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Examining the Efficacy of a LEGO Robotics Training  
for Volunteer Mentors and K-12 Teachers 

 
 
1. Introduction 
 

The uses and effectiveness of technology that help shape children’s understanding of 
science and engineering were studied in literature as early as Papert’s seminal work1 on 
constructivism. Papert showed that learning to use computers from an early age helps shape the 
way children think of, learn with, and understand computers and even other disciplines, such as 
math. In the years following Papert’s work, many uses of engaging, modern technologies (e.g., 
sensors, gaming, and robotics) were examined to develop K-12 students’ learning, 
understanding, and interest in science, technology, engineering, and math (STEM) subjects.2-11 
For example, use of LEGO Mindstorms-based automated lab apparatus and mobile robotic 
activities have been shown to enhance students’ understanding of science and mathematics.12-15 
Similarly, for over a decade, robotics competitions, such as FIRST LEGO League (FLL), have 
served as a bridge between K-12 science and math classrooms and the world of exploration, 
engineering, and technology. 
 

Teachers’ attitudes and beliefs about the importance of Design, Engineering, and 
Technology (DET) mostly come from their classroom experience.16,17 Quantitative analysis16 has 
shown that K-12 teachers think that implementation of DET in the classroom is important; 
however, their rating of self-familiarity with DET is low. Hence, with proper education relating 
to the use and benefits of educational technologies, teachers can be expected to be more prepared 
to implement technology in the classroom.18 Teacher readiness and professional education 
require significant effort to facilitate integration of engineering and technology content in the 
teaching of science and math.19,20 Several papers focusing on the use of robotics in STEM 
education have explicitly acknowledged the challenge of teacher preparation. For example, 
teacher training has been identified as one of the main challenges preventing the adoption of 
robotics in STEM education.5 Moreover, teachers often find it difficult to link robotic activities 
to the curriculum outcomes.7 Finally, if teachers are not comfortable with the robotics material, 
then the project implementation and sustainability may suffer.21 Thus, it is evident that the 
sustainability of robotics-based activities in K-12 STEM education is strongly tied to the quality 
of teacher professional development programs. 
 

Literature on professional development suggests17 that teachers sustain more skills from 
professional development which (1) expands their knowledge and skills, (2) offers a practical 
curriculum with direct applicability in the classroom environment, and (3) enhances their 
effectiveness with students. Moreover, successful professional development activities are 
designed to initiate change in teachers’ attitudes, beliefs, and perceptions.17 To this end, use of 
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LEGO Mindstorms in teacher professional education offers a multi-purpose tool that teachers 
can exploit immediately following their training to help teach and build students’ STEM skills 
not only through FLL contests but also through integration of hands-on scientific inquiry, 
mathematical analysis, and engineering design activities in the classroom. With a multitude of 
literature, textbooks, and online user-guides,22—24 one may perceive that it ought to be 
straightforward for teachers to exploit the various resources to practice, integrate, and implement 
LEGO Mindstorms-based STEM learning activities in their classrooms. In practice, however, 
teaching STEM concepts, especially technology and engineering, through LEGO Mindstorms 
requires a certain level of teacher’s engineering self-efficacy, which can only be gained through 
deliberate practice and engineering experience.25—27 Over the years, engineering education 
researchers have developed a variety of instruments to measure engineering self-efficacy.28—30 
These measurement instruments are often used to examine an individual’s drive for engineering 
and need for additional pedagogical support, as well as a basis to group individuals for design 
projects.28 For K-12 teachers, engineering self-efficacy may be gained and sustained through 
well-designed LEGO Mindstorms-based training that takes into consideration teachers’ prior 
skills and engineering self-assessment.  
 

In this paper we examine the effectiveness of LEGO robotics training and user-guides in 
enabling teachers to build, program, and operate robots, skills that can enable them to create and 
sustain LEGO Mindstorms-based activities for formal STEM education. We present the results 
of a study that utilized low-intensity resources (e.g., a short training workshop, user-guides, and 
building and programming instructions) to assess the skills gained by K-12 mentors and teachers 
with varied levels of education, teaching, and prior robotics expertise. Specifically, to analyze 
the effect of training and user-guides on introducing and developing participants’ skills in 
robotics design activities, a LEGO Mindstorms workshop was offered to a group of volunteer 
FLL mentors and K-12 teachers. Using self-efficacy and engineering design performance 
instruments, we examine whether the hurdle of learning to use LEGO Mindstorms is too high for 
teachers with non-engineering background. Participants’ ability to sustain learned skills is 
examined through their individual performance in a designated robotic design challenge and their 
responses to a workshop assessment survey. In addition, we offer an analysis of the effects that 
academic and professional backgrounds and gender have on participants’ engineering design 
performance. The following sections provide: the description of training, research design and 
data collection methods, assessment analysis, and discussion and conclusions.  
 
2. Training Description  
 
2.1. Recruitment of Participants 
 

For this study, a LEGO Mindstorms robotics workshop was offered to 1) a group of 
volunteer student mentors, who pursued mostly STEM majors for their undergraduate or 

P
age 25.598.3



graduate degrees; and 2) K-12 teachers with mostly non-engineering educational background.  
Both groups had limited to no experience working with LEGO Mindstorms robotics. The 
volunteer mentors who participated in the training had been assigned to serve as coaches for FLL 
teams in the New York City (NYC) K-12 schools. The training workshop for these mentors was 
mandatory and they were recruited by the New York Academy of Sciences, which offers 
opportunities to STEM students at local colleges to serve as volunteer mentors in K-12 schools. 
These volunteers consisted of associate, bachelor, masters, and doctoral degree students, some of 
whom had recently graduated, who needed training in LEGO Mindstorms prior to beginning 
their mentoring assignments as FLL coaches. Most mentors identified themselves as having 
STEM-related academic background, such as neuroscience, computer science, and engineering. 
Some mentors indicated prior experience working with youth in afterschool programs. 
 

The K-12 teachers were reached through email advertisements about a free training 
workshop for teachers with no prior experience in robotics. The email advertisement was sent to 
over 200 teachers, principals, and school district administrators within the NYC area. It 
emphasized that the workshop will help teachers (1) enrich the classroom time with engaging, 
student-friendly LEGO Mindstorms-based STEM activities; (2) learn to design and build robotic 
devices as an engineer; (3) learn the use of LEGO Mindstorms sensors for creating inquiry-based 
lab activities; and (4) learn to program using LEGO Digital Designer and LEGO Mindstorms 
software. The teachers who signed up and attended the training were a group of self-selected 
individuals with interest to either enrich their classroom time with robotics activities or improve 
their engineering and programming skills to coach their school’s FLL teams.  
 

All workshops took place on weekends and lasted six hours, with one hour break for 
lunch. Specifically, four workshops were hosted at the Polytechnic Institute of NYU (NYU-
Poly):  one workshop for 17 volunteer FLL mentors on September 24, 2011, and three 
workshops for 25 K-12 teachers from NYC schools, on November 19, December 10, and 
December 17, 2011. Among volunteer mentors, 8 (47.1%) participants majored in engineering in 
college or graduate school, 3 (17.6%) majored in science, technology, or mathematics, 1 (5.9%) 
majored in social sciences, 1 (5.9%) majored in education, and 4 (23.5%) did not provide 
academic background information (see Appendix: Table A1, Q1). Similarly, among teachers, 13 
(52%) participants majored in science, technology, or mathematics in college or graduate school, 
6 (24%) majored in education, and 6 (24%) majored in social sciences. The gender breakdown 
was 5 (29.4%) females and 12 (70.6%) males among volunteer mentors, 16 (64.0%) females and 
9 (36.0%) males among teachers, and 21 (50.0%) females and 21 (50.0%) males overall. 
 
2.2. Training Content 
 

All workshops offered an identical, one-day curriculum that was designed to allow 
participants to learn and practice basic robot building and LEGO Mindstorms programming 
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skills. Moreover, the workshops introduced necessary resources and guides to participants so that 
they could effectively utilize the allotted time of the workshop and sustain the use of LEGO 
Mindstorms. The building and programming user guides and resources were made available to 
workshop participants through nxtprograms.com web service, LEGO Digital Designer, and 
computer-aided design software. The LEGO Digital Designer models and corresponding 
building instructions were developed by training coordinators prior to the workshop. Following 
the workshop, all participants were given access to all of the presented material through the 
Dropbox cloud storage service. During the workshop, various elements of curriculum were 
introduced in the following order: (1) uses and functions of NXT, sensors, and motors in the 
LEGO Mindstorms kit (lecture); (2) use step-by-step instructions to build a mobile robot base 
and integrate sensors in the design, see Figure 1(a) (hands-on); (3) learn to create programs to 
operate motors and obtain sensor measurements (lecture and hands-on); (4) learn concepts of 
mechanical advantage, gear ratios, and various robot construction tips (lecture); (5) learn the 
design of passive and powered attachments (lecture); (6) calibrate a light sensor mounted on a 
mobile robot to follow a line using a given LEGO Mindstorms program (lecture and hands-on); 
and (7) apply and demonstrate newly attained skills in a final building and programming 
challenge (hands-on).  
 
2.3. The Building and Programming Challenge  
 

In the final component of the training workshop, which lasted 90 minutes, the 
participants were challenged to design and build a robot that had to drive from a starting position 
to a stationary object, which was placed at the end of a path outlined by a black tape. The robot 
was required to grab the object and bring it back to the starting position. The main requirements 
of the challenge included: (1) the robot had to be mobile during the challenge, it needed to be 
programmed to move autonomously; (2) the robot had to use sensors to determine proximity to 
the object on its path; and (3) the robot had to have an attachment to grab the object and be able 
to travel without losing the object from its grip. The user guides introduced during the training 
were perceived to be useful since teachers were observed to consult them extensively while 
conducting research, design, and implementation activities for the challenge. Figure 1(b) shows a 
team of workshop participants working on the robot during the final challenge. Figures 1(c), (d) 
illustrate two prototype robots built by K-12 teachers during the final challenge. 
 
3. Research Design and Data Collection Methods 
 

To understand how volunteer mentors and K-12 teachers approach an engineering 
design-based project, three types of assessment data was collected in this study: 1) assessment of 
self-efficacy, 2) assessment of engineering design process implementation, and 3) assessment of 
training quality. The assessment of self-efficacy was implemented only among K-12 teachers 
and is used to compare how the self-perception of engineering skills influences the hands-on 
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implementations during the robotic design challenge. The study assesses the difficulty of 
learning to use LEGO Mindstorms among participants with engineering and non-engineering 
backgrounds. This is achieved by grading and comparing engineering design implementation of 
volunteer mentors and teachers during the final challenge of training. The assessment of training 
quality is used to compare the perception of learning between volunteer mentors and teachers.  
 

 
3.1. Self-efficacy Assessment 
 

To measure individual K-12 teacher’s will to persist and skill to succeed, a 36-item 
instrument, adopted from Ref. 28, was used. The self-efficacy instrument28 was designed to 
measure an individual’s confidence, motivation, outcome expectancy, and apprehensiveness to 
implement the eight-step Engineering Design Process (EDP)31 shown in Figure 2. It is pertinent 
to recall two notable outcomes of the study in Ref. 28: (1) the self-efficacy instrument (Table 
A2) is proved to be highly reliable and (2) “confidence, motivation, outcome expectancy, and 
anxiety toward engineering design match an individual’s level of engineering design self-

 

 

(a) (b) 

 

 

(c) (d) 
Figure 1:  (a) A volunteer FLL mentor building a LEGO Mindstorms robot using the LEGO 

Digital Designer instructions; (b) A team of teachers working on the challenge part 
of the training; and (c) and (d) Examples of LEGO Mindstorms robots built by K-12 
teachers with no prior experience with robotics for the challenge part of the training. 
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efficacy.” In this effort, the self-efficacy survey was distributed only among teachers and not the 
mentors, and it was collected before conducting any lessons or hands-on activities of the 
workshop. The teachers used an 11-step response scale from 0 to 100.28 As indicated in Ref. 28, 
the 0-100 scale is known to yield a stronger performance indicator than a five-point Likert-
scale32 and teachers and graders have a better understanding of it due to its widespread use in 
grading exams. The survey was not mandatory and took an average of five minutes to complete. 
Individual surveys with incomplete entries or surveys where each item was rated with the same 
score were excluded from further consideration for analysis, following standard practice.28 
Finally, the training described in subsection 2.2 provided a mechanism to expose participants to 
the various steps of the EDP. 
 

 
3.2. Assessment of Engineering Design Process Implementation 
 

To examine each individual participant’s ability to follow and apply the engineering 
design process, the design challenge part of the training was graded using the rubric given in 
Table 1. To make the grading process easy to conduct and keep it as unbiased as possible, the 
process and progress of building and programming a robotic device was video recorded for each 
participant throughout the design challenge. Two NYU-Poly mechanical engineering graduate 
students used the video footage to evaluate the design process of each attendee using a response 
format on an 11-step scale from 0 to 100, which was chosen to correspond to the response format 
that attendees used on the engineering self-efficacy survey.28  
 

 

Figure 2: The eight-step Engineering Design Process.31 
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3.3. Assessment of Training Quality 
 

Table A1 shows four survey questions that were asked to ascertain participants’ 
academic background (Q1), teaching experience and expertise (Q2), experience in building and 
programming with robotics (Q3), and prior experience with mentoring robotics teams (Q4). In 
addition, Table A1 shows five questions that were asked to obtain participants’ quantitative 
feedback on the overall quality of the workshop (Q5), their skills and knowledge prior to and 
after the workshop (Q6, Q7), and the effect that the workshop had on their robot building and 
programming skills (Q8—Q9). More specifically, questions 6 and 7 assessed participants’ 
perceived learning, and questions 8 and 9 assessed the extent to which participants changed their 
attitude and skill toward robot building and programming. Using the Likert-scale response 
method, the participants responded to Questions 5—9 that were formulated using two of the four 
levels of questions suggested by the Reaction and Learning levels of Kirkpatrick.33 The Likert-
scale was quantified in ascending order, such that “Poor” = 1 and “Excellent” =5.  The training 
quality survey was distributed among both volunteer mentors and K-12 teachers. 
 
Table 1: Grading rubric used to assess the engineering design process implementation. 

0 10 20 30 40 50 60 70 80 90 100 
No effort Poor Insufficient Sufficient Good Excellent 

A person did not 
follow EDP. The 
device did not 
incorporate any of 
the necessary 
requirements set by 
the challenge. 

A person followed a 
few steps of EDP. A 
person showed little 
systematic approach 
during the design.  
The device met 
limited amount of 
requirements set by 
the challenge. 

A person followed 
some steps of EDP 
and showed some 
type of systematic 
organization during 
design.  The device 
met reasonable 
amount of 
requirements set by 
the challenge. 

A person followed 
most steps of EDP 
and showed a 
notable 
consideration for 
systematic approach 
during the design 
challenge.  The 
device fulfilled 
most requirements 
set by the challenge. 

A person followed 
all steps of EDP. A 
mostly systematic 
approach was 
chosen during the 
design challenge.  
The device fulfilled 
nearly all 
requirements set by 
the challenge. 

The person followed 
all steps of EDP in 
designing their 
device.  A person 
went above and 
beyond of what was 
required by the 
challenge and 
shown outstanding 
creativity. All EDP 
steps were followed 
in the systematic 
order.  

 
4. Assessment Analysis  
 
4.1. Significance Analysis of Survey Responses 
 

Out of the 25 teachers who attended the training, 4 chose not to fill out the self-efficacy 
survey, 3 rated most items with the same scores and had to be excluded from analysis, and 1 did 
not fill out the survey completely. The results in Figure 3(a) show the average and standard 
deviation of responses for the remaining 17 teachers to the engineering design self-efficacy 
instrument. Similar to the results in Ref. 28, confidence, motivation, outcome expectancy, and 
apprehension toward EDP is consistent with engineering design, even for a small sample of 17 
teachers. Moreover, mean and standard deviation of engineering design scores for motivation 
and outcome expectancy for the sample of 17 teachers was found to match the mean and P
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standard deviation of engineering design scores for the larger pool of non-engineers with science 
backgrounds given in Ref. 28. 
 

Figure 3(b) provides results for the average and standard deviation of scores given by the 
two graduate student graders for the final design challenge of the training workshop. The figure 
compares graded scores of 17 volunteer student mentors, 25 K-12 teachers, and, additionally, 
provides scores for a subset of teachers whose self-efficacy survey responses are summarized in 
Figure 3(a). The inter-rater reliability between the two graders was assessed using Cohen’s kappa 
statistic with quadratic weights. To perform the test, grades were classified by 2 factors (Grader 
1 and Grader 2) and 11 categories (0, 10, 20, ..., 90, 100). The true population kappa statistic was 
found to be in 0.70±0.15 confidence interval with 95% confidence, revealing that there is a 
“substantial agreement” between the two graders on the engineering design performance of each 
teacher.34,35 The p-value for rejecting the null hypothesis, that agreement between the graders is 
no better than chance when it is in fact true, is less than 0.0001. 
 

According to the assessment of the training quality (Q5, Table A1), the average rating of 
the training lies in the 95% confidence interval 4.43 ± 0.20, where the sample mean is averaged 
over all 42 attendees. Volunteer mentors and K-12 teachers were in agreement over the rating of 
the training with average scores of 4.35 given by the volunteer mentors and 4.48 given by the K-
12 teachers. Figure 3(c) shows the average rating and standard deviation of the building and 
programming skills (Q6—Q7, Table A1) that the volunteer mentors and K-12 teachers believed 
to have attained during the training. The ratio of attained robotics skills to programming skills 
was approximately 0.97 and 1.01 among the volunteer mentors and K-12 teachers, respectively. 
Figure 3(d) shows the average rating and standard deviation of the overall level of engineering 
design skill before and after the training among the volunteer mentors and K-12 teachers. A test 
was conducted at the 95% confidence level to determine the scale of perceived improvement 
before and after the training. Participants from the group of volunteer mentors perceived that 
their skills improved on average by 1.29±0.54 on the Likert-scale. Participants from the group of 
K-12 teachers perceived that their skills improved on average by 1.84±0.37 on the Likert-scale. 
 
4.2. Background-dependent Analysis 
 

To analyze the effect of prior experience and gender on teachers’ learning, the attendees 
were partitioned into three categories: academic background (Q1, Table A1), teaching 
background, (Q2, Table A1), and gender. Table 2 provides a background- and gender-specific 
analysis of graded engineering design performance with 95% confidence interval for true mean 
estimation of the scores. The background-dependent analysis in Table 2 was conducted for 25 
and 23 teachers who provided their academic and teaching background information, respectively. 
Since the number of volunteer mentors with non-STEM background was too small to produce 
statistically meaningful results, no background-dependent analysis was conducted for volunteer 
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mentors. An unpaired two sample t-test36 with unequal variances was conducted to measure 
differences in performing graded engineering design between genders. The test indicated that the 
differences were not significant at 10% level among the volunteer mentors (p = 0.917), teachers 
(p = 0.146), and overall (p = 0.104).  A two-sided, paired difference t-test37 was conducted to 
compare consistency between teachers’ self-efficacy (EDP confidence) and graded engineering 
design performance, see Table 3. The test was conducted for 17 teachers who answered the 
survey in Table A2 completely and did not rate each item with the same score. According to 
Table 3, teachers who majored in science, technology and math, and teachers those who teach in 
high schools are more likely to have differences between perceptions of self-efficacy and their 
graded engineering design performance. Teachers who majored in education and social sciences, 
and teachers who teach in elementary and middle schools showed no significant difference 
between their self-efficacy perception and engineering design performance.  
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Figure 3: (a) Average scores and standard deviations of K-12 teachers’ self-conceptions toward 

their belief, motivation, success, and apprehension to perform engineering design and 
engineering design process; (b) Average graded scores and standard deviations for 
using engineering design during the final challenge among volunteer student mentors, 
all participating K-12 teachers, and teachers with survey results shown in part (a); (c) 
Average perception and standard deviations of attained skills among 17 volunteer 
student mentors and 25 K-12 teachers after the training; and (d) Average perception and 
standard deviations of overall improvement of engineering skills among 17 volunteer 
student mentors and 25 K-12 teachers at the beginning and at the end of the training.  
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Table 2: The analysis of graded engineering design performance among teachers with various 
backgrounds and gender-specific analysis of graded engineering design performance among 
volunteer mentors and teachers. 
 

 
Table 3: Two-sided t-test on paired differences between teachers’ perceptions of EDP self-
efficacy and graded engineering performance, partitioned by academic and teaching 
backgrounds. 
 

 

95% Confidence Interval 
 n Average 

Standard 
Deviation 

t-value 
Lower Bound Upper Bound 

Academic background (teachers) 
Science, Technology, 

and Math 
13 78.5 17.4 2.179 68.0 89.0 

Education 6 52.5 23.8 2.571 27.5 77.5 

Social Science 6 71.7 20.4 2.571 50.2 93.1 

Teaching background (teachers) 

Elementary School 8 66.3 26.2 2.365 44.4 88.1 

Middle School 6 78.0 16.2 2.571 63.5 94.9 

High School 9 73.3 17.4 2.306 59.3 87.3 
Gender (teachers) 

Female 16 66.3 23.6 2.131 53.7 78.8 
Male 9 78.3 27.9 2.306 65.9 90.8 

Gender (mentors) 
Female 5 83.0 15.7 2.776 63.6 100.0 
Male 12 82.1 17.1 2.201 72.1 93.0 

 n Average differences 
Standard 
Deviation 

t-value Significance 

Academic background 
Science, Technology, 

and Math 
9 15.69 21.35 2.21 0.06 

Education 3 24.17 26.96 1.55 0.26 

Social Science 5 23.25 51.68 1.01 0.37 

Teaching background 

Elementary School 5 9 35.28 0.57 0.60 

Middle School 4 23.75 31.84 1.49 0.23 

High School 8 23.75 32.21 2.09 0.08 
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5. Discussion and Conclusions 
 

For this study, identical training workshops, which focused on LEGO Mindstorms robot 
design, construction, and programming, were conducted for NYC volunteer FLL mentors, with 
mostly STEM backgrounds, and NYC K-12 teachers, with mostly science, technology, 
mathematics, and social sciences backgrounds. The workshops featured a combination of 
lectures and hands-on activities to teach robot building and programming skills. To examine the 
knowledge and skills gained by participants of varied backgrounds, and their potential to 
implement and sustain LEGO Mindstorms-based K-12 STEM education, the study utilized three 
types of instruments. The K-12 teachers and volunteer mentors were compared based on their 
performance in building and programming a robot during the design challenge. The results have 
shown that, regardless of the background, participants from both volunteer mentor and teacher 
groups perceived their learning of building and programming skills equally high. The assessment 
has shown that on average teachers with non-engineering backgrounds perceived improvement 
of their skills from the workshop to be higher. However, their performance during the final 
challenge was lower than that of volunteer mentors with engineering background. Teachers who 
diligently filled out the self-efficacy survey tended to perform slightly better during the design 
challenge. The self-efficacy analysis has shown that a small sample of teachers with non-
engineering backgrounds perceived their self-efficacy and outcome expectancy similar to a 
larger group of individuals with intermediate self-efficacy reported in Ref. 28.  
 

During the workshops, we observed that the difficulty to perform engineering design for 
teachers with non-technical background increases with age, however, this informal observation 
needs to be verified through formal research. Moreover, teachers with non-technical 
backgrounds were found to have a harder time performing engineering design and learn building 
and programming concepts. For example, out of 4 teachers who scored themselves to be ≤ 50 on 
self-efficacy motivation scale, 3 teachers said that they taught general science, biology, or 
chemistry or that they were a “Family Associate worker.” Moreover, two of these individuals 
either gave up or showed no effort to participate in building and programming during the final 
design challenge, and the other two needed additional support in building and programming. 
 

Using statistical analysis tools and by grouping K-12 teachers according to their 
academic and teaching backgrounds, we discovered that teachers who majored in science, 
technology, or mathematics performed better at implementing learned skills and conducting 
engineering design, see Table 2. Moreover, the analysis of Table 2 reveals that high school 
teachers performed better at engineering design implementation, however this may have resulted 
because most teachers from this group had science, technology, or mathematics background. The 
perception of engineering self-efficacy and graded engineering design implementation among 
high school teachers and those with science, technology and math background were found to be 
inconsistent, at 10% significance level. The data analysis for elementary and middle school 
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teachers revealed that their perception of self-efficacy and engineering performance were 
consistent. For the remaining academic groups, there was no significance to reject the null 
hypothesis that teachers’ self-efficacy and engineering design implementation were not 
consistent. We note that more data should be collected to establish the true significance of 
background-specific results. Finally, the gender-specific analysis revealed no significant 
differences between the graded engineering design performance of female versus male 
participants. 
 

Through this study we have shown that the hurdle of learning LEGO Mindstorms is not 
excessively high or insurmountable for K-12 teachers with non-engineering backgrounds. 
Moreover, we found that teachers with science, technology, or math backgrounds are more likely 
to successfully learn and sustain attained skills during the robot design challenge, compared to 
teachers without these backgrounds. This may have implications concerning whether teachers 
lacking science, technology, or math backgrounds can effectively implement and sustain robotics 
activities in their schools. To enhance teachers’ experience in learning robotics, professional 
development programs may want to consider teachers’ educational background and engineering 
self-efficacy. Specifically, prior to the training, training program organizers may want to divide 
teachers in separate cohorts based on the age of students they work with or their academic 
background, however, more data needs to be collected to show the effect of such division. In 
future work, we hope to develop guidelines to effectively tailor robotic training workshops based 
on advance knowledge of teachers’ self-efficacy so that their learning experience can be 
enhanced and they can attain greater skills. Moreover, we plan to assess the efficacy of longer 
duration workshops on teachers’ learning and ability to implement LEGO Mindstorms activities 
in their classroom. 
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Appendix A 
 

Table A1: Background survey and post-evaluation used to collect data for robotics-based 
workshops. 

Please write your initials: _______________ 

1.  What was your major in college or grad school (choose one): 

 Arts and Humanities (art, language, pre-law, etc )  
 Social Sciences (psychology, political science, sociology, history, etc.) 
 Education 
 Business 
 Engineering 
 Science, Technology, or Math 
 Other: ______________________ 

 
2. How long have you been teaching?  

 What age of students have you worked with? 

 What subject and curriculum did you teach? 

 
3. Have you even been involved in designing, building, or programming robots? 

 

4. Have you ever mentored a robotics team (choose one: Jr. FLL, FLL, FTC, FRC)? 

 

 Poor Fair Satisfactory Very Good Excellent 

Overall quality of the training 

5. Rate overall quality of today’s training  

     

Contribution to learning 

6. Your level of skill/knowledge at the start of the 
training 

     

7. Your level of skill/knowledge at the end of the 
training 

     

8. The contribution of the training to your robot 
building skills 

     

9. The contribution of this training to your 
Mindstorms programming skills 

     

Comments: 
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Table A2: Engineering design self-efficacy instrument.28 

Please write your initials: _______________ 

DIRECTIONS: Please answer all of the following questions fully by selecting the answer that best represents your beliefs and judgment of your 
current abilities. Answer each question in terms of who you are and what you know today about the given tasks. (0 = low; 50 = moderate; 100 = 
high) 

1. Rate your degree of confidence (i.e. belief in your current ability) to perform the following tasks by checking a number from 0 to 100. 
 

 0 10 20 30 40 50 60 70 80 90 100 
conduct engineering design 000 000 000 000 000 000 000 000 000 000 000 
identify a design need            
research a design need            
develop design solutions            
select the best possible design            
constuct a prototype            
evaluate and test a design            
communicate a design            
 redesign            

 
2. Rate how motivated you would be to perform the following tasks by checking a number from 0 to 100. 

 
 0 10 20 30 40 50 60 70 80 90 100 
conduct engineering design 000 000 000 000 000 000 000 000 000 000 000 
identify a design need            
research a design need            
develop design solutions            
select the best possible design            
constuct a prototype            
evaluate and test a design            
communicate a design            
 redesign            

 
3. Rate how successful you would be in performing the following tasks by checking a number from 0 to 100. 

 
 0 10 20 30 40 50 60 70 80 90 100 
conduct engineering design 000 000 000 000 000 000 000 000 000 000 000 
identify a design need            
research a design need            
develop design solutions            
select the best possible design            
constuct a prototype            
evaluate and test a design            
communicate a design            
 redesign            

 
4. Rate your degree of anxiety (how apprehensive you would be) in performing the following tasks by checking a number from 0 to 100. 

 
 0 10 20 30 40 50 60 70 80 90 100 
conduct engineering design 000 000 000 000 000 000 000 000 000 000 000 
identify a design need            
research a design need            
develop design solutions            
select the best possible design            
constuct a prototype            
evaluate and test a design            
communicate a design            
 redesign             
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