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Abstract 

 

Practicing engineers need to be able to balance the complex interplays that exist between the 

social and technical dimensions of contextualized, open-ended problems. Engineers often engage 

in problem definition while interacting with non-engineering stakeholders. Yet in undergraduate 

engineering education, engineering course work often emphasizes the technical at the expense of 

the social, and rarely provides students the opportunity to solve open-ended problems. This paper 

describes the rationale and process for developing an instrument to measuring students’ 

perspective changes in sociotechnical thinking. That instrument is motivated by research that 

examines the importance of embedding sociotechnical thinking, or the interplay between relevant 

social and technical factors in the problem to be solved, into the engineering curriculum. 

 

Introduction 

 

Practicing engineers often learn to recognize the complex interplays between the social and the 

technical dimensions of the typically open-ended problems that they solve [1]–[3]. Professional 

engineers also engage in elaborate problem definition phases, which feature negotiations of the 

problem definition with non-engineering stakeholders, and engage in iterative problem solving 

when approaching ill-structured problems [4], [5]. Yet, in undergraduate engineering education, 

engineering degree programs usually emphasize the technical at the expense of the social, and 

primarily provide closed-ended rather than open-ended problems [6]–[8]. 

 

Pre-defined, closed-ended, decontextualized problems deprive students of opportunities to 

experience and practice the crucial problem definition phase [6], [7]. In a review of literature on 

engineers as problem solvers, and after contrasting the nature of common engineering workplace 

and classroom problems, Jonassen concludes, “learning to solve classroom problems does not 

effectively prepare engineering graduates to solve workplace problems” [5], pp. 103-104. The 

engineering curriculum may fail to engage the social context in which problems occur, fostering 

the habit of solving problems that come fully formed and that require no problem-definition 

negotiations with community, municipal, and other stakeholders [7], [8]. This mismatch between 

how future engineers are taught and the decisions they will make as professionals can lead to 

negative consequences in society and can damage the reputation of the engineering profession. 

This paper first describes the theoretical background motivating a new research project in 

sociotechnical thinking within engineering education, then describes the development of an 

instrument for measuring students’ sociotechnical change over the course of a semester. 

 

Theoretical Background on Sociotechnical Integration 

 

Practicing engineers encounter technical problems situated in social contexts with real clients, 

stakeholders, and diverse perspectives. The importance of social context is acknowledged by 

NSF’s Professional Formation of Engineers initiative, which emphasizes the “formal and 



informal processes and value systems by which people become engineers” and “the ethical 

responsibility of practicing engineers to sustain and grow the profession in order to improve 

quality of life for all peoples” [9]. Social contexts can shape (and be shaped by) technical 

problems. Engineering practice involves contextualized engineering problem solving in which 

the social and technical interrelate [1]–[3], [10], [11]. The sociotechnical nature of problem 

solving suggests that a sociotechnical method of thinking is a critical component of engineering 

practice.  

 

Professional engineers sometimes fail to recognize the interrelated nature of sociotechnical 

systems, instead falsely dividing them into a techno-social dualism [11], [12]. Even the National 

Academy of Engineering’s 2008 Grand Challenges Report [13], commonly perceived as a key 

vision of the engineering profession’s view of itself in the 21st century, has recently been 

critiqued for inadequately incorporating social elements and failing to consider relevant 

community viewpoints [14]–[18]. In a study that interviewed more than 300 engineers over the 

course of a decade and survey data collected from almost 400, researchers identified common 

misconceptions among engineering students and novice engineers about the realities of 

engineering practice [2]. Specifically, practicing engineers describe engineering practice as much 

more sociotechnical in nature than students or novices [2]. Although Trevelyan’s research was 

undertaken within the Australasian context, many of the findings align with research in U.S. and 

U.K. contexts, such as those confirming engineers’ tendency to split the world between the 

technical and the social [10], [11]. 

 

It is not surprising that engineers and students perceive a divide between the technical and the 

social dimension of problems. During their engineering education, students receive few 

opportunities to practice sociotechnical thinking [7]. The engineering science curriculum, the 

component of the engineering curriculum comprising the most credits, favors the technical, 

which is often separated from the social via closed-ended, decontextualized problems [6], [8]. 

Inversely, courses in the humanities and social sciences generally favor the social, typically 

separated from the technical. While engineering design experiences can promote sociotechnical 

thinking, sociotechnical integration is often treated superficially due to the number and 

complexity of accreditation criteria design courses must often meet; also, design courses in most 

U.S. universities are often dramatically overshadowed by engineering science courses, which 

feature little to no social or sociotechnical content [19], [20]. Drawing on longitudinal survey 

data from students in four engineering colleges, Cech researched the degree to which students’ 

interest in public welfare concerns change over the course of their engineering education [21]. 

Research findings from that study show that engineering students’ are increasingly disengaged 

with public well being over the course of their undergraduate studies; this finding also supports 

the notion that the cultural emphases within engineering programs—including the stark 

separation of the technical and the social—impact students’ views of their futures as professional 

engineers [21].  

 

A key source describing elements of the divide between the technical and the social, and 

especially social justice, in engineering education is Riley’s Engineering and Social Justice [22]. 

Riley describes the ways in which engineering mindsets contribute to the false dichotomy 

placing technical and social elements at odds with each other: 

 



Generally, engineering students learn to think analytically only in certain ways 

appropriate to technical analysis. For example, we learn to break problems down into 

small parts, solve the individual parts, and then work back up to a solution. We typically 

do not come away with the ability to think critically, to question what is given, or 

question the validity of our assumptions, because we are too busy learning the essentials 

of problem solving. For this reason, we often cannot see the larger context of the problem 

we are working. [22], p. 41 

 

Adams and collaborators also examined multiple perspectives of the engagement of future 

engineers [23]. One conclusion they drew was that there is a disconnection between engineering 

education’s focus on technical knowledge acquisition, and the practice of engineering, which 

requires broader skill sets. Within Adams et al. [23], Stevens’ essay “Toward a Socio-Technical 

Engineering Education” describes a strong inconsistency between engineering and people within 

engineering education, including a persistent view that academic disciplines focused on people 

have limited value compared to (technical) engineering.  

 

Most U.S. engineering curricula insufficiently accentuate sociotechnical interplays, providing too 

little attention to the social. For instance within the engineering sciences, instructors often default 

to the same kinds of problems they encountered in their own engineering education: 

decontextualized problems that have only a single correct answer [7]. Although this practice 

facilitates the ease of grading and greater semblance of objectivity, it also conveys an incorrect 

message to students. Trevelyan’s work indicated that due in part to their formative education, 

many practicing engineers were misled to think engineering was a technical rather than a 

sociotechnical profession [2]. When they began actual engineering practice, such engineers were 

troubled by the amount of ambiguity, necessary collaboration, sociotechnical complexity, and 

persuasion needed:  

 

Many [of the interviewed engineers] felt frustrated because they did not think that their 

jobs provided them with enough technical challenges. Others felt frustrated because they 

thought that a different career choice might have led to a job that would enable them to 

make more use of the advanced technical subjects they had studied in their university 

courses. Many of them were actually planning to leave their career in engineering. In our 

research, we found that more experienced engineers, those who had stuck with it for a 

decade or more, had mostly realized that the real intellectual challenges in engineering 

involve people and technical issues simultaneously. Most had found working with these 

challenges far more satisfying than remaining entirely in the technical domain of objects. 

[2], pp. 49-51 

 

Another example of this challenge is illustrated through the curricula at University A. In the 

electrical engineering (EE) and mechanical engineering (ME) curricula, approximately 90 of 

129.5 (about 70%) and 88 of 134.5 (about 65%) credits, respectively, can be categorized as 

either engineering science core or the required mathematics and science prerequisites. In 

addition, engineering design courses, especially capstone design, are already tasked with 

teaching multiple complex concepts, processes, and methodologies such as design and iterative 

thinking, teamwork, communication, and much more, making it difficult to address 

sociotechnical skills in great depth. Since students create a hierarchy of coursework with 



engineering science courses on top [4], [7], such courses are arguably most pivotal in shaping 

their professional identity. There is a great need for interventions in sociotechnical thinking and 

in a method for measuring impact in the engineering sciences. 

 

The current authors seek to address the challenge described above at University A and University 

B by embedding sociotechnical thinking into EE and ME courses. Courses at both universities 

will provide instruction using a comparable number of sociotechnical focused assignments and 

reflections from projects. Targeted interventions to improve sociotechnical reasoning are being 

developed and implemented; these interventions are described briefly below, and more detailed 

descriptions are planned for future dissemination. An immediate problem emerged as a result of 

planning the interventions: How would we know whether the students’ sociotechnical thinking 

was impacted by these interventions? The remainder of this paper describes our key contribution: 

the process by which we have developed a pre- and post-survey instrument to measure shifts in 

sociotechnical thinking in EE and ME students in the intervention classes.  

 

Target Population 

 

Two courses, a first-year engineering projects course (Projects) and a third-year introductory 

electromagnetics course (EM), have been selected as treatment courses. The course innovations 

required to perform the research will impact up to 500 students per academic year across two 

disciplines, grade levels (first- through third-year students) and universities. The two treatment 

classes are being taught at University A and B, which represent different student populations. 

The Projects course is an introductory design course offered to all engineering students at 

University B, but over 50% of the students are in the ME Department. Projects students range in 

level, with 85% being first- or second- year undergraduates. At University A, EM is a third-year 

course that serves as an introduction to electromagnetic theory as applied to electrical 

engineering problems in wireless communications, transmission lines, and high-frequency circuit 

design. The theory and applications are based on Maxwell's equations, which describe the 

electric and magnetic force-fields, the interplay between them, and how they transport energy. 

This course is required for all EE students. 

 

Proposed Interventions 

 

Since these interventions are in the planning stages, they are proposed interventions rather than 

an actual account of what was implemented. To assess students’ general understanding of an 

engineer’s role, the EM course at University A currently integrates engineering applications 

situated in their broader context. This is accomplished by having students grapple with technical 

questions at home, and then structuring classroom discussions and assignments around the 

Engineering Grand Challenges. In this sense, engineering students identify potential stakeholders 

in a current problem, as well as appreciate why the problem matters and how it can be resolved. 

Sociotechnical thinking is also being engaged when students brainstorm in small groups on how 

common EM content, such as Maxwell’s equations, can help address everyday problems. Several 

potential interventions are in the planning phase:  

 

• Provide students with an EM-related “engineering failure,” and have students examine 

what went wrong with the engineering design and emphasize which stakeholders were 



affected by the incident. Students then work in groups to relate the incident to important 

EM concepts and identify salient lessons learned.  

• Assign a mini-project so students can apply EM knowledge to a real(istic) scenario and  

the resulting consequences. Students focus on technical aspects and analyze social and 

technical consequences.  

• Redesign classroom assessment rubrics to incorporate engineering habits of mind. 

Include sections for systems thinking (technical aspects), innovation (design aspects), 

adaptations and improvements (iterative processes), socio-cultural and ethical 

considerations (social aspects), communication (understanding the problem and 

considering multiple perspectives), collaboration (teamwork and fostering new 

strategies), and finally sociotechnical integration (understanding emergent factors).  

 

The Projects course taught at University B, focuses on group work and project-based learning. 

Possible interventions in socio technical thinking for this course include: 

• Design two workshops focusing on sociotechnical thinking to help guide students 

through their course projects. 

• Challenge students throughout the semester with design constraints that foster 

sociotechnical thinking.  

• Require students to keep reflection logs that document their technical and social 

reasoning, including for final projects.  

• Structure grading to reflect the importance of sociotechnical thinking.  

 

Sociotechnical Survey Development 

 

The primary focus of this paper is the development of our survey instrument, which is designed 

to measure students’ sociotechnical thinking before and after the course interventions. This 

survey has the following goals: (1) to quantify student self-reports on their ability to think 

sociotechnically, and (2) to measure students’ perspectives on engineering habits of mind and the 

role of sociotechnical considerations in engineering practice. These goals and the theoretical 

framework previously discussed were used to guide our team’s instrument development process. 

 

Survey Question Generation Process 

 

To facilitate survey development, each member of our research team reviewed our survey goals 

and the previous research. The research team consists of experts in sociotechnical research, 

engineering education and assessment, the instructors of the targeted engineering courses, and an 

undergraduate student who has taken EM and who will help with future course interventions and 

assessment. The team generated an initial list of important topics, and then collaboratively 

discussed these topics and extended this list as appropriate. This provided the initial framework 

for the generation of our survey questions.  

 

To better understand sociotechnical habits of mind, we reviewed relevant literature. In general, 

habits of mind refers to any recurring action or activity that, through repetition, instills 

professional problem-definition and solving routine practices. The key question is whether those 

practices are effective. Whereas habits of mind encompass a broad array of actions, habits of 

mind related to sociotechnical thinking are more specific. The published literature accentuates 



how engineering students have limited problem definition skills [4], a weakness exacerbated by 

the fact that (as noted in our literature review above) most problems in the bulk of the curriculum 

come to students well-defined, with given parameters. Since actual engineering practice often 

features negotiations of problem definitions between engineers and multiple stakeholders, 

including non-engineers [4], [24], we drew loosely from three strategies in Downey’s Problem 

Definition and Solution (PDS) Model to assess the degree to which students account for social 

dimensions when defining and solving ill-structured, open-ended problems. Sample questions 

adapted from Downey’s PDS Model include and focus on student outcomes that occur during 

problem definition and solution processes:  

 

1) Knowledge Strengths and Limitations 

To what degree  

 

a) do students identify and use both technical and non-technical bodies of knowledge?  

b) do students acknowledge the strengths and limitations of different forms of knowledge 

for solving diverse kinds of problems?  

c) do students recognize ambiguity and uncertainty, and what do they do when they 

encounter those issues? 

 

2) Diverse Knowledge and Perspectives 

To what degree  

 

a) do students demonstrate understanding of the importance of learning to work with 

people who define problems differently than they do? 

b) are project-relevant socio-cultural issues identified and used for practical reasoning?  

 

3) Knowledge and Expertise Plurality 

To what degree  

 

a) are students able to “function effectively as mediators among different types of 

engineering specialists” and non-engineers? 

b) do students render visible and legitimize “the human dimensions of engineering work 

alongside technical problem solving?” [4], p. 594. 

 

These questions guided our thinking as we designed the survey instrument to assess habits of 

mind as they relate to sociotechnical thinking. 

 

Next, we reviewed three assessment instruments. The first, “Assessment techniques for 

contextual competence: A resource for teaching and learning engineering design,” included a 

survey to assess multiple indicators of contextual competence, including sociotechnical thinking 

[25]. Contextual competence refers to “the ability to recognize and consider the relevant 

interrelated aspects of a design problem’s context, comprising the people, places, events, and 

socioeconomic systems that shape and are shaped by a particular engineering design process” 

[25], p. 3. Since this definition has significant conceptual overlaps with the definition of 

sociotechnical thinking, some of Atman and colleagues’ survey questions were relevant to our 

survey. Furthermore, their survey assessment techniques were “developed on the foundation of 



years of research on engineering design processes…and ha[d] been field-tested in several 

instructional settings” [25], p. 3.  

 

The second assessment instrument constituted research on engineering students’ evolving 

engineering identities from the university to the workplace, including “how engineering students 

perceive social and technical dimensions of engineering ability and identity” [26], survey p. 1. 

This research drew from previous research, including Graziano and colleagues’ Person-

Orientation/Thing-Orientation scale [27], [28]. Since sections of both assessment instruments 

had similar aims, we were able to use, in our survey, sometimes after minor modification, some 

of those authors’ assessment questions [25], [26].  

 

The third assessment instrument was focused on students’ views of macro-ethics, specifically as 

they pertain to the social responsibilities of engineers and scientists [29]. This section of the 

survey was made up of four Likert-scale questions. 

 

Additional survey instruments were considered for inclusion, but ultimately not incorporated for 

a variety of reasons. For example, Cech developed a survey instrument to longitudinally track 

students’ views of public welfare and the cultural emphases of their engineering education 

programs, to see if their beliefs about public welfare changed over time or because of the 

perceived culture of their educational institution [21]. We ultimately did not adapt any of Cech’s 

questions to our survey because capturing sociotechnical thinking, as our research sets out to do, 

is related but not synonymous with tracking students’ public welfare concerns, as was Cech’s 

aim. Another survey that we reviewed was developed by Fuentes et al. for use in a longitudinal 

study of students’ views of engineering ethics and social responsibility [30]. While references in 

this work pointed us to some of the instruments we ultimately adapted (those described above), 

we did not use any questions directly from Fuentes’s work because they did not directly measure 

sociotechnical thinking. 

 

Each researcher reviewed these instruments and identified topics and questions from these 

instruments that aligned with our goals. These were then discussed and appropriate questions 

from each instrument were selected for consideration. Independently, we reviewed the resultant 

list and, once again, aligned the selected questions with our goals. Any questions that did not 

align with our goals were removed from consideration after a team discussion. When relevant, 

we aimed to keep all questions from these previously-developed instruments (or from the related 

section of the instrument), in order to maintain the survey’s validity. 

 

We returned to our topic framework and generated original questions to address any missing 

topics. At this point, we had a complete list of topics and questions to be addressed through this 

survey. We reviewed the resultant questions and rephrased them to improve the internal 

consistency of the survey.  

 

Expert Review 

 

Our survey was presented to an expert team, consisting of members of our Advisory Committee, 

which consisted of engineers who have extensive experience in sociotechnical thinking and 

research. Feedback received from these individuals included recommendations to focus a few 



questions more narrowly to our research questions, ensure the length of the survey was not 

excessive, increase consistency of the factors students were asked to consider across questions, 

and remove a set of potentially leading options from one particular question. In general, the 

feedback from our expert review was consistent with the recommendations stemming from the 

think-aloud activities with our students.  

 

Think-Aloud Protocols 

 

Once our initial set of questions were developed, we were ready to determine whether students 

interpreted our questions as intended. Using a cognitive validation process, four volunteer 

students, two from University A and two from University B, completed a think aloud protocol 

[31], [32]. Each session took 60-90 minutes and was led by one of the researchers. The student 

participants for the think-alouds were chosen to resemble the future research subjects for the 

project in terms of background demographics such as year in the program, etc. Subjects were 

recruited from both mechanical and electrical engineering.  

 

The think-aloud protocol consisted of two parts. In the first few minutes of the session, the 

researcher provided a general introduction to the research project and the objectives of the think-

aloud. Then, the students worked through the survey aloud. For each survey question, the 

researcher prompted the participants with questions such as: 

 

What does this question mean to you? 

 

Can you state this question in your own words? 

 

Is there anything you find confusing about this question? 

 

Why did you choose the answer you selected? 

 

Following each think-aloud session, the researchers summarized the feedback received in a 

written document. When all four sessions were completed, this data was collected into a single 

document and used to refine the survey. Examples of changes are described below, and the full 

survey appears in the Appendix. 

 

▪ When possible to do so without biasing responses, we clarified the meanings of or changed 

words that confused the students, including “manufacturability,” “multidisciplinary,” “firm” 

(when used as a noun), “ambiguity,” “uncertainty,” “novel” (when used as an adjective), 

“licensure,” and “methodologies.” 

 

▪ The team used a common list of considerations for two related questions, one asking students 

to rate the importance of the considerations in the student’s future engineering practice and 

the other asking them to indicate how frequently practicing engineers incorporate such 

considerations. The modified list consisted of terms drawn from former ABET criteria: 

o Economic  

o Technical  

o Manufacturability 



o Social 

o Environmental  

o Health and Safety 

o Ethical  

 

▪ These terms were then used in a related question instead of the original, more extensive list 

of terms: 

o Costs/benefits, return on 

investment 

o Ethics 

o General economic conditions 

o Global events/trends 

o Health and safety 

o Industry events/trends 

o Natural environment 

o Political environment and events 

(local, regional, or national) 

o Product/service viability 

o Societal issues 

o Sustainability 

o Systems-level issues 

o User needs and interests 

o Your organization’s policies, 

goals, or environment 

 

▪ We removed the following set of four potentially leading and clearly confusing options 
from a question that originally had eight options: 

o Practicing engineers who think engineering is completely technical work are a risk to 

the reputation of the profession. 

o Practicing engineers who think engineering is primarily technical work are a risk to 

the reputation of the profession. 

o Practicing engineers who think engineering is primarily sociotechnical work are a risk 

to the reputation of the profession. 

o Practicing engineers who think engineering is completely sociotechnical work are a 

risk to the reputation of the profession. 

 

▪ We combined all of the demographic questions at the end of the survey and ordered them 

such that the lower cognitive load questions were last. 

 

▪ We updated our set of options for gender-related demographic information based on 

recommendations from the Human Rights Campaign [33]. 

▪  

Survey Instrument 

 

The survey that resulted from this process is displayed in the Appendix. The survey features 

three main sections:  

 

1) questions revolving around the individual’s perception of engineering practices,  

2) questions relating to the individual’s prior knowledge of engineering practice, and  

3) demographic questions.   

 

In section one, students are placed in the role of a future engineer and respond to questions about 

engineering practice. For instance, using a Likert-scale question, survey respondents rate the 



importance of various given considerations in engineering practice, such as “Economic”, 

“Environmental”, “Health and Safety”, etc.  

 

In section two, survey respondents answer multiple-choice questions on technical and social 

aspects of engineering, such as this question:  

 

 “Social responsibility is often expressed as:”  

a) Engineer’s obligations of the public 

b) Engineers using innovative experimental procedures 

c) How engineers should avoid scientific misconduct 

d) How engineers must protect their data 

 

This question prompts respondents to consider social aspects of engineering and the possibility 

of it pertaining to an engineer’s role. Sections one and two end with a comment box so survey 

respondents can explain any prior answers or make other comments.  

 

Section three focuses on survey respondents’ demographics and background information. 

Questions focus on prior engineering-related experiences (internship, etc.), post-graduation 

plans, major, minor, graduation date, gender, ethnicity, and international student status.  

 

This instrument will be used as a pre- and post- assessment instrument in the Projects and EM 

courses in which we will embed sociotechnical thinking. The pre-administration will provide 

baseline evidence as to how the general population of mechanical and electrical engineers are 

likely to respond. Changes from pre- to post- assessment will help us understand the impact of 

the intervention.  

 

Conclusion 

 

A major challenge in engineering education is measuring the impact of instructional 

interventions on the target population. In our study, we seek to shift students’ perceptions of 

sociotechnical reasoning within engineering through a treatment delivered as part of two 

engineering courses. When we sought to identify a valid method for measuring change in 

students’ sociotechnical thinking in the research, we found none that aligned with all of our 

research goals. However, some instruments were aligned with a subset of the information we 

needed.  

 

The development of assessment instruments is a form of research in and of itself. The start of the 

process is qualitative in nature. As was described here, we began the development of our survey 

by establishing a set of goals for our instrument. We then reviewed the research concerning 

sociotechnical thinking and prior instruments designed to address students’ reasoning in this 

area.  

 

Our team, comprised of experts in sociotechnical research, engineering education and assessment 

the instructors of the targeted engineering courses, and an undergraduate researcher and EE 

student, selected and/or generated the desired survey questions and examined alignment with our 

goals. The resultant questions were revised to ensure consistency in our survey’s display and 



design. Using think-aloud protocols, we determined whether the instrument was being 

interpreted as intended by members of the target population—mostly ME and EE students. Next, 

our instrument was reviewed and revised based on the feedback by experts in the field. The 

resultant instrument, which we will use during our first year investigation, is displayed in the 

Appendix. 

 

In the next phase of instrument development, we will move from our qualitative development to 

our quantitative analysis. During the spring of 2018, we will pilot test this instrument on EE and 

ME students at both universities. Both the validity of each question and the instrument as a 

whole will be evaluated. A key component of this research is measuring change in student 

responses over time. By examining differences in scores and effect sizes, we will be able to 

determine the extent to which our instrument is sensitive enough to measure change over a 

semester. The results of the quantitative work will be the focus of future papers.  
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Appendix 

 

RFE Engineering Student Survey 

 

This research team is studying sociotechnical integration in engineering education.  The research 

is in support of a National Science Foundation research grant.  

 

You are under no obligation to complete this survey, and your participation or non-participation 

will have no impact on your course grade.  If you choose to participate, your responses will be 

anonymous.  Your participation will help us to achieve the engineering education research goals.  

 

This survey is expected to take approximately 20 minutes.  By filling out the survey on paper or 

clicking to the next screen, you are indicating your consent to participate in the survey. 

 

If you have any questions about the survey, please contact [blinded]. 

 
  



Section 1 
Instructions: This set of questions asks about your perceptions of the field of engineering 
practice.  
 
1. Think about your future role as an engineer. For each of the following, rate how 

important you believe each of these skills will be when you practice engineering as a 
professional. [Note: Likert scale will be available for each bulleted item.] 

 
• Solve technical problems within familiar contexts 
• Apply technical knowledge to novel contexts  
• Work with people, including listening to and integrating the perspectives of both 

engineers and non-engineers, who define problems differently  
• Approach problems which are not clearly defined or with uncertain parameters  
• Identify project-relevant sociocultural issues 
• Follow the rules established by local, national, and institutional authorities  
• Work with people having a diverse set of backgrounds 

Not at all Important Somewhat Important Very Important Extremely 
Important 

 
 
2. Think about your future role as an engineer. For each of the following, rate how 

important you believe each of these considerations will be when you practice 
engineering as a professional. [Note: Likert scale will be available for each bulleted 
item.] 

• Economic  

• Technical  

• Manufacturability* 

• Social 

• Environmental  

• Health and Safety 

• Ethical  
Not at all Important Somewhat Important Very Important Extremely 

Important 

*the ability to manufacture a given design 
 
3. How often do you think practicing engineers incorporate each of the following 

considerations in their work? [Note: Likert scale will be available for each bulleted 
item.] 

• Economic  
• Technical  
• Manufacturability 
• Social 
• Environmental  
• Health and Safety 



• Ethical 
Not at all Once or twice a 

year 
Once or twice a 

month 
Once or 
twice a 
week 

Daily 

*the ability to manufacture a given design 
 
4. Based on your understanding of engineering practice, indicate the degree to which you 

agree with the statements below: 
• Practicing engineers primarily engage in technical work.  
• Practicing engineers primarily engage in nontechnical work (e.g., social, cultural, 

etc.) 
• Practicing engineers primarily engage in sociotechnical (integration of technical 

and social elements) work. 
• Social concerns are outside an engineer’s responsibilities. 

Strongly disagree Slightly disagree Slightly agree Strongly agree 
 
 
5. When solving most engineering problems in engineering practice, it is most 

appropriate to [Select one] 

□ Identify all of the technical considerations and separate them from the 
nontechnical considerations 

□ Recognize project-relevant interplays between technical and nontechnical 
considerations  

□ Integrate all of the technical and nontechnical considerations  

□ Partner with a social scientist who can handle nontechnical considerations 
 
6. Are there any clarifying remarks you would like to make about your answers to the 

questions in this section? 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 



Section 2 
Instructions: This part of the survey has four questions. For each question, select the one 
response you think is best. 
 
7. The most important reason that scientists and engineers have professional obligations 

to society is [Select one] 

□ Codes of ethics make mandatory statements about social responsibility. 

□ Science and technology can affect the public in profound ways. 

□ Licensure (the obtaining of a professional license) of scientists and engineers 
requires attention to social responsibility. 

□ Social responsibility is required by the U. S. government. 
 

8. Technical decisions can have long lasting social consequences because  [Select one] 

□ Technical decisions can quickly change research methods 

□ Technical decisions often result in privacy issues 

□ Once technical decisions are in place, it often becomes difficult for scientists and 
engineers to change them 

□ Technical decisions can have short-term effects on how research is carried out. 
 

9. Social responsibility is often expressed as  [Select one] 

□ Scientists’ and engineers’ obligations to the public 

□ Scientists and engineers using innovative experimental procedures 

□ How scientists and engineers should avoid scientific misconduct 

□ How scientists and engineers must protect their data 
 

10. Scientists and engineers have special obligations to society because  [Select one] 

□ Scientists and engineers often have special expertise in fields that ordinary 
citizens do not have 

□ Science and engineering research must comply with applicable environmental 
laws 

□ Employer reputation depends on the work of scientists and engineers 

□ Science and engineering research is often backed by federal funding 
 

11. Are there any clarifying remarks you would like to make about your answers to the 
questions in this section? 

 
 
 
 
  

 
 
 
 
 



Section3 
Instructions: this final set of questions seeks demographic and background information: 
 
12. Relevant prior experience: have any of these experiences impacted your answers in this 

survey? [Select all that apply] 

□ Employment as an engineer or engineering intern/co-op  

□ Employment at a for-profit company  

□ Employment at a government agency (federal, state, local) 

□ Employment at a non-profit or NGO 

□ Research assistant 

□ Teaching assistant 

□ Work-study student 

□ University-sponsored extracurricular activities 

□ Other (please specify):________________________________ 

□ Briefly tell how any of these experiences have impacted your perspective in this 
survey. [text box] 

 
13. Future employment: immediately following graduation, which of the following are you 

most likely to pursue as your primary position? [Select one] 

□ Working for a “traditional” engineering company (at least 50% focus on 
engineering practice within one engineering discipline) 

□ Working for a multidisciplinary company (no single engineering degree field 
accounts for 50% or more of the company’s activities) 

□ Working for local, state, or federal government 

□ Working for a non-profit or non-governmental organization 

□ Entrepreneur/start your own company 

□ Graduate school in engineering 

□ Graduate or professional school in a field other than engineering 

□ Military service 

□ Other (please specify)__________________________ 
 
14. What is your major? [Select all that apply] 

□ Aerospace Engineering 

□ Chemical Engineering 

□ Civil Engineering 

□ Computer Science 

□ Engineering Physics 

□ Engineering Plus 

□ Electrical Engineering 

□ Mechanical Engineering 

□ Technology, Arts, and Media 

□ Other ____________________ 



 
15. If you have a minor, please write it here [Text box] __________________________ 

 
16. When do you expect to graduate? [Select one] 

□ 2018 

□ 2019 

□ 2020 

□ 2021 

□ 2022 

□ 2023 

□ 2024 

 
17. From which university do you expect to graduate in the year you selected? 

□ [University A] 

□ [University B] 

□ Other:_________________________ 

□ Prefer not to answer 
 
18. What is your gender? [Select all that apply] 

□ Male  

□ Female 

□ Female-to-Male Transgender 

□ Male-to-Female Transgender 

□ Non-binary/third gender 

□ I prefer to self-describe: _________________ 

□ I prefer not to respond 
 

19. How would you describe yourself? [Select all that apply] 

□ African American 

□ Native American Indian 

□ East Asian 

□ South Asian 

□ Hispanic 

□ Native Hawaiian 

□ White 

□ Multi-racial 

□ Other:__________________ 

□ I prefer not to respond 
 

20. Are you an international student? [Select one] 

□ Yes 

□ No 

□ Other: ___________________________ 

□ I prefer not to respond 
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