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Introduction 

 
Historically, a significant portion of elementary and middle school educators’ pre-service 

education has been dedicated to developing students’ reading and writing skills, with some focus 
on mathematics and only basic coursework for teaching fundamental sciences. In recent years, 
many education programs have placed a heavier emphasis on math and science, and some now 
offer specializations within the bachelor’s program for teaching these subjects. However, 
coursework related to engineering and technology remains limited.  

 
With the introduction of the Next Generation Science Standards, science, technology, 

engineering, and mathematics (STEM) education has gained support, and a push has been 
initiated for elementary teachers to incorporate engineering design into their classrooms. 
Unfortunately, there are few, if any, opportunities for most pre-service and in-service teachers to 
learn and practice teaching engineering design. Initially inspired by the desire to improve the 
Access Engineering summer outreach program, the Purdue University Women in Engineering 
Program (WIEP) created such an opportunity for pre-service teachers.  In order to evaluate the 
effectiveness of this opportunity, a study has been produced to assess and develop self-efficacy 
for teaching engineering in pre-service elementary educators. 

 
Background and Motivation 
 
University Outreach 
 
Access Engineering 
 
 Accessing Engineering is an established engineering outreach program through WIEP 
that serves K-8th grade students at local summer camps. The program is under the direction of the 
Assistant Director of WIEP, who is a former elementary and middle school teacher, but all 
activities for this program historically have been led by Purdue University engineering students. 
While some engineering students have experience in the classroom, many do not. They are 
unfamiliar with common skills required of educators, such as how to maintain children’s 
attention or resolve conflicts between students.  

 
The goal of the Access Engineering program is to increase positive perceptions of 

engineering and engineers, raise interest in engineering in general, and provide information on 
how to pursue interests in engineering including eventual career paths. It is therefore crucial that 
engineering students remain involved in the program to serve as role models and team members 
who are comfortable with the content knowledge applied in the activities. However, it is believed 
that Access Engineering also could benefit greatly from leadership by those with experience in 
childcare and education. With these considerations in mind, pre-service teachers were employed 



as leadership team coordinators (i.e., activity leaders), and engineering students were retained as 
leadership team (i.e., activity assistants).  

 
Novel Opportunities for Pre-Service Teachers 
 

In addition to helping Access Engineering to better engage younger students in 
engineering activities, such an arrangement provides a unique experience for pre-service teachers 
through which they can learn about engineering design and how it can be incorporated into their 
future classrooms. Previous studies have been reported in which pre-service teachers are exposed 
to engineering through projects within a broader STEM-related course or through a dedicated 
methods course [1] – [8], but almost all engineering-related coursework is offered as electives. 
Even at Purdue University, engineering methods is not a required course in the elementary 
education curriculum. Interventions have also been designed for in-service teachers, often 
through workshops or other optional programs [8] – [10]. To the best of our knowledge, this 
work is the first to report the incorporation of pre-service teachers into engineering outreach 
instead of a formal classroom setting. This allows the pre-service teachers to gain experience 
without having to follow a pre-determined curriculum, design and grade student assessments, or 
be personally evaluated. These features of the informal setting of outreach provide a novel 
opportunity for pre-service teachers to gain experience in a low-stress environment.  
 
Engineering Education 
 
Engineering for K-12: The Next Generation Science Standards 
 

The Next Generation Science Standards (NGSS) are a set of standards for K-12 education 
released in 2013 developed by the American Association for the Advancement of Science 
(AAAS) and the National Research Council (NRC). Many states have adopted the NGSS, and 
Indiana’s science standards are based on the NGSS [11]. Despite the name, the NGSS also 
incorporates engineering and technology, encouraging teachers to weave engineering design into 
all aspects of the curriculum at all age levels [12]. Practically, the hope of incorporating 
engineering design into the classroom is to teach students to be better problem solvers. More 
broadly, it is hoped that using engineering design in science education will provide a way for 
under-represented groups (e.g., females and minorities) to more easily engage with science [12]. 
Despite the adoption of NGSS by many states, adoption is voluntary and states do not receive 
any benefit from the federal government for doing so. Additionally, the NGSS are explicitly 
standards, not a curriculum, meaning a curriculum still needs to be developed and implemented. 
    
Current State of Pre-Service Teacher Training for Engineering 
 

In order to meet the NGSS, teachers will be required to develop individual curricula, and 
they also must be prepared to implement these curricula. Of special consideration are elementary 
(K-5) teachers, as they are trained as generalists; that is, they must teach all subjects. Much 
attention has been given to training teachers in literacy and mathematics, but little attention has 
been given to science and even less to engineering. At Purdue University, elementary education 
majors are required to take one math methods course and one science methods course, and these 
usually are not taken until late in the curriculum. There is one section of the science methods 



course available at Purdue University that focuses on engineering design. However, this section 
is not required and only impacts a limited number of students. 

  
Impact of Teacher Beliefs: Self-efficacy  
 

Self-efficacy, as defined by Bandura, is the belief in one’s ability to succeed or achieve at 
something [13]. Self-efficacy is not confidence; one can be confident that one will fail. Self-
efficacy is situation specific and task specific. For example, one may have high self-efficacy for 
doing well at reciting multiplication tables in front of a teacher but have low self-efficacy at 
doing well on an algebra test. Generally, having higher self-efficacy leads to having higher 
achievement, which in turn leads to higher self-efficacy [13]. 

 
For teachers, self-efficacy affects not only their own achievement, but also that of their 

students. In general, teachers with low self-efficacy set lower goals for their students, use inquiry 
projects less frequently, and see less success from their students [3]. Even more alarmingly, a 
study found that specifically for math, female elementary teachers can effectively “pass on” their 
math anxiety to their female students but not their male students [14]. In this study, the girls with 
higher math anxiety also had lower math achievement [14]. 

 
The clear majority of elementary teachers in the United States are female (>90%), so low 

self-efficacy in female teachers has the possibility of having a large negative impact at the 
elementary level. In general, pre-service and in-service elementary teachers have low self-
efficacy for both teaching and learning science [15]. Note that this is not the same as their actual 
abilities in or knowledge of science, but the effect on students remains. Female teachers have 
lower self-efficacy in technical design [3], and elementary teachers in general have limited 
understanding of design, engineering, and technology [8]. However, it is possible to improve the 
self-efficacy of pre-service and in-service teachers in STEM subjects through various 
interventions [7], [16] – [18]. Therefore, despite the relatively low self-efficacy for female 
elementary teachers in STEM, there are methods of improving this self-efficacy, in turn 
promoting future success in their students.  

 
Literature Review 
 
Self-Efficacy and How it is Developed 
 

Bandura identified four primary mechanisms through which self-efficacy is developed. 
These mechanisms do not work in isolation or in sequence but instead are known to increase 
self-efficacy in tandem. The four mechanisms are: mastery experience, vicarious experience, 
verbal persuasion, and physiological feedback [13]. 

 
Mastery experiences are experiences in which one personally succeeds at the task. 

Success is critical in building self-efficacy, and thus tasks are often purposefully increased in 
difficulty or intensity with time so that early success is possible [13]. Mastery experience may 
also include cognitive mastery, or an academic understanding of the subject at hand [17]. As 
there is little engineering in the formal elementary education curriculum, it is expected that 
cognitive mastery is very low in elementary educators. Additionally, pre-service teachers have 



few opportunities to teach alone until very late in the curriculum. When they do have the 
opportunity to teach, they are still supervised by an in-service teacher who most likely controls 
the content at some level, and engineering design is not commonly taught in elementary 
classrooms. With these two factors in mind, it is likely that elementary pre-service teachers have 
had little to no mastery experience with teaching engineering.  

 
Vicarious experience is when one observes another succeeding at a task. As with mastery 

experience, success is necessary for the experience to contribute to self-efficacy [13]. In addition, 
this experience is most effective at increasing self-efficacy when the observer associates the one 
seen succeeding with themselves. That is, they must possess some similarities that allow the 
learner to identify with the one modelling. At Purdue University, elementary education students 
observe teachers throughout their curriculum, providing many opportunities for vicarious 
experience. However, again, it is likely that few practicing teachers use engineering design, 
therefore limiting the amount of vicarious experiences pre-service teachers have with teaching 
engineering.  
 

Verbal persuasion includes encouragement from others as well as coaching. Verbal 
persuasion is most effective at increasing self-efficacy when the one doing the persuading is seen 
as an expert [13]. Exposure to verbal persuasion is also likely to be low for pre-service 
elementary teachers, as engineering design is not a focus of the pre-service curriculum. A major 
exception to this, as with mastery experience, would be those in the section of the science 
methods course at Purdue University that utilizes engineering design. These students actively 
design engineering concepts into science lesson plans with students. This provides mastery 
experience while the rest of the course ideally provides verbal persuasion.   
 

Physiological feedback includes physical sensations from the body such as heartrate and 
changes in one’s mood [13]. A calm heartrate and pleasant mood improve self-efficacy while a 
racing heart and anxious mood lower self-efficacy. If one realizes that they are stressed by the 
situation, this can further lower self-efficacy. There are many methods suggested for reducing 
stress in participants, including repetition and creating a welcoming and cooperative 
environment.  

 
Interventions for Teachers in STEM 
 

Many interventions have been designed to influence the attitudes and behavior of pre-
service and in-service teachers. Some have been designed specifically for science [1], [3], [17], 
technology [3], [5], or STEM in general [2], [4]. There are some related specifically to 
engineering [6], [7], and other interventions designed for in-service teachers to learn about 
engineering [9], [10]. Only one study was found that investigated the self-efficacy of pre-service 
teachers as it relates to teaching engineering [7]. 
 

Of those that studied the effect of the intervention on pre-service teachers’ attitudes about 
science, one used inquiry-based learning in a required science content course [1]. Participants in 
this course saw increased confidence and enjoyment as well as lower anxiety for teaching 
science. The pre-service teachers in a traditional lecture-based course saw a decrease in positive 
attitudes towards science [1]. While this result seems to favor inquiry-based learning for pre-



service teachers, there was no direct measure of self-efficacy, although the investigators 
postulate that confidence is related to self-efficacy [1]. Another study found that there are many 
factors that may encourage or discourage pre-service teachers from implementing open-ended 
design activities during their teacher training [3]. Most commonly cited reasons for not 
incorporating such projects included lack of host teacher support [3]. It is suggested that using 
open-ended design projects to lead to more formal scientific inquiry may be beneficial for both 
elementary students and elementary teachers who lack content knowledge in science [3]. Neither 
of these studies directly evaluates the self-efficacy of pre-service teachers, although they offer 
valuable insight into potential best practices for teacher training programs.     
 

Other studies focus specifically on technology, as technology integration courses in 
elementary education curricula are not uncommon. In one course, project-based learning (PBL) 
was used to teach pre-service teachers engineering design and fabrication. Such project-based 
approaches allow pre-service teachers to personally engage with project-based learning, a pre-
requisite for its use in their future classrooms [5]. Furthermore, the use of hands-on activities can 
promote learning and a positive attitude toward the subject [5]. When using a closed-loop PBL 
model for an engineering design activity that also incorporated fabrication technology, it was 
found that elementary teacher candidates’ self-efficacy as a technology-using teacher improved 
[2], [5]. Additionally, researchers found a stronger relationship between STEM careers and math 
and science after the intervention [5].  
 

In addition to interventions designed to affect science and technology, others aim to 
influence STEM in general. In a course on using hands-on activities to integrate STEM for pre-
service teachers, robotics were used as a tool to increase pre-service teacher engagement and 
interest in STEM [4]. Lesson plans developed by the pre-service teachers after this activity also 
show improved integration of STEM [4]. While this study perhaps sees the most positive effects 
after the intervention, self-efficacy is not specifically studied. Additionally, the use of robotics 
may be limited by a lack of experience of those designing teacher training.  
 

There are some notable examples of engineering design being emphasized in elementary 
teacher preparation programs. In one such program, mathematics and science methods courses 
are emphasized, as well as a required extensive background in academic STEM subjects. 
Engineering design is utilized throughout the math and science methods courses, and there is 
also a required engineering methods course [6]. One project in this program aimed for pre-
service teachers to create a lesson plan to integrate the STEM subjects using engineering design 
[6]. The pre-service teachers in this program had a positive attitude toward engineering and 
valued the engineering component of their education [6]. However, no quantitative data is 
reported on participants in this program and no self-efficacy indicators are reported.  
 

Another program designed specifically for pre-service teachers to learn about engineering 
design was based on the “Engineering is Elementary” program out of the Museum of Science in 
Boston, MA and focused on female pre-service teachers [7]. In this program, female pre-service 
teachers observed a female non-engineer teach an engineering design activity, a type of vicarious 
experience. They then planned and implemented an engineering design project for elementary 
students, providing mastery experience [7]. Through interviews, it was found that both activities 
improved the female teacher candidates’ self-efficacy for teaching engineering. Additionally, 



their understanding of engineering increased and they had a more positive view of engineering 
[7]. However, this study involved a very small sample size (five) and reported no quantitative 
data.  
 

All of these examples offer lessons in designing teacher preparation programs that 
promote STEM. Together, they suggest that engaging pre-service teachers in hands-on, inquiry- 
or project-based activities can help improve their attitudes toward STEM. All studies suggest that 
by exposing them not only to STEM but also to these different teaching methods, pre-service 
teachers are more likely to incorporate these methods and STEM into their future classrooms. 
These studies all report positive effects on the pre-service teachers, including increased STEM 
engagement and enjoyment. These studies support the concept that pre-service teacher attitudes 
and self-efficacy can be influenced by vicarious and mastery experiences in teaching STEM. 
 

Many interventions that focus specifically on engineering are designed for in-service 
teachers. In one such intervention, teachers were exposed to a week-long academy in which 
teachers were taught about engineering design and participated in engineering design activities in 
teams [10]. Analysis of teacher responses from before and after the academies showed an 
increased level of understanding of engineering at higher levels of Bloom’s taxonomy [10]. This 
does not however indicate the teachers’ abilities to teach engineering, only their personal 
understanding of what engineering is. In another study, teachers were taught about engineering, 
engineering design, and technology integration [9]. Data from these teachers and their students 
were collected; however, results are not publicly available for privacy reasons [9].  
 

Of particular interest is a study on practicing teachers taking a graduate course on 
bridging engineering and education. The specific purpose of this course was to improve the self-
efficacy of the teachers for teaching engineering through discussion of readings, working in 
small teams on engineering activities, and a final design capstone project [8]. For the women in 
the course, their self-efficacy in tinkering and technical design, two factors of self-efficacy for 
teaching engineering, improved throughout the course [8]. This increase was also present in a 
delayed post-test. It is proposed that such increase was not observed for the men in the course 
due to the high initial scores of the males on these factors [8]. This study supports the use of a 
cooperative and learner-focused environment for teaching STEM to improve self-efficacy [8]. 
 
Research Design 
 

This study posed a unique opportunity to study pre-service teachers engaged in 
engineering outreach. As self-efficacy of teachers is known to have such a high impact on 
teacher behavior and student outcomes, it was chosen as the main area of investigation.  
The main research questions in this study are: 

• Do teachers who willingly participate in engineering outreach have higher self-efficacy 
for teaching engineering than other teachers? 

• Does training pre-service teachers to lead engineering outreach activities increase their 
self-efficacy for teaching engineering? 

• Does leading and assisting with engineering outreach increase the self-efficacy for 
teaching engineering in pre-service teachers? 
 



The Study 
 
About Access Engineering 
 

Access Engineering is one of many outreach programs run by WIEP at Purdue 
University. Throughout the summer, Leadership Team members (LT) visit local summer camps, 
daycare centers, and other child care locations. One Leadership Team Coordinator (LTC) leads 
the activity and manages the other LT on site. Activities are designed by the Assistant Director 
of WIEP with a focus on engineering design. Activities consist of an introduction led by the LTC 
who introduces the LT, engineering, and the topic of the activity. The children then have one or 
more phases of a hands-on design activity which generally leads to some artifact or tangible 
product. The artifact that the children are asked to design and create always has at least one 
constraint and at least one criterion. Often children are given a mock budget in addition to other 
constraints and their artifacts are tested by the LT to determine if they meet the criteria. If time 
permits, they are allowed additional time or budget to redesign their artifacts. During the summer 
of 2017, there were over 60 Access Engineering visits, with an average of approximately 35 
students at each visit and an LT to student ratio of 1:5. Participants range in age from 
kindergarten to 8th grade, although the majority are elementary age. In the past, all LT and LTC 
have been engineering students in all disciplines and stages of post-secondary education. In the 
summer of 2017, pre-service teachers were employed as LTC for the first time. 
 
Methods 
 
Developing Self-Efficacy 
 

Pre-service teachers were recruited for Access Engineering from a variety of courses in 
the elementary education curriculum at Purdue University. Presentations by the authors were 
made in many different courses, including one section of a science methods course that focused 
specifically on using engineering design. Applicants were then interviewed and selected as either 
Leadership Team Coordinators (LTC) or Leadership Team members (LT).  
 

There were 6 pre-service teachers that served as LTC; all were female elementary 
education majors at Purdue University. Although the study was proposed after their acceptance 
of employment, all 6 LTC agreed to participate in the study. All signed consent forms, and the 
study was approved as exempt by the Purdue University IRB. Those who served as LTC were 
exposed to a series of interventions designed to slowly increase their self-efficacy for teaching 
engineering. First, they were trained on engineering design and the logistics of the program. The 
sections on engineering design were led by the Assistant Director of WIEP, a former teacher, 
while the sections on logistics were led by an engineering graduate student. This was done to 
help build the pedagogical content knowledge and therefore the cognitive mastery of the pre-
service teachers. It is assumed that the pre-service teachers would view the former teacher who 
now coordinates WIEP outreach as an “expert”, and so this training also contained aspects of 
verbal persuasion.  
 

Later on the same day, the LTC assisted in the training of other LT, which included 
leading a practice activity. This was to help them build self-efficacy through a heavily guided 



mastery experience. The next phase of training was for the pre-service teachers to observe the 
experienced teacher leading actual outreach activities. The pre-service teachers acted as LT 
while the experienced teacher acted as the LTC. Each pre-service teacher observed one or two 
visits in this manner in order to build self-efficacy through vicarious experience. It was assumed 
that the pre-service teachers would more closely identify with the experienced teacher than with 
the engineering graduate student, regardless of the engineering-specific nature of the activities.  
 

Throughout the summer, verbal persuasion continued through regular feedback from the 
engineering graduate student and experienced teacher. Additionally, pre-service teachers were 
provided regular mastery experience by leading outreach activities. The perception of mastery 
was further reinforced through the role of the LTC to oversee the visit and other LT on-site. In 
addition to serving as LTC, the pre-service teachers were offered the option of serving as LT on 
more visits. Out of 66 total visits, each pre-service teacher attended in some capacity (LT or 
LTC) 18 – 38 visits. Pre-service teachers made up approximately 50% of all LT on visits. By 
allowing the pre-service teachers to regularly work together, a welcoming and cooperative 
environment was encouraged. The pre-service teachers informally met before and after visits to 
collaborate on methods and share advice on the visits, which ideally also improved their 
physiological state. In addition, the lack of formal evaluations of the pre-service teachers 
fostered a relaxed environment. There were six pre-service teachers as LTC and two who served 
only as LT. Those who only served as LT were not included in this study as they were not 
present in person at training and therefore were unable to give consent.  
 

Another group of pre-service teachers was recruited from a summer course on literacy. 
These pre-service teachers worked in teams to design activities and implement them at one of the 
visits. These teachers received training similar to that given to the other pre-service teachers. 
Less information on the logistics of visits was given. Again, this was designed to build cognitive 
mastery and use verbal persuasion to build self-efficacy. Both the experienced teacher and the 
engineering graduate student worked with these teachers to design their activities and provide 
regular feedback, offering further verbal persuasion. The entire group observed one activity led 
by the experienced teacher and then each team designed and led an activity.  
 
Measuring Self-Efficacy for Teaching Engineering 
 

Self-efficacy was measured at multiple points throughout the training and summer 
program (Figure 1) in an attempt to determine the effect of individual self-efficacy building 
activities. Self-efficacy was measured immediately prior to LTC training as a baseline or starting 
point. It was then measured again after LTC training and before LT training. This allowed us to 
isolate the effect of training on self-efficacy. Self-efficacy was measured again after 
approximately half of all visits were completed. Unfortunately not all pre-service teachers went 
on visits that were evenly distributed throughout the summer, and therefore this measurement 
was not necessarily at the halfway point of mastery experiences for all pre-service teachers. 
Additionally, the number of visits in which each pre-service teacher served as LT or LTC were 
not evenly distributed; some pre-service teachers had the majority of their experience leading the 
activities in the latter half of the summer. A final measurement of self-efficacy was acquired 
from 5 of the 6 participating LTC within 2 weeks of the last visit. For the pre-service teachers 
that did not serve as LTC (i.e., those recruited from the literacy class), an initial measurement of 



self-efficacy was administered prior to training, but subsequent requests for measurement yielded 
few to no respondents.  

 

 
 
Figure 1. Intervention Timeline. Survey instruments were administered at the indicated points 
relative to self-efficacy building activities. 
 

Three instruments were used to measure self-efficacy; each instrument was used at every 
administration of the survey. Instruments were administered using the online Qualtrics platform. 
These three instruments were used because no one individual instrument met the goals of the 
study and had been validated for pre-service teachers. There were instruments validated for pre-
service teachers’ self-efficacy in teaching science [19] and math, but none were found that were 
specific to both engineering and pre-service teachers. The instruments chosen all had validity 
evidence with relatively high coefficient alphas, although not all had confirmatory factor 
analyses.  
 

The first instrument is the Design, Engineering, and Technology (DET) survey. The DET 
survey is a 40-item instrument that uses a 4 point Likert scale. There are 4 factors in the DET 
survey: Importance of DET, Familiarity with DET, Stereotypical Characteristics of Engineers, 
and Barriers to Integrating DET [20]. For DET, the individual factors and overall instrument 
have high reliability, ranging from 0.77-0.91 and the factors have been confirmed with an 
exploratory and confirmatory factor analysis [20]. The DET survey has been independently 
validated twice on in-service elementary teachers [21], [22]. During development of the 
instrument, responses indicated that teachers thought DET was important and should be taught. 
However, they had low confidence in integrating DET into their classroom, low familiarity with 
DET, and held many common stereotypes about engineers [21]. These findings were all on in-
service teachers, and some items in the survey may not be applicable to pre-service teachers. For 
example, the question “Did your pre-service curriculum include any aspects of DET?” Students 
who are earlier in the education curriculum may not yet have encountered science or math 
methods courses which is where one would typically encounter DET in an elementary education 
curriculum.  
 

The next instrument was the STEM Semantics survey. This consists of five scales, each 
of which has 5 adjective pairs [23]. The five scales are science, technology, engineering, 
mathematics, and STEM careers. Each scale shows good reliability, with an exploratory factor 
analysis that confirmed the five factors [23]. In the administration of the instruments for this 
study, there was an error in one of the items in the engineering scale; an adjective pair was 
repeated and another omitted. This instrument broadly measures interest in STEM and STEM 



careers, not specifically engineering nor the teaching of engineering. However, it has been 
utilized with pre-service teachers [23]. Among middle school students, in-service teachers, and 
pre-service teachers surveyed, pre-service teachers had the lowest results on the math and 
engineering subscales [23]. 

 
The third instrument was the Teaching Engineering Self-efficacy Scale (TESS). The 

TESS is a six-point Likert scale with five subscales: engineering pedagogical content knowledge 
self-efficacy, engineering engagement self-efficacy, engineering disciplinary self-efficacy, 
engineering outcome expectancy, and teaching engineering self-efficacy [24]. The TESS also has 
good validity evidence as well as confirmatory factor analyses. However, the TESS also assumes 
a unified definition of engineering used by all respondents. Additionally, many items, especially 
those in the engineering engagement and disciplinary self-efficacy subscales, refer to “my 
students”. Those pre-service teachers that are early in their educations may not identify as having 
students that are “theirs” yet due to their limited teaching experience.  
 
Analysis and Results 

 
Survey instruments were administered at the four stages described above: 1) before any 

training, 2) after LTC classroom training but prior to training other LT, 3) approximately 
halfway through Access Engineering visits, and 4) after the conclusion of all Access Engineering 
visits. Instrument results are presented by survey administration, followed by interpretation of 
results with respect to each portion of self-efficacy building activities or the intervention as a 
whole. 
 
 As suggested by its name, the TESS survey instrument provided the clearest measure of 
the pre-service teachers’ self-efficacy for teaching engineering. The twenty-three survey items 
were grouped according to six overarching teaching abilities for analysis: (1) the ability to 
recognize and discuss engineering concepts with students, (2) the ability to plan and employ 
engineering activities in the classroom, (3) the ability to guide students in engineering activities, 
(4) the ability to assess students’ work on engineering activities, (5) the ability to encourage 
students in engineering activities, and (6) the ability to manage a classroom during engineering 
activities. A continuous increase in self-efficacy with respect to each of these abilities was 
quantifiably determined from multiple administrations of this survey throughout the summer 
program (Figure 2).  



 
Figure 2. Self-Efficacy in Teaching Engineering. The TESS survey instrument asks teachers to 
assess their perceived ability (i.e., self-efficacy) to perform certain roles or actions related to 
teaching engineering.  
 

It may be observed that some abilities increased far more drastically than others. 
However, it also should be noted that the abilities for which less change was observed are those 
abilities most closely related to universal traits for teachers (e.g., classroom management and 
encouraging students). The initial, relatively high ratings of these abilities indicate that the pre-
service teachers were more comfortable with their ability to perform these roles, at least in a 
general sense, upon entering the study. Thus it is logical that they would not need as much 
assistance in improving self-efficacy in these areas as they related to engineering. 
 
 Results from the DET survey provide further supporting evidence for the success of this 
intervention. The DET survey focuses primarily on the participant’s beliefs about DET 
methodology (Figure 3) and perceptions of engineers (Figure 4) and is less-directed at specific 
teaching roles than the TESS survey. The beliefs about DET illustrated in Figure 3 have been 
divided into interest in applying DET (3a) and current confidence regarding the methodology 
(3b). Figures 3a and 3b indicate that the pre-service teachers entered the summer program with 
only moderate interest in learning and applying DET methodology in the classroom and 
relatively low confidence in their knowledge and use of DET. For the majority of these metrics, 
we see the desired increase in scores over the course of the intervention. However, Figure 3b also 
presents an unexpected progression of scores for two of these metrics: education on DET and use 
of DET in the classroom. 
 



    
Figure 3. Beliefs About DET. (A) Pre-service teachers’ interest in learning and applying DET 
methodology. (B) Pre-service teachers’ confidence in their knowledge and use of DET. 
 
 It appears from these results that pre-service teachers entered with the beliefs that they 
were fairly well educated in DET and capable of applying it in the classroom. At some point 
during the program, the scores dropped below their initial values before returning to a final value 
higher than the starting value. This progression was initially surprising, but there is a theory that 
we believe could explain the unusual data referred to as the Dunning-Kruger Effect [25]. In 
1999, Kruger and Dunning proposed that incompetence is a double-edged sword. The 
incompetent lack the metacognitive ability to recognize relative competence in themselves and 
others and therefore rate themselves as more competent than they truly are [25]. Kruger and 
Dunning also posited that, through interventions, this metacognitive ability would improve 
alongside an individual’s realistic competence. Therefore the individual would at some point 
develop the metacognitive skill to recognize that they are not highly competent, lowering their 
self-evaluation [25]. However, once the individual reaches a high level of competence, he or she 
is likely to assume that others are equally as competent [25]. The other “edge” is then manifested 
in a rating of the individual’s competence as lower than reality due to the assumption that they 
are no more competent, relatively, than others. This theory has been supported by subsequent 
studies by other investigators [26] – [28] and could explain the drop in scores observed midway 
through our program and the relatively low scores reached at the conclusion of the intervention. 
 
 Figure 4 illustrates a shift in pre-service teachers’ perceptions of engineers that is in line 
with the goals of the Access Engineering program. Perceptions of engineers’ communication and 
“people” skills improved markedly, as did the view that engineers are “fixers” and problem 
solvers. Scores decreased for believing engineers are good at math and science, which could be 
interpreted as the pre-service teachers realizing that one does not have to “love” math and 
science to be an engineer. Math and science are simply tools that engineers must be able to apply 
to solve problems. This sentiment in particular is a guiding principle within the WIEP outreach 
programs, as we hope to dispel the myths that either one has to “love” math and science in order 
to be an engineer (i.e., cannot be an engineer otherwise) or that one ought to be pushed into a 
career in engineering because they are very adept at math and science. Finally, a notable 



decrease was seen in the perception that engineers earn good money. We believe this could be a 
product of improved understanding that many people work as engineers because they want to 
solve problems and have an impact on the world around them, not just because it “pays well.”  
 

 
Figure 4. Perceptions of Engineers. Scores from the first and fourth survey administration are 
compared to illustrate changes in pre-service teachers’ perceptions of engineers over the course of 
the program. 
 
 The final survey instrument administered, the STEM Semantics survey, produced no 
substantial trend. This is not unexpected, as this survey inquires as to the level of appeal each 
aspect of STEM (i.e., science, technology, engineering, math, and STEM careers) holds for the 
participant. Pre-service teachers rated each field relatively evenly throughout the summer, 
whether they entered the study with an attraction to, dislike for, or apathy toward STEM fields. 
This intervention was not an attempt to make engineering every teacher’s favorite subject or to 
convince anyone to pursue further interest in a specific topic. The purpose of this intervention 
was to improve self-efficacy for teaching engineering, the success of which is well supported by 
other survey results. 
 
Conclusions and Plans for Study Continuation 
 

In this study we have discussed a novel program which integrates pre-service teachers 
into engineering outreach. The self-efficacy of the pre-service teachers for teaching engineering 
was evaluated throughout the program and results of the pilot study were reported. The relatively 
steady increase in evaluation scores at each administration of the survey instruments suggests 
that each step of the intervention was successful in further building self-efficacy. This gradual 



change also supports the idea that no one step or mechanism was responsible for the results of 
the intervention but rather that the mechanisms work cohesively.  

 
This pilot study was composed of a small sample size, which limits the statistical 

significance of results at this time. Statistical analysis is anticipated upon increasing the study’s 
sample size in the coming year. Additionally, we recognize that some items in the survey 
instruments utilized may not be applicable to pre-service teachers. However, we believe initial 
results indicate that this intervention provides an effective method for building self-efficacy in 
pre-service teachers for teaching engineering. We thus present here an overview of future plans 
for the continuation of this study. 

 
In order to increase statistical significance, we seek to hire new pre-service teachers for 

Access Engineering 2018. We will conduct the program in a similar fashion and administer the 
same survey instruments. However, we would also like to invite participants in Access 
Engineering 2017 to return for 2018. By combining new and returning pre-service and in-service 
teachers, we will be able to investigate several additional factors as they relate to self-efficacy in 
teaching engineering.  

 
By having previous participants return and participate in a similar program a second time, 

we can evaluate the impact of intermission of practice on self-efficacy. One of the previous 
participants is now an in-service teacher and may have had opportunity to employ what she 
learned in the 2017 program, but the other four participants will have spent the 2017-2018 school 
year in traditional coursework with little to no opportunity to practice utilizing engineering 
design or teaching engineering.  

 
By bringing veterans alongside new participants, we will be able to study the effects of 

their interaction on one another. Does having returning LTC teach new LTC increase the self-
efficacy of the new LTC over what was achieved by the study designers in 2017? Does teaching 
new LTC further increase the self-efficacy of the returning LTC? These questions and more 
could be answered by comparing survey results from the pilot study with those of the 2018 
expansion of the study.  

 
Finally, it is hypothesized that incorporating additional pre-service teachers as both LTC 

and LT could produce a more cohesive leadership team. In 2017, engineering students still filled 
a large portion of leadership, and many of these students were enrolled in summer courses or 
committed to other priorities. A number of engineering students in leadership is still desirable for 
providing role models and content masters, but by having more teachers in these positions, the 
goals and expectations of the leadership team could be better aligned, resulting in a greater 
positive impact on both the pre-service teachers and the children reached by this program. 

 
Through this study, we aim to impact multiple groups and generations. Foremost, we 

endeavor to better prepare the pre-service teachers who participate in this program for a career in 
an evolving education community as it seeks to incorporate engineering design into all levels of 
education. We also strive to improve the impact of the Access Engineering outreach program, 
encouraging more children to pursue interests in engineering. However, measurement of such 
impact is beyond the scope of this study, which is focused on teacher self-efficacy. Finally, 



through the formal investigation of this program, we aim to ultimately design a new intervention 
that can be employed broadly to improve the self-efficacy of both pre-service and in-service 
teachers for teaching engineering, thus preparing future generations to make a global impact.  
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