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The Development of a Student Survey on Macroethics in

Aerospace Engineering [Work-In-Progress|
Abstract

This work-in-progress paper presents the development of a survey designed to understand
undergraduate aerospace engineering students’ views on macroethics in the field. Macroethics
describes the real world ethical implications of engineering technology and the collective social
responsibility of the acrospace engineering profession. As macroethics education is currently
lacking in most undergraduate aerospace curricula in the United States, we are developing a
survey intended to measure students’ current perceptions, knowledge, and beliefs about
macroethics in the field. Insight into our students’ current beliefs and perceptions is imperative to
develop new curricula and more generally alter the culture and direction of the aerospace
engineering field from striving for apoliticalization to embracing the sociotechnical.

A mixed-methods survey was taken by 158 undergraduate aerospace engineering students at two
large, research-intensive universities in the United States. This paper presents confirmatory and
exploratory factor analyses of Likert-scale data to further the development of the survey. The
survey items were initially designed to address two proposed research questions:

RQ1. To what degree are students aware of the importance of macroethical issues in the
field of aerospace engineering?

RQ2. Do aerospace engineering students feel that their undergraduate education is
preparing them to address macroethical issues?

While confirmatory factor analysis does not confirm these two survey constructs for which the
survey items were designed, an exploratory factor analysis results in five factors, each
highlighting a different aspect of students’ perceptions of macroethical aerospace engineering
education:

The criticality of the relationship between aerospace engineering and society
The ease or difficulty of being an ethical acrospace engineer

Technical determinism and aerospace career pathways

Macroethics discussions within aerospace coursework

The ability of faculty to facilitate conversations on the macroethics of aerospace

MBS

These five factors provide a new basis upon which we will generate additional survey items in
the future. Through this process, we will develop a survey that can effectively measure students’
beliefs and experiences in regards to the macroethical implications of the field of aerospace
engineering.

Introduction

The impact of aerospace systems on society is regularly featured as part of the global news cycle.
Recent topics have included protests against aerospace companies supplying equipment used in
the genocide in Gaza (e.g., [1]), the objection of the Navajo Nation to planned deposition of



human remains on the Moon [2], and the increase in stratospheric pollution due to rocket
launches and satellite re-entry [3]. How technology is affecting the war in Ukraine, the James
Webb Space Telescope's latest findings, and SpaceX developments are other relevant examples
[4]-[6]. Even viral platforms, such as TikTok and Instagram, are being used to prompt
discussions about the defense industry’s involvement in undergraduate education and student
recruitment (e.g., [7]-[10]).

While these social impacts of aerospace engineering are discussed in the media, they are absent
from many undergraduate aerospace curricula. There is little-to-no focus on macroethics, “the
collective social responsibility of the [engineering] profession and societal decisions about
technology” [11, p. 1]. Engineers face challenging questions and issues about their own work;
therefore, it is critical to expose students to these issues early, emphasize the connection between
technical engineering content and these issues, and give students the tools to think critically and
dialogue about these issues [11]-[13].

We began creating aerospace macroethics lessons for a required sophomore aerospace course at
the University of Colorado Boulder in the spring of 2021. Building off of students’ feedback and
overwhelmingly positive response [14], we have developed partnerships with instructors at the
University of Michigan and California State University, Los Angeles to bring lessons into their
aerospace engineering courses [14]-[15]. Our goal is to have these macroethics lessons build
upon students’ existing knowledge while exposing them to new viewpoints and challenging their
own unquestioned beliefs. To accomplish this, we need to understand students’ current
perceptions, knowledge, and beliefs about aerospace macroethics before participating in a lesson.
This includes their awareness of macroethical issues in aerospace and their level of engagement
with macroethical issues in previous classes. To gain this information, we are developing a
survey that contains both Likert-scale and open-ended questions. This paper presents an analysis
of the Likert-scale questions that were originally designed to answer two specific research
questions:

RQ1. To what degree are students aware of the importance of macroethical issues in the
field of aerospace engineering?

RQ2. Do aerospace engineering students feel that their undergraduate education is
preparing them to address macroethical issues?

In this paper, we describe our survey in its initial development and data collection at the
University of Colorado Boulder and the University of Michigan, two large, public, selective,
research-intensive universities in the United States. Usually, in the process of survey
development with newly created items, researchers will perform an exploratory factor analysis
followed by a confirmatory factor analysis (e.g., as in [16]), but we first present confirmatory
factor analysis of a proposed two-factor structure based on our two research questions, since
some of the items were taken from existing constructs (see prior work [17]). Since the proposed
two-factor structure proves insufficient, we then investigate the factor structure of our survey
using exploratory factor analysis, the first step in the usual survey development process. We
conclude by discussing future work on the continued development of what we hope will in the
future become a survey with established evidence of validity that can be administered broadly
amongst aerospace engineering students.



Survey Content

Before our macroethics lessons are delivered to students, we administer an anonymous, online
survey designed to understand their current perceptions, knowledge, and beliefs about aerospace
macroethics. Because the survey was linked to corresponding macroethics lessons, survey items
reflected the content or issues relevant to the classes (e.g., orbital debris, nuclear technology).
This survey was first piloted at the University of Colorado Boulder in the spring 2022
implementation of the lessons and has undergone two revisions since. Figure 1 shows the
evolution of the survey, data collection at the University of Colorado Boulder and the University
of Michigan, and the major edits to the survey throughout each iteration.

The survey consists of five sections with quantitative and qualitative items that capture students’
perspectives on issues of macroethics and diversity in aerospace engineering. The complete
survey is provided in Appendix A. Before beginning the survey, students read consent
information required by the Institutional Review Board at the University of Michigan, which
oversaw the study. Continuing with the survey, students are reminded that they do not have to
answer any question they do not want to. As a result, no question is required in the survey.
Students are then informed that the survey addresses “macroethics” [11]. This text was added for
V.2 because V.1 only used the term “ethics.” Because undergraduate engineering programs in
the United States typically emphasize microethics, which focuses on individual “professional”
responsibility [18], we were concerned that students would focus on microethics when
responding to the survey items if the concept of macroethics was not clearly defined as the focus
of the survey. Furthermore, we ensured that items in the survey explicitly used the word
“macroethics” instead of “ethics” whenever possible.

Likert-Scale Items

The first section of the survey (Q1 and Q2) consists of Likert-scale items addressing our two
research questions. Students indicated the degree to which they agreed with each statement on a
5-point scale from strongly disagree to strongly agree. With an odd number of response options,
we labeled the middle value “neither agree nor disagree” so that students could indicate a neutral
response for the question. It was critical to have a neutral option, because students who respond
with the neutral choice may currently believe macroethics is irrelevant to engineering. Therefore,
they comprise a central target audience for the macroethical lessons.

In V.3 of the survey, there are five items addressing RQ1 and nine items addressing RQ?2.
Appendix A shows the source of each question—whether it was adapted from relevant existing

V.1 V.2 V.3.1 V.32
Sp. 22 S Sp. 22 s Sp.’23 5| Sp.’23
[Inst. 1] |, Specified survey addressed (Inst.2] |. Moved demographics to the (Inst. 2] |. Slightly changed language for [Inst. 2]
N=176 macroethics N=44 end N=72 aerospace companies with N=86
« Edited Q2 questions * Included choices for unethical practices
* Added “none of the above” demographics
option for Q3 questions * Removed space mining and

von Braun questions

Fig. 1. Survey development.



work on students’ perceptions of ethics [19] or depoliticization in engineering [20], or written by
the authors. Many of these items—particularly those in Q2—were modified after the first pilot
survey. Most edits were made to make the item more specific, such as changing “The ethical
curriculum I have received so far will help me consider ethical issues in the aerospace industry”
to “I feel prepared to consider macroethical issues in the aerospace industry today” in Q2.8. One
QI item awas also removed from the pilot version of the survey and items Q2.4 and Q2.7 were
added.

Marginalization in Aerospace Engineering

Next, the survey contains two items asking about social identities that are marginalized within
the field of aerospace engineering. These items ask, “I am personally concerned about being
treated differently in aerospace engineering spaces because of some aspect of my identity”
(Q3.1) and “What aspects of people’s identities do you believe are marginalized within
aerospace engineering spaces?” (Q3.2). For both items, students are asked to “check all that
apply” from a list containing: national origin, gender identity or expression, sexual orientation,
disability status, veteran status, age, religion / creed, or other (with an option to describe further).
These identities were adapted from the University of Colorado Boulder list of protected classes
[21]. Students are also given an option of “none of the above.” This was added after V.1 because
a number of students skipped this question, and it was unclear if they were skipping it because
they did not wish to answer or if they thought that none of these identities were marginalized.
Adding a “none of the above” response option allows us to distinguish this difference. The
section then concludes with an open-ended question asking, “What does diversity in aerospace
engineering mean to you?” (Q3.3).

Macroethical Issues in Aerospace

The next section is designed to capture students’ perspectives and attitudes about two specific
macroethical issues in aerospace engineering that we frequently discuss in the lessons: satellite
megaconstellations and the military-industrial complex (MIC). Both items start by providing
some context and then prompts students for open-ended responses. The megaconstellations
question begins with, “Satellite megaconstellations are systems that provide satellite internet
through a group of orbiting satellites. SpaceX has currently launched 1,800 of their planned
4,000+ Starlink satellites, and Amazon is developing their own megaconstellation, called Project
Kuiper, with 3,000+ satellites.” The survey asks students if they have heard of
megaconstellations, and then asks them to name up to three potential effects of a
megaconstellation. They also are asked to “indicate whether [they] feel each effect is positive or
negative for society.” The MIC question begins with, “The major U.S. aerospace companies
make most of their revenue on defense-related systems. (For example, Lockheed Martin’s
revenue is 96% defense, and Boeing’s is 56% defense. See https://people.defensenews.com/top-
100/ for more information.)” [22] and then asks students, “How do you feel about the fact that so
much of the aerospace industry is involved in national defense?” Students’ responses to these
items are analyzed qualitatively. (The analysis is outside the scope of this paper, but please see
[23]-[24] for work-in-progress analyses of students’ perspectives on the MIC.) Prior versions of
the survey included additional questions about other specific macroethical issues intended to
gauge students’ knowledge of the topics, but these items were removed in V.3 due to survey




length and students’ responses that seemed to poorly relate to the scope of our research
questions.

This section of the survey concludes by asking about classes in which students have previously
learned about macroethics in aerospace engineering and by asking, “What does it mean to be an
ethical aerospace engineer?” (Q4.5). This final question comes from Gupta’s [25] macroethics
activity for an engineering design course and was included to further understand students’
perceptions of “ethics” as micro-, macro-, or both.

Demographics

Finally, the survey concludes by asking students about their demographics. Originally, the
demographics items all allowed students to self-describe their identity along multiple dimensions
(e.g. race/ethnicity, gender, and sexuality). However, to ease the data analysis, this has since
been changed to present students with multiple options and allow them to choose one or self-
describe. Students are given seven options for race/ethnicity and three options for gender. Instead
of asking to self-describe or choose a sexual identity, students are asked, “Do you consider
yourself to have a LGBTQIA+ identity?” This question is worded this way because there were
multiple instances in the first two pilot surveys where students would write the same word (e.g.,
“male”) for both their self-described gender and sexual identities. It is unclear whether these
students were indicating they were attracted to the same gender or if they misunderstood what
we meant by “sexual identity.”

The survey also asks if the student is “an active member or veteran of the U.S. Armed Forces,
Reserves, or National Guard” and if they are a U.S. Citizen. These identities are particularly
influential in aerospace engineering because of the connections between the field and national
defense. It would not be surprising if military service were to, for example, influence students’
perceptions on the MIC. Furthermore, many non-U.S. Citizens have difficulty securing a job in
the aerospace industry because of International Traffic in Arms Regulations restrictions [26].

The demographic items serve multiple purposes in our survey and in our research. First, these
data permit future analyses investigating if students’ responses differed depending on whether or
not they were marginalized in acrospace engineering based on some aspect of their identity.
Furthermore, whether or not these analyses are being conducted, it still is important to be
transparent about subjects’ demographics in education research to avoid generalizations to
populations outside those that are the subjects of the research. Failing to do so can lead to
incorrect assumptions about the subjects [27]. In the first two pilot implementations, the
demographics items were placed at the beginning of the survey. However, existing research
suggests that demographics items should be placed at the end of surveys due to their potential to
cause stereotype threat for marginalized students [28]. For this reason, the demographics items
were moved to be placed at the end of the survey.

Survey Administration

In Spring 2023, the survey was administered to aerospace engineering undergraduate students at
the University of Colorado Boulder and the University of Michigan. Students were surveyed in
two classes where we were implementing macroethics lessons—a sophomore aerospace vehicle



design course at the University of Colorado Boulder and a senior space system design course at
the University of Michigan. Prior to the planned macroethics lesson(s), students enrolled in each
course were asked to take the survey online. A total of 158 students took the survey, 86 from the
University of Colorado Boulder and 72 from the University of Michigan. This sample size meets
recommendations of at least 100 responses to be used for factor analysis [29]-[30].

Confirmatory Factor Analysis
Methods

We first performed a confirmatory factor analysis (CFA) in Stata hoping to verify the
appropriateness of our constructed survey to directly answer our two research questions (as
proposed in [17]). It was proposed that the five items written to address RQ1 comprised a single
latent factor and the nine items written to address RQ2 comprised a second latent factor. Thus,
we proposed a two-factor structure: one describing students’ awareness of macroethical issues in
aerospace engineering and another describing the degree to which students believe the aerospace
engineering curriculum is preparing them to address macroethical issues in their future careers.
The items are shown in Appendix A in Sections 1 and 2 of the survey. Some survey items were
reverse-coded, as noted in Appendix A, which means that their inverse maps conceptually to the
remainder of the items. In other words, “strongly agree” for typical items maps to “strongly
disagree” for reverse-coded items.

First, reasonable skewness and kurtosis of each item were verified to justify the use of the
Maximum Likelihood estimation (ML) method for missing values, which is recommended by
Fabrigar et al., particularly for ease of computation of goodness-of-fit [31]. Then, confirmatory
factor analysis was performed and the standardized loadings were determined. Goodness of fit
was also measured.

Results and Discussion

The maximum absolute value of the skewness and kurtosis of the 14 items was 1.38 and 5.20,
respectively (both for item Q1.3). This is within the acceptable range for the use of the ML
method [31]-[32]. The confirmatory factor analysis model results are shown in the path diagram
in Figure 2. The standardized loading of each item is labeled on the arrow from its latent factor,
and the variances for each factor and item are provided inside the ovals and boxes, respectively.
The error terms are also provided in the circles. Each latent factor had only two items, or
measurement variables, with factor loadings about the standard cutoff of .60, which are shown in
bold in Figure 2. Hair et al. suggest that factor loadings should ideally be above .70 [33]. None of
our items loaded above .70, however, and one had a negative factor loading, meaning that it was
inversely related to the conceptual factor. Following standard procedure using the results of
CFA, we would remove items that do not load to the cutoff value, but doing so would result in
no usable factors if we follow the usual protocol requiring at least three high-loading items per
factor [34]. Thus, our CFA results in no usable factors presuming the proposed factor structure.

Goodness-of-fit to the proposed factor structure was also tested using the indices shown in Table
I. We note that, since the chi-squared p-value is very sensitive to sample size [35]-[36], the
inadequacy of the result is not as telling as that of the other indices. The substandard results of all
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Fig. 2. Path diagram resulting from confirmatory factor analysis of the proposed two-factor structure.

of the goodness-of-fit indices provide additional evidence of the poor fit of the proposed factor
structure.

This CFA statistically shows the poor fit seen in [17], in which the inconsistency of results
across the two factors was observed. Therefore, our survey does not directly answer our two
research questions as was hoped, with Section Q1 and Q2 addressing RQ1 and RQ2 respectively.

Exploratory Factor Analysis

Given the result of the CFA described in the previous section, we instead explore the factor
structure of our survey using exploratory factor analysis (EFA). In this way, we hope to make
sense of how a rearrangement of some of our existing survey items can help us build toward the
development of a future survey that provides insight into our proposed research questions.

Methods

Again employing the ML method for estimating missing values, which is valid since the
skewness and kurtosis of each item render the assumption of normal distribution reasonable
[31]-[32], we ran an EFA on the same set of 158 responses. The analysis resulted in three
Heywood Cases, which exhibit negative variance of uniqueness [37]. We therefore removed each
of the corresponding items from the analysis and re-ran the EFA, which produced another
Heywood case. This process was iterated until a satisfactory model was obtained.

Results and Discussion

The resulting factor loadings are shown in Table II. All loadings above 0.1 are included in the
table, with loadings above the cutoff value of .32 [29] indicated with bold font. As can be seen in
Table II, while cross-loading across multiple factors does occur, no items cross-loaded with



TABLE 1 TABLE II

GOODNESS-OF-FIT INDICES FOR THE PROPOSED RESULTANT LOADINGS FROM EXPLORATORY FACTOR
TWO-FACTOR STRUCTURE ANALYSIS
Index Standard Result Item Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 5
. Q1.1* 0.725 0.101
Chi iqquared p> 05 p < .005
p-value Q1.2* 0.715
RMSEA 0 <RMSEA <.08 .092 Q1.4+ 0.792
90% CI of 0<90% CI of RMSEA < Q1.5 0.202 0.301 -0.189 0.388
RMSEA 08 .074 and .110
Q2.1 0.767
CFI CFI > .85 759
Q2.3 0.621 -0.184 0.112
TLI TLI> 9 71 Q2.5* 0.205 0.161 0.595 -0.112
SRMR SMSR <.08 093 Q2.6 -0.185 0.683 0.140 0.144
Q2.7 0.294 -0.138 0.374

* reverse-coded items

loadings higher than .32. Thus, no items were removed on the basis of cross-loading. Five factors
emerged from the final model, each containing two or fewer items with loadings above .32.

Items Q2.1 and Q2.3 loaded to Factor 1, indicating that there exists some underlying concept in
common for these two items. The items are “In my engineering coursework thus far there has
been a substantial emphasis on macroethics in aerospace engineering” and “In my classes, I have
often had the opportunity to initiate discussions regarding macroethical issues.” A conceptual
connection between these two items seems logical, because emphasizing a certain topic can be
done pedagogically in many ways, and one method is to spend time in discussion. It seems
reasonable that students may notice more emphasis on macroethics if there are more
opportunities for students to initiate discussions about macroethics.

Items Q1.1 and Q2.6, which are “Aerospace engineering is a ‘technical’ space where ‘social’ or
‘political’ issues such as inequality are irrelevant to engineers’ work” (reverse-coded) and “I
wish there was more emphasis on macroethics in aerospace engineering in my engineering
coursework” loaded to a second factor. The EFA showed that students who agreed that social
issues are relevant to the field of aerospace engineering also want more exposure to macroethics
in their engineering coursework. It does seem logical that these items loaded to the same factor,
despite the fact that they were originally intended to measure two different concepts as defined in
RQI1 and RQ2. As macroethics has been lacking in engineering education in the United States
[11], [12], [17], [38], it seems reasonable that students who recognize the importance of the
relationship between engineering and society would want to see more macroethics content
included in the curriculum.

The third factor that emerged within our EFA demonstrated a conceptual relationship between
questions Q2.5 and Q2.7, which state “My professors have rarely expressed personal concern
over macroethical issues in aerospace engineering” (reverse-coded) and “The ethical curriculum
I have received so far has prepared me to engage in respectful and challenging dialogue with my
peers.” While these questions have weaker loadings than items in other factors, a conceptual link
may exist due to student perceptions of how faculty aid in engaging in dialogue with student



peers. Students who feel that their professors are uninterested in ethical issues pertaining to the
aerospace industry may in turn feel unprepared to engage in difficult, but necessary, ethical
conversations with peers due to the lack of in-class support. This suggests that how faculty
choose to engage, or disengage, with macroethics dilemmas in engineering could directly impact
students’ ability to engage in dialogue about these same ethical issues [39].

A fourth factor suggests conceptual linkage between items Q1.4 and Q1.5, which state that
“Technology can’t be good or bad in itself. What matters is how people choose to use the
technology.” (reverse-coded) and “I know of aerospace companies that I wouldn't consider
working for because their practices are unethical.” The former item directly addresses the
concept of technological determinism, in which emerging technology is viewed as a driving
force within culture that often influences the direction of history [40]. When students feel that
emerging technology is politically neutral, a level of moral detachment occurs. This results in a
“disengagement” of engineers from the social impacts of their work [41]-[42]. Engineers who
adopt this way of thinking often offload the responsibility of how technology should be used
onto leaders and policymakers, which often leads to misinformed and ill-equipped decision
making. The relationship between these items implies that if an engineer feels technology can be
neutral, they are able to develop a certain amount of disengagement when it comes to the
implications of their work. This suggests that these students may be more willing to work with a
company that engages in unethical practices. However, if a student feels that technology cannot
be neutral, they may be more willing to recognize the unethical practices of aerospace
companies, which can in turn influence that engineer’s career trajectory as they purposely avoid
employment with these particular companies.

The results of the EFA (in conjunction with those of the CFA previously discussed) suggest that
our Likert-scale items map to five separate factors, rather than the two originally proposed based
on our research questions. However, we do not have a sufficient quantity of items to
quantitatively measure the five factors, given the standard of at least three items per factor [34].
In fact, the fifth factor only has a single item that exhibited sufficiently high loading (“It is easy
to be an ethical engineer in the aerospace industry.” (reverse-coded)). Thus, it is necessary to
develop additional survey items that map using EFA to these five factors before the constructs
can be statistically confirmed with a subsequent CFA.

Conclusions and Future Work

The absence of macroethics education from aerospace engineering undergraduate curricula
leaves students ill-prepared to recognize and address challenging ethical questions they will
encounter in their future careers. There is a pressing need to put aerospace engineering in its
social context and discuss the collective responsibility of the field. We are addressing this need
by implementing macroethics lessons that inform students about macroethical issues in
aerospace engineering and allow them to develop their critical thinking skills. The development
of a survey with evidence of validity will help us ensure that the lessons build on students’
current understanding of these issues and expose them to marginalized viewpoints.

This paper has described our work toward the development of a survey instrument to measure
students’ awareness of the importance of macroethics in aerospace engineering and their
perceptions of macroethics education. The confirmatory factor analysis demonstrated that our



initial proposition of a two-factor structure directly addressing our two research questions did not
hold. In light of the results of the exploratory factor analysis, the development of the instrument
will continue with the creation of additional survey items informed by the conceptual bases
linking the five factors:

The criticality of the relationship between aerospace engineering and society
The ease or difficulty of being an ethical acrospace engineer

Technical determinism and aerospace career pathways

Macroethics discussions within aerospace coursework

The ability of faculty to facilitate conversations on the macroethics of aerospace

MRS

After we administer an updated version of the survey with additional items, we will perform
exploratory and confirmatory factor analyses and goodness-of-fit tests. Once our instrument is
demonstrating sufficient evidence of validity, we can begin to analyze the results by comparing
responses across demographic populations. The quantitative results will also be triangulated with
the qualitative results from the survey, as this mixed-methods approach produces a rich dataset
that is well posed to advance our knowledge of students’ perceptions of macroethics.

Macroethics education is imperative to an engineering education that builds students’ ability to
critically analyze the applications and impacts of aerospace technology. While aerospace
engineering programs are currently sorely lacking in this area, our design-based research works
to both understand students’ current awareness as well as provide educational intervention
supports students’ preparedness to use their engineering knowledge in purposefully liberative
ways [43]. With knowledge of macroethics, students will be better equipped to make important
decisions about their future careers in aerospace engineering such that they can intentionally and
collaboratively build a more just and equitable world.
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Appendix A: Survey

Plain text is text that was presented on the survey, whereas italicized text is explanation for the
reader.

The scale for items that are reverse-coded was flipped when these items were put into the
Confirmatory and Exploratory Factor Analyses.



As you complete the survey, please remember that you do not have to answer any question you
do not want to answer.

This survey asks questions about macroethics. Macroethics applies to the collective, social
responsibility of the engineering profession and societal decisions about technology.

Section 1
Please indicate how much you agree with the following statements.

For each item below, choose one of: Strongly disagree, Disagree, Neither agree nor disagree,
Agree, Strongly agree

Ql.1. Aerospace engineering is a “technical” space where “social” or “political” issues such
as inequality are irrelevant to engineers’ work. (Reverse-coded. Adapted from Cech’s
definition of depoliticization [20].)

Q1.2. Itis easy to be an ethical engineer in the aerospace industry. (Reverse-coded. Written
by the authors)

Q1.3. Ethical issues do not pertain to new aerospace technologies or systems. (Reverse-
coded. Adapted from Jimerson et al. [19].)

Q1.4. Technology can’t be good or bad in itself. What matters is how people choose to use
the technology. (Reverse-coded. Written by the authors.)

QL.5. I know of aerospace companies that I wouldn't consider working for because their
practices are unethical. (Written by the authors.)

If the response is Agree or Strongly Agree, a follow-up question is asked: What are the practices
of aerospace companies that you consider to be unethical?

Section 2
Please indicate how much you agree with the following statements.

For each item below, choose one of: Strongly disagree, Disagree, Neither agree nor disagree,
Agree, Strongly agree
Q2.1. In my engineering coursework thus far there has been a substantial emphasis on
macroethics in aerospace engineering. (Adapted from Jimerson et al. [19].)

Q2.2. Asawhole, my professors have avoided discussions of macroethical issues. (Reverse-
coded. Adapted from Jimerson et al. [19].)

Q2.3. Inmy classes, I have often had the opportunity to initiate discussions regarding
macroethical issues. (Adapted from Jimerson et al. [19].)

Q2.4. Undergraduate engineering students are able to learn about macroethics. (Written by
the authors.)

Q2.5. My professors have rarely expressed personal concern over macroethical issues in
aerospace engineering. (Reverse-coded. Adapted from Jimerson et al. [19].)

Q2.6. I wish there was more emphasis on macroethics in aerospace engineering in my
engineering coursework. (Adapted from Jimerson et al. [19].)



Q2.7.  The ethical curriculum I have received so far has prepared me to engage in respectful
and challenging dialogue with my peers. (Written by the authors.)

Q2.8. I feel prepared to consider macroethical issues in the aerospace industry today.
(Written by the authors.)

Q2.9. My aerospace professors have the knowledge necessary to teach me about
macroethics in our classes. (Written by the authors.)

Section 3

For each item below, check all that apply: Race/ethnicity, National original, Gender identity or
expression, Sexual orientation, Disability status, Veteran status, Age, Religion/creed, Other
(please specify below), None of the above

Q3.1. I am personally concerned about being treated differently in aerospace engineering
spaces because of some aspect of my identity.

Q3.2.  What aspects of people’s identities do you believe are marginalized within aerospace
engineering spaces?

For the item below, provide an open-ended response
Q3.3.  What does diversity in aerospace engineering mean to you?
Section 4

Subsection 4.1. Satellite megaconstellations are systems that provide satellite internet through a
group of orbiting satellites. SpaceX has currently launched 1,800 of their planned 4,000+
Starlink satellites, and Amazon is developing their own megaconstellation, called Project Kuiper,
with 3,000+ satellites.

For the item below, choose one of: Yes, No
Q4.1. Have you heard of satellite megaconstellations before?
For the item below, provide an open-ended response

Q4.2. Name potential effects of a satellite megaconstellation and indicate whether you feel
each effect is positive or negative for society. (Up to 3)

Subsection 4.2. The major U.S. aerospace companies make most of their revenue on defense-
related systems. (For example, Lockheed Martin’s revenue is 96% defense, and Boeing’s is 56%
defense. See https://people.defensenews.com/top-100/ for more information).

For each item below, provide an open-ended response

Q4.3. How do you feel about the fact that so much of the aerospace industry is involved in
national defense?

Subsection 4.3.

Q4.4. In what courses at [university] have you learned about macroethics in engineering?
Q4.5.  What does it mean to be an ethical aerospace engineer?
Section 5

How would you describe your:



For each item below, check all that apply: American Indian, Native American, or Alaskan
Native,; Asian or Asian-American; Black or African-American; Hawaiian Native or Pacific
Islander, Hispanic, Latinx, or Chicanx; Middle Eastern, Arab, or Arab-American; White,
Caucasian, or European-American; Self-describe; Prefer not to answer

Q5.1.  Race / ethnicity?

For the item below, choose one of: Genderqueer / Non-binary, Woman, Man, Self-describe,
Prefer not to answer

Q5.2.  Current gender identity?
For each item below, choose one of: Yes, No, Prefer to self-describe, Prefer not to answer
Q5.3. Do you consider yourself to have a LGBTQIA+ identity?

Q5.4. Do you identify as an active member or veteran of the U.S. Armed Forces, Reserves,
or National Guard?

Q5.5. Areyoua U.S. Citizen?

Q5.6.  Are you 25 years of age or older?

Q5.7. Do you consider yourself a first-generation college student?

Q5.8. Do you consider yourself to have any disabilities or learning difficulties?
For the item below, choose an integer 1-12 on a slider

Q5.9. Including this semester, how many semesters have you been in college (at
[university] or elsewhere)? (If you have been in college more than 12 semesters,
select "12" on the slider
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