will dramatically increase over the next
decade. To ensure that the United States remains competitive on the global scale, national policy makers have
directed state governments to focus on STEM instruction in efforts to provide students with 21st-century skills
essential for success in an ever-changing world of exponential technological growth (Beswick & Fraser, 2019).
Problem-based learning approaches at the heart of STEM instruction prepare students for this future by
affording experiences for students to enhance their technological and critical thinking skills (Bybee, 2013).

Benefits of K—12 STEM instruction are prevalent in the literature for every age (Bybee, 2013; Eshach, 2006);
however, the dire need for STEM education during the middle school years cannot be overlooked (Lin et al.,
2020; Rodriguez, 2018; Sondergeld et al., 2020). During this time, students begin to form their opinions and
attitudes toward STEM, which serve as a motivational catalyst or block for STEM learning. Bishop (2015)
found that students educated within the framework of a STEM program were more likely to choose a career in
the STEM field. Thus, it is crucial that educational institutions provide opportunities for students to be
introduced and immersed in STEM education.

STEM Classroom Integration

The advantages and urgent need for STEM education are apparent in the media and on the forefront of
educational agendas nationwide. However, educators—the facilitators of knowledge, those that have the most
profound effect on student learning (Nye et al., 2004; Rivkin et al., 2005)—are reluctant to implement STEM.
Alack of self-efficacy in STEM education is often the root cause of this hesitation (Campbell et al., 2018;
Nadelson et al., 2013; Stohlmann et al., 2012). However, the blame should not fall on the educators. Under
global pressure, national and state policy makers have made directives to “do STEM” without the necessary
support. These orders have forced school districts and EPPs to instruct teachers to incorporate more STEM
education into their classrooms without providing fundamental coursework or training for STEM instruction
(Eckman et al., 2016).

To comply with these directives, educators often seek fun “STEM” activities online; however, these engaging
activities often do not incorporate the other areas of STEM: technology, engineering, and mathematics. The
actual number of subject areas combined during a lesson plan that are required to classify a lesson as STEM is
an ongoing debate among researchers (Bryan et al., 2015; Bybee, 2013; Williams, 2011); nonetheless, most
will agree that a correlation exists between the integration of the subject areas and the authenticity of the
problem-based learning approach (English, 2016; Honey et al., 2014; Peters-Burton et al., 2019; Vasquez et
al., 2013). Unfortunately, STEM subjects are often siloed into their own individual learning stations or centers
in classrooms across the nation and even into separate departments in higher education settings (Breiner et
al., 2012). This is the result of unfamiliarity with best practices in STEM instruction and, ultimately, a lack of
opportunities for growth.
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Undergraduate Research Experience

Scholarship reveals that UREs are beneficial to undergraduate students on several developmental fronts
(Gilmore et al., 2015; Linn et al., 2015; Lopatto, 2007; Walkington, 2015). Engaging in research increases
undergraduate students’ overall academic success and retention (O’Donnell et al., 2015), fosters
interdependence and critical thinking (Lopatto, 2003), and raises self-confidence and self-efficacy (Zambo &
Zambo, 2007). In their efforts to analyze whether these benefits applied directly to undergraduates earning
degrees in STEM fields, Russell et al. (2020) found that undergraduate students were more likely to pursue
graduate degrees and careers in STEM-related fields after engaging in faculty mentored UREs.

In EPPs, the typical research engagement is provided through traditional coursework, such as research
method textbooks and lectures (Reis-Jorge, 2005). The general thought is that teacher educators need to be
teaching-oriented as teaching experiences play the main role in mastery experiences and content knowledge
of student development, classroom management, and establishing a teaching philosophy (Darling-Hammond
& Bransford, 2005; Kosnick & Beck, 2009; Ure, 2010).

However, there is a recent trend in EPPs to train students to be research oriented (Reis-Jorge, 2005). UREs
increase PSTs’ research knowledge and self-identity as future teachers (Reis-Jorge, 2005). In their study on
education PSTs, Guilbert et al. (2015) found that participants recognized the benefits of research experiences,
expressing that most PSTs should engage with research projects during their training in teacher education
programs. Guilbert et al. (2015) concluded that “studies should consider the types of support and guidance
that the university can provide to more effectively promote educational research at the undergraduate level”

(p. 184).

Purpose of the Study

The purpose of this case study (Yin, 2012) was to analyze how students perceive their experiences during a
semester-long URE. Scholarship has found that successful UREs are centered around effective faculty
mentorship (Hall et al., 2018). The current study was conceptually guided by the knowledge integration
mentor model, which emphasizes a faculty—student relationship built on the concepts of student autonomy
and reflection (Linn et al., 2015). Specifically, we examined if the URE altered and shaped the PSTs’ self-
efficacy in STEM, overall STEM content knowledge, pedagogical technique as K—12 teachers, future academic
endeavors, and their overall thoughts on the research process itself. Qualitative data from a validated open-
ended survey questionnaire completed by the five pre-service students that participated in the URE yield
insightful findings on the benefits of the URE, allowing us to make claims and suggestions on the need for
EPP faculty to implement and oversee undergraduate student research experiences (Gilmore et al., 2015; Linn
et al., 2015). The two guiding research questions for this study are directly tied to the PST experiences during
the URE. These questions were:

1. Did participating in the URE affect PSTs’ self-efficacy in teaching STEM?

2. Did participating in the URE affect PSTs’ perception of research?

Methods

This study examines the implementation and effectiveness of a newly developed URE at one university. The
URE was designed by the primary investigator to promote best practices in STEM pedagogy and to enhance
pre-service teachers’ self-efficacy. Given the context, we chose to examine the impacts and benefits of the URE
through a single-case study research design (Yin, 2012). Investigators utilize single-case studies to gain
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perspectives on an empirical unit or phenomenon, with the ultimate goal being to inspire future action and
decision making (Scholz & Tietje, 2002). We were interested in gaining student perspectives on the URE in
hopes of modifying the research experience, as well as implementing future UREs within the EPP. To
accomplish this task, we collected and analyzed qualitative data from completed open-ended survey responses
from the five pre-service students who participated in the URE.

Description of Context and URE

This study took place at a public university in Texas over a 2-year period. The primary investigator, an
Assistant Professor of Curriculum and Instruction, received a research grant that allowed the faculty member
to purchase supplies for a STEM-related research study conducted in a local public school. The primary
investigator contacted a local middle school to gauge interest in creating a university—school relationship for
the study. A 7th-grade teacher volunteered her class to be a part of the study.

The faculty member framed the URE around the concept of STEM classroom integration. Following the
mentor model proposed by Linn et al. (2015), the faculty member guided the PSTs during the URE, which
included designing a STEM curriculum, teaching the designed curriculum in a 7th-grade classroom, collecting
research data on the effects of the curriculum, and presenting results at academic conferences.

Sample

The sample for this study stemmed from purposeful sampling methods. Typically utilized in qualitative
research, purposeful sampling allows investigators to select participants that fit within the examined
phenomenon or case (Patton, 2015). Furthermore, sampling in qualitative research often relies on a
participant selection procedure that results in choosing participants “whose main credential is experiential
relevance” (Gupta & Awasthy, 2015, p. 231) to the study’s central purpose. According to Creswell &
Guetterman (2019), there are at least nine different types of sampling methods that are considered to be
purposeful in nature. Fitting in the purposeful context, homogenous sampling is used when investigators
specifically need to include participants in the study that share “membership in a subgroup that has defining
characteristics” (Creswell & Guetterman, 2019, p. 208). The following paragraph details how the investigators
utilized purposeful sampling procedures during the participant selection process.

The awarded grant allotted monetary stipends ($250 per student) to undergraduate students for participating
and contributing with the research project. According to the grant guidelines, a participating student had to be
enrolled in the university’s education preparation program to be considered. Therefore, following the
framework of homogenous sampling, a specific subgroup of students was considered a potential participant.
To ensure all pre-service teachers at the university received an opportunity to apply for one of the student
research positions, the faculty researcher consulted with the faculty from each college that oversaw the
teacher candidates in their college. These faculty contacts sent a flier to each teacher candidate to gauge
interest. Interested students contacted the primary investigator for an interview. In all, a total of eight pre-
service teachers scheduled a one-on-one interview with the investigator about participating in the research
project. At the interview, students were asked questions regarding their reasons for wanting to engage in the
research experience. They were also given a scenario and asked to create a lesson that incorporated science,
technology, engineering, agriculture, and mathematics. After the completion of the interviews, five female
pre-service teachers were chosen to take part in the 5-month URE, based on their application, faculty
recommendations, and interview. As shown in Table 1, the participating students represented a range of
academic disciplines and varied in STEM content knowledge prior to project participation.
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Table 1. Participant Demographics

Student  College Major Teaching Certificate

1 Agriculture Agriculture Services & Development 6—12 Ag., Food, & Natural Resources

2 Agriculture Agriculture Services & Development 6—12 Ag., Food, and Natural Resources

3 Science & Technology = Mathematics 7—12 Mathematics

4 Education Interdisciplinary Studies EC-6 Core Subjects With ESL
Supplemental

5 Education Interdisciplinary Studies EC-6 Core Subjects With ESL
Supplemental

Note: 6—12 = sixth through 12th grade ; 7—12 = seventh through 12th grade; EC—6 = Early childhood through sixth grade;
Ag. = agriculture; ESL = English as a second language

Over the span of 5 months, the PSTs completed the URE in three phases: project design, STEM week
implementation, and conference presentations. (See Figure 1 for the URE phases.) At the first meeting with
the primary investigator, the students completed a participant consent form and completed Collaborative
Institutional Training Initiative (CITI) training to ensure they had knowledge regarding research ethics and
compliance. With the faculty mentor’s guidance, the PSTs wrote a cooperating facilities letter for the middle
school administration and consent forms for the 7th-grade students. The PSTs also created a content-based
assessment over natural disasters and had the assessment validated by three science education experts. Once
the students had all of the necessary paperwork created, they met with their mentor to complete the IRB
process and began brainstorming ideas for their STEM natural disasters lesson plans.

Figure 1. URE Timelines

February- March 2019 April- May 2019 June 2019- June 2020

Phase 1 ‘ Phase 2 - Phase 3

Examine literature and create research

conference and receive 1%

questions and design STEM lessons in the schools
taught by PSTs
PSTs and mentor presented poster
at a local conference
Data from interest surveys and
o content assessments from 7%
Survey validation graders collected and analyzed PSTs present at state

and 2™ place in
educational research.

Data from interest surveys and . t-test performed

content assessments from 7%
graders collected and analyzed

Lessons prepared based on Significant results found
data

Note: This figure details the activities associated with the URE.

Three weeks before STEM instruction, the primary researcher addressed the local 7th-grade class regarding
the procedures and necessary paperwork for the upcoming STEM week. At that time, the 7th graders
completed the content-based assessment on natural disasters and a STEM interest survey. The last four
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numbers of their student ID were used instead of their name for confidentiality purposes. The students took
home a research consent form that required both the student and parent/guardian signatures. The PSTs used
the data from the pre-test assessment on content knowledge to guide the creation of their lesson plans for the
week. Once the consent forms were returned, the PSTs deleted pre-test results of students that did not give
consent or did not return the forms.

During STEM week, each PST individually taught their own STEM lesson to the 7th-grade classroom. The
lessons were created to flow with an introduction to natural disasters on the first day and then subsequent
lessons specifically related to different types of natural disasters. After the completion of STEM week, the
PSTs administered a post-test of content knowledge and the same STEM interest survey to the 7th-grade
students. The post-test assessment and the post-survey were exact replicas of the assessments administered
prior to STEM week. The natural disasters post-test scores were entered, and the results were found to be
statistically significant through a paired t-test (p = 0.0002, df = 32). In addition, the change in STEM interest
was also found to be statistically significant (p = 0.0022, df = 32).

The next semester, the faculty mentor and PSTs discussed the research findings in more detail. As part of the
awarded grant from the university, the participating students were required to submit a conference
presentation proposal for the institution’s undergraduate research symposium. After meeting and talking
about their findings from STEM week, the PSTs expressed further interest in presenting their findings at
additional academic conferences. Three of the five students submitted proposals and were selected to attend a
state undergraduate research competition. Two of the students worked together to create a research poster
displaying the results of the STEM interest survey, and the other student’s research poster focused on the
results of the content-based assessment. The single student won first place in educational research and the
pair won second place in the same category. Two months later, the first-place winner was selected to attend a
national undergraduate research conference with her mentor.

Data Collection & Analysis

To gather qualitative data, the primary investigator developed a survey questionnaire. The questionnaire
consisted of eight open-ended questions structured around the PSTs’ perceptions of STEM and research. As
tools for research collection, questionnaires must be validated (Kazi & Khalid, 2012). As a result, the
questionnaire was sent to three experts in teacher education, both in pedagogy and research, in order to
ensure content validation (Petric & Czarl, 2003). Data collection was divided into three phases (see Figure 2).
Students were administered the questionnaire prior to engaging in the URE, at the immediate conclusion of
the URE, and then one year after the URE was completed. At each stage of data collection, the participating
students completed the same open-ended questionnaire. The students added a four-digit number to each
survey instead of their name to increase confidentiality.
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Figure 2. Data Collection Timeline

February 2019 May 2019
STEM self-efficacy STEM self-efficacy

June 2020
STEM self-efficacy

survey survey survey

8 open-ended 10 open-ended
questions questions

10 open-ended
questions

Note: This figure depicts a chronological timeline of the data collection procedures.

Questionnaire responses were coded using open, axial, and selective coding methods (Corbin & Strauss,
2014). Open coding methodology allowed for the identification and tentative naming of conceptual categories.
Each category was the end result of the organization of similar words and phrases in the answers. Using axial
coding (Corbin & Strauss, 2014), the conceptual categories were then reexamined to determine if similarities
existed between each category. These categories were then collapsed even further into themes (selective
coding). When examining qualitative data, having more than one investigator code data enhances
trustworthiness and rigor of data analysis (Church et al., 2019). Therefore, two investigators coded data
independently to the point of saturation. After each investigator completed independent coding, a process of
inter-coder reliability took place. The two coding investigators came together to discuss their data
interpretation until an agreement was made on which emerging themes were the most appropriate (MacPhail
etal., 2016).

Results

As noted earlier, participating students responded to three open-ended questionnaires: pre-URE, post-URE,
and 1-year later. Data analysis of questionnaire responses revealed four main emerging themes. These themes
were associated with the URE’s impact on the participants regarding their overall interests, confidence, and
perspective of both STEM curriculum and research integration in the K—12 classroom setting. The four
themes were: (a) perspective on research, (b) STEM self-efficacy, (¢) societal value of STEM, and (d) enhanced
professional advantage.

Change in Perspective on Research

The URE had an immense impact on student perceptions and helped rectify many strongly held
misconceptions regarding research. In the pre-survey, Student 2 responded that research was “creating your
own results,” and Student 4 viewed research as a “bunch of scientists working in a lab.” This viewpoint is a
common misconception with pre-service and in-service teachers who typically view research and science
exclusive to White males working alone in a laboratory setting (Kim, 2006). However, immediately after the
URE, student perspectives were immensely changed. This shift was apparent when Student 4 realized that
“not all research is created equal,” and shared the following view a year after the URE:
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I used to view research as scientists in labs poking at experiments. After doing this research, I now see
it for more than just that. I see it as a way to ease our curious minds and find solutions to problems or
even just a way to better things that we are doing. I see research as a way to continuously improve on
practices that are in place in the classroom.

Not only had the misconception been amended, the quote above suggests that this student also gained a new
appreciation for research and its role in society and in the classroom. This was not the only instance of a
newfound excitement for research. Student 1’s pre-survey mentioned that research was “a time-consuming,
but necessary part of society.” The student responded to the same question much differently in the post-
survey by stating, “Research is a necessity! We always need to be looking for ways to improve!” It even
appeared that her excitement had amplified 1 year later.

Research is an invaluable practice. We HAVE to have research to improve. The words “pursuit for the
truth” come to mind when I hear the word “research.” Research is vital to society. Without research,
we exist in an endless loop never improving. Research shows society what methods work better than
our current ones, what methods don’t work, and what we should research next time. Regardless, if
research does not suggest/represent the desired result, valuable information is found.

Prior to this experience, I saw research as a daunting task that required extreme amounts of thought
and time. After participating in this undergraduate research experience, I now see a greater value in
research and that it can be quite fun as well. I had a blast conducting this research.

In the post-survey and 1-year later survey, the students also highlighted the importance of educational
research. Teachers conducting their own research in the classroom were viewed as significant when Student 4
concluded that she “realized how much research can provide us for the classroom.” Likewise, Student 1
relayed the nature of research in the classroom by stating the following:

Teachers should absolutely perform research on their own classes. A teacher can learn a lot about the
effectiveness of their lesson plan or activity by conducting research in their classroom. I believe that
teachers conduct their own forms of research on their students all of the time. This research may not
be official, but comparing their students’ reactions to different activities to find the better activity is
still a form of research.

As demonstrated in the quotes above, the students involved in the STEM URE gained a new respect and
excitement for research in general and how it can make a classroom more effective. What was once restricted
to White males in a lab became a reality to those who had a desire to answer questions for the advancement of
their students and society. However, the change in viewpoint was not restricted to their views on research.
The undergraduate researchers also had a change in perspective towards STEM education.

Increase in STEM Self-Efficacy

One of the benefits of the URE was an increase in knowledge and experience delivering effective STEM
instruction. This led to an increase in self-efficacy in teaching STEM lessons. Prior to the URE, many of the
participants housed doubt in their ability to teach effective STEM lessons. When asked if they could teach a
STEM lesson, Student 2 stated, “No, I need more help.” Students 1, 4, and 5 expressed that they could
probably teach a STEM lesson if given resources, help, and/or adequate preparation time to research how to
effectively create and implement a STEM lesson; however, all three also mentioned that they were “not
comfortable” or “not confident” in performing the task. Likewise, Student 3 mentioned that she would be
“more comfortable teaching some subjects of STEM more than others.” The previous quote demonstrates a
common occurrence in the pre-URE mindset. Like most pre-service and in-service educators (Breiner et al.,
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2012), the participants involved initially viewed STEM as separate entities instead of the integration of subject
areas. However, this viewpoint was remedied with the URE.

In the post-survey, Student 4 described her newfound view of integrated STEM education as a significant
piece of a school’s curriculum and “most effective when all the parts of STEM are interconnected.” One year
after the URE, this student stated that “When these subjects are taught individually, it’s hard to see how they
can all fit together. However, when taught together it’s easy to see the big picture and how they might apply to
a certain field of work.”

Learning how to create an effective STEM lesson was key to increasing the students’ self-efficacy. When asked
about their confidence level in delivering STEM instruction in the post-survey, Student 1 expressed the
following:

I could absolutely teach a STEM lesson right now! This experience has given me confidence in my
ability to teach STEM. It also increased my confidence in my ability to teach overall.

Likewise, Student 3 stated that the experience gave her “the tools to teach a STEM lesson.” Mirroring the
findings of Bandura (1997), Student 4 mentioned that viewing her team aided her understanding of STEM and
“that after experiencing others’ lessons and my STEM lesson, I know how to prepare and what to expect from
teaching a STEM lesson.”

One year after the URE, the confidence had not waned. Student 1 still had “full confidence” that she could
teach a STEM lesson on the spot and that “teaching a STEM unit in front of a class does not frighten me....
When it came time for me to start teaching during my clinical teaching experience, I felt more confidence in
my ability to teach because I had taught students during this undergraduate research experience.” Likewise,
Student 2 described that the URE was “one of my moments where I realized I love teaching.”

Societal Value of STEM

Prior to taking part in the research experience, several students recognized that STEM curriculum integration
had societal value. Student 5 wrote that America’s society and STEM were integrated. Therefore, according to
Student 5, incorporating STEM integrated lessons would allow “students to be hands-on and use real-world
situations” during problem-solving and critical-thinking activities. Student 4 claimed that “STEM education is
important and a growing field” in the current societal setting of an expanding and advancing technology
sector. In the post-survey responses, some students advanced their understanding of STEM’s importance to
today’s world. Student 3 claimed that “STEM is imperative to the world we live in today.” Advancing on this
particular concept, Student 1 wrote that “the world runs on science, technology, engineering, and math!”

Pre-survey data also provided evidence that students recognized the importance of research. For example,
Student 3 claimed that research “allows society to run as efficiently as possible.” Expanding on the notion,
Student 5 wrote that research yields “medical benefits, economics, world climate, etc.” Post-survey responses
continued this perception. Student 4, who initially framed research as a procedure being done by “scientists in
labs,” claimed research can be—and is—done by the general population in everyday settings. Student 4 wrote:
“[W]e are constantly growing as a society and we have to figure out how to advance all aspects of the world,”
which shines light on the importance of conducting research.

Enhanced Professional Advantage

There were two associated codes within the theme of enhanced professional advantage. The associated codes
were: (a) graduate school; and (b) occupational careers. Overall, this theme emerged from responses in the 1-
year later survey. In answering questions on the 1-year later survey, three students claimed that the URE
positively influenced their current situations. Two of these students tied their experiences with the research
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project with their continued educational journey. Student 2 noted that the URE directly influenced her
current enrollment as a master’s degree student. On the other hand, at the time of the 1-year later survey,
Student 1 was still an undergraduate. Student 1 wrote that her gained experiences with the STEM research
project encouraged her to continue on her path towards graduate school. Explaining the impact of the URE in
more detail, Student 1 wrote: “It has always been my plan to attend graduate school, but I've always been
nervous about the research that graduate school requires. I now feel more confident in my ability to conduct
research and succeed in graduate school.”

Like Student 2 and Student 1, Student 4 noted that the URE had personal longitudinal benefits. It is unclear if
Student 4 was a graduate student at the time of the 1-year later survey, as the student did not mention their
current educational status. However, Student 4 claimed that the URE impacted their abilities to succeed in the
job search process. When speaking about the resume screening procedures of K—12 teaching job openings, she
noted that the research experiences, conference presentations, and project collaboration would aid her in
being “a stand-out candidate” when compared to other applicants. Expanding on this concept, Student 4
wrote: “My experiences with this research has shown my employers that I am willing to work and
continuously improve the environment in my classroom.”

Discussion

The undergraduate researchers came into the URE lacking self-confidence in their understanding of STEM
content and pedagogy. Like most pre-service and in-service teachers (Eckman et al., 2016), they did not have
formal training in their EPP on how to implement STEM effectively in a K—12 classroom setting. Based on
their pre-test questionnaire responses, this lack of background knowledge negatively affected their
confidence. However, data analysis revealed that the implemented URE positively impacted PSTs’ self-efficacy
in teaching STEM and conducting research.

Badura’s self-efficacy theory (1997) provides valuable insight into the large impact the URE had on the PSTs
self-efficacy. This URE provided all four sources of influence: mastery experiences, vicarious experiences,
social persuasion, and emotional/physiological states. A fifth source, imaginal experiences (proposed by
James Maddux, 2013), was also a component of the URE. Mastery experiences, such as the successful creation
and execution of STEM lessons and conference presentations, had a positive effect on the students’ beliefs.
Although the students expressed that they had “jitters,” they felt excited and prepared, having visualized and
practiced the timing of both the instruction and the presentation of their research (Maddux, 2013). The URE
also served as a PST community of practice. The students reviewed each other’s lessons and offered
encouragement throughout the process, especially on “teaching day.” By viewing their teammates practice and
deliver fruitful lessons, the PSTs engaged in valuable vicarious experiences that ultimately increased their self-
efficacy in their own teaching. Last but not least, social persuasion played a large factor in the resulting PSTs’
self-efficacy. The students were constantly encouraged by their mentor, each other, and the 7th-grade science
teacher, who asked if she could use their lessons for the next school year. In addition, the students were
encouraged by university faculty and staff when they presented and won awards at conferences.

Altered perceptions resulted from the mentor model of knowledge integration (Linn et al., 2015). From the
beginning, the mentor ensured that the students were an integral part of the design and implementation of
the URE. Although each came with their own misconceptions regarding research and STEM instruction, they
quickly rectified their initial position when examining STEM education literature through the guidance of
their mentor. This examination also allowed the students to view examples of research designs, which were
discussed when forming the URE. Designing and implementing the research design not only made the
students more knowledgeable about components of research but also made each of them more competent in
their understanding of STEM content and pedagogy. As highlighted by Linn et al. (2015), the knowledge
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gained by study and implementation allowed the PSTs to experience the significance of educational research
in their field, leading to a better understanding of how data can be used to improve instruction. By creating a
team atmosphere, opportunities for the PSTs to be involved in every step of the URE, and asking them to
reflect on their experiences, the mentor guided the students in developing their own research identities. The
PSTs progressed from initial views of research being limited to White males in a lab to self-identifying as
researchers.

Implications for Instruction

As detailed above, the research findings tie into Bandura’s (1997) argument that the strongest basis for the
development of self-efficacy is successful experience. Based on these results, the authors believe that within
the recent trend toward research-oriented EPPs is the need for faculty—student UREs centered around
practical settings. Given the effectiveness of the mentorship model in this study, the authors encourage EPPs
to structure UREs on the concepts of student autonomy (Gilmore et al., 2015), small networks of research
participants (Gilmore et al., 2015), and the emphasis on reflection of findings (Linn et al., 2015). Future
research is still needed to gain insight into how UREs impact the self-efficacy of education PSTs. We posit that
longitudinal case studies would be most beneficial for analyzing how the UREs impact participants regarding
their post-undergraduate years, such as their journeys into graduate school and or a professional setting.

The results of this study show that undergraduate PSTs benefit immensely from participating in a URE, based
on their future field, by altering perceptions and affecting self-efficacy. Since the literature reveals a multitude
of benefits associated with an increase in self-efficacy (Beltman et al., 2011; Chestnut & Burley, 2015;
Holzberger et al., 2013; Schwarzer & Hallum, 2008), it is imperative that EPPs begin examining how to
provide this type of experience for all of their undergraduate students. Reserving research opportunities for
graduate work greatly limits the number of educators who could be positively influenced by a field-aligned
research project, ultimately affecting millions of K—12 students. According to Hussar et al. (2020), 58% of US
public school teachers have earned graduate degrees. While this number is promising, it still highlights that
42% of 3.5 million educators in the public school system may have limited knowledge of data and research.
One must also take into consideration that some states require a master’s degree to teach; thus, the data
points are skewed and will vary by region and state.

EPPs must start aligning their coursework to practice by adding educational research experiences focused on
positively influencing PSTs’ self-efficacy. Since self-efficacy influences whether an educator will incorporate
more STEM instruction into their curriculum, coursework and research experiences should highlight
mechanisms to increase self-efficacy: mastery experiences, vicarious experiences, verbal persuasion, and
psychological feedback (Bandura, 1997). However, the implementation must consider many factors.

As noted in our study, mentorship is key to providing a valuable URE. An impactful experience at the
undergraduate level requires support and possible restructuring of faculty workloads. Timeline considerations
are also important; a URE that spans the program would be ideal to enhance the experience and prevent panic
from a declined IRB or other intricacies associated with the research process.

Implications for K—-12 Classroom

URE:s benefit PSTs, and thus K—12 students, in two major ways. Increased self-efficacy in educators leads to
greater resiliency (Beltman et al., 2011), more commitment to education (Chestnut & Burley, 2015), less
burnout (Schwarzer & Hallum, 2008), and high-quality instruction (Holzberger et al., 2013). The fact that this
URE was centered on STEM content and pedagogy also gives the PSTs an advantage in receiving STEM
education training from their mentor. As a result of the enhanced confidence, the PSTs will be more likely to
implement STEM lessons into their future classrooms, ultimately affecting K—12 students by eliciting the
higher-order, critical-thinking skills necessary to achieve STEM learning outcomes. It is evident that future
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research on URE classroom implications is needed. While beyond the scope of the current study, one potential
research topic that would have added insight into the overall benefits and impacts of an URE included
examining vicarious experiences of the in-service, 7th-grade teacher while she watched the STEM research
project occur in her classroom.

Limitations

This study has several noteworthy limitations. First and foremost, the position of the primary researcher
possibly limited the collected data. The primary researcher acted as the mentor to the students during the
URE,; therefore, participant responses may have been influenced by the strong relationships with the mentor.
Although responses were confidential, the PSTs may have been hesitant to reveal struggles or challenges with
the URE. The small number of participants is both a limitation and strength of this study. A limited number of
participants allowed for a more personalized experience for each participant and the primary researcher. The
research team was able to meet easily as a group, and the primary researcher was able to easily attend to any
of the PST’s questions or concerns. In this instance, the advantages of a small sample size outweigh the
disadvantage of less generalizable results.

Conclusion

This study provided undergraduate, pre-service teachers with a growth opportunity that most future and
current educators are not afforded. Not only did these students learn appropriate pedagogy for STEM
instruction, but they also designed and conducted an actual research study from beginning to end, acquiring
awards and accolades during the process. This study documents their STEM research experiences and
highlights the value of a URE on PSTs’ self-efficacy and the subsequent positive changes in PSTs’ perception
of themselves, educational research, and the societal value of STEM. This study fits into the recent trend
toward research-oriented education preparation programs. The authors support the call-to-action for an
increase in the amount of faculty—student UREs centered around practical teacher education settings.
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