
 ABSTRACT 

WARD, ERIK MICHAEL. The Development of an Instrument to Test the Self-efficacy of 

Teachers Teaching Engineering Design. (Under the direction of Dr. Matthew Lammi). 

 

The purpose of this study was to develop, validate, and establish reliability of an 

instrument that measures preservice teachers’ self-efficacy of teaching engineering design. 

The instrument, Self-efficacy of Teaching Engineering Design (SETED), is based upon the 

work of Bandura (1977, 1982, and 2006).  Self-efficacy of teaching engineering design was 

measured using a 41-item Likert-type scale instrument designed by the researchers.  Based 

on the standardized development process used and the associated evidence, the SETED 

appears to have initial construct and content validity. The SETED results make a case for 

reliability for use with preservice Technology Education teachers to assess self-efficacy 

beliefs of teaching engineering design. 
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CHAPTER 1:  INTRODUCTION 

Introduction 

The purpose of this study was to create and begin establishing the validity and 

reliability of an instrument measuring preservice Science, Technology, Engineering, and 

Mathematics (STEM) teachers’ self-efficacy in teaching engineering design. Engineering 

design was a key concept in the technology and engineering classrooms. With the push for 

more integration across STEM disciplines, interest had risen in teaching engineering design 

outside of technology and engineering classrooms. Engineering design provided a vehicle for 

integrating technology and engineering concepts into other classrooms. Technology here was 

not limited to computers and electronics. It held the broader meaning of any way in which 

humans modified their natural world to satisfy their needs and wants (NAEP, 2014).  Science 

classrooms were already starting to incorporate technology into their classrooms and 

discussing it in relation to the natural world (Eisenkraft, 2011; Silk &Schunn 2009).  

Engineering design was one topic of discussion that could be used to relate technology to the 

natural world.  From an educator standpoint, it could be compared to science’s process of 

science as inquiry.  Determining the self-efficacy of teachers in teaching engineering design 

was part of the effort to identify if effective education is taking place (Cantrell, 2003). 

STEM classrooms had overlapping material and unifying concepts; engineering 

design was one of the unifying concepts. Engineering design was a process that focused on 

helping students understand technology and how it was designed (ITEEA, 2007). 

Engineering design was not laid out in discrete steps that were universally accepted.  
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Engineering design was a complex, boundless entity with common concepts and practices. 

Research focused on identifying the concepts behind the varying engineering processes and 

working with these identified components. Engineering design was a process that helps 

students: solve complex problems, work within constraints, work through decision-making 

processes, and convey their ideas. Because of skills taught through engineering design, such 

as problem solving ability, engineering design was valuable to every K-12 student to learn. 

Engineering design was one of the standards (ITEEA, 2007) presented to help 

students better learn about technology.  The determination for teachers to continue onward in 

the face of adversity could be grounded in Bandura’s social cognitive theory (1977).  In his 

theory Bandura (1977) presented the idea of self-efficacy, the belief in a person's ability he or 

she will be successful at a given task. Self-efficacy also influenced how long a person will 

continue with a task when they encountered an obstacle and how much effort they would put 

forth. If teaching engineering design presented a difficult challenge, the self-efficacy of 

teachers presenting it determined the chances he or she would continue with fully presenting 

the material. A teacher’s self-efficacy in teaching a specific subject was one of many 

measures in determining a teacher’s effectiveness in the classroom. This was due to the 

relationship of self-efficacy and teacher efficacy, which combined self-efficacy, locus of 

control, and outcome expectancies in the classroom (Cantrell, 2003; Çakiroglu, Çakiroglu, & 

Boone, 2005; Erdem, & Demirel, 2007; Tschannen-Moran, & Hoy, 2001). 

Self-efficacy was based around a specific subject or task, so teacher self-efficacy then 

varied by subject matter.  Given multiple tasks or subjects, such as engineering design, a 
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teacher’s self-efficacy would vary based on individual tasks. Teaching self-efficacy has been 

shown to affect the success of teachers in the classroom (Cantrell, 2003; Erdem, & Demirel, 

2007; Tschannen-Moran, & Hoy 2001). The teacher’s self-efficacy on a given subject then 

contributed to each instructor’s success in the classroom. Identification of teacher self-

efficacy in regards to engineering design then became an important factor to improving the 

level of effective education in the classroom. 

Justification 

Given the presence of engineering design across multiple classrooms (NRC, 2013; 

BOSE, 2011; ITEEA, 2007), the researchers were interested in finding out the self-efficacy 

of teachers in teaching engineering design. Self-efficacy was selected because it:  

"[Influences] whether people think erratically or strategically, optimistically or 

pessimistically.  They [efficacy beliefs] also influence the courses of action people 

choose to pursue, the challenges and goals they set for themselves and their 

commitment to them, how much effort they put forth in given endeavors, the 

outcomes they expect their efforts to produce, how long they preserver in the face of 

obstacles, [and] their resilience to adversity”  (Bandura, 2006, p. 309). 

A teacher's self-efficacy has also shown a correlation to student achievement 

(Cantrell, 2003). A search for an instrument to test the self-efficacy of teaching engineering 

design yielded few results. Several instruments presented teaching self-efficacy (Bandura, 

2006; Dellinger, Bobbett, Olivier, & Ellett, 2008; Smolleck, Zembal-Saul, & Yoder, 2006; 

Yoon, Evans, & Strobel, 2012) and several measured engineering design or performing 
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engineering design (Carberry, Lee, & Ohland, 2010). Only one of the instruments mentioned 

teaching engineering design (Yoon et al, 2012); however, this was part of a larger measure of 

teaching engineering. This meant that in order to answer the question of what is the self-

efficacy of teachers in teaching engineering design; an instrument must first be developed.  

This research pursued the objective of developing such an instrument. 

Rationale 

The concept behind this study was that engineering design was a valuable topic of 

instruction from an integration and student benefit point of view. Engineering design had 

been determined to be of value, evidenced by its placement in national and international 

education standards for technology and engineering classrooms (ITEEA, 2007). The Board 

of Science Educators, BOSE, had also included technology, as it related to science and 

design, into the national standards for science education (2001) and their 2011 Framework 

for K-12 Science Education. Engineering design was also included in the National Research 

Council’s (NRC) Next Generation Science Standards (NGSS), finalized in 2013. The self-

efficacy of teachers teaching engineering design in the classroom told us how our teachers 

felt about presenting this topic to their students. 

Methodology 

 The methodology was based upon the practices used by other researchers in the 

development of other teaching self-efficacy instruments.  These researchers presented a 

systematic approach (Ritter, Boone, & Rubba, 2001; Smolleck, et al., 2006) or broke the 

steps into phases (Dellinger, et al., 2008; Carberry, et al., 2010).  The overall structure in the 
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literature pointed out a methodology represented by Figure 1.1, where items were slowly 

refined and reduced as the process commenced. Subject matter experts (SMEs) were selected 

based upon their knowledge of the construct and context (Carberry, et al., 2010; Smolleck, et 

al., 2006). For the purpose of this study the construct and context areas were self-efficacy 

(Bandura, 1977), engineering design (Lammi, 2011), and teacher education.  Once the 

instrument was created, it was tested on students in North Carolina State University’s 

Technology, Engineering, & Design Education program. 

 

 

Figure 1.1 Methodological Process of Item Creation and Reduction 

 

 

The focus of this study was to complete the initial steps, or phases, of instrument 

development for an instrument measuring the self-efficacy of teaching engineering design 

Initial Item Generation 

SME Recrutiment 

Item Refinement with SME Assitance 

First Generation Instrument 

Instrument Testing 

Instrument 
Analysis 

Instrument 
Refinement 
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(Baker, Krause, & Purzer, 2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 

2001; Smolleck, et al., 2006; Yoon, et al., 2012). While most research finished validation and 

reliability testing, producing a completed instrument, this research stopped during instrument 

analysis (Carberry, et al., 2010). For preliminary instrument development, this focus was 

narrowed to preservice teachers at North Carolina State University.  These selections were 

made based on the intended use of the instrument (Carberry, et al., 2010; Ritter, et al., 2001; 

Smolleck, et al., 2006) as well as funding restrictions.  The scope and results of this study 

allowed for scale up and further funding (Carberry, et al., 2010).  

The study had four SMEs. Each SME had a primary focus in teacher education, 

engineering design, or self-efficacy (Baker, et al. 2008; Smolleck, et al., 2006). A SME could 

have had knowledge in another area; however, they were selected for a primary area.  SMEs 

with multiple areas covered were given precedence over those without.  Two SMEs had 

expertise in engineering design, one from practicing engineers, and one from education. 

These responses were complied and analyzed. Several form of analyses were 

performed including factor analysis, descriptive statistics, and reliability testing (Baker, et al., 

2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 

2006; Yoon, et al., 2012). Factor analysis was preformed for item reduction (Smolleck, et al., 

2006; Carberry, et al., 2010) and principle factor identification (Carberry, et al., 2010).  

Reliability testing used Cronbach's α (Carberry, et al., 2010; Smolleck, et al., 2006; Yoon, et 

al., 2012). Descriptive statistics found the mean self-efficacy value for each item (Baker, et 
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al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 

2006; Yoon, et al., 2012) as well as the average self-efficacy for all items. 

Research Questions 

This study was designed to develop and validate a reliable instrument to measure self-

efficacy of teaching engineering design.  The research questions of this study were: 

1. Does the preliminary instrument align with the construct of self-efficacy? 

2. Does the preliminary instrument represent engineering design? 

3. Does the preliminary instrument measure the self-efficacy of teaching engineering 

design in preservice technology, engineering, and design education teachers? 

4. Does the preliminary instrument demonstrate reliability? 

Assumptions 

 The following were assumptions for this study: 

1. All respondents completed the instrument truthfully and to the best of their ability. 

2. All subject matter experts provided honest feedback to the best of their ability. 

3. Bandura’s social cognitive theory (1977) can explain the results. 

Limitations 

 The following limitations were recognized for this study: 

1. All students in the research study are from North Carolina State University. The result 

may then be specific to this group of participants. 

2. This research was only performed at North Carolina State University.  The results 

may be specific to this one location. 
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3. This research had a small sample size. 

4. This research was only performed during one semester.  The results may be specific 

to this one group of students. 

5. This was a preliminary study addressing only the first stages of instrument 

development. 

6. Engineering Design was defined by Subject Matter Experts at NC State. 

Definitions 

Bandura’s Social Cognitive Theory - a behaviorist learning theory that states learning 

is affected by performance accomplishments, vicarious experience, verbal persuasion, 

physiological states, and self-efficacy. (Bandura 1977; Bandura 1982) 

Complexness - as related to engineering design, relates to multiple potential solutions 

and multiple paths to solutions (Brophy,Klein, Porstmore, & Rogers, 2008). 

 Constraints - represent limitations placed on students by the engineering design 

challenge. These constraints could be reality based limitations, such first principles (Apedoe, 

Reynolds, Ellefson, & Schunn, 2008; Eisenkraft, 2011; Kolodner, 2002), or those reflective 

of real constraints, but imposed by the instructor, such as a project budget (Asunda & Hill, 

2007; Brophey, et al., 2008). 

Construct Definition - The key components of a construct being used to create a 

framework of understanding.  This study uses self-efficacy, which can be broken down into 

task, ability, and level of belief (Ritter, et al., 2001). 
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Content Definition - Content definition provides a clear and explicit outline of the 

content being tested.  This definition should break down the content into the individual 

components the work together to form the overall content. Each component should clear state 

how it relates to the content as a whole (Ritter, et al., 2001). 

Engineering Design - Engineering design “demands critical thinking, the application 

of technical knowledge, creativity, and an appreciation of the effects of a design on society 

and the environment” (ITEEA, 2007). 

Item Wording - Item wording frames the items in an instrument to identify with one 

construct, if multiple are present, and one context at a time. In the case of multifaceted 

content and constructs item wording insures only one portion of each is tested at a time. Item 

wording includes key words brought from the definitions of content and construct (Dellinger, 

et al., 2008). 

Preservice - Preservice indicates students enrolled in and working through a teacher 

education program. This does not include teachers already teaching in a classroom while 

completing a teacher education program (Erdem & Demirel, 2007). 

Relevance - There are many forms of relevance ranging from relevance to student's 

everyday lives (Apedoe et al., 2008; Brophy et al., 2008; Carlson & Sullivan, 2003; Carr & 

Strobel, 2011; Dally & Zhang, 1993; Kolonder, 2002; Sadler, Coyle, & Schwartz, 2000; 

Schunn, 2011) to relevance to real world problems (Brophy et al., 2008, Bucciarelli, 1994, 

Dym, Agogino, Eris, Frey, & Leifer, 2005, Mehalik, & Schunn, 2006). 
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Scale Selection - Scale selection is the identifying the number of response options for 

a Likert scale. It also requires providing descriptors above certain points. Scale selection 

includes not only the terms used as descriptors, but also how many descriptors and which 

points should have them. (Bandura, 2006) 

Self-Efficacy - Self-efficacy is a component of Bandura’s social cognitive theory 

initially put forth in 1977. Bandura (1977) defined self-efficacy as one’s belief in one’s 

ability to succeed in specific situations. Self-efficacy determines how successful a person 

believe they will be at a given task, how long they will continue in the face of adversity, and 

how much effort they are willing to put forth into the task (Bandura, 2006). 

STEM Education - STEM education is an educational approach that integrates 

Science, Technology, Engineering, and Mathematics classrooms. This approach recognizes 

that these separate disciplines are interrelated and student learning can be enhanced by 

relating subject matter across classrooms.  (Clark, 2012) 

Summary 

This study developed a preliminary instrument to test the self-efficacy of preservice 

teachers in teaching engineering design. The interest was the self-efficacy of teachers in 

teaching engineering design; however, in the absence of an already established instrument 

this study created one. Before moving forward with further research, it was necessary to 

determine the reliability and validity of the created instrument.  Reliability is never fully 

achieved, and validation often required more than one attempt.  This study represents the 
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initial instrument development process and the first round of required validity and reliability 

testing. 
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CHAPTER 2: REVIEW OF LITERATURE 

This chapter gives a review of literature relating to the development of an instrument 

designed to test the self-efficacy of STEM teachers teaching engineering design. This review 

was broken into two major sections, theoretical underpinnings, and instrument development. 

These sections were inter-related with instrument development relying on the theoretical 

underpinnings. 

Theoretical Underpinnings 

This section looked at defining self-efficacy and engineering design. It began by 

discussing self-efficacy and teacher efficacy. There was a difference between these concepts 

and this review was intended to illustrate the overlap and differences in concepts.  This was 

done as a result of these terms being used interchangeably throughout the literature.  The 

population of concern was preservice teachers within STEM education, thus it continued on 

to review STEM education and engineering design’s role in STEM education. Finally, it 

broke engineering design into base components and provides a definition of each of these 

components, as well as their characteristics. 

Self-efficacy. 

 Bandura's social cognitive theory (1977) postulated "the apparent divergence of 

theory and practice can be reconciled by postulating that cognitive processes mediate change 

but that cognitive events are induced and altered most readily by experience of mastery 

arising from effective performance”  ( p. 191). In this event, Bandura was referring to the 

idea that human behavior is a cognitive process, but the most ready way to influence this 
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behavior is performance-based.  Self-efficacy determined if a person believes they would be 

successful at a given task; how long they would continue if they encounter an obstacle; and 

how much effort a person put into the task.  According to Bandura (1977), "expectations of 

personal efficacy are based on four major sources of information: performance 

accomplishments, vicarious experience, verbal persuasion, and physiological states" (p. 195). 

Performance accomplishments revolved around mastery experiences, positive 

experiences increasing efficacy with negative ones decreasing it. According to Bandura 

(1977), “After strong efficacy expectations are developed through repeated success, the 

negative impact of occasional failures is likely to be reduced. Indeed, occasional failures that 

are later overcome by determined effort can strengthen self-motivated persistence…” (p. 

195). This meant the overall pattern and timing of failures has an impact on efficacy. 

Vicarious experience changed efficacy based on the performance accomplishments of 

others. These experiences were weaker than those directly gained by personal mastery 

experiences (Bandura, 1977).  Bandura (1977) wrote, “seeing others perform threatening 

activities without adverse consequences can generate expectations in observers that they too 

will improve if they intensify and persist in their efforts”  (p. 197). These experiences were 

best gained by observing a model that exhibits a genuine mastery experience of overcoming 

their difficulties (Bandura, 1977).  Additionally, “modeling behavior with clear outcomes 

conveys more efficacy information than if the effects of the modeled actions remain 

ambiguous” (Bandura, 1977, p. 197). 
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Teaching efficacy. 

Teaching efficacy was a belief that judges a teacher’s capability to obtain desired 

outcomes of engagement and learning from students, even those that are unmotivated or 

difficult. Teacher efficacy drove a teacher to set higher goals, invest more effort in teaching, 

and persist in the face of setbacks (Tschannen-Moran, & Hoy 2001). Bandura’s social 

cognitive theory and his later definition of self-efficacy (1995) caused the identification of 

teacher efficacy as self-efficacy with the task of teaching. Tschannen-Moran and Hoy (2001) 

postulated that while self-efficacy and teacher efficacy were similar, they were separate, 

intertwined concepts. Teachers’ efficacy beliefs affected classroom management, course 

structure, and teaching, communicating with students, and influencing student motivation 

(Erdem & Demirel, 2007). 

 Higher instructor efficacy resulted in students with higher standardized test scores 

and a positive attitude towards the content (Cantrell, 2003). Teaching efficacy and self-

efficacy were closely related, intertwined concepts (Tschannen-Moran & Hoy, 2001). 

Teaching efficacy was the instructor’s belief of being able to affect change in students, but 

was situation specific. Engineering design did not use standardized testing to measure student 

achievement. Cantrell (2003) demonstrated the link between standardized test scores and 

teacher efficacy. In these cases, standardized testing was the measure of student achievement, 

but it showed that teacher efficacy and student achievement were correlated. 

A contributing factor to student achievement was effective instruction and education. 

Determining if effective instruction was taking place is then important. Standardized testing 
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was one such method of evaluating the effectiveness of education; higher scoring students 

had instructors that were more effective. Instructor efficacy contributed to student attitude 

towards content and student achievement (Cantrell, 2003). 

The self-efficacy of a teacher teaching a concept contributed to overall teaching 

efficacy, but focused on the content presentation portion of teacher efficacy. With self-

efficacy and teacher efficacy so closely related a higher self-efficacy for the teacher results in 

a higher teacher efficacy. Determining the self-efficacy of an instructor on teaching content 

was then important; in this case, the content was engineering design principles and skills. 

STEM Education. 

Science, Technology, Engineering, and Mathematics education had seen changes to 

their standards that have resulted in more integration. Each area had a set of standards to 

drive the educational aim of their respective programs. These standards were created by 

national or international organizations with the input of experts from the field.  These 

standards then represented what experts in each area feel students today need to know in 

order to be successful later in life. 

The technology education standards were created by the International Technology 

and Engineering Educators Association, ITEEA.  ITEEA published the Standards for 

Technological Literacy (STL) under the banner of ITEA. ITEEA (2007) defined 

technological literacy as “the ability to use, manage, assess, and understand technology” (p. 

7). ITEEA believed this was important for students so that students “will be comfortable with 
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and objective about technology...” (2007, p. 9). Towards this end, they had created a series of 

standards that move students towards these goals. 

The Board on Science Education, BOSE, created a set of standards for science 

educators aimed at making students more scientifically literate. The BOSE (1996) defined 

scientific literacy as “the knowledge and understanding of scientific concepts and processes 

required for personal decision making, participation in civic and cultural affairs, and 

economic productivity.” (p. 22) The BOSE (1996) also stated that students should be able to 

“... express positions that are scientifically and technologically informed.”  “In learning 

science, students describe objects and events, ask questions, acquire knowledge…, and 

communicate their ideas to others” (BOSE, 1996). 

Technology, Engineering, and Design Education. 

Technology, Engineering, and Design (TED) education represented the T and E of 

STEM education. The American Society for Engineering Education (ASEE) stated part of its 

purpose is "the advancement of education in all of its functions which pertain to engineering 

and allied branches of science and technology." ABET's vision stated that they "assure 

quality and stimulating innovation in applied science, computing, engineering, and 

engineering technology education." This vision identified the four program areas with which 

ABET accreditation is concerned two of which are: engineering education and engineering 

technology education. ABET (2012a) listed general student outcomes for engineering 

education that include applying mathematics, science, and engineering; identify, formulate, 

and solve engineering problems; and the ability to design within realistic constraints.  ABET 
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(2012b) listed general student outcomes for engineering technology education that include: 

"the impact of engineering technology solutions in a societal and global context" (p. 3); 

"ability to select and apply a knowledge of mathematics, science, engineering, and 

technology to engineering technology problems" (p. 3); and "an ability to apply written, oral, 

and graphical communication in both technical and non-technical environments”  (p. 3.) 

These two prominent organizations in engineering education provided enough information to 

generate a simplified definition of the field of technology and engineering education as 

teaching students to apply math, science, engineering, and technology to solve problems 

within realistic constraints. 

While ABET focused on post-secondary accreditation, this definition informed the 

coverage of the discipline. Reviewing ABET (2012a; 2012b) guidelines revealed that 

engineering and technology go much deeper than this simple definition illustrated.  ITEEA 

(2007) also provided the STL, which outlined in detail the topics they felt should be included 

with technology and engineering education. There were 20 standards in the STL ranging from 

construction, manufacturing, transportation, to design, and engineering design. ITEEA 

(2007) also mentioned cultural, social, economic, and political effects of technology. While 

ITEEA's focus was on K-12 education and ABET's on post-secondary, these two groups had 

very similar ideas for the domain of Technology, Engineering, and Design education. The 

basic definition generated from ABET (2012a; 2012b) documents holds true and is 

reinforced by ITEEA's (2007) STL.  Both of these groups also took the time to explicitly 
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mention societal and global effects of technology, indicating that Technology, Engineering, 

and Design education was a discipline aware of global implications of their field. 

In addition to ABET and ITEEA, NRC provided a definition of practices that defined 

Technology, Engineering, and Design education. The NGSS stated, “the Framework specifies 

that each performance expectation must combine a relevant practice of science or 

engineering with a core disciplinary idea and crosscutting concept” (2013, Appendix G p. 1).  

They further identified eight practices that were essential for students to learn: 

1. Asking questions (for science) and defining problems (for engineering) 

2. Developing and using models 

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using mathematics and computational thinking 

6. Constructing explanations (for science) and designing solutions (for engineering) 

7. Engaging in argument from evidence 

8. Obtaining, evaluating, and communicating information 

(NRC, 2012, Appendix G p. 1).  These practices were “derived…based on an analysis of 

what professional scientists and engineers do” (NRC, 2012, Appendix G p. 2). These three 

organizations helped define the domain of TED education. Self-efficacy instruments were 

used in various parts of TED, being used to assess students (Baker, et al., 2008; Carberry, et 

al., 2010) and teachers (Yoon, et al., 2012). 

Engineering Design. 

Science education recognized that in order to be scientifically literate students need to 

understand technology.  This was evident in their definition of scientific literacy as well as 

their standards. The BOSE (1996) had a standard for science and technology, which broke 

into three parts: abilities to distinguish between natural objects and objects made by humans, 
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abilities of technological design, and understanding about science and technology. They 

specifically called out technological design and technology itself. Technology education was 

responsible for teaching students about technology and making them technologically literate 

students. In their more recent standards, BOSE (2011) had specifically included engineering 

design as a separate topic from the aforementioned parts. 

The STL provided a section for the education of students about technology and 

design. In this section there was a standard listed as Engineering Design. This concept was 

important enough to ITEEA to call it out separately so that an emphasis was placed upon 

learning engineering design.  ITEEA identified engineering design for K-12 students by “the 

engineering design process includes identifying a problem, looking for ideas, developing 

solutions, and sharing solutions with others” (2007, p100).  As a student progressed through 

their education, this concept became more complex than just one simple sentence could 

convey. 

ITEEA was a leading source for the standards and practices of technology and 

engineering education. Their definition provided an adequate starting point for understanding 

engineering design; however, engineering design in practice was not clearly definable. 

Engineering design was however, a process, which means that it did have some order. 

Engineering design was not trial and error; it was intentional and purposeful in seeking a 

solution to the problem (Lammi, 2011). The methods of teaching engineering design were as 

diverse as its definitions. One of the ways engineering design was taught was through a series 

of engineering design challenges (Lammi, 2011).  These challenges brought in real world 
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examples of how design problems were solved.  An understanding of the engineering design 

problem then informed what practitioners and researchers feel the parts of engineering design 

were, and which were most vital for students to learn (Lammi, 2011). 

Engineering design problems had multiple facets, not all of which related to 

engineering design itself. Components of the problem such as pedagogical methods and 

relevance did not factor into how the problem expresses engineering design. These items 

could factor into the success of the problem, but this success was not relevant to the idea of 

engineering design itself. A focus on the portions of the problem that elicited the process of 

engineering design identified what practitioners and researchers felt were the components of 

engineering design. Engineering design could be identified to have four major components: 

complexness, processes, relevance, and constraints (Lammi, 2011).  Each of these 

components could be further broken down into characteristics (Lammi, 2011). This structure 

helped identify engineering design in a way that provides instructional goals. Appendix A 

provides several tables summarizing research reviewed and the concepts mentioned in each 

of the articles. Each table represents a specific component, discussed below, and provides the 

characteristics present within that component. A mark in these tables means the literature 

either explicitly stated the characteristic or the characteristic was implicit from the 

discussion. Table 2.1 below provides an example of information found in each of these 

tables. 
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Table 2.1 Characteristics of Constraints Component for SETED 

Article 

Based on 1
st
 

Principles 

Applied 

Math 

Material 

Resources Cost 

Apedoe et al., 2008     

Asunda & Hill, 2007 x x  x 

Brophy et al., 2008 x x  x 

Bucciarelli, 1994 x x  x 

Carlson &Sullivan, 

1999 
 x  x 

Carlson &Sullivan, 

2003 
x    

Carr & Strobel, 2011 x    

Dally & Zhang, 1993   x x 

 

 

Complexity. 

Complexity here represented the complexity of problem, and the possible solutions 

that resulted from this complexity. This complexity could be further broken down into the 

characteristics of open-ended, multiple solution paths, no known solution, systems 

perspective, and multidisciplinary. Engineering design itself was open-ended as there was no 

one way to approach to process. Open-ended was possibly another heading for the 

complexity component, but it did not have the same strength as complexity (Lammi, 2011). 

The idea of open-ended meant the path to the answer is not clear. There were multiple 

ways to arrive at an answer. In the case that a problem only had, one correct solution there 

were multiple paths to this solution (Lammi, 2011).  This did not necessarily mean multiple 

solutions; however, most engineering design problems did have multiple solutions (Brophy, 
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Klein, Portsmore, & Rogers, 2008).  The next component of engineering design problems 

was found to be relevance. 

Relevance. 

Relevance was a function of the engineering design problem, while not specifically 

part of engineering design practice; it was required to teach students engineering design.  

Educators should help make engineering design activities relevant to learners (Brophy, Klein, 

Portsmore, & Rogers, 2008) thereby increasing the buy-in from students (Sadler, Coyle, & 

Schwartz, 2000). There were many forms of relevance ranging from relevance to student's 

everyday lives (Apedoe et al., 2008; Brophy et al., 2008; Carlson, 2003; Carr & Strobel, 

2011; Dally, 1993; Kolonder, 2002; Sadler et al., 2000; Schunn, 2011) to relevance to real 

world problems (Brophy et al., 2008, Bucciarelli, 1994, Dym et al., 2005, Mehalik, & 

Schunn, 2006). This range meant that when teaching engineering design an instructor may 

have had different types of relevance with every problem. It might also have been possible 

for an instructor to include multiple forms of relevance in every engineering design problem. 

Processes. 

Process here does not refer to a set of discrete steps students follow to complete an 

engineering design problem, but instead methods utilized to create artifacts of learning. Many 

processes result in the communication of an idea, an integral component of engineering 

design (ITEEA, 2007). Graphical visualizations encompass any way in which learners 

attempt to visualize design details (Mehalik & Schunn, 2006). Drawing is a prevalent form of 

graphic visualization, found throughout engineering design (Bucciarelli, 1994). Processes are 
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not limited to just things that create artifacts, including decision-making as well. Most 

decision-making may not be readily apparent, but can be viewed through the changes in 

iterative artifacts. 

Constraints. 

Engineering design is never performed in a vacuum.  While relevance dictates the 

inclusion of restrictions on students' work, constraints play a practical part in engineering 

design outside of just relevance. Learning to work within constraints is essential for students 

as resources are limited and every project has a budget (Asunda & Hill, 2007; Brophy, et al., 

2008; Carlson & Sullivan, 1999). Other constraints, such gravity, cannot be broken and 

learners should expect to work within these constraints. It is within constraints that 

engineering design readily offers a mode to teach core concepts from other STEM disciplines 

(Apedoe, Reynolds, Ellefson, & Schunn, 2008; Eisenkraft, 2011; Kolonder, 2002). 

Prior Instrument Development 

This section examines the process of developing an instrument to measure self-

efficacy. Instrument development follows the process of item generation, item refinement 

and testing, and instrument validation (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, 

et al., 2008; Ritter, et al, 2001; Smolleck, et al., 2006; Yoon, et al., 2012). Each of these 

sections contain multiple procedures, which are explained under their over-arching section of 

the instrument development process.  These processes explain and influence the methodology 

required to develop and validate an instrument. 
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Figure 2.1 illustrates the overall process of creating and refining items. The pyramid 

structure is from the perspective of items present within an instrument. Items are constantly 

refined and reduced as the instrument development process progressed. Once an instrument 

makes it to the factor analysis stage, item reduction is only done if factor analysis or internal 

reliability testing indicated there is an issue (Dellinger, et al., 2008; Smolleck, et al., 2006).  

If item reduction occurred, then the process restarts at instrument testing, with the generation 

of instrument updating to the newest version (Smolleck, et al., 2006). 

 

 

Figure 2.1 Methodological Process of Item Creation and Reduction 

 

 

 

Initial Item Generation 

SME Recrutiment 

Item Refinement with SME Assitance 

First Generation Instrument 

Instrument Testing 

Instrument 
Anaylsis 

Instrument 
Refinement 
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Item Generation. 

Item generation is the first stage of instrument development and breaks into several 

components: construct definition, content definition, item wording, and scale selection 

(Bandura, 2006). Before items can be created, a construct is identified as it contributes to the 

manner in which individual items are worded (Bandura, 2006).  Content definition is coupled 

with construct definition in order to finalize item wording (Bandura, 2006; Dellinger, et al., 

2008; Smolleck, et al., 2006). 

Construct definition. 

Identifying the binding constructs of the instrument informs item wording. The 

construct is defined in the research in order for any validity testing to be performed.  If the 

driving construct of the instrument is to be self-efficacy then defining self-efficacy is an early 

step in the process of item generation (Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et 

al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012). Badura’s social cognitive theory (1977, 

1995) puts forth the concept of self-efficacy and is thus used to define self-efficacy.  Bandura 

(2006) also states, “Self-efficacy is concerned with perceived capability. The items should be 

phrased in terms of can do rather than will do” (p. 308). Some researches utilize a stem, 

which provides a set of base wording expanded upon by the individual items (Bandura, 2006; 

Dellinger et al., 2008).  Other researchers use individual items, with similar or identical 

wording, that act as complete thoughts to which the subject responds (Smolleck, et al., 2006; 

Carberry, et al., 2010; Yoon, et al., 2012) 
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Content definition. 

Content definition is required before item generation as it combined with construct 

definition to inform item generation. Content definition involved researching the content in 

question (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al, 2001; 

Smolleck, et al., 2006; Yoon, et al., 2012). This process identifies the domain of which self-

efficacy is being measured.  In the case of Bandura (2006), several examples are given of 

general teaching self-efficacy.  There are two different processes for defining content, though 

both involve SMEs. 

The methods are separated by where the initial content generation starts.  The first 

method starts content definition with the SMEs. In this method, researchers create open-

ended questions about engineering design and administer the questions to experts (Baker et 

al., 2008). The experts answer the questions and return the results to the researchers. Baker et 

al, (2008) code this SME feedback; using this coding to generate items. These items are then 

sent for SME review and checking. This process repeates cyclically until the researchers are 

left with a finalized list of components returned from all SMEs with very few or no 

comments. 

The second method of content definition keeps the cyclical nature of the first method; 

however, the researchers themselves generate the initial list of components and submit them 

to SMEs (Dellinger, et al., 2008; Smolleck, et al. 2006). A review of literature has not shown 

either method to be clearly superior for the definition of content. The process used is left to 

the researcher and has not shown negative effects on validity or reliability.  Once the process 



27 

 

 

 

 

is complete the content definitions are combined with the construct definition to create items 

(Baker, et al., 2008; Carberry, et al., 2010; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, 

et al., 2012). 

Item wording. 

Item wording is the final portion of item generation and is used to separate each facet 

of the context and test for only one component based around self-efficacy.  Literature shows 

that some researchers use negatively worded items to increase reliability (Baker, et al. 2008); 

however, the majority of the literature does not utilize negatively worded items (Carberry, et 

al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al., 

2012). This implies that the use of negatively worded items does not greatly increase 

reliability. Additionally, the use of negatively worded items did not adversely affect the 

reliability of instruments (Baker, et al., 2008), so the use of them is left to the researcher.  

Once the items have been generated through item wording, construct definition, and content 

definition they are reviewed by SMEs. 

Before testing the instrument, each item is sent to subject matter experts in the 

various fields to which each item related.  The selected subject matter experts relate to 

construct, content, and context. These SMEs provide a review of each item to recheck the 

construct and content (Carberry, et al., 2010; Ritter, et al., 2001; Smolleck, et al., 2006). If 

any error is noted on an item, it is adjusted and reviewed again (Carberry, et al., 2010; Ritter, 

et al., 2001; Smolleck, et al., 2006). Once the items are finalized, they are placed on the 

instrument with the scale (Bandura, 2006). 
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Scale selection. 

The scale for this instrument is a Likert scale (Baker, et al., 2008; Carberry, et al., 

2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al.,. 2012). 

Research indicates that a process for selecting the number of points on the scale starts with 

identifying even or odd number of points, selecting the exact number of points, frequency of 

wording, and then selection of terms (Bandura, 2006; Baker, et al., 2008; Carberry, et al., 

2010; Dellinger, et al., 2008; Pajares, 1996; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, 

et al., 2012).  Research exists for both odd and even number of points; however, majority of 

the reviewed literature uses an odd number of points (Bandura, 2006; Dellinger, et al., 2008; 

Carberry, et al., 2010; Baker, et al., 2008; Smolleck, et al. 2006). This indicates for this type 

of instrument the preference should be to utilize an odd number; however, the number of 

points is left unclear.  However, Bandura (2006, p. 312) indicates that even within an odd 

number scale the central point is moderate assurance. Typically in odd numbered scales the 

central point is listed as neutral (Dellinger, et al., 2008; Carberry, et al., 2010; Baker, et. al., 

2008; Smolleck, et al., 2006). Bandura (2006) also only adds a descriptor to the most extreme 

and central values. 

Bandura (2006) suggests an eleven-point scale ranging from zero to 100 with 10 unit 

increments; this can be simplified down to a 0 to 10 scale with increments of one.  This 11-

interval scale has a greater predictor of performance over a 5-interval scale (Pajares, 1996). 

This is due to respondents being less likely to utilize extremes, thus shrinking any scale size 

by two. This scale can be modified during refinement after testing.  This refinement is 
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influenced by the distribution of responses.  Responses should be distributed over majority of 

the range. 

Scale selection also includes descriptive interval wording. Out of the total number of 

intervals in a scale, how many intervals should have wording and which intervals should 

receive this wording is determined. Several researchers identify the extreme intervals 

(Dellinger, et al., 2008; Carberry, et al. 2010; Baker et al. 2008; Smolleck, et al., 2006; 

Bandura, 2006). Some researchers identify the center interval as well (Bandura, 2006; 

Carberry, et al., 2010); the other researchers all use or modified the same instrument, 

developed by Enoch and Riggs (1990). 

Instrument testing and analysis. 

After the items are developed, placed with a marked scale, and refined, pilot testing 

of the instrument occurrs. In pilot testing, the instrument is administered to a sample 

population (Baker, et al., 2008; Carberry et al., 2010; Dellinger et al., 2008; Smolleck et al., 

2006).  This sample is selected as representative of the intended population; however, the 

selection process is often driven by funding.  If a study is meant to be wide spread, the ideal 

testing subjects are spread throughout the intended population.  The instrument is 

administered to this group and the results are collected (Baker, et al., 2008; Carberry, et al., 

2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al.,. 2012). 

The results are then tested with factor loading (Baker, et al., 2008; Carberry, et al., 

2010; Ritter, et al., 2001; Smolleck, et al., 2006).  In a multiple construct instrument, factor 

loading is performed on the results to test for construct validity (Baker et al., 2008; Ritter et 
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al., 2001; Smolleck, et al., 2006).  If an individual item is found to be crossing constructs, it 

is removed or reworded.  However, this is not the only use of factor analysis; factor analysis 

is also used to assist with item reduction (Carberry et al., 2010; Smolleck, et al., 2006). 

In this second form of factor loading, testing determines if they only tested one factor 

of a construct. If an item is found to test more than one factor, it is removed or modified 

(Carberry et al., 2010; Smolleck, et al., 2006).  A third use of factor analysis searches for 

underlying factors within a construct (Carberry et al., 2010). The second and third uses of 

factor analysis are often related and assist with item reduction (Carberry, et al., 2010; 

Smolleck, et al., 2006).  In addition to factor analysis internal reliability testing is performed 

(Baker, et al., 2008; Carberry, et al., 2010; Ritter, et al., 2001; Smolleck, et al., 2006). 

Internal reliability has several options such as the Spearman-Brown coefficient or 

Cronbach’s α. These tests are intended to determine the correlation between all the items and 

find if they are all measuring the same phenomenon.  Cronbach’s α is used by Carberry et al. 

(2010); Yoon & Evans (2012); and Smolleck, Zembal-Saul, & Yoder (2006) with Spearman-

Brown being used by Baker, Krause, & Purzer (2008).  Ritter, Boone, & Rubba (2001) uses a 

coefficient α, but do not specify which one; Dellinger et al. does not discuss any internal 

reliability testing during the development process. This presents a strong case for utilizing 

Cronbach’s α for internal reliability. 

Instrument refinement. 

The process of testing and instrument and modifying the items until they properly 

align with the construct and context is refinement. Refinement is not a finite process 
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(Smolleck, et al., 2006); it is cyclical, using a new sample each time, and continues until the 

factor loading indicates the items are correctly aligned (Ritter, et al., 2008; Smolleck et al., 

2006). The repeated process is sample group testing, factor loading, and then item 

refinement. The last iteration of this process does not include item refinement. If items are 

refined, the process needs repeated until they need no adjusting (Carberry et al., 2010; 

Smolleck et al., 2006). Some studies only complete initial analysis after one round of testing 

(Carberry, et al., 2010). Any additional actions are being addressed as recommendations 

(Carberry, et al., 2010). 

Within educational research, there is a large body of research related to teaching self-

efficacy (Bandura, 2006; Dellinger et. al., 2008; Smolleck et al. 2006; Yoon, et al., 2012); a 

subset of this research relates to engineering concepts and processes (Yoon, et al., 2012). 

These approaches provide a broad foundation of information for analyzing instrument 

development methods. The surveyed research suggests that there are at least several stages in 

the development of a self-efficacy instrument: item generation, construct and content 

validity, instrument testing, and instrument refinement (Baker, et al., 2008; Carberry, et al., 

2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012). 

Construct, Context, and Content Validity 

The research shows that the first step in validation is defining self-efficacy as a 

construct and more specifically how the construct found representation in the instrument. 

Although all of the studies refer to Badura's theories, there are slight variations within these 

definitions. Dellinger, et al. (2008) utilizes a unique stem they classified as a BELIEF stem. 
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The stem is a base phrasing on which the items expand. In Dellinger, et al. (2008) the belief 

stem is phrased: "Right now in my present teaching situation, the strength of my personal 

beliefs in my capabilities to...”  (p. 764) which then corresponds to the items.  The complete 

phrase for item 7 of the Dellinger, et al. (2008) instrument reads, "Right now in my present 

teaching situation, the strength of my personal beliefs in my capabilities to redirect students 

who are persistently off task is..." (p. 764), and then the respondent selects the appropriate 

Likert scale value, 1-4, to complete the phrase. Dellinger, et al. (2008) found that “the 

BELIEF items elicited somewhat different results than the traditional item stems” (p. 756), 

and that “the BELIEF item stem (responses) were not as strongly correlated with traditional 

stem responses” (p. 756). They felt this stem is "more consistent with the language of self-

efficacy theory" (Dellinger, et al., 2008, p. 756).  Construct validation is performed to 

determine if the items previously developed actually check the construct of self-efficacy 

(Baker, et al., 2008; Carberry, et al., 2010; Smolleck, et al., 2006). A construct is defined as a 

behavior that is not directly observable (Bandura, 2006).  Given that the instrument is 

intended to test self-efficacy, a behavior that takes place internally, it requires construct 

validity in order for any of the information provided to have merit (Baker, et al., 2008; 

Carberry, et al., 2010; Smolleck, et al., 2006).  It is also performed before the instrument is 

utilized to insure that construct validity has not been compromised in the refinement process 

(Baker, et al., 2008; Carberry, et al., 2010; Smolleck, et al., 2006). Construct validity is then 

often accompanied by context validity to determine that not only is the instrument sound in 

the construct of self-efficacy, but it is also rooted in the correct environment (Baker, et al., 
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2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 

2006). 

Context validation is utilized to determine that the construct has seamlessly been 

combined with content (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; 

Ritter, et al., 2001; Smolleck, et al., 2006). For self-efficacy instruments, validation uses 

factor analysis to check to see if the items are correlated not only to context specific factors, 

but to the correct construct as well (Smolleck, et al., 2006). Research relating to specific 

forms of self-efficacy such as teaching science as inquiry (Smolleck, et al., 2006), 

engineering design (Carberry, et al., 2010), and the broader concept of teachers’ self-efficacy 

(Dellinger, et al., 2008) all utilize context validation. These studies show in each of their 

cases that the individual items present on the test relate to the construct of self-efficacy and 

the subject matter in which self-efficacy has been grounded. 

Content validation seeks to show that the subject matter presented in an instrument 

adequately represents and describes the content in question. Carberry, et al. (2010) utilizes 

content validation to determine that each of the eight-steps in their engineering design 

process is represented.  They also perform factor analysis to insure that wording does not 

over represent any one dimension and that each item exclusively checks the content it was 

intended to check. Baker, et al. (2008) provides experts in the field with open ended 

questions and then utilizes a thematic count system to generate items that best cover the 

content being assessed. The result is valid content, directly provided by a variety of experts. 

Most researchers generate their own content (Bandura, 2006; Carberry, et al., 2010; 
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Dellinger, et al. 2008; Smolleck, et al., 2006), so factor analysis and expert evaluation is later 

required to insure that the instrument adequately represented the intended content. This is 

conducted by researchers submitting the generated items to experts in the field for analysis 

and comment (Carberry, et al., 2010; Dellinger, et al., 2008; Smolleck, et al., 2006).  

Research has shown that wording is an influential factor in the results of the factor analysis to 

check for validity. 

Reliability 

            Reliability has different schools of thought, differing on which tests should be 

used to check for reliability. Most of the studies use similar testing procedures involving a 

Likert scale, Cronbach’s α, (Carberry, et al., 2010; Smolleck, et al., 2006; Yoon, et al., 2012) 

but a few studies utilize the Spearman-Brown reliability coefficient (Baker, et al., 2008) 

while others utilize an unspecified test of reliability (Dellinger, et al., 2008; Ritter, et al., 

2001). Cronbach’s α is a test for internal reliability amongst items. The value indicates the 

degree with which the items are converging on testing a singular concept. Cases are made for 

various different levels of Cronbach’s, however DeVellis (2003) suggests Cronbach’s should 

be between .7 and .95.  Care must be taken once a value approaches or breaks .9 as a value 

“above .9 may suggest redundancies and show that the test length should be shortened”  

(Tavakol & Dennick, 2011, p. 54). 

Other Information 

Studies utilize samples ranging from 100-300 for their validation and pilot testing 

(Smolleck et al., 2006; Carberry et al., 2010; Dellinger et al., 2008; Hailey, Austin, Denson, 
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& Householder, 2011).  These samples are then parsed down based on research dependent 

criterion, Carberry, et al. (2010) for example removes respondents that did not complete the 

entire instrument, and removes responses that had the same score for each item.  Each of 

these decisions has a justifiable reason for doing so and defense for the decision is provided 

in the research.  The process of validation seems to trend along a path from smaller to larger 

sample sizes, as the instrument becomes more refined (Baker, et al., 2008).  During the initial 

testing stages, researchers often use smaller sample sizes (Baker, et al., 2008). The large 

sample size studies also support this idea by including smaller sample sizes to test for 

validity of the instrument (Smolleck, et al. 2006). The studies, regardless of sample size, are 

still able to produce clear informative results. With smaller sample, studies note that the 

information found indicate enough validity to either pursue refinement or further validity and 

reliability testing (Carberry, et al., 2010). Most studies gather demographic information, 

however only a few studies actually require this information for the research (Cocannon & 

Barrow, 2009). This practice implies that gathering basic demographic information does not 

compromise the results gained by the instrument (Baker, et al., 2008; Carberry, et al., 2010; 

Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012). 

Summary 

This literature review was broken into two major sections: instrument development 

procedures and the self-efficacy of teaching engineering design. This study aimed to create 

an instrument that tests the self-efficacy of teachers teaching engineering design. In order to 

understand this process it was broken into the two previously mentioned sections. The first 
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section presented reviewed the concepts of self-efficacy, teaching efficacy, STEM education, 

and engineering design. 

The first concept reviewed in this chapter discussed self-efficacy and its role in 

education. Self-efficacy described how one felt about the level of their ability to complete a 

task. Because of this self-efficacy acted as a predictor of how likely, someone was to attempt 

a task and his or her reaction when a person encountered an obstacle when performing a task.  

Self-efficacy focused only on one task at a time. Teaching efficacy had links to the success of 

a teacher in delivering effective education. Self-efficacy of teaching a subject was one of the 

determinants of teaching efficacy. After explaining these constructs, which were specific to a 

domain, this chapter moved to explaining the domain of interest. 

Engineering design was a concept present across multiple areas of STEM education 

as not only just a concept but also a standard. This chapter reviewed literature on the 

characteristics of engineering design. It provided each of these characteristics, and organized 

them into groupings referred to as components. These components and characteristics broke 

a large concept, such as engineering design, into smaller, specific components to be utilized 

as the domain within self-efficacy.  After defining self-efficacy and engineering design, this 

chapter moved to explaining the process of creating a self-efficacy based instrument. 

In the later parts of this chapter the methodology of several different studies were 

analyzed and presented in the order of occurrence.  This process was not linear, having 

several looping elements that occurred before progression into the next stage. The overall 

structure of the instrument development process was presented.  This chapter then moved 
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through this process in order, explaining each individual step in greater detail.  As the chapter 

moved from initial item generation towards instrument validation, each step was broken 

down, noting which portions were linear, concurrent, and cyclical.  This process began with 

item generation, which contained the concurrent steps of construct definition, content 

definition, and scale selection. After item generation, it was a linear move towards SME 

involvement.  Work with SMEs was cyclical starting with items being given to SMEs, SME 

feedback, and ending with item refinement. Once item refinement with SMEs was finished a 

linear move towards instrument testing was made.  Instrument testing included the analysis 

of the results gained when the instrument was given to a sample.  This analysis included 

concurrent tests of internal reliability such as Cronbach’s α, correlation tests, and factor 

analysis. A linear move was then made to item refinement, which used the information 

gained in the previous step to modify or eliminate items.  This cyclical process moved back 

to the testing until reliability and validity could be demonstrated. 
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CHAPTER 3: METHODOLOGY 

Purpose of the Study 

The purpose of this study was to develop an instrument to measure the self-efficacy 

of preservice technology and engineering teachers in teaching engineering design. The 

researchers wished to answer the question of how teachers felt about their abilities to teach 

engineering design. They then sought out an instrument to suit their needs. Similar 

instruments were found, but none looked specifically at the question presented by the 

researchers.  It was then determined that the instrument must be developed. 

Research Questions 

This study was designed to develop and validate a reliable instrument to measure self-

efficacy of teaching engineering design.  The study was driven by the question: What is the 

self-efficacy of STEM educators in teaching engineering design? Since this study involved 

instrument development though, the research questions of this study were: 

1. Does the preliminary instrument align with the construct of self-efficacy? 

2. Does the preliminary instrument represent engineering design? 

3. Does the preliminary instrument measure the self-efficacy of teaching engineering 

design in preservice technology, engineering, and design education teachers? 

4. Does the preliminary instrument demonstrate reliability? 

Target Population 

The target population for this study was selected based on meeting the criteria: 

 1) Participants were at a preservice level 
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2) Participants were enrolled in a Technology or Engineering education 

degree program 

3) Participants were above the age of 18 

4) Participants had taken a course on engineering design 

Sample 

This study used a sample of 31 students enrolled in North Carolina State University’s 

TDE program. These participants were voluntary. The sample was indicative of the target 

population because students enrolled in the program met all the criteria as long as they were 

also over the age of 18. 

Procedure 

 This study was conducted following a process informed by reviewed literature.  It 

operated by performing discrete steps (Ritter et al., 2001; Smolleck, 2006). Steps were 

divided into phases based upon the focus of the step(s) (Dellinger et al., 2008; Carberry et al., 

2010).  Unlike Smolleck, et al., (2006) it did not continue past initial validation and 

reliability testing. The steps presented in figure 3.1, below, provide the steps used. These 

steps were broken into phase much like Baker, et al. (2008).  
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Figure 3.1 Steps for Development of the Preliminary SETED 

 

 

The first 4 steps represented phase one. Phase one was item generation by researchers, phase 

two, item refinement with the inclusion of subject matter experts.  Phase two contained the 

fifth and sixth steps from Figure 3.1, while phase three was only step seven. Phase three was 

pilot testing of the instrument, and phase four was instrument refinement based on phase 

three results. Phase four was step eight; however, a full analysis was not completed. Analysis 

stopped after initial factor analysis and reliability testing (Carberry, et al., 2010).  This 

methodology was part of a larger validation process that uses a triangulated mixed method 

methodology of validation. At the conclusion of this process, a validated instrument was not 

provided.  An instrument was provided, however it would need more work before validation 

and reliability was fully achieved.  Figure 3.2 provides the general methodology used as 

items were generated and then refined down to the final instrument. 

Construct 
Definition 

Content 
Definition 

Item Creation 

(45 Items) 

Item 
Refinement 

SME  Review 

 (4 SMEs) 

Item 
Modification 

Instrument 
Administration 

(41 Items) 

Analysis 

(32 
Participants) 
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Figure 3.2 General Methodological Process for Instrument Development 

 

 

The research was conducted with smooth transitions in between phases. The inclusion 

of SMEs marked the beginning of phase two. Phases one and two represented the majority of 

the research’s time commitment as the instrument was initially developed. Phase three 

occurred only after approval by the institutional review board (IRB). Phases one and two 

were conducted before this approval was gained. After IRB approval and the completion of 

phases one and two, phase three began. As a part of phase three, the results were analyzed 

Initial Item Generation 

(Items Created by Researchers) 

SME Recrutiment 

(Recruited for Construct and Context Specialties) 

Item Refinement with SME Assistance 

(Items Modified for Construct and Content 
Validity) 

First Generation Instrument 

(Initial Instrument Created from 
Refined Items) 

Instrument Testing 

(Instrument Tested by 
Participants) 

Instrument Analysis 

(Instrument 
Analyzed for 

Reliability and 
Validity) 

Instrument 
Refinement 

(Items 
Removed or 
Modified) 
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and the results will inform the refinement of the instrument, which is phase four. Phase four 

was outside the scope of this research, but has been included as it is important to the overall 

methodology of instrument development. 

Phase One - Item Generation. 

The study started by following the methodology described in the literature beginning 

with item creation, initially performed by the researcher (Baker, et al., 2008; Dellinger, et al, 

2008; Smolleck, et al., 2006). Research showed that there were several ways to frame the 

questions. Bandura (2006) suggests a belief stem, however majority of the research used 

individually worded items (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; 

Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012). Phase one included the steps 

of construct definition, content definition, scale selection, and item wording. The study 

looked at prior instrument development practices to determine how to handle each of these 

areas. This study sought to measure the self-efficacy of science, technology, engineering, and 

mathematics teachers in teaching engineering design. This statement informed the content 

and construct the instrument tries to measure. Figure 3.3 displays the process of creating 

items. 
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Figure 3.3 Item Generation Methodology 

 

 

Construct definition identified the binding constructs of the instrument and the key 

components of the constructs that must be included in the instrument itself (Bandura, 2006; 

Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; 

Smolleck, et al., 2006; Yoon, et al., 2012). The constructs formed the framework for 

understanding the instrument. This study focused only on one construct, self-efficacy. 

Bandura (1977) put forth the concept of self-efficacy and defined it as one’s belief in one’s 

ability to succeed in specific situations. Bandura (2006) also noted that this is not a measure 

of intent but capability, thus wording such as “can” should be used over “will”. Self-efficacy 

was task specific so the task was also identified as a part of the construct. This logic resulted 

in the development of two self-efficacy stems: “I feel I can teach students…” and “I believe I 

can teach students…” Every item used an alternate stem, resulting in about half of the items 

utilizing each stem. This was done to follow along with the mainstream approach of using 

individually worded items (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; 

Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012) versus Bandura’s (2006) belief 

stem approach. There was no difference in validity between the two approaches, and the 

selected method allowed for negatively worded items (Carberry, et al., 2010). After the 

Construct 
Definition 

(Self-
efficay) 

Content 
(Domain) 
Definition 

(Engineering 
Design) 

Scale Selection 

(Number of 
Likert Points) 

Item Wording 

(Combine 
Previous 3 
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generation of the self-efficacy stem, the researchers moved to defining the content. This 

content definition would be coupled with the construct stems to create a finalized item 

(Bandura, 2006; Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et 

al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012). 

Content definition identified the domain of self-efficacy in question. For this study, 

the content was teaching engineering design. Since language reflecting teaching had already 

been included in the stem, the focus of content definition was placed upon engineering 

design. Engineering design was broken down into relevance, processes, complexity of 

problem, and constraints (Lammi, 2011). Each of these components was further broken down 

into characteristics. In order to identify the characteristics and components literature was 

reviewed that discussed the characteristics of engineering design problems (Lammi, 2011). 

Appendix A presents each of the identified components along with their characteristics. An x 

indicates that the article either explicitly stated or implicitly discussed the characteristic. 

Table 3.1 below provides an example, using the constraint component and a few of the 

review articles. For example, using the table below, Asunda & Hill (2007) discussed first 

principles, application of math, and cost as constraints to be included in engineering design 

problems. 

 

Table 3.1 Characteristics of Constraints Component for SETED 

Article 

Based on 1
st
 

Principles 

Applied 

Math 

Material 

Resources Cost 

Apedoe et al., 2008     

Asunda & Hill, 2007 x x  x 
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Table 3.1 Continued 

Brophy et al., 2008 x x  x 

Bucciarelli, 1994 x x  x 

Carlson &Sullivan, 

1999 
 x  x 

Carlson &Sullivan, 

2003 
x    

Carr & Strobel, 2011 x    

Dally & Zhang, 1993   x x 

 

 

These characteristics formed engineering design for the instrument. Table 3.2, below, 

provides all of the components along with all of the identified characteristics. Bold-faced 

characteristics indicate that it reached a critical value of eight articles mentioning, explicity 

or implicitly, the characteristic. Complexity broke down into open-endedness, multiple 

solution paths, no known solution, systems perspective, and multidisciplinary. Processes 

broke down into modeling, graphical visualizations, decision-making, design exploration, 

continuous improvement, and optimization. Constraints was composed of first principles 

(such as scientific law), applied mathematics, and cost. Relevance was problems that are 

authentic to students. Each of these characteristics represented a unique idea, which the 

instrument should measure. Some characteristics, such as first principles, had multiple 

portions to their concept. In these cases, the characteristic was measured as concisely as 

possible.  
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Table 3.2 Summary of components and characteristics of engineering design used in the 

SETED 

Component Characteristic 

Complexness Open-ended 

Multiple 

Solution 

Paths 

No 

known 

solution 

Systems 

perspective 
Multidisciplinary 

No best 

solution 

Processes Model 

Graphical 

Visualizat-

ions 

Decision 

Making 

Design 

Exploration 

Continuous 

Improvement 

Optim-

ization 

Constraints 
Based on 1st 

Principles 

Applied 

math 
Cost 

Material 

resources 
  

Relevance 
Authentic 

Engineering 

Authentic to 

students 

Everyday 

encounters 
   

 

 

Pairing a stem created in the construct definition with a characteristic resulted in the creation 

of the initial items. These first generation items can be found in Appendix B. Table 3.6 

provides two example items, one with, and one without negative wording. Research showed 

that negatively worded items did not hinder validity (Carberry, et al., 2010), but provided 

researchers with a way to filter the results in the hopes of eliminating respondents that did not 

read each item. 

 

Table 3.3 Example First Generation Items 

  

First Generation Items 

Example  

 

Item Descriptor 

1 

 

I feel I cannot teach students how to make trade-offs. 

2 

 

I feel I can teach students to develop conceptual models. 

 

 



47 

 

 

 

 

The researchers also required a scale to be used with each item. This scale was built 

to be universal for the entire instrument ((Baker, et al., 2008; Carberry, et al., 2010; 

Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012). Scale 

selection was the final portion of item generation. Bandura (2006) used an 11-point scale 

ranging from 0 to 100, with 10-unit intervals. Bandura (2006) stated, "a simpler response 

format retains the same scale structure and descriptors but uses single unit intervals ranging 

from 0 to 10" (p. 312). This was echoed by other researchers,  who used single interval 

Likert-type scales (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et 

al., 2001; Smolleck, et al., 2006; Yoon, et al., 2012). Given Bandura’s (2006) format of 

having a central value that represented moderate levels of self-efficacy, not the absence of 

self-efficacy, researchers decided to use a Likert-scale with even intervals. This allowed for 

the two central items to be represented as positive and negative self-efficacy. Given the 

frequency of 7-point scales seen in other research, a scale size of 8 was selected. This 

allowed researchers to stay close to the 7-point scale seen in other research, while still using 

an even scale. Given that research suggested the maximum and minimum values would see 

little use in practice, the scale was increased instead of decreased so that the expected scale 

use was 6 points in favor of 4 points. 

 In addition to number of points, descriptors for Likert values were required. Bandura 

(2006) only identified the two extremes and the central scale values. Researchers felt this was 

the correct method to follow and provided labels for each of the extremes and the two central 

values. Table 3.6 provides Bandura's labeling and the associated scale value, and the 
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descriptors and associated scale values used in the SETED. The difference in descriptors was 

a result of the difference between item wording between the SETED and Bandura's items. 

These type of descriptors were not uncommon for Likert-type scales (Baker, et al., 2008; 

Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006; 

Yoon, et al., 2012). 

 

Table 3.4 Comparison of Bandura (2006) Scale Descriptors and SETED Descriptors 

Bandura 

Scale Value 0 50 100  

Descriptor Cannot do at all 
Moderately 

certain can do 

Highly certain 

can do 
 

SETED 

Scale Value 1 4 5 8 

Descriptor 
Strongly 

Disagree 

Somewhat 

Disagree 

Somewhat 

Agree 

Strongly 

Agree 

 

 

Phase Two - Item Refinement with SMEs. 

After the initial battery of items was created, they were sent to SMEs for review 

(Smolleck, et al. 2006). A SME from self-efficacy, engineering, engineering education, and 

teacher education was selected. The engineering SMEs had an awareness of engineering 

design, and came from engineering education or were a practicing engineer. For the 

engineering design, SMEs preference was given to a practicing engineer. In the addition to a 

practicing engineer, engineering faculty was used. The teacher education SME had 

knowledge of engineering design and was involved in STEM education. The self-efficacy 

SME knew Bandura’s self-efficacy theory and preference was given to a SME that also knew 
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engineering design. These SMEs were selected and no remuneration given for their time due 

to this study being unfunded. Four SMEs were selected, each identifying with one primary 

area. 

The items were sent to the pool of SMEs, and they were asked to provide feedback 

and comments on each item for their field. The SME feedback was reviewed and adjustments 

made to the individual items (Baker, et al., 2008; Carberry, et al., 2010; Smolleck, et al., 

2006). Appendix C indicates the suggested changes from each SME. No names are provided 

on the table; instead, each SME has been given a number. Bold faced items in Appendix C 

indicate the item had negative wording, as every SME commented that the negative wording 

should be removed. Table 3.5 provides an example of the comments SMEs gave for items 1-

4 of the first generation items.  

 

Table 3.5 Example SME Comments 

 
SME 

Item 1 2 3 4 

1 
 

Dup with 2 
 

multiple 

paths or 

answers? 

2 
Negative 

wording 
Dup with 1 

Negative 

wording 

can't 

solutions be 

ranked? 

3 
 

Dup 4,33 
 

NP, 

preferred 

over first 2 

4 
 

Dup 3,33; "systems perspective - 

define it"   
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SMEs noted a large number of duplicated items, beyond that which the researcher originally 

recognized as duplicate items. Researchers went through and decided which duplicates were 

acceptable and intended. If the SMEs determined that an item was completely off basis and 

unable to be brought into line, it was be removed as part of the refinement process (Carberry, 

et al., 2010).  

Any necessary wording changes to increase item clarity were made. Appendix D  

shows the updated list of items to be sent to SMEs. This list included items scheduled to be 

deleted. These items were sent to each SME with instructions to again review each item. 

Table 3.6 presents an example of second generation items. A third example has been added 

to represent the addition of some new items. SMEs were informed that the researchers were 

aware that some items were duplicated, and this was intentional. They were also instructed 

that any items they still felt were overly redundant should be noted. SMEs were told that any 

items with a strikethrough were intended to be deleted. They were given the opportunity to 

inform the researchers of any item slated for deletion that they felt should be kept. 

 

Table 3.6 Example Second Generation Items 

  

Second Generation Items 

Example 

 

Item Descriptor 

1 

 

I feel I can teach students how to make performance based trade-offs. 

2 

 

I feel I can teach students to develop conceptual models. 

3 

 

I believe I can create metrics to assess students’ engineering work successfully 
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The SMEs sent back their responses, and again the researchers looked at any issues 

the SMEs noted and made the necessary changes. Since the SMEs came back with very few 

changes required, it was not necessary to undergo another round of revisions (Baker, et al., 

2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 

2006). The finalized items can be found in Appendix E. Table 3.7 provides example third 

generation items. Example 2 is missing, demonstrating its deletion from the third generation 

of items. 

 

Table 3.7 Example Third Generation Items 

  

Third Generation Items 

Example  

 

Item Descriptor 

1 

 

I feel I can teach students how to make performance based trade-offs. 

2 

  3 

 

I believe I can create metrics to assess students’ engineering work successfully 

 

 

These final items were then sent along with all IRB materials, such as informed 

consent, to the IRB for review. It was at this point that the researchers were ready to begin 

phase three. The TDE faculty was contacted once IRB approval was gained and the 

researchers began recruitment. Recruitment materials including informed consent and script 

can be found in Appendix F and G respectively. 

Phase Three - First Testing. 

Phase three could not begin until Institutional Review Board (IRB) approval was 

gained. Once the instrument reached the stage where it was ready to be tested by students, the 
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end of phase two occurred. Phase three started with administering the instrument to students 

enrolled in North Carolina State University’s Technology, Engineering, and Design 

Education, TDE, program. The researcher began by introducing himself to majority of the 

TDE courses offered that semester. During this introduction the researcher introduced 

himself, the research, and reviewed the informed consent form with the students. Informed 

consent forms, with a ERL to the instrument, were provided to students. After visiting the 

courses, the researcher contacted the program coordinator and asked that an introductory 

email was sent out to undergraduate students in the major asking volunteers to participate in 

the study. During this phase informed consent from any participant was also be obtained. 

Informed consent was obtained before a student began taking the instrument. Students not 

granting consent were unable to continue. 

Informed consent included: the purpose of the study, the experience subjects should 

expect while participating, any risks involved, benefits the subject may receive for 

participation, benefits of the study, contact information for the primary investigators, and a 

statement of confidentiality. Additionally, subjects were asked to confirm they were at least 

18 years of age. 

While all the research required IRB review, this commonly accepted practice was not 

discussed (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 

2001; Smolleck, et al., 2006; Yoon, et al., 2012). Other research moved directly to discussing 

testing phases, making it unclear when IRB approval became necessary for each study. Once 

students had finished submitting their answers their participation in the study was complete. 
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The researcher waited four weeks from the initial introduction in TDE courses before closing 

the instrument to new responses. At the closing of the instrument, there were 32 participants. 

The researcher felt this was a small sample size; however, given the size of the sample 

population the researcher believed he was unlikely to gain any more participants. The 

responses were then taken, and statistical analysis was performed, moving the research 

forward to phase 4, analysis and refinement. Analysis consisted of factor loading, inter-item 

reliability, and descriptive statistics (Baker, et al., 2008; Carberry, et al., 2010; Dellinger, et 

al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006). The specific reliability test was 

Cronbach's α (Carberry, et al., 2010; Smolleck, et al., 2006; Yoon, et al., 2012). 

Phase Four - Data Based Refinement. 

This study began the analysis process; however, it did not complete this phase as the 

entirety of this phase fell outside the scope of the study (Carberry, 2010). This study intend 

for further research to complete the work of item refinement and any further analysis. After 

analysis was performed, this data would be used to refine the instrument. Factor analysis 

allowed the researchers to see which items were tied together (Baker, et al., 2008; Carberry, 

et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 2006). This study 

performed a type of orthogonal factor analysis based upon information found in Brown 

(2009) and consultation of a SME. During factor analysis, three principle factors, accounting 

for 90% of the variance, were identified. The loading of each item by factor can be found in 

Appendix H. A critical value of .600 was used to determine that an item loaded significantly 

onto a factor enough to be included as part of that factor. This value was generated based on 
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several pieces of information. The first piece of information was a study performed by Hailey 

et al. (2011) in which they used a threshold value of .44 for factor analysis with a study 

containing at least 100 respondents. Brown suggests that in order to satisfy Thurstone’s 

(1947) criteria for simple structure factor analysis “with a sample size of say 100 

participants, loadings of .30 or higher can be considered significant, or at least salient (see 

discussion in Kline, 2002, pp. 52-53). With much larger samples, even smaller loadings 

could be considered salient” (Brown, 2009, p. 22). 

So if larger samples can use smaller loadings, then smaller samples would require higher 

loadings in order to maintain significance. Additionally items that loaded into multiple 

factors, values greater than .600, with a difference in index values of .200 or less were 

flagged as potential issues. Two items, 15 and 17, loaded onto multiple factors and will need 

to be modified or deleted. Boldface in table H indicates loadings greater than the threshold of 

.600. In order to identify each of the factors of teaching engineering design, as determined by 

the factor analysis of the SETED, all the items within a factor were reviewed. 

 After review, each factor received a name. Factor 1 was identified as processes, 

factor 2 was labeled problem identification and solution conveyance, and factor 3 was named 

pedagogy. These names were derived by the themes represented by the items present within 

each factor. Items that loaded on multiple factors would be revised or eliminated as part of 

future studies. As part of instrument validation more work must be performed; however, this 

work existed outside the scope of this study. Some other additional steps included focus 



55 

 

 

 

 

groups, further testing, further refinement, and the addition of more constructs, such as 

motivation. In addition to factor analysis, internal reliability testing was performed. 

In addition to factor analysis, internal reliability testing was conducted (Baker, et al., 

2008; Carberry, et al., 2010; Dellinger, et al., 2008; Ritter, et al., 2001; Smolleck, et al., 

2006; Yoon, et al., 2012). Cronbach's α was the most frequently mentioned internal 

reliability test (Carberry, et al., 2010; Smolleck, et al., 2006; Yoon, et al., 2012) and was 

chosen as the most appropriate reliability test. The SETED had a Cronbach of .993, which 

indicates high internal reliability. DeVellis (2003) suggested that a Cronbach's between .7 

and .95 should be considered acceptable. However a Cronbach's α, "above .9 may suggest 

redundancies and show that the test length should be shortened" (Tavakol & Dennick, 2011, 

p.54). These two pieces of information indicated that any Cronbach's above .9 should be 

closely examined, while one above .95 meant a very high possibility of redundant items. This 

means that the SETED required further work in regards to item reduction. In order to assist 

with item reduction the correlation between each item should be determined and compared 

with the loadings from factor analysis. The study was completed after initial analysis was 

performed, so additional analysis, such as item correlations, and item reduction should be the 

work of further research. Descriptive statistics were also found during the analysis stage; 

however, this data does not influence instrument refinement. 

Summary 

This study used a methodology grounded in the literature. The methodology began by 

researchers generating items using Bandura’s self-efficacy construct specific to the domain 
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of teaching engineering design. Sixteen characteristics were identified as playing into 

engineering design and multiple items were created to represent these characteristics. The 

result was the creation of 45 items that were sent to subject matter experts. These experts 

reviewed the 45 items and provided feedback on item validity in relation to the context and 

construct. SME feedback dictated modification of the initial items including the removal of 

negative wording, the removal of some items, clarification of wording, and addition of items. 

The researcher performed these changes, marking the items that were intended for deletion 

and sent the new items to the SMEs. SMEs again provided further feedback indicating that 

the items for marked for deletion were okay to remove. There were only a few minor 

wording and clarification requests by the SMEs. The researchers made the necessary changes 

and prepared to administer the instrument of 41 items to the sample population. 

The sample participants were recruited from a teacher preparation program that had 

engineering design in its curriculum at a large university in the South Eastern United States. 

The researchers attended the different courses offered by the program and presented the 

research and distributed informed consent forms, which had a link to the instrument. After 

visiting all the courses the researchers contacted the program head and requested a 

recruitment email be sent out to students. This recruitment email contained an electronic 

form of the recruitment presentation and informed consent, along with a digital hyperlink to 

the instrument. The researchers requested a second recruitment email be sent out one week 

later. After waiting four weeks from the time initial recruitment efforts began the researcher 
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had gained 32 respondents. It was unlikely that there would be more participants after this 

length of time, so the researcher began to analyze the data. 

This data analysis included finding the average Likert value of the sample, 6.18, and 

the standard deviation, 2.06. This value was calculated by taking the average score of all 

respondents across all items. The researcher also found the average value for each individual 

item. In addition to these descriptive statistics, the researcher also performed orthogonal 

rotation factor analysis (Varimax) and internal reliability testing, Cronbach’s α. Cronbach’s α 

was found to be .993.This Varimax factor analysis informed the grouping of the items and 

determined the underlying factors of the instrument. These underlying factors represented the 

factors of self-efficacy of teaching engineering design. 
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Abstract 

 

The purpose of this study was develop, validate, and begin establishing reliability an 

instrument designed to test the self-efficacy of teachers in teaching engineering design. The 

instrument, Self-efficacy of teaching engineering design (SETED), is based upon the work on 

Bandura (1977, 1982, 2006)This study contained thirty-two participants from  a large 

university’s teacher preparation program that included engineering design in its curriculum. 

This study employed Varimax factor analysis, finding three distinct factors of teaching 

engineering design self-efficacy. A Cronbach’s α of .993 was found, indicating validation 

and development work should continue. 
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Introduction 

The purpose of this research was to create and validate an instrument to measures 

self-efficacy of teaching engineering design. Although improved pedagogy and curriculum in 

K-12 engineering education will amount to a greater engineering pipeline, engineering design 

thinking and practice is an applicable literacy for all students. As such, engineering design 

has found its way into many national standards including the 2007Standards for 

Technological Literacy (STL), 2014 Technology and Engineering Literacy (TEL), and 2013 

Next Generation Science Standards (NGSS). The 2007 STL, produced by the International 

Technology and Engineering Educators Association (ITEEA), has engineering design as a 

standard with benchmarks for each grade. The National Research Council (NRC) reviewed 

and approved the NGSS (2013), which puts forth engineering design as a standard for science 

education. This is echoed in the Board of Science Education's (BOSE) 2011 Framework and 

the National Assessment of Educational Progress's (NAEP) 2014 TEL. Additionally, national 

centers have emerged that investigate engineering design in K-12 settings. A few of these 

include the National Center for Engineering and Technology Education, INSPIRES, etc. 

NCETE's (2013) mission is "to improve the understanding of the learning and teaching high 

school students and teachers as they apply engineering design processes to technological 

problems.” 

 

Effective education is most likely to take place when a teacher is prepared to teach 

the content. A teacher can be prepared to teach content by successfully experiencing the 
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content himself or herself. Successful completion of content increases teacher self-efficacy. 

Self-efficacy is the summation of mastery experiences, vicarious experiences, physiological 

states, and verbal persuasion (Bandura, 1977). Bandura (1982, 1977) included self-efficacy 

as part of his social cognitive theory. Self-efficacy influences several things including 

persistence in the face of obstacles or complications. It is for these reasons researchers 

selected self-efficacy as the vehicle for helping understand teacher preparedness to teach 

engineering design. 

 

There are several instruments for determining the self-efficacy of teachers for general 

teaching tasks (Dellinger, Bobbett, Olivier, & Ellet, 2006; Erdem, 2007). There are also 

instruments for determining the self-efficacy of teachers teaching specific content areas 

(Smolleck, Zembal-Saul, & Yoder 2006; Dellinger et al., 2008; Ritter, Boone, & Rubba, 

2001). There are instruments available to test for the self-efficacy of practicing engineering 

design (Carberry, 2010). Currently there is an instrument being developed to measure 

teaching engineering self-efficacy, however, here are no instruments developed specifically 

aimed at determining the self-efficacy of teaching engineering design within STEM 

education although some are aimed at teaching engineering(Yoon, Evans, & Strobel, 2013). 

As there was no instrument that measured the self-efficacy of teaching engineering design, 

this research was pursued. 
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Theoretical Underpinnings 

Engineering Design 

 ABET, Inc. (2012a, p. 4) defines engineering design as: 

 The process of devising a system, component or process to meet the desired needs. It 

is a decision-making process, in which the basic sciences, mathematics, and the 

engineering sciences are applied to convert resources optimally to meet these stated 

needs. 

The result is that engineering design is a complex, boundless entity with common concepts 

and practices. Some attempts have been made to identify engineering design into discrete 

steps. These steps vary from state to state and classroom to classroom. Some attempts have 

been made to homogenize these various steps (Carberry, Lee, & Ohland, 2010), but this 

utilizes the assumption of discrete steps. Engineering design might also be defined by 

looking at the methods in which it is taught, and the similarities between these methods. 

Engineering design was listed in the STL (ITEEA, 2007) as an individual standard. 

Engineering design is a process that focuses on helping students understand technology and 

how it is designed (ITEEA, 2007). While engineering design is taught using discrete steps, 

even these steps are included as part of the overall the engineering design process. 

 

Based on the assumption that engineering design could be defined through looking at 

engineering design problems, the researchers sought to understand the creation of 

engineering design problems. The researchers reviewed literature that discussed the creation 
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of effective engineering design problems. During this review, themes were created based 

upon what the literature identified as key components of engineering design problems. A 

matrix was created to compare the various articles and each of the characteristics they found 

to be necessary for effective engineering design problems. Using this matrix the researchers 

created thematic components of engineering design problems. These components have been 

initially labeled as relevance, processes, constraints, and pedagogy. In order for inclusion in 

the instrument each characteristic needed to be present in at least eight of the twenty 

surveyed articles. The characteristics helped define the components, which are briefly 

described below. 

 

Relevance is a function of the engineering design problem, while not specifically part 

of engineering design practice, it is required to teach students engineering design. Educators 

should help make engineering design activities relevant to learners (Brophy, Klein, 

Portsmore, & Rogers, 2008) thereby increasing the buy-in from students (Sadler, Coyle, & 

Schwartz, 2000). There are many forms of relevance ranging from relevance to student's 

everyday lives (Apedoe, Reynolds, Ellefson, & Schunn, 2008; Brophy et al., 2008; Carlson, 

& Sullivan, 2003; Carr, & Strobel, 2011; Dally, & Zhang, 1993; Kolodner, 2002; Sadler et 

al., 2000; Schunn, 2011) to relevance to real world problems (Brophy et al., 2008; 

Bucciarelli, 1994; Dym, Agogino, Eris, Frey, & Leifer, 2005; Mehalik, & Schunn, 2006). 

This range means that when teaching engineering design an instructor may have different 
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types of relevance with every problem. It might also be possible for an instructor to include 

multiple ways forms of relevance in every engineering design problem. 

 

Process here does not refer to a set of discrete steps students follow to complete an 

engineering design problem but instead methods utilized to create artifacts of learning. Many 

processes result in the communication of an idea, an integral component of engineering 

design (ITEEA, 2007). Graphical visualizations encompass any way in which learners 

attempt to visualize design details (Mehalik & Schunn, 2006). Drawing is a prevalent form of 

graphic visualization, found throughout engineering design (Bucciarelli, 1994). Processes are 

not limited to just things that create artifacts, including decision-making as well. Most 

decision-making completed may not be readily apparent, but can be viewed through the 

changes in iterative artifacts. 

 

Engineering design is never performed in a vacuum. While relevance might dictate 

the inclusion of restrictions on students' work, constraints play a practical part in the 

engineering design outside of just relevance. Learning to work within constraints is essential 

for students as resources are limited and every project has a budget (Asunda & Hill, 2007; 

Brophy, et al., 2008; Carlson & Sullivan, 1999). Other constraints, such as gravity, cannot be 

broken, and learners should be expected to work within these constraints. It is within 

constraints that engineering design readily offers a mode to teach core concepts from other 

STEM disciplines (Apedoe, et. al., 2008; Eisenkraft, 2011; Kolonder, 2002). 
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The final component, complexness, encompasses the overall complexity of the 

problem, process, or solution. Engineering design problems have multiple potential solutions 

and various paths to each solution (Brophy, Klein, Portsmore, & Rogers, 2008). Jonassen 

(2011) and Dym and Little (2009) both point out that engineering design is not discipline 

specific and many problems are multi-disciplinary. 

 

These components give an overall view of how effective engineering design problems 

are created. They include specific characteristics within each component and these 

characteristics are important for teaching engineering design. This is reflected in the 

instrument items. Each identified characteristic received at least one item while some 

characteristics were addressed by multiple items. 

Self-efficacy 

 

Bandura's social cognitive theory (1977, p.191) states "the apparent divergence of 

theory and practice can be reconciled by postulating that cognitive processes mediate change 

but that cognitive events are induced and altered most readily by experience of mastery 

arising from effective performance." In this event, Bandura is referring to the idea that 

human behavior is in large part a cognitive process, but the most ready way to influence this 

cognition is performance-based. Self-efficacy is a measure of how a person believes they will 

be successful at a given task; how long they will continue if they encounter an obstacle; and 

how much effort a person puts into the task. According to Bandura (1977, p. 195) 
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"expectations of personal efficacy are based on four major sources of information: 

performance accomplishments, vicarious experience, verbal persuasion, and physiological 

states." 

 

These four components can interact in several fashions. Performance 

accomplishments represents personal experience, vicarious experiences represents group 

experience or modeled behavior, and physiological states includes mental factors such as 

stress and anxiety. Each of these components is affected by a person encountering a problem 

and their success, or failure, in overcoming the problem. Several failures that are unable to be 

overcome produce a negative motion in self-efficacy. The negative motion is larger the 

sooner these incidents happen in the process. Successfully overcoming failure, or an obstacle, 

results in positive motion. In the form of vicarious experience merely witnessing another 

successfully overcome, the same or similar obstacle, is enough to cause positive motion in 

self-efficacy. Management of physiological states is important to changing self-efficacy, as 

they tend to inhibit change when unmanaged. Verbal persuasion can assist with the 

management of physiological states by providing reinforcement for change in self-efficacy. 

This persuasion could be encouragement to take on a problem or that the subject can 

successfully overcome a problem.  

 

Self-efficacy includes both personal self-efficacy and outcome expectancy. Outcome 

expectancy is a person’s belief that a behavior will yield a given result. An example for 
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teachers this often means their belief that they can cause learning in their students. 

Additionally self-efficacy is domain specific and while self-efficacy between related domains 

may be similar, each is separate. Therefore, when trying to measure self-efficacy the subject 

domain must be clearly identified. Self-efficacy is domain specific; however, the construct 

itself has several required characteristics such as measure of perceived ability, not intent 

(Bandura, 2006). When measuring self-efficacy care should be taken to avoid using 

descriptors such as "will do", that measure intent, in favor of descriptors such as "believe I 

can" that measure perceived ability (Bandura, 2006). 

Instrument development 

 

The development of a self-efficacy instrument generally includes: item generation, 

item refinement, validation, and reliability. Item generation consists of defining the 

construct(s), defining the content(s), and scale selection. Item generation is cyclical, and 

includes refinement, ending when the instrument is ready to be validated (Smolleck, Zembal-

Saul, & Yoder, 2006; Carberry et al. 2010).  

 

The first task of item generation is to define the construct. This instrument was 

developed to measure only one construct – self-efficacy – part of Bandura's social cognitive 

theory (1977, 1982). According to Bandura (2006, p.308) "Self-efficacy is concerned with 

perceived capability. The items should be phrased in terms of can do rather than will do." 

Smolleck, et al., (2006) and Carberry, et. al., (2010) used individual items with similar 
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wording that acted as complete thoughts to which the participants responded. These thoughts 

are not complete with just the construct; self-efficacy requires a domain. For this instrument 

the domain is engineering design. However, engineering design needs to be broken down 

into several facets for the full definition.  

 

The items are complete once a scale is given. Bandura (2006) suggests a 0-100 point 

scale using intervals of 10, but notes that in place of this an 11-point Likert scale may be 

used. Larger scales have a greater predictor of performance over smaller interval scales 

(Pajares, 1996). This is due to respondents being less likely to use extremes, thus shrinking 

any scale size by two. Researchers identify the exterior Likert points (Dellinger, et al., 2008; 

Carberry, et al. 2010; Baker, Krause, & Purzer, 2008; Smolleck, et al., 2006; Bandura, 2006), 

and some included definition of central points (Bandura, 2006; Carberry, et al., 2010). 

 

Once the items are initially developed they can be sent to subject matter experts 

(SME) for refinement. SMEs are recruited based on content and construct knowledge, as well 

as experience with instrument development. Items are sent to SMEs with instructions and 

asked to provide feedback to researchers to assist with item refinement (Dellinger, et al., 

2008; Carberry, et al., 2010; Baker et al., 2008; Smolleck, et al., 2006). After refinement the 

instrument is distributed to a test population for validation and reliability testing. 
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Validation and reliability are determined by utilizing various methods, driven by the 

instrument itself. Cronbach’s alpha is used for internal reliability testing. This testing looks at 

the reliability of the scale itself by comparing the variance among a respondent’s answers 

from item to item. All of the respondents’ answers are then compared to each other to see if 

they are converging on the same concept. SMEs are used for construct and content validity. 

SMEs are selected based upon their knowledge of the construct, self-efficacy, and the 

content, teaching engineering design. Anytime a change to items is made, they are resent to 

SMEs to check for validity. Validation is also a cyclical process as researchers fine tune the 

instrument until validation is achieved, while the purpose of the instrument is maintained 

(Smolleck, et al., 2006). Baker et al. (2008) and Carberry et al. (2010) performed pilot testing 

and continued with further refinement and validation after initial testing. In these cases 

acceptable reliability and validity was established to merit further work, as opposed to 

restarting the process anew. 

Methodology 

An 8-step process was used to complete this study. Figure 1, below, shows the 

process used, which was intended to build validity and reliability into the instrument. 
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Figure 1. The methodological process used in the development of this instrument. 

 

Step 1: Defining the construct: Teaching engineering design self-efficacy 

A construct attempts to rationalize and explain a phenomenon. Constructs are often 

hypothetical, as the real reason behind a phenomenon is often unknown. This study utilized 

the construct of self-efficacy, specifically personal self-efficacy, as defined by Bandura 

(1977, 1982, 2006).  

 

 

 

Construct Definition Content Definition 
Item Creation 

(45 Items) 

Item Refinement 
SME  Review 

 (4 SMEs) 
Item Modification 

Instrument 
Administration 

(41 Items) 

Analysis 

(32 Participants) 
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Step 2: Defining the content 

The construct of self-efficacy is domain specific. The domain is teaching engineering design. 

This requires a working definition of engineering design in order to create items. According 

to the ABET accreditation guidelines (2012a), engineering design is: 

the process of devising a system, component or process to meet the desired needs. It 

is a decision-making process, in which the basic sciences, mathematics, and the 

engineering sciences are applied to convert resources optimally to meet these stated 

needs. 

There are multiple models of engineering design available. Instead of identifying or trying to 

create a universal model, underlying principles from the literature were identified and 

utilized as the definition of engineering design. These components and sub-components can 

be found in Table 1. 

 

Table 1. 

Facets or components and sub-components of engineering design used in this instrument. 
Component Sub-component 

Complexness 
Open-

ended 

Multiple 

Solution 

Paths 

No 

known 

solution 

Systems 

perspective 

Multidisciplin-

ary 
 

Processes Model 

Graphi-

cal 

Visuali-

zations 

Decision 

Making 

Design 

Exploration 

Continuous 

Improvement 
Optimization 

Constraints 

Based on 

1st 

Principles 

Applied 

math 
Cost    

Relevance 

Authentic 

Engineer-

ing 

Authenti

c to 

students 
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Step 3: Item Creation 

Using the construct of self-efficacy two base stems were created: "I feel I can" and "I 

believe I can." These stems were intended to align each item with the construct of self-

efficacy by focusing on belief or feelings about ability, without asking about intent. Each 

characteristic of engineering design was then paired with a stem. Some characteristics could 

be worded in more than one way, so multiple items were created for the characteristic. The 

stem used was alternated for each item created, not by characteristic. This resulted in 48 

items being created, half of which were selected to contain negative wording. Negative 

wording was included to help with result filtering, helping researchers to identify when a 

participant did not read the items, but merely selected a consistent response for all items. 

Example items include "I feel I can successfully teach students to work an open-ended 

problem" and "I believe I cannot teach students how to produce a working model". The result 

was approximately 48 individual items. 

 

The researchers waited for a week after item creation before returning to the items 

and looking at each item again. The researchers examined to make sure that each 

characteristic had at least one item. In the case of duplicate items, items that measured the 

same characteristic, researchers reviewed the characteristic to ensure that it required more 

than one item. Any characteristics that had unnecessary duplicate items were reduced. This 

resulted in 3 items being eliminated, leaving the instrument with 45 preliminary items. 
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Step 4: Content Validation 

A panel of four subject matter experts (SME) was used for content validation. These 

SMEs all had experience with engineering design, self-efficacy, or both. Some SMEs, 

selected from outside of teacher education, had experience in engineering education or as a 

practicing engineer. These SMEs were included to give a more complete view of engineering 

design. Preliminary items were sent to the SMEs, and each was asked to review the items and 

send researchers any edits or comments they had on the items. 

 

The researchers recorded each SME’s comments for every item. These comments 

were placed into a matrix that displays the item, whether or not an SME commented, and 

what comment was made. Some SMEs also provided overall comments for the instrument; 

these were recorded in the matrix as well. The overall comments were analyzed for themes, 

resulting in the themes of: remove negative wording, redundant items, and evaluation. 

 

As a result, negative wording was removed from all items. All the SMEs felt there 

was a lack of items concerned with the evaluation of student work in engineering design. 

Two items related to evaluation of student work were then created and added to the 

instrument. Redundant items were marked in the matrix, noting which items SMEs felt were 

redundant. Before reviewing redundant items and selecting ones for deletion, the researchers 

reviewed comments on content change. 
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Several items were indicated as needing content changes by at least one SME. Some 

items were noted as being unclear, or having inappropriate wording by multiple SMEs. Each 

item was reviewed with SME comments to determine what changes, if any, needed to be 

made to the wording of the items. Once wording changes had been made, researchers 

returned to filtering duplicate items. Wording changes were made before filtering duplicate 

items in case the wording change greatly modified the content of the item. SME comments 

on duplicate items were then reviewed in order to select items for deletion. 

 

SME comments that indicated a preference of items were used to create a hierarchy 

amongst duplicate items. A global hierarchy amongst duplicate items was then created using 

the hierarchy from each SME. In the case of a tie between hierarchies, researchers made the 

final decision as to ranking. Once duplicate items had a global hierarchy, those lowest on the 

list were eliminated. This resulted in the deletion of 6 items. The remaining 39 items, plus the 

2 newly created items, were sent to the SMEs for another round of review. 

Step 5: Content Validation 2 

The revised items were sent to SMEs, along with instructions for providing feedback. 

The SMEs individually reviewed the items again and sent back responses. SME feedback 

was then used to create another matrix for revisions. SMEs again noted concern about several 

duplicate items. Hierarchies were again created by SME and combined into a global 

hierarchy. During this process however, not every SME provided rankings for duplicate 

items or indicated a concern about duplicate items. In the case of ties then, researchers 
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elected to leave duplicate items and leave item reduction for later in the process. In addition 

to duplicate items there were minor changes recommended to item wording. No items were 

eliminated or underwent major revisions. This led researchers to believe that the items were 

complete and ready for testing. 

Step 6: Administration of Items 

 At the end of two rounds of revisions, there were 41 items. These items were placed 

into an online survey tool along with a Likert scale to measure self-efficacy. Bandura (2006) 

suggests that when testing self-efficacy a neutral response is not possible as participants have 

an opinion, even if it is minor. For this reason, an 8-point scale was selected. This scale was 

selected as it allowed for easy expansion or reduction in Likert points if required. 

Additionally only the extreme and central points received descriptors. The central points 

received descriptors to help participants delineate where the items switched from a negative 

to positive disposition. 

 

Participants were recruited from an undergraduate technology education program that 

included engineering design as part of the curriculum. Participants were recruited by the 

researcher appearing in majority of the classes for the technology education program and 

presenting the research, as well as two recruitment emails being sent out. This recruitment 

relied on volunteers within the program to form the sample population. This sample 

population represented the intended population for the final instrument. There were 32 

respondents, but no demographic data was gathered as part of the study. While demographic 
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data might assist with the descriptive analysis of the results and an understanding of the 

population, it was not gathered for initial validity and reliability testing. 

Step 7: Factor Analysis of Data 

 Two sets of analyses were conducted on the data: descriptive analysis, and factor 

analysis. Factor analysis was utilized for determining the factors and item reduction or 

refinement. Rotated factor analysis showed there were three principle factors that accounted 

for 90% of the variance in responses. This means that these three factors explain 90% of the 

variation of answers within the instrument. The researchers specifically used Varimax factor 

analysis, which provided an index for understanding factor loading. Loading describes how 

closely a given item relates to a factor. Each item then has an index value indicating how 

much it loaded onto each factor. This information was then used to identify each factor and 

determine if any item required revision or removal from the instrument. 

 

In order to be included in a factor, an index value of .600 or greater was required. 

This value was generated based on several pieces of information. The first piece of 

information was a study performed by Hailey et al. (2011) in which they used a threshold 

value of .44 for factor analysis with a study containing at least 100 respondents. Brown 

(2009, p. 22) suggests that in order to satisfy Thurstone’s (1947) criteria for simple structure 

factor analysis 

“With a sample size of say 100 participants, loadings of .30 or higher can be 

considered significant….. With much larger samples, even smaller loadings could be 



83 

 

 

 

 

considered salient.”. So if larger samples can use smaller loadings, then smaller samples 

would require higher loadings in order to maintain significance. It is for this reason that the 

value of .600 was selected. Additionally items that loaded into multiple factors, values 

greater than .600, with a difference in index values of .200 or less were flagged as potential 

issues. These items would need to be reviewed and modified or deleted. Two items loaded 

into multiple factors (#15 and #17). An additional 13 were flagged as loading within .200 of 

another factor; however they did not reach the minimum index value of .600 on more than 

one factor. Of these flagged values two (#40 and #41), specifically asking about engineering 

design, were expected to load evenly across all factors. Tables 3-5 identify each factor and 

the individual items that loaded an index value greater than .6, into that factor. 

 

Twenty-one items loaded into factor one, which accounts for 35% of the variance, 

with values ranging from .880 to .624. Reviewing the items included in this factor and given 

their relative loading into the factor, Factor 1 was identified as processes. Thirteen items 

loaded into factor two, which accounts for approximately 31% of the total variance. The 

index values ranged from.873 to .790. Reviewing the items, accounting for relative loading, 

identifies factor two as Problem Formulation and Solution Conveyance. Factor three, 

accounting for approximately 24% of the variance, had nine items load. The values ranged 

from .870 to .632. Factor 3 was identified as pedagogy. Table 2, below, gives example items 

and index loading value for each factor. 
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Table 2 

Example Factor Loading with Varimax Rotation of Self-efficacy Scale 

Item Processes Problem identification and solution conveyance Pedagogy 

1 0.382 0.844 0.266 

2 0.679 0.405 0.567 

3 0.532 0.332 0.706 

15 0.680 0.790 0.516 

Note. Factor loadings > .600 in boldface. 

 

After identifying the factors, all flagged items were reviewed for editing. Two items 

loaded unto multiple factors. Item 15 loaded onto both factors 1 and 2. Item 17 loaded onto 

factors 1 and 3. Both items had a weaker loading on factor 1. The items were reworded to 

align more closely with one factor over another. The additional 13-flagged items were 

reviewed and modified when necessary to make the language more clear and to align into 

their respective factors more strongly. Two items, 41 and 42, specifically ask about 

engineering design. Of these two items, 41 loaded more evenly across all factors and were 

selected as having a better summative language. Figure 1.3 shows each factor and the ordered 

loading of items from highest to lowest. Items not listed for an item were below the cutoff 

threshold of .600. 
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Table 3 

Process Factor and its Related Items 

Item Descriptor 

30 I feel I can teach students to make cost-based trade offs. 

13 I feel I can teach students how to make performance based trade-offs. 

10 I feel I can teach students how to visually render their ideas. 

19 I feel I can teach students how to ask questions to reveal the true problem. 

14 I feel I can teach students how to design within constraints. 

9 I believe I can teach students how to use simulations to represent concepts. 

27 I believe I can teach students how to work with limited resources. 

35 
I feel I can teach students how to relate an engineering problem to what 

they encounter every day. 

21 
I believe I can teach students to make changes to their solutions as they 

work. 

4 I feel I can successfully teach students to work an open-ended problem. 

22 I feel I can teach students how to optimize their final solution. 

8 I believe I can teach students how to produce a working model. 

24 I believe I can teach students to model solutions mathematically. 

15 I believe I can teach students to justify their decisions. 

2 
I believe I can teach students to work problems that may have no single 

solution. 

37 
I believe I can successfully teach engineering problems that are authentic 

to students’ lives. 

38 
I feel I can help students work an authentic, industry based, engineering 

problem. 

25 I feel I can teach students to apply science principles to a problem. 

12 
I believe I can teach students how to work with production drawings and 

spec sheets. 

18 I believe I can teach students to optimize a design. 

17 I feel I can teach students how to formulate a problem. 

Note. This table represents the factor identified as "Processes" and the items that loaded into 

this factor, displayed from highest to lowest Varimax value. 
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Table 4 

Problem Identification and Solution Conveyance Factor and its Related Items 

Item  Descriptor 

36 
I am confident in my ability to teach engineering problems that students 

find important. 

26 I feel I can teach students to apply math successfully. 

39 
I feel I can successfully teach service-learning through problem-solving 

activities. 

5 I am comfortable helping students work a multidisciplinary problem. 

20 
I believe I can teach students how to create a working definition of the 

problem. 

1 
I feel I can successfully teach students to solve a problem with multiple 

paths to a solution. 

31 I feel that I can help students deal with ambiguous constraints. 

16 
I believe I can teach students to identify when the problem has been 

solved. 

11 I believe I can teach students how to use hand sketching in design. 

7 I feel I can teach students how to prototype their ideas. 

34 I feel I can teach problem solving that is relevant to students’ lives. 

23 I feel I can teach students how to cope with competing constraints. 

15 I believe I can teach students to justify their decisions. 

Note. This table represents the factor identified as "Problem Identification and Solution 

Conveyance" and the items that loaded onto this factor, displayed from highest to lowest 

Varimax value. 

 

 

Table 5 

Pedagogy factor and its related components 

Item Descriptor 

32 
I believe I can create metrics to assess students’ engineering work 

successfully. 

33 I believe I can use metrics to assess students’ designs successfully. 

28 I believe I can teach students how to work with materials. 

3 
I believe I can teach students to work problems with no known 

solution. 

40 I believe I can successfully teach engineering design to students. 

6 I feel I can help students successfully engage in systems thinking. 

41 I am confident in my ability to help students learn engineering design. 

17 I feel I can teach students how to formulate a problem. 
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Table 5 Continued 

29 I feel I can teach students to work within a project budget. 

Note. This table represents the factor identified as "Pedagogy" and the items that loaded onto 

this factor, displayed from highest to lowest Varimax value. 

 

 

Step 8: Descriptive Analysis 

Cronbach's alpha was used to measure internal reliability among the 41 items on the 

instrument. Cronbach’s alpha looks at the variation between individual items compared to the 

variation across the entire instrument. Since there is only one construct present, only a single 

test of internal reliability was required. A Cronbach's alpha of .993 was obtained indicating a 

possible issue. The n-value of 41 was large, so a Cronbach's α  above .9 may suggest 

redundancies and show that the test length should be shortened" (Tavakol & Dennick, 2011, 

p.54). This means correlation of item pairs should be reviewed to determine if item reduction 

should take place. Although DeVellis (2003) suggests that a Cronbach's between .7 and .95 

should be considered acceptable, the value of .993 that was obtained is still above this 

threshold. This continues to suggest that the items should be reviewed for redundancies. 

 

 Descriptive analysis was done on individual items as well as the overall 

instrument to provide researchers with a view of sample population self-efficacy. The overall 

self-efficacy of teaching engineering design, achieved by taking the average score of every 

response, was a 6.18 with a standard deviation of 2.06. The minimum possible value was 1 

and the maximum was 8. Respondents used 1 through 8 in their responses. The break point 

between negative and positive self-efficacy occurs between four and five. An average score 
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of 6.18 indicates that the population has a positive self-efficacy of teaching engineering 

design.  

 

The researchers also looked at the three lowest and highest scoring items. The lowest 

self-efficacy items related to creating a working definition of the problem, teaching service-

learning through engineering design, and coping with ambiguous constraints. While the 

lowest reported self-efficacy items these items still indicated a positive self-efficacy with 

values of 5.37 or greater. These items are close to the border of negative self-efficacy and are 

in the most danger of dropping into negative self-efficacy. This creates a cause for concern as 

new teachers can encounter obstacles as they teach material for the first time. 

 

 

Table 6 

Lowest and Highest Average Likert Items with Descriptors 

Item  Average Likert  Descriptor 

20 5.37 
I believe I can teach students how to create a working 

definition of the problem. 

31 5.65 
I feel that I can help students deal with ambiguous 

constraints. 

39 5.74 
I feel I can successfully teach service-learning through 

problem-solving activities. 

21 6.55 
I believe I can teach students to make changes to their 

solutions as they work. 

27 6.55 
 I believe I can teach students how to work with limited 

resources. 

10 6.57 
I feel I can teach students how to visually render their 

ideas. 

Note. This table contains the three highest and three lowest scoring items according to their 

average Likert scores across all respondents. The Likert scores as well as the item wording 

itself has been included for reference. 
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The three highest items scored 6.55 or greater and related to working with limited 

resources, visually rendering ideas, and making changes to the design while working. These 

items are solidly in the positive self-efficacy region, implying that the self-efficacy related to 

these items should be robust. This robust self-efficacy should insulate it from a drop into 

negative self-efficacy given set-backs experienced by new teachers. In addition to looking at 

descriptive statistics, the researchers also reviewed the raw data to evaluate the Likert scale 

used. 

 

The Likert scaled used was an eight-point scale. The literature review suggested that 

the minimum and maximum values would see little to no use in practice. When reviewing the 

data there were several instances of each being used. For example two items have the 

maximum value of 8 being selected 14 times in a single item, while this value is never 

selected less than 5 times. This points to a possible issue where not enough delineation 

between scale values is present. Further research should consider expanding the scale to a ten 

point scale. In addition to value considerations, a look at value labeling is suggested. 

Conclusion 

Testing indicates that the instrument used in this study has high internal reliability, 

content validity, and construct validity. It has strong reliability within the test audience of 

pre-service teachers. Cronbach's alpha for internal consistency indicates a high level of 

reliability at .993. It is abnormally high, suggesting that item refinement might be required; 
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however, it makes a promising case for reliability. The research also indicated several other 

areas for consideration during further research. 

 

During testing, several respondents indicated that they misread the values, reversing 

all their answers. These subjects were counseled to continue inverting their answers for 

consistency. These instances were not common; however, future research might consider 

evaluating the order of the scale, and how often the labels are seen as items are completed. 

Most subjects were able to work with 1 being the lowest score and 8 being the highest; this 

should probably be maintained as it is more intuitive for self-efficacy. Instead of item 

labeling appearing for every 6 items, researchers might consider having the labeling evident 

more often. 

 

During data analysis, several respondents completed the instrument far faster than 

normal, in less than half the average time, and had no answer variations. These answers were 

removed as invalid responses. These answers may have still been valid, so a consideration 

should be given to including methods to help increase the ability to distinguish valid 

responses with little to no variation versus invalid responses with little to no variation. 

Implications 

This study has several implications for further research. The first implication is that 

the instrument shows a strong case for reliability and validity, and further testing should be 
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conducted to confirm these findings. Given construct validity can never be fully achieved, 

further research should consider test-retest reliability as an additional measure. 

 

The research shows that there is a moderate level of self-efficacy in pre-service 

teachers for teaching engineering design. This testing was only performed on a small sample 

population included in the larger population required to teach engineering design. Further 

work should be done to expand testing into science education, where engineering design has 

recently been added to their standards. Additionally, in-service teachers should also be 

included, as experiences between pre-service teachers and in-service teachers may vary. In 

addition to expanding the population parameter to better reflect those expected to teach 

engineering design, further research should be conducted to understand the results obtained. 

 

Higher self-efficacy results in more persistent teachers. With the results indicating 

only a moderately high level of self-efficacy, exploration into the underlying cause for the 

results should be conducted. This is according to the scale, which ranged from 1 to 8, with 8 

being the maximum value. Values ranging from 1-2 might be considered low, 2-4 moderately 

low, 4-5 unclear, 5-7 moderately high, and 7-8 high. A further look at the amount of 

engineering design experience should be performed. Additional research may also target 

understanding which courses or experiences respondents felt greatly modified their self-

efficacy. In order to increase general engineering design self-efficacy work may need to be 

done in courses covering engineering design content. An understanding of how respondents 
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interpreted each item, and how their experiences affected their responses would further 

inform any desired changes a program wished to make. By understanding the pre-service 

teacher experience, professional development courses could be modified to target weak areas 

and build on areas of strength.  
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Abstract 

 

This article presents the results of the factor analysis on an instrument developed to 

measure the self-efficacy of teaching engineering design. The development of the instrument, 

self-efficacy of  teaching engineering design (SETED), is continuing, but current work has 

shown three distinct factors contributing to the self-efficacy of teaching engineering design. 

This article presents each of these factors, giving a detailed explanation of each individual 

factor. These factors, and their related items, may have implications for professional 

development courses. 
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Introduction 

 This article will discuss research concerned with developing an instrument designed 

to measure the self-efficacy of teaching engineering design. Our intent is to present the 

findings from the initial phase of the instrument development process, and the implication 

these findings had on our understanding of teaching engineering design. We will give a brief 

outline of the study, followed by a walkthrough of the methodology. The walk through will 

be conducted by example, using three items, and tracking their development as the study 

progressed. We will then discuss the findings as they relate to teaching engineering design. 

Self-efficacy 

 Self-efficacy is a concept put forth by Bandura (1977) and is part of Bandura’s social 

cognitive theory (1986). Pajares (1996) reviewed self-efficacy literature and found it to 

follow two main themes: academic achievement and career prediction. These themes arose 

because of self-efficacy’s ability to predict future behavior given current beliefs. However, 

self-efficacy operates best in a specific context or domain. Self-efficacy can vary from 

domain to domain, in other words subject to subject. A teacher with high self-efficacy in 

teaching math does not correlate to a high self-efficacy in teaching science. Bandura (2006) 

also noted that self-efficacy is not a judge of intent, but rather a judge of belief in personal 

ability.  

 Often self-confidence is confused with self-efficacy. While these two concepts may 

be similar, they are not the same. Self-confidence is assuredness in one's ability to perform a 

task, while self-efficacy is a personal judgment of capability to perform a task. Additionally 
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self-confidence and self-efficacy have different mediating factors. Whereas self-confidence is 

connected to self-esteem, self-efficacy is mediated by four factors: mastery experiences, 

vicarious experiences, verbal persuasion, and physiological states (Bandura, 1977 p. 195). 

Self-efficacy helps determine how successful a person believes they will be at a given task 

and how long they will persist in the face of an obstacle. Self-efficacy is also correlated to 

how much effort a person will put into a given task. A side result of this is that self-efficacy 

also changes how a person views a challenge. Someone with a higher self-efficacy looks at a 

difficult task as a challenge to overcome. Low self-efficacy results in the same challenge 

being viewed as something to be avoided. Self-efficacy of teaching a specific subject, such as 

science, and teacher efficacy are also concepts that can be confused. 

 Tschannen-Moran & Hoy (2001) explain the distinction between teacher-efficacy and 

self-efficacy; they describe teacher-efficacy as the judgment of a teacher's belief in his or her 

ability to affect change in students. According to this, teacher efficacy is not self-efficacy, 

although it may be fair to say that teacher efficacy is self-efficacy defined to the domain of 

teaching. Teacher efficacy covers some concepts that are transferrable between context, 

however self-efficacy is context specific. Bandura makes the specificity of self-efficacy 

clear, stating "self-efficacy must be tailored to the particular domain of functioning that is the 

object of interest" (2006, p. 308). This does not reduce the importance of teacher efficacy, 

but it does clarify the importance of recognizing self-efficacy for a given subject. This study 

is concerned with the domain of teaching engineering design. 
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Engineering Design 

 In order to identify what constitutes the engineering design process, one has to look at 

the characteristics and facets of engineering design. Recognizing that there are multiple 

definitions and models for engineering design, no one particular process was chosen or 

favored. The focus of this study was not only engineering design, but also the teaching of this 

boundless process. While engineering design models are the primary means, these models are 

used to work through engineering design problems.  

 Engineering design problems vary greater than even engineering design sequences. 

However, by reviewing literature that spoke about how to create effective engineering design 

problems, we were able to identify common themes. By identifying these themes, we 

constructed an idea of the essential components of an engineering design problem. We used 

these ideas to clarify what it was that engineering design represented. According to the 

ABET accreditation guidelines (2012a), engineering design is: 

the process of devising a system, component or process to meet the desired needs. It 

is a decision-making process, in which the basic sciences, mathematics, and the 

engineering sciences are applied to convert resources optimally to meet these stated 

needs. (p. 4) 

Although we found engineering design to be more complex than this definition indicates, it 

may be helpful to utilize this definition when trying to understand engineering design. 
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Instrument Development 

 The focus of this research was discovering the self-efficacy of pre-service teachers 

teaching engineering design. Engineering design was defined using the process illustrated 

above. Each of the characteristics of engineering design identified during the surveying of 

research was placed into an individual item. These items were created by using self-efficacy, 

and the wording of items was reflexive of this construct. Multiple subject matter experts 

(SME), who provided us with feedback, reviewed the items. The items were refined and 

modified based upon SME feedback. This process was repeated several times until we were 

satisfied that the items were representative of both self-efficacy and engineering design. 

After refinement, the instrument was prepared for distribution to a test population. 

 We worked with a group of students enrolled in a university program that focused on 

teacher preparation and whose curriculum included engineering design. This population was 

representative of the population of interest, which was teachers preparing to teach 

engineering design. The responses were gathered and the results complied and analyzed. 

Several different forms of analysis were conducted including factor analysis and z-testing. In 

order to more completely discuss the methodology used and the results of the research, we 

will walk through the life of three items during the development process. These items are 

being used to provide examples of changes to items throughout the development process. We 

will then give a brief overview of the descriptive statistics before continuing into a more in 

depth discussion of the factor analysis findings. 
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First Generation Items 

 First generation items were created by combining one of two stems created to reflect 

the construct of self-efficacy. These stems were: “I feel I can teach students…” and “I 

believe I can teach students…” We alternated stems with every characteristic of engineering 

design, as identified in the literature review.  

 There were a total of 45 items created based upon 15 characteristics of engineering 

design. We will give an example of two at this stage. The first was “I feel I cannot teach 

students how to make trade-offs” and the second was “I feel I can teach students to develop 

conceptual models.” Once all of the items were generated from the literature, they were sent 

to subject matter experts (SMEs). 

Second Generation Items 

 SMEs were recruited based upon their knowledge of self-efficacy, engineering 

design, and teacher education. An SME with engineering was also selected to give a non-

education perspective of engineering design. The first generation items were sent to the 

SMEs, who provided feedback to our research team. We recorded each SME’s comments 

and noticed three reoccurring comments from all the SMEs. These comments included 

duplicate items, lack of assessment related items, and eliminating negative wording. 

 These comments were used to create the second generation of items. The first 

example item became “I feel I can teach students how to make performance based trade-

offs”. The wording of this item changed significantly with the negative wording being 

removed due to SME input. The SMEs also indicated that they felt this item was duplicate to 
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another item asking about cost-based trade-offs. This resulted in a wording change of the 

item to clarify it meant performance based trade-offs since another item was already covering 

the concept of cost-based trade-offs. 

 The second example item of “I feel I can teach students to develop conceptual 

models” was slated for deletion from the instrument. The SMEs indicated this concept was 

covered by four other items, and these other items were narrower in scope. This meant that 

the item would either need to be reworded in such a way that it represented a different 

concept from the other four items or eliminated completely. When reviewing all five items 

together, we felt that the other four items were superior due to SME comments, and that the 

item could not be reworded to represent a different concept. This is why it was slated for 

deletion. 

 Due to SME comments several new items were introduced into the second generation 

of items. One of these items will be our third example item and states “I believe I can create 

metrics to assess students’ engineering work successfully”. This item was created to address 

the common SME issue of failing to include any items concerned with assessing student 

work. This item also contained no negative wording as SME comments indicated that 

negative wording should not be included in any of the items. Once all the items were 

similarly refined, created, or marked for deletion, they were sent to the SMEs for another 

round of review. 
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Third Generation Items 

 SMEs again provided feedback to us based upon the 2
nd

 generation of items. During 

this feedback process the SMEs were also asked when they noted duplicate items to indicate 

which items they felt were preferable to keep. The SMEs approved the deletion of all the 

items we had marked they wished to eliminate. They also noted several duplicate items 

again, but this time provided information on which items they felt best reflected the concept. 

The SMEs also noted some items needed minor wording changes for clarification reasons. 

 Our example items have now been reduced to two items making the final instrument. 

“I feel I can teach students to develop conceptual models” was slated for deletion in the 2
nd

 

generation of items, so it was completely eliminated from the 3
rd

 generation. “I feel I can 

teach students how to make performance based trade-offs” and “I believe I can create metrics 

to assess students’ engineering work successfully” were left unchanged in the 3
rd

 generation 

of items. This was common for most items that were not deleted due to duplication. SME 

feedback did not align for the hierarchy of duplicate items. This meant that several duplicate 

items made it to the 3
rd

 generation of items. We decided to use the 3
rd

 generation of items as 

those that would be used during the first round of testing. The 3
rd

 generation of items 

included 41 items for inclusion on the instrument. Table 1 shows each of the example items 

by generation. 
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Table 1 Example Items by Generation 

  

First Generation Items 

Example 

Number 

 

Item Descriptor 

1 

 

I feel I cannot teach students how to make trade-offs. 

2 

 

I feel I can teach students to develop conceptual models. 

3 

  

   

  

Second Generation Items 

Example 

Number 

 

Item Descriptor 

1 

 

I feel I can teach students how to make performance based trade-offs. 

2 

 

I feel I can teach students to develop conceptual models. 

3 

 

I believe I can create metrics to assess students’ engineering work 

successfully 

   

  

Third Generation Items 

Example 

Number 

 

Item Descriptor 

1 

 

I feel I can teach students how to make performance based trade-offs. 

2 

  

3 

 

I believe I can create metrics to assess students’ engineering work 

successfully 

Note. The table illustrates the wording used for the item as seen on the instrument. An 

absence of wording indicates the item does not exist. 

 

 

 

 Testing and Analysis 

 We recruited participants from a pre-service teacher education program that included 

engineering design as part of its curriculum. We went to majority of the courses offered by 

this program and introduced our research. We asked for volunteer participants and provided 

them with a form that included a link to the survey. We also told the students that we would 

send out an email through their program with an electronic version of the informed consent 
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form as well as an electronic link. After visiting all the courses we could make, we waited a 

week before having the email sent out to the students. We waited another week before 

sending a second recruitment email. We waited another two weeks for participants to have a 

chance to complete our survey. 

 After waiting four weeks from our initial presentations of the research to the students, 

we had received 31 responses. Based upon the size of the program used for recruitment we 

felt it was unlikely to gain many more participants so we went forward with analyzing the 

results. During analysis we looked for the average self-efficacy score of each item, as well as 

the instrument as a whole. We found that the average self-efficacy of teaching engineering 

design was 6.18 on a scale of 1 to 8. For the individual items the lowest average self-efficacy 

value was a 5.37 on an item that asked “I believe I can teach students how to create a 

working definition of the problem.” The highest average value for an individual item was 

6.57; this item asked “I feel I can teach students how to visually render their ideas.” 

In addition to finding these average self-efficacy values, we also looked at the frequency of 

responses at each point on the scale, looking to see if the highest and lowest value got a large 

frequency of responses. In addition to these descriptive analyses we also performed factor 

analysis. Factor analysis was performed to help with filtering out duplicate items, but it also 

provided information about the underlying factors of teaching engineering design. It is this 

latter information that we want to discuss in the next section of this article. 
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Analysis of results 

Factor analysis 

 Factor analysis is a process that groups items according to their association with one 

another. These groupings are called factors. Factor analysis showed the instrument to have 

three distinct factors. By reviewing the items within each factor, we determined the factors to 

be processes, problem identification and solution conveyance, and pedagogy. This implies 

that the three key areas to teaching engineering design is teacher self-efficacy within these 

three factors. These factors are broad and encompass many various characteristics of 

engineering design, as represented by the items themselves. We will discuss each factor and 

immediately following each factor a table is presented. This table represents all of the items 

that related to the factor, arranged from highest to lowest loading. Loading values (Varimax 

values) had to be greater than .600 to be included in a factor. This value was selected based 

on Brown’s (2009, p. 22) suggestion that “with a sample of 100 participants loadings of .3 or 

higher can be considered significant… With much larger samples, even smaller loadings 

could be considered salient.”  Given this logic, a smaller sample size would need a larger 

value. This loading value describes how closely the item relates to the specific factor. 

 Processes. The first factor, processes, does not prescribe an engineering design 

sequence. While processes does mean the process through which students move through 

solving an engineering design problem, it does not identify any sequence to be followed. 

Processes includes concepts such as prototyping an idea, but it also includes things like 

making trade-offs. These trade-offs may be performance based, such as balancing strength 
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with weight requirements. Trade-offs may also be cost based, learning to compromise 

between the ideal material and a functional, yet cheaper, material. All of the items loading 

into the process factor can be found in Table 2. 

Processes is a broad factor including items ranging from trade-offs, to constraints, to 

modeling, to creating production drawings. Processes includes skills that are iterative, asking 

students to complete some of them multiple times as they seek a solution to the problem. 

Processes even asks students to clearly identify the true problem, while this may be done 

initially to identify the original problem, this skill may also be needed as students attempt to 

work through realizing their design ideas. When students encounter an issue while working, 

they need the ability to stop and consider the problem facing them before continuing. Being 

able to clearly identify the problems as they face them, will help students justify the decisions 

they make. By being able to justify each of their decision students are more prepared to 

convey their ideas to others, as it shows consideration for other options. This also represents 

a level of optimization, which is again a necessary skill, however students may struggle to 

recognize that even their final design can be improved. The ability to recognize that while a 

design may provide a solution to the presented problem, a skill covered in another factor, 

being able to also recognize that the given solution may not be the most optimal is also 

helpful to students. Skills like these reinforce critical and higher order thinking as well as 

allow for self-reflection with students. 

The combination of the skills in processes provide students with ability that can be used 

outside of engineering design, however these skills are also essential to completing 
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engineering design itself. It is for this reason that not all of the skills within processes are at 

the cognitive or metacognitive level. Being able to create mathematical models, working 

models, and visual representations of their ideas are also process skills. Being able to 

recognize which formulas are required for mathematical models, and then being able to 

manipulate these formulas is a process students go through to understand their designs. Being 

able to then present these ideas visually is a process, understanding the steps and 

requirements of producing production drawings and spec sheets is fairly straight forward; 

however, these concepts are not always immediately intuitive to students. Many of these later 

skills in processes may also resemble the next factor, problem identification and solution 

conveyance, however as a group they all represent moving from an initial problem to a final 

solution and beyond. 

 

Table 2 Process Factor and its Related Items 

Item  Descriptor 

30  I feel I can teach students to make cost-based trade offs. 

13 I feel I can teach students how to make performance based trade-offs. 

10 I feel I can teach students how to visually render their ideas. 

19 I feel I can teach students how to ask questions to reveal the true problem. 

14 I feel I can teach students how to design within constraints. 

9 I believe I can teach students how to use simulations to represent concepts. 

27  I believe I can teach students how to work with limited resources. 

35 
I feel I can teach students how to relate an engineering problem to what 

they encounter every day. 

21 
I believe I can teach students to make changes to their solutions as they 

work. 

4 I feel I can successfully teach students to work an open-ended problem. 

22 I feel I can teach students how to optimize their final solution. 

8 I believe I can teach students how to produce a working model. 

24 I believe I can teach students to model solutions mathematically. 
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Table 2 Continued 

15 I believe I can teach students to justify their decisions. 

2 
I believe I can teach students to work problems that may have no single 

solution. 

37 
I believe I can successfully teach engineering problems that are authentic 

to students’ lives. 

38 
I feel I can help students work an authentic, industry based, engineering 

problem. 

25 I feel I can teach students to apply science principles to a problem. 

12 
I believe I can teach students how to work with production drawings and 

spec sheets. 

18 I believe I can teach students to optimize a design. 

17 I feel I can teach students how to formulate a problem. 

Note. This table represents the factor identified as "Processes" and the items that loaded into 

this factor, displayed from highest to lowest Varimax value. 

 

 

 Problem identification and solution conveyance. Problem identification and 

solution conveyance is the second factor identified in the instrument. It is hallmarked by 

concepts such as working a multidisciplinary problem, creating a working definition of the 

problem, and identifying when the problem has been solved. When first starting engineering 

design, being able to bring about a clear definition is useful, but sometimes a working 

definition is required in order to progress. Recognizing there may be too many unknowns to 

clearly define the problem and instead focusing on creating a definition which will be used to 

guide progress is paramount. Additionally the ability from the onset to realize that the 

problem will require the use of multiple disciplines, and identifying which disciplines, is 

helpful to students. Even if these realizations do not initially occur, the skill can be honed. In 

addition to multidisciplinary problems, engineering design also includes competing 

constraints, or ambiguous constraints. When these occasions arise, students being able to 
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identify the issue helps define the problem they are facing, being able to then justify the 

decision they made in this problem identification is also essential. When dealing with 

conflicting constraints being able to justify and articulate how this issue was dealt with is 

essential to not only identifying the problem, but also conveying how they arrived at a given 

solution. As students arrive at a solution and navigate constraint issues, they may recognize 

that there are multiple paths to a solution. This is an important skill for students, as 

engineering design includes many problems that are open-ended and do not have one clear 

path to the answer. With so much ambiguity in engineering design this increases the need for 

students to be able to not only identify the problem, but also identify when the problem has 

been solved. While working through engineering design it can be easy for students to fall in 

to the process itself, and fail to recognize when solutions are diverting from solving the 

intended problem. Being aware of the problem and identify when solutions are working 

towards a solution to the problem and when they are diverting is essential. All of this work is 

for naught if they are unable to convey their ideas not only at the end of the process, but also 

as they work through it. 

 Solution conveyance is multifaceted, occurring from the onset of the engineering 

design process until completion. In engineering design multidisciplinary problems are often 

occurrences, so being able to apply math to their solutions helps clearly illustrate their 

concepts and how they function. The application of math is only one method at conveying 

ideas, often the focus in engineering design turns to graphical conveyance. As part of 

conveying a solution then, students should be able to hand sketch solutions and solution 
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ideas. Sketching is a skill that helps assist students with ideation as well. As students close in 

on a final solution it is often necessary to demonstrate how the solution may work in practice, 

it is for this reason that being able to prototype a solution comes in to play. Students may 

wish to prototype multiple solution options in order to better understand the function of each 

option. It is interesting to note that prototyping need not only occur for the final solution, 

although this seems to be the time in which it occurs most often. With so many skills and 

concepts delivered through engineering design, the pedagogy of teaching engineering design 

rises as the next factor. Table 3 below presents all of the items contained within the problem 

identification and solution conveyance factor. 

 

Table 3 

Problem Identification and Solution Conveyance Factor and its Related Items 

Item  Descriptor 

36 
I am confident in my ability to teach engineering problems that students 

find important. 

26 I feel I can teach students to apply math successfully. 

39 
I feel I can successfully teach service-learning through problem-solving 

activities. 

5 I am comfortable helping students work a multidisciplinary problem. 

20 
I believe I can teach students how to create a working definition of the 

problem. 

1 
I feel I can successfully teach students to solve a problem with multiple 

paths to a solution. 

31 I feel that I can help students deal with ambiguous constraints. 

16 
I believe I can teach students to identify when the problem has been 

solved. 

11 I believe I can teach students how to use hand sketching in design. 

7 I feel I can teach students how to prototype their ideas. 

34 I feel I can teach problem solving that is relevant to students’ lives. 

23 I feel I can teach students how to cope with competing constraints. 
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Table 3 Continued 

15 I believe I can teach students to justify their decisions. 

Note. This table represents the factor identified as "Problem Identification and Solution 

Conveyance" and the items that loaded onto this factor, displayed from highest to lowest 

Varimax value. 

 

 Pedagogy. Pedagogy in teaching engineering design is not referring to typical 

classroom pedagogy, while this is still important it was not a focus of testing. Pedagogy of 

engineering design is the pedagogy of teaching engineering design itself and includes things 

like assessment. Assessment is typical of general classroom pedagogy, however it was also 

found to be important for engineering design. An instructor's ability to create adequate 

assessment metrics and correct implementation of the metrics is important. The idea of 

assessment is so important that it arrives at the forefront of the pedagogy factor. After 

assessment comes the ability to work with, or manipulate, materials. An instructor needs to 

be able to understand and teach students how to work with materials safely and correctly. 

These materials may range from a pencil and paper, to computers, to wood and metal. In 

addition to working with materials and assessing student work, teachers need to be able to 

deal with and teach problems that do not have a known solution. Many engineering design 

problems, especially those faced by industry, do not have a known solution. These 

engineering design problems present a challenge for teachers, as assessment and work has to 

be based upon what is being done, as it is unclear if the final solution "works". Another 

pedagogical challenge for teachers is engaging students in systems thinking. These two items 

ask teachers to use a pedagogy that differs from engineering design problems as they present 

concepts that involve increased higher-order thinking and cognition. Pedagogy also includes 



116 

 

 

 

 

teaching students to operate within a project budget, which is linked to cost based trade-offs. 

Engineering design is not conducted with a limitless budget and materials. Being able to 

teach students the real cost of design and the factors that influence this cost is important for 

engineering design. Teachers themselves must navigate budgeting in the classroom, and thus 

recognize it as a very real concern even in presenting and selecting engineering design 

problems. Helping students to recognize that budgeting is a real concern when designing is a 

skill that can be easily skipped when trying to present engineering design as it is a concept 

that may seem to inhibit the overall process. Table 4, below, presents all of the items found to 

load on the pedagogy factor. 

 

Table 4 

 Pedagogy factor and its related components 

Item Descriptor 

32 
I believe I can create metrics to assess students’ engineering work 

successfully. 

33 I believe I can use metrics to assess students’ designs successfully. 

28 I believe I can teach students how to work with materials. 

3 
I believe I can teach students to work problems with no known 

solution. 

40 I believe I can successfully teach engineering design to students. 

6 I feel I can help students successfully engage in systems thinking. 

41 I am confident in my ability to help students learn engineering design. 

17 I feel I can teach students how to formulate a problem. 

29 I feel I can teach students to work within a project budget. 

Note. This table represents the factor identified as "Pedagogy" and the items that loaded onto 

this factor, displayed from highest to lowest Varimax value. 
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Conclusions 

 There are three distinct factors of self-efficacy of teaching engineering design. Each 

of these factors represent different concepts of teaching engineering design. Understanding 

the items that compose each factor allows for reflection on individual ability. Taking note of 

the items of which resulted in lower self-efficacy displays a reflection of strengths and 

weakness in instruction. Researchers being able to identify areas of lower self-efficacy will 

allow them to develop targeted instruction, designed to increase the self-efficacy across only 

a few items. Noting that the self-efficacy is low in any one factor, educational experiences 

can be developed to increase self-efficacy in these areas. These educational experiences may 

be mastery experiences or targeted vicarious experiences with verbal persuasion. This study 

also revealed areas of strengths and weakness within the group of participants. 

 This instrument was not focused on the ability of these preservice teachers to 

complete the tasks themselves, but rather teach the tasks. The three lowest scoring items for 

this group involved teaching service-learning and teaching students to create a working 

definition and deal with ambiguous constraints. This implies that when teaching this group, 

as a whole, will shy away from using engineering design problems that highlight these 

characteristics. If the group finds such an engineering design problem they may change the 

requirements or modify the requirements as students encounter difficulties. This same group 

also had areas of higher self-efficacy in teaching students to work with limited resources, 

make changes to their solutions, and visually render their ideas. This means this group, as a 
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whole, is more likely to include these aspects into their course and will more readily assist 

students struggling with these areas. 

 Given the link between personal mastery experiences of the material and self-efficacy 

of teaching content, this indicates that this group has been heavily exposed to areas of 

strengths with only minor exposure to areas of weakness. None of these average values were 

below 4.5, which would be considered the middle of this instruments scale. This indicates 

that while these students might lack self-efficacy in teaching certain areas, they still feel they 

are capable of completing the teaching tasks. However, a problematic experience dealing 

with areas of weakness early in their careers may cause a shift if self-efficacy leading to these 

instructors avoiding areas of weakness at all. 

Implications 

 Teacher self-efficacy, when combined with locus of control and outcome 

expectancies in the classroom, may help predict teacher effectiveness and success (Cantrell, 

2003, Çakiroglu, Çakiroglu, Boone, 2005, Erdem & Demirel, 2007, Tschannen-Moran, Hoy, 

2001). The instrument developed in this study found three factors that formed the overall 

self-efficacy of a teacher teaching engineering design: processes, problem identification and 

solution conveyance, and pedagogy. A teacher's efficacy across all of these factors is then 

important. If the efficacy is low in any factor, the instructor may struggle to teach 

engineering design itself, or just that factor. For instance a teacher with low self-efficacy in 

the pedagogy factor may struggle to effectively assess student engineering design work. By 
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understanding these factors, professional development courses may be developed that 

specifically focus on increasing self-efficacy along one or more of these factors.  
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Appendix A: Engineering Design Components and their characteristics 

 

Table A.1 Characteristics of the Complexness Component 

Article 

open-

ended 

multiple solution 

paths 

no best 

solution 

no known 

solution 

systems 

perspective multidisciplinary 

Apedoe et al., 2008 x x 
  

x 
 

Asunda & Hill, 2007 x x x 
 

x x 

Brophy et al., 2008 x x 
  

x 
 

Bucciarelli, 1994 x 
 

x x x x 

Carlson &Sullivan, 1999 x 
  

x 
 

x 

Carlson &Sullivan, 2003 x x 
 

x x x 

Carr & Strobel, 2011 x x 
   

x 

Dally & Zhang, 1993 x x 
 

x 
  

Dym et al., 2005 x x 
 

x x x 

Dym & Little, 2009 x x 
 

x x x 

Eiskenkraft, 2011 x 
     

Hmelo et al., 2000 x x 
 

x x 
 

ITEEA, 2007 x x 
    

Jonassen, 2011 x 
 

x 
  

x 

Kathei et al., 2009 
 

x x 
 

x 
 

Kolodner, 2002 x 
     

Mehalik & Schuun, 

2006  
x 

 
x x 

 

Sadler et al., 2000 
 

x 
    

Schunn, 2011 
 

x x 
 

x 
 

Sneider, 2011 x 
   

x 
 

Note. A mark indicates the literature mentions or implies the characteristic. 
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Table A.2 Characteristics of the Processes Component 

Article Model 

Graphical 

Visualizations 

Decision 

Making 

Design 

Exploration 

Continuous 

Improvement Optimization 

Apedoe et al., 2008 x x  x x  

Asunda & Hill, 2007 x x  x x x 

Brophy et al., 2008 x x    x 

Bucciarelli, 1994 x x x x x  

Carlson &Sullivan, 1999 x x     

Carlson &Sullivan, 2003 x      

Carr & Strobel, 2011  x x x   

Dally & Zhang, 1993 x x    x 

Dym et al., 2005  x x x   

Dym & Little, 2009 x x x x  x 

Eiskenkraft, 2011 x   x x x 

Hmelo et al., 2000 x x   x x 

ITEEA, 2007 x x x x x x 

Jonassen, 2011 x x x x x x 

Kathei et al., 2009 x x   x x 

Kolodner, 2002 x x x x x x 

Mehalik & Schuun, 2006  x x x x x 

Sadler et al., 2000 x x   x x 

Schunn, 2011     x  

Sneider, 2011 x x  x x x 

Note. A mark indicates the literature mentions or implies the characteristic. 
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Table A.3 Characteristics of the Constraints Component 

Article Based on 1
st
 Principles Applied Math Material Resources Cost 

Apedoe et al., 2008     

Asunda & Hill, 2007 x x  x 

Brophy et al., 2008 x x  x 

Bucciarelli, 1994 x x  x 

Carlson &Sullivan, 1999  x  x 

Carlson &Sullivan, 2003 x    

Carr & Strobel, 2011 x    

Dally & Zhang, 1993   x x 

Dym et al., 2005     

Dym & Little, 2009  x  x 

Eiskenkraft, 2011 x    

Hmelo et al., 2000 x  x  

ITEEA, 2007 x x x x 

Jonassen, 2011     

Kathei et al., 2009  x  x 

Kolodner, 2002     

Mehalik & Schuun, 2006     

Sadler et al., 2000  x x  

Schunn, 2011 x    

Sneider, 2011 x  x x 

Note. A mark indicates the literature mentions or implies the characteristic. 
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Table A.4 Characteristics of the Relevance Component 

Article 

Authentic 

Engineering 

Authentic to 

Students 

Everyday 

Encounters Significance 

Service 

Learning 

Apedoe et al., 2008  x x   

Asunda & Hill, 2007      

Brophy et al., 2008 x x    

Bucciarelli, 1994      

Carlson &Sullivan, 1999 x x x   

Carlson &Sullivan, 2003 x x  x  

Carr & Strobel, 2011 x x    

Dally & Zhang, 1993 x x x  x 

Dym et al., 2005      

Dym & Little, 2009      

Eiskenkraft, 2011      

Hmelo et al., 2000   x   

ITEEA, 2007      

Jonassen, 2011      

Kathei et al., 2009    x  

Kolodner, 2002  x    

Mehalik & Schuun, 2006      

Sadler et al., 2000 x x x   

Schunn, 2011  x  x x 

Sneider, 2011      

Note. A mark indicates the literature mentions or implies the characteristic. 
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Appendix B: First Generation Items 

Item Descriptor 

1 I feel I can successfully teach students to solve a problem with multiple solutions. 

2 I believe I cannot teach students problems that may have no best solution 

3 I believe I can teach students to work problems with no known solution 

4 I feel I can successfully teach students to work an open-ended problem. 

5 I am comfortable helping students work a multidisciplinary problem. 

6 

I feel I can help students successfully work through a problem maintaining a systems 

perspective. 

7 I feel I cannot teach students how to prototype their ideas 

8 I believe I can teach students how to produce a working model 

9 I believe I can teach students how to work with simulations 

10 I feel I can teach students how to visually render their ideas 

11 I believe I cannot teach students how to use sketches in design 

12 I believe I can teach students how to work with production drawings 

13 I feel I can teach students how to make trade-offs 

14 I feel I cannot teach students how to design within constraints 

15 I believe I can teach students to justify their decisions 

16 I believe I cannot teach students when to identify the problem has been solved 

17 I feel I can teach students how to formulate a problem 

18 I believe I can teach students to optimize a design 

19 I feel I cannot teach students how to ask questions to reveal the true problem 

20 I believe I can teach students how to create a working definition of the problem 

21 I believe I cannot teach students to make changes to their solutions as they work 

22 I feel I can teach students how their solution could be improved after completion 

23 I feel I cannot teach students how to cope with conflicting constraints 

24 I believe I can teach students to work with conceptual models 

25 I believe I cannot teach students to model solutions mathematically 

26 I feel that I can successfully help students think mathematically to improve a design 

27 I feel I can teach students to apply science principles to a problem 

28 I feel I cannot teach students to apply math successfully 

29 I believe I can teach students about the constraints of resources 

30 I believe I cannot teach students how to work with materials 

31 I feel I can teach students to work within a budget 

32 I feel I cannot teach students to make cost-based trade offs 

33 I feel that I can help students deal with ambiguity 

34 I believe I can assess students’ engineering work successfully 
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Appendix B Continued 

35 I believe I can assess students’ designs successfully 

36 I feel I can teach problem solving that is relevant to students’ lives. 

37 

I feel I can teach students how to relate an engineering problem to what they encounter 

every day. 

38 I feel I cannot teach problems to which students can relate. 

39 

I am confident in my ability to teach engineering problems which students believe are 

important/significant/impactful. 

40 I believe I can successfully teach authentic engineering problems to students. 

41 I feel I can help students work an authentic engineering problem. 

42 I feel I can successfully teach service-learning through problem-solving activities. 

43 I believe I can successfully teach engineering design to students. 

44 I am confident in my ability to help students learn engineering design. 

45 I feel that I can teach students to successfully work through an engineering design. 
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Appendix C: Subject Matter Expert Comments: First Generation Items 

 
SME 

Item 1 2 3 4 

1 
 

Dup with 2 
 

multiple 

paths or 

answers? 

2 
Negative 

wording 
Dup with 1 

Negative 

wording 

can't 

solutions 

be 

ranked? 

3 
 

Dup 4,33 
 

NP, 

preferred 

over first 

2 

4 
 

Dup 3,33; "systems perspective - 

define it"   

5 
   

define 

systems 

perspecti

ve 

6 
   

same as 

8? 

7 
Negative 

wording 
Dup 8,9 

Negative 

wording 

same as 

7? 

8 
 

Dup 7,9 
 

definition 

of 

simulatio

ns? 

9 
 

Dup 7,8 
  

10 
 

Dup 11,12 
  

11 
Negative 

wording 
Dup 10,12 

Negative 

wording 

Negative 

wording 

12 
 

Dup 10,11 
 

Non-cost 

based 

trade-

offs? 

13 
 

Dup 14 
  

14 
Negative 

wording 
Dup 13; Dup 23,29,31,32 

Negative 

wording 

Negative 

wording 

15 
 

Dup 16 
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Appendix C Continued 

16 
Negative 

wording 
Dup 15 

Negative 

wording 

Negative 

wording 

17 
    

18 
 

"optimize a design - reword i.e. 

improve"   

19 
Negative 

wording 
Dup 20 

Negative 

wording 

Negative 

wording 

20 
 

Dup 19 
  

21 
Negative 

wording  

Negative 

wording 

Negative 

wording 

22 
 

"after completion…of what?" 
  

23 
Negative 

wording 
Dup 14,29,31,32 

Negative 

wording 

Negative 

wording 

24 
    

25 
Negative 

wording 
Dup 26,27 

Negative 

wording 

Negative 

wording 

26 
 

Dup 25,27 
  

27 
 

Dup 25,26 
  

28 
Negative 

wording  

Negative 

wording 

Negative 

wording 

29 
 

Dup 14,23,31,32 
  

30 
Negative 

wording  

Negative 

wording 

Negative 

wording 

31 
 

Dup 32; Dup 14,23,29,32 
  

32 
Negative 

wording 
Dup 31; Dup 14,23,29,31 

Negative 

wording 

Negative 

wording 

33 
 

Dup 3,4 
  

34 
 

Dup 35; Replace with a better 

"assessment metrics" question   

35 
 

Dup 34 
  

36 
 

Dup 37,38,39 
  

37 
 

Dup 36,38,39 
  

38 
Negative 

wording 
Dup 36,37,39 

Negative 

wording 

Do 

instructor

s control 

student 

belief? 
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Appendix C Continued 

39 
 

Dup 36,37,38 
 

What is 

outside 

AE 

problems

? 

40 
 

Dup 41 
  

41 
 

Dup 40 
  

42 
 

"service-learning/inconsistent" 
  

43 
 

Dup 44, 45 
  

44 
 

Dup 43, 45 
  

45 
 

Dup 43,44 
  

Comments

: 

Add 

item 

about 

criteria; 

Add 

item 

about 

predictiv

e 

analysis; 

ED 

process 

to solve 

real-

world 

problems 

Questions regarding metrics to 

assess; Creating design 

specification 

Assessment 

Questions 

(metrics) 

Assessme

nt 

Question

s 

(metrics) 

Note. Item numbers in boldface indicate negative wording issues. All SMEs commented on 

this even if not reflected in their comment column. 
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Appendix D: Second Generation Items 

Item Descriptor 

1 

I feel I can successfully teach students to solve a problem with multiple paths 

to a solution. 

2 I believe I can teach students problems that may have no single solution. 

3 I believe I can teach students to work problems with no known solution. 

4 I feel I can successfully teach students to work an open-ended problem. 

5 I am comfortable helping students work a multidisciplinary problem. 

6 I feel I can help students successfully engage in systems thinking. 

7 I feel I can teach students how to prototype their ideas. 

8 I believe I can teach students how to produce a working model. 

9 I believe I can teach students how to use simulations to represent concepts. 

10 I feel I can teach students how to visually render their ideas. 

11 I believe I can teach students how to use hand sketching in design. 

12 

I believe I can teach students how to work with production drawings and spec 

sheets. 

13 I feel I can teach students how to make performance based trade-offs. 

14 I feel I can teach students how to design within constraints. 

15 I believe I can teach students to justify their decisions. 

16 I believe I can teach students to identify when the problem has been solved. 

17 I feel I can teach students how to formulate a problem. 

18 I believe I can teach students to optimize a design. 

19 I feel I can teach students how to ask questions to reveal the true problem. 

20 

I believe I can teach students how to create a working definition of the 

problem. 

21 I believe I can teach students to make changes to their solutions as they work. 

22 

I feel I can teach students how their solution could be improved after 

completion. 

23 I feel I can teach students how to cope with competing constraints. 

24 I believe I can teach students to develop conceptual models. 

25 I believe I can teach students to model solutions mathematically. 

26 

I feel that I can successfully help students think mathematically to improve a 

design. 

27 I feel I can teach students to apply science principles to a problem. 

28 I feel I can teach students to apply math successfully. 

29 I believe I can teach students how to work with limited resources. 

30 I believe I can teach students how to work with materials. 

31 I feel I can teach students to work within a project budget. 
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Appendix D Continued 

32 I feel I can teach students to make cost-based trade offs. 

33 I feel that I can help students deal with ambiguous constraints. 

34 

I believe I can create metrics to assess students’ engineering work 

successfully. 

35 I believe I can use metrics to assess students’ designs successfully. 

36 I feel I can teach problem solving that is relevant to students’ lives. 

37 

I feel I can teach students how to relate an engineering problem to what they 

encounter every day. 

38 I feel I can teach problems to which students can relate. 

39 

I am confident in my ability to teach engineering problems that students find 

important. 

40 

I believe I can successfully teach engineering problems that are authentic to 

students’ lives. 

41 I feel I can help students work an engineering problem pulled from industry. 

42 

I feel I can successfully teach service-learning through problem-solving 

activities. 

43 I believe I can successfully teach engineering design to students. 

44 I am confident in my ability to help students learn engineering design. 

45 

I feel that I can teach students to successfully work through an engineering 

design. 

Note. Items with strike-through were slated to be deleted. SMEs were informed and asked to 

confirm they were okay to remove from the instrument. 
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Appendix E: Third Generation Items 

Item Descriptor 

1 

I feel I can successfully teach students to solve a problem with multiple paths 

to a solution. 

2 

I believe I can teach students to work problems that may have no single 

solution. 

3 I believe I can teach students to work problems with no known solution. 

4 I feel I can successfully teach students to work an open-ended problem. 

5 I am comfortable helping students work a multidisciplinary problem. 

6 I feel I can help students successfully engage in systems thinking. 

7 I feel I can teach students how to prototype their ideas. 

8 I believe I can teach students how to produce a working model. 

9 I believe I can teach students how to use simulations to represent concepts. 

10 I feel I can teach students how to visually render their ideas. 

11 I believe I can teach students how to use hand sketching in design. 

12 

I believe I can teach students how to work with production drawings and spec 

sheets. 

13 I feel I can teach students how to make performance based trade-offs. 

14 I feel I can teach students how to design within constraints. 

15 I believe I can teach students to justify their decisions. 

16 I believe I can teach students to identify when the problem has been solved. 

17 I feel I can teach students how to formulate a problem. 

18 I believe I can teach students to optimize a design. 

19 I feel I can teach students how to ask questions to reveal the true problem. 

20 

I believe I can teach students how to create a working definition of the 

problem. 

21 I believe I can teach students to make changes to their solutions as they work. 

22 I feel I can teach students how to optimize their final solution. 

23 I feel I can teach students how to cope with competing constraints. 

24 I believe I can teach students to model solutions mathematically. 

25 I feel I can teach students to apply science principles to a problem. 

26 I feel I can teach students to apply math successfully. 

27 I believe I can teach students how to work with limited resources. 

28 I believe I can teach students how to work with materials. 

29 I feel I can teach students to work within a project budget. 

30 I feel I can teach students to make cost-based trade offs. 

31 I feel that I can help students deal with ambiguous constraints. 
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Appendix E 

32 

I believe I can create metrics to assess students’ engineering work 

successfully. 

33 I believe I can use metrics to assess students’ designs successfully. 

34 I feel I can teach problem solving that is relevant to students’ lives. 

35 

I feel I can teach students how to relate an engineering problem to what they 

encounter every day. 

36 

I am confident in my ability to teach engineering problems that students find 

important. 

37 

I believe I can successfully teach engineering problems that are authentic to 

students’ lives. 

38 I feel I can help students work an engineering problem pulled from industry. 

39 

I feel I can successfully teach service-learning through problem-solving 

activities. 

40 I believe I can successfully teach engineering design to students. 

41 I am confident in my ability to help students learn engineering design. 
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Appendix F: Informed Consent 

What are some general things you should know about research studies? 

You are being asked to take part in a research study. Your participation in this study is 

voluntary. You have the right to be a part of this study, to choose not to participate or to stop 

participating at any time without penalty. The purpose of research studies is to gain a better 

understanding of a certain topic or issue. You are not guaranteed any personal benefits from 

being in a study. Research studies also may pose risks to those that participate. In this 

consent form you will find specific details about the research for clarification or more 

information. A copy of this consent form will be provided to you. If at any time you have 

questions about your participation, do not hesitate to contact the researcher(s) named above. 

What is the purpose of this study? 

The purpose of this study is to create an survey to understand the self-efficacy of teachers 

teaching engineering design. As part of this process this study is seeking to create the survey 

and begin validating it. 

What will happen if you take part in the study? 

If you agree to participate in this study you will be asked to confirm you are above the age of 

18. You will then be given the chance to answer a number of questions relating to 

engineering design. At the end of the questions you will be given the chance to opt into the 

selection pool for a focus group relating to your experience taking the instrument. None of 

your contact information or name will be linked to your responses. 

Risks 
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As a result of this study your confidence in your ability to teach, specifically engineering 

design, may be affected. 

Benefits 

The instrument needs to be checked for validity and reliability. Your participation is helping 

to achieve this goal. Once the instrument is validated and determined to be reliable it can be 

used to help programs, such as the one in which you are enrolled, improve their education. 

Confidentiality 

The information in the study records will be kept confidential to the full extent allowed by 

law. Data will be stored securely by the researchers in accordance with the regulations set 

forth by North Carolina State University. No reference will be made in oral or written reports 

which could link you to the study. Your answers will not be linked to your name or contact 

information. Your name will only be linked to whether or not the instrument was completed. 

Compensation 

There is no compensation for participating in this study. 

What if you have questions about this study? 

If you have questions at any time about the study or the procedures, you may contact the 

researchers Mr. Erik Ward at (919) 515-1748 or Dr. Matthew Lammi at (919) 515-1748. 

What if you have questions about your rights as a research participant? 

If you feel you have not been treated according to the descriptions in this form, or your rights 

as a participant in research have been violated during the course of this project, you may 
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contact Deb Paxton, Regulatory Compliance Administrator, Box 7514, NCSU Campus (919-

515-4514). 

Consent To Participate 

“I have read and understand the above information. I have received a copy of this form. I 

agree to participate in this study with the understanding that I may choose not to participate 

or to stop participating at any time without penalty or loss of benefits to which I am 

otherwise entitled.” 

 

Your consent will be given electronically before you take the survey. To provide consent and 

take the survey go to the provided link. Read the informed consent at the link, and select the 

appropriate option. Informed consent will be the first question you are asked. 

 

Survey Link: 

http://ncsu.qualtrics.com//SE/?SID=SV_29OpO5qh1M8iwVn 
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Appendix G: Recruitment Introduction 

Hi, 

 

  My name is Erik Ward. I am a masters student in Technology Engineering and 

Design education here at NC State. As a part of my master’s I am working on a research 

thesis that will include a survey. I am visiting you today to give you the opportunity to 

participate in this research. We are looking to improve the student experience in TDE; not 

just here, but in the entire profession as well. We want to be able to gauge how you feel 

about teaching some of the subject matter in the TDE program.  

 

 Your participation in the study is completely voluntary. If you decide to participate in 

this research study you may withdraw without any negative consequences at any time. 

Additionally, your ability to graduate or complete this course is not tied to the research study. 

 

 As a participant in the research you will be given a link to a survey, provided on the 

cards being passed around. When you go to this link you’ll be asked to confirm you are over 

18. After that you’ll be given the chance to read the informed consent form. This form 

outlines more information about the study, the risks, and benefits of the study. It also 

provides you with the researchers’ contact information. After this introductory section you 

will be asked to answer approximately 50 questions. These questions will ask you to rate how 

you feel about teaching some of the content covered in this major. After you’ve completed 

the survey you’ll be given the opportunity to opt-in for another related study. 
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 Your privacy is important to us as we will not be keeping any information that links 

your answers to your name. We’ll analyze all the answers collectively. We will be notified 

only that you have completed the instrument, and if you opt-in for further research. 

 

  We’ll send an email inviting you to participate in the coming days. The email will 

contain the link to the survey. You will also receive a follow-up email as another reminder 

within a couple of weeks after. 

 

 If you have any questions or concerns, my email and office in Poe are listed on the 

cards being passed out. My advisor’s email, office, and office number are also on this card. 

Are there any questions? Thanks so much for your time and participation! 
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Appendix H: Factor Loadings for Exploratory Factor Analysis with Varimax Rotation 

Item Processes Problem Identification and Solution Conveyance Pedagogy 

1 0.382 0.844 0.266 

2 0.679 0.405 0.567 

3 0.532 0.332 0.706 

4 0.725 0.412 0.489 

5 0.335 0.859 0.131 

6 0.577 0.332 0.656 

7 0.310 0.814 0.352 

8 0.712 0.419 0.512 

9 0.775 0.402 0.424 

10 0.799 0.443 0.326 

11 0.296 0.829 0.377 

12 0.637 0.379 0.557 

13 0.808 0.399 0.296 

14 0.776 0.399 0.332 

15 0.680 0.790 0.516 

16 0.252 0.836 0.420 

17 0.624 0.352 0.632 

18 0.628 0.348 0.583 

19 0.797 0.395 0.328 

20 0.390 0.844 0.266 

21 0.755 0.405 0.416 

22 0.715 0.387 0.514 

23 0.349 0.800 0.248 

24 0.685 0.344 0.462 

25 0.659 0.400 0.550 

26 0.358 0.864 0.160 

27 0.770 0.430 0.405 

28 0.487 0.345 0.775 

29 0.583 0.347 0.632 

30 0.880 0.376 0.253 

31 0.360 0.844 0.248 

32 0.305 0.179 0.870 

33 0.386 0.274 0.825 

34 0.360 0.807 0.306 

35 0.767 0.407 0.420 
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Appendix H Continued 

36 0.281 0.875 0.326 

37 0.660 0.405 0.558 

38 0.660 0.374 0.582 

39 0.321 0.862 0.274 

40 0.575 0.396 0.659 

41 0.589 0.414 0.634 
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Appendix I: The Three Factors and Their Representative Items 

 

Table I.1. 

Process Factor and Its Items 

Item  Descriptor 

30  I feel I can teach students to make cost-based trade-offs. 

13 I feel I can teach students how to make performance based trade-offs. 

10 I feel I can teach students how to visually render their ideas. 

19 I feel I can teach students how to ask questions to reveal the true problem. 

14 I feel I can teach students how to design within constraints. 

9 I believe I can teach students how to use simulations to represent concepts. 

27  I believe I can teach students how to work with limited resources. 

35 
I feel I can teach students how to relate an engineering problem to what 

they encounter every day. 

21 
I believe I can teach students to make changes to their solutions as they 

work. 

4 I feel I can successfully teach students to work an open-ended problem. 

22 I feel I can teach students how to optimize their final solution. 

8 I believe I can teach students how to produce a working model. 

24 I believe I can teach students to model solutions mathematically. 

15 I believe I can teach students to justify their decisions. 

2 
I believe I can teach students to work problems that may have no single 

solution. 

37 
I believe I can successfully teach engineering problems that are authentic to 

students’ lives. 

38 
I feel I can help students work an authentic, industry based, engineering 

problem. 

25 I feel I can teach students to apply science principles to a problem. 

12 
I believe I can teach students how to work with production drawings and 

spec sheets. 

18 I believe I can teach students to optimize a design. 

17 I feel I can teach students how to formulate a problem. 

Note. This table represents the factor identified as "Processes" and the items that loaded onto 

this factor, displayed from highest to lowest Varimax value. 
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Table I.2 

 Problem Identification and Solution Conveyance Factor and its Related Items 

Item  Descriptor 

36 
I am confident in my ability to teach engineering problems that students 

find important. 

26 I feel I can teach students to apply math successfully. 

39 
I feel I can successfully teach service-learning through problem-solving 

activities. 

5 I am comfortable helping students work a multidisciplinary problem. 

20 
I believe I can teach students how to create a working definition of the 

problem. 

1 
I feel I can successfully teach students to solve a problem with multiple 

paths to a solution. 

31 I feel that I can help students deal with ambiguous constraints. 

16 
I believe I can teach students to identify when the problem has been 

solved. 

11 I believe I can teach students how to use hand sketching in design. 

7 I feel I can teach students how to prototype their ideas. 

34 I feel I can teach problem solving that is relevant to students’ lives. 

23 I feel I can teach students how to cope with competing constraints. 

15 I believe I can teach students to justify their decisions. 

Note. This table represents the factor identified as "Problem Identification and Solution 

Conveyance" and the items that loaded onto this factor, displayed from highest to lowest 

Varimax value. 

 

 

 

Table I.3 

 Pedagogy factor and its related components 

Item Descriptor 

32 
I believe I can create metrics to assess students’ engineering work 

successfully. 

33 I believe I can use metrics to assess students’ designs successfully. 

28 I believe I can teach students how to work with materials. 

3 
I believe I can teach students to work problems with no known 

solution. 

40 I believe I can successfully teach engineering design to students. 

6 I feel I can help students successfully engage in systems thinking. 

41 I am confident in my ability to help students learn engineering design. 

17 I feel I can teach students how to formulate a problem. 
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Table I.3 Continued 

29 I feel I can teach students to work within a project budget. 

Note. This table represents the factor identified as "Pedagogy" and the items that loaded onto 

this factor, displayed from highest to lowest Varimax value. 


