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Validation of the Ambassador Questionnaire for
Undergraduate Students Conducting Engineering
Outreach*

MELISSA G. KUHN** SHANAN CHAPPELL MOOTS and JOANNA K. GARNER
The Center for Educational Partnerships, Old Dominion University, 4111 Monarch Way, Suite 406, Norfolk, Virginia, United States of
America, 23508, USA. E-mail: mgkuhn@odu.edu

Although K-12 engineering outreach commonly involves college students, the young professionals who act as
ambassadors for their field are less likely to be studied than the students they serve. Yet, outreach activities may offer
opportunities for undergraduate students to develop aspects of their professional selves. As there is currently no
comprehensive measure that allows researchers, program evaluators, and outreach advisors to examine ambassadors’
professional development and growth, this study sought to develop and validate an Ambassador Questionnaire (AQ). The
multi-step process included the selection and adaptation of items from extant measures of engineering students’
motivation, beliefs, professional skills, and perceptions of ambassador training. After an expert panel evaluated the
initial group of items, the 57-item AQ was completed by a diverse group of 350 undergraduate engineering students
engaged in ambassadorship. Exploratory and confirmatory factor analyses were used to examine construct validity, and
internal consistency reliability analyses followed. The findings indicated a five-factor model that accounted for 53% of the

variance and demonstrated strong internal consistency reliability. Potential uses for the measure are discussed.

Keywords: K-12 STEM outreach; undergraduate students; engineering ambassadors; program evaluation; engineering identity

1. Introduction

To recruit and retain a more diverse student body
into science, technology, engineering, and mathe-
matics (STEM) fields, many colleges and universi-
ties have formed groups that use undergraduates to
conduct K-12 education outreach [1, 2]. Each year,
thousands of undergraduate engineering students
act as “ambassadors” and serve K-12 audiences
through classroom demonstrations and presenta-
tions about engineering applications, career oppor-
tunities, and the importance of diversity in STEM.
Though researchers have examined the effect of
outreach on the STEM-related attitudes, career
awareness, and knowledge of engineering fields
among pre-college students [3-7], less is known
about the potential impact of ambassadorship on
the undergraduates. Yet, training, and sustained
immersion in outreach activities that involve con-
veying information about engineering and the uti-
lity and value of engineers may affect students’
perceptions of themselves as emerging professionals
and the knowledge they possess as they prepare to
enter the workforce.

In this study, we developed a questionnaire
designed to measure the self-perceptions and beliefs
of undergraduate engineering students who are
involved in co-curricular programs that train and
deploy them in K-12 engineering outreach. The
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* Accepted 27 March 2022.

Ambassador Questionnaire is intended for use in
engineering outreach research, program evaluation,
and program management. It is aligned with litera-
ture on psychological attributes that contribute to
the development of an engineering identity, persis-
tence in a STEM degree program, and self-
perceptions as an effective communicator about
engineering. Specifically, the measure builds on
qualitative studies of ambassadorship impact that
have noted themes of engineering identity and
career exploration, changes in leadership skills
and confidence in public speaking, an articulated
sense of purpose and belonging within the engineer-
ing field, an awareness and endorsement of pro-
social applications of engineering, and feelings of
membership in a diverse and supportive profes-
sional community [8—12]. Our aims are to provide
a quantitative tool that is of practical use for large,
diverse ambassador groups and move towards a
coherent theoretical framework for the ambassador
role and its potential to impact undergraduate
engineering students’ development.

1.1 Engineering Ambassadors in K-12 Outreach

The engineering outreach and ambassador move-
ment reflects a variety of university affiliated pro-
grams that offer outreach visits to K-12 classrooms.
Although many outreach groups operate indepen-
dently, in the United States one group has come
together to form the Engineering Ambassadors Net-
work (EAN) [13]. The EAN includes outreach
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programs at approximately 30 universities and
colleges that subscribe to a common mission and
goals and use similar training and outreach meth-
ods to engage undergraduates for one or more years
of their undergraduate career. EAN chapters
develop relationships with their local middle and
high schools and provide regular visits that supple-
ment students’ understanding and appreciation for
topics in the curriculum, as well as improved aware-
ness of engineering career opportunities and social
impact. Visits often include a presentation and
hands-on activity. Many chapters focus on visiting
high-needs schools and/or schools in which a sub-
stantial proportion of the students are from histori-
cally underrepresented racial and ethnic groups in
engineering'. An important goal is to inspire K-12
students to become more interested in and aware of
possibilities associated with engineering and other
STEM majors at the post-secondary level. Efforts
often include specific messaging that is designed to
invite participation by historically underrepre-
sented groups in STEM fields, including females
and racial-ethnic minorities [14]. Outreach presen-
tations also commonly describe innovations that
improve societal health, wellbeing, and sustainabil-
ity, and may be delivered by undergraduate stu-
dents who are members of one or more historically
underrepresented groups in engineering The use of
specific messaging strategies that use clear technical
communication to teach innovative applications of
engineering that benefit society is a defining char-
acteristic of EAN presentations, as it facilitates the
Network’s twin goals of recruitment (through out-
reach) and retention (through ambassadorship
activities) of a diverse undergraduate student body.

1.2 The Ambassador Role as a Context for Growth

Research on engineering outreach has mostly
focused on changes in knowledge and attitudes
among the recipients including K-12 students and
teachers [7]. However, over the past decade studies
have suggested that outreach might have mutual
benefits, with some researchers proposing that it
can serve as a vehicle for developing undergraduate
students’ professional sense of self in the role of
ambassador for the field of engineering [10]. The
context of ambassadorship may support growth, as
both the outreach delivery and the student-run
organization components of ambassadorship pro-
grams provide authentic opportunities that are not
otherwise commonplace in engineering course-

!Historically underrepresented racial and ethnic groups in
science and engineering includes those who identify as Black,
Hispanic/Latino, or American Indian/Alaska Native, per the
2017 National Science Foundation definition of underrepre-
sented groups in science and engineering: https://www.nsf.gov/
statistics/2017/nsf17310/digest/introduction/

work. For example, undergraduate students can
develop public speaking and organizational leader-
ship skills by planning and executing classroom
teaching. By engaging in peer mentoring of junior
ambassadors and creating engaging talks and
demonstrations about engineering, students gain
the opportunity to explore different career avenues
within the field. This supportive context can allow
students to explore their beliefs and goals in ways
that sustain their engineering career motivation.
These experiences may be of particular benefit for
female and underrepresented racial or ethnic
groups as for some students the confidence gained
from mentoring peers, leading school visits, and
interacting as a young professional with teachers
and students may help to mitigate the impact of
other, marginalizing experiences [15].

The structure of some outreach programs is
aligned with this recognition of the opportunity
for growth. For example, although it reaches
more than 200,000 K-12 students and teachers
each year [13], the EAN explicitly includes under-
graduate professional development in its mission
statement. Students participating in EAN pro-
grams receive common training through regional
and national workshops that emphasize the use of
the prosocial messages about engineering contained
in the National Academy of Engineering Changing
the Conversation study, and the use of a research-
based assertion evidence strategy for developing and
delivering classroom presentations [9, 16]. During
training, ambassadors collaborate in small teams of
two or three to identify an engineering topic of
contemporary significance and likely interest
among middle and high school audiences. Trainees
receive multiple opportunities to deliver a draft
presentation and receive structured feedback from
peers and mentors. They deliver their final presenta-
tion in a “showcase” style event. After this initial
training, ambassadors meet regularly during the
school year to prepare outreach activities and
develop new presentations. To support this, ambas-
sadors have access to online resources including
tutorials on public speaking and sample classroom
activities, and they receive guidance from a faculty
advisor. The EAN encourages peer mentoring
among ambassadors and manages an alumni
group that serves as a networking and teaching
resource for current ambassadors and chapter
advisors. Chapters make deliberate efforts to
recruit students from historically underrepresented
groups including women, individuals of color, and
first-generation college students [8] and maintain a
goal of successful degree completion by all ambas-
sadors. In many cases, ambassadors participate in
their EA chapter for multiple years throughout
their undergraduate career.
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Success in STEM at the baccalaureate level has
been linked with the possession of several psycho-
logical attributes including positive self-definitions,
self-beliefs, career motivations, and career inten-
tions about engineering, and a sense of belonging
within the field [17-19]. Statements aligned with
these constructs are often articulated by EAN-
trained ambassadors, who appear to benefit from
both the professional development provided in the
training and the outreach opportunities that follow
in ways that support identity formation processes
such as career and self-exploration. Alley and
colleagues [9] found that EAN training was asso-
ciated with increases in undergraduates’ self-effi-
cacy and perceptions of preparedness to design and
deliver effective outreach presentations. In another
study, Garner and colleagues [10] found that train-
ing combined with at least one year of outreach
participation was associated with an emerging sense
of identity in the role of ambassador. This included
a cluster of positive self-perceptions in the roles of
ambassador and future engineer, combined with
pro-social beliefs about engineering that were clo-
sely aligned with Changing the Conversation mes-
sages, and perceptions of social support from others
that promoted intentions to remain in the major.
The authors noted that ambassadors also described
how they gained confidence in professional skills by
providing feedback to other students on their pre-
sentations and further developed their own career
motivation by exploring their own interests as a
source of inspiration for outreach topics. These
findings are echoed by several studies involving
non-EAN engineering outreach programs as well
[20, 21]. However, the small-scale and mostly qua-
litative nature of outreach impact research high-
lights the opportunity to more systematically
explore the potential impact of ambassadorship
on undergraduate engineering students.

2. Candidate Constructs for the
Ambassador Questionnaire

Engineering outreach program goals and ambassa-
dor role activities align with several clusters of
constructs in the literature on engineering student
development: academic and career confidence,
domain and contextual beliefs about studying engi-
neering, and professional communication skills.

2.1 Academic and Career Confidence

Self-efficacy is often used to describe confidence in
one’s abilities to successfully engage in a particular
task [22]. It has been associated with undergraduate
student degree completion and persistence in
STEM fields, particularly for women and students
of color [23-25]. A variety of academic and career

self-efficacy measures exist, and several have been
used to examine changes in self-efficacy over time
for different subgroups of college students in engi-
neering and related majors [19].

Academic self-efficacy could be impacted by co-
curricular efforts that support the development of
students from historically underrepresented groups
who are studying engineering. For example, ana-
lyses of large data sets from the self-efficacy scales in
the Project to Assess Climate in Engineering (PACE)
[23] revealed gender differences in academic con-
fidence, with women scoring significantly lower
than men. However, in the validation study of the
Longitudinal Assessment of Engineering Self-
efficacy (LAESE) using respondents who were
participants in co-curricular women in engineering
programs, Marra and Bogue [25] reported stable
trends in various aspects of women’s self-efficacy
including self-efficacy for engineering, coping with
academic difficulties, and for their future careers.
The inclusion of academic self-efficacy allows out-
reach researchers to consider hypotheses about
programs as a source of navigational or cultural
capital that can contribute to academic confidence
and wellbeing [26].

2.2 Domain and Contextual beliefs about Studying
Engineering

The alignment between the outreach mission of
communicating prosocial messages about engineer-
ing and research on students’ beliefs about engi-
neering led us to consider motivation and belief
related items. Motivated decisions to pursue an
engineering major often reflect a combination of
career and ontological (worldview) beliefs about
engineering. Motivations can be plural and include
an interest or passion for the subject matter, a desire
to use the degree for career advancement, and the
desire for a professional, well-paying job [27].
Students’ personal beliefs about the value they
ascribe to degree attainment and the application
of engineering to problem solving are also impor-
tant [28].

Some researchers have aligned students’ engi-
neering beliefs with internalized values that sustain
motivated action [29, 30]. In this case, an alignment
between beliefs and values about the importance or
role of engineering in society or the need to recruit
the next generation of engineers, might support
sustained engagement in outreach. Indeed, engi-
neering students who participate in service-related
organizations often self-identify as attentive to
social justice applications of engineering [9, 12, 31,
32] or feel increased intrinsic value in the field [33].
Relatedly, ambassador programs often strive to
recruit females, first generation college students,
and students of color, who are more likely to
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articulate the importance of engineering as a benefit
to society as a source of motivation for the field [27].
Students’ beliefs, and how they may develop over
time, are therefore of interest to those studying and
managing outreach programs.

Students’ beliefs about the social context in
which they study engineering have also been
found to be influential in predicting retention in
engineering degree programs. From an outreach
leadership perspective, students’ ratings of the
social climate in which they are studying may
prove to be informative as it may enable the
identification of groups of students who feel iso-
lated. A reciprocal mechanism might also occur —as
a co-curricular activity, ambassador outreach may
promote perceptions of support within the social
context of an engineering cohort. Therefore, items
on engineering retention and climate from the
Project to Assess Climate in Engineering [34] and
two Assessing Women and Men in Engineering
surveys [35, 36] were adapted for inclusion in the
Ambassador Questionnaire.

2.3 Professional Communication Skills

Professional communication and leadership cap-
abilities are valued by employers. Communication
skills are explicitly listed included in the body of
knowledge expected of a professional engineer [37,
38], and the National Society for Professional
Engineers emphasizes communication to technical
and nontechnical audiences in its domain of profes-
sional practice. Leadership skills such as acceptance
of constructive criticism and an ability to establish
trust and collaboration among a group of peers are
essential for early career success in the workplace
[39]. Historically, however, engineering degree pro-
grams have found it to be challenging to implement
curriculum-wide  professional communication
initiatives, in part because of the relatively
inauthentic way such skills are used in coursework
settings compared to professional or nontechnical
situations [40].

Professional communication skills are highly
relevant to the outreach ambassador role. Studies
of outreach programs including ambassador train-
ing workshops, K-12 outreach summer camps, and
high school mentoring programs note that when
required to learn how to present to younger or non-
technical audiences, undergraduate students report
increases in their technical communication skill and
confidence [41-43]. In one study of ambassadors’
perceptions of outreach, Talbot and colleagues [44]
found that 95 percent of ambassadors reported
increased confidence in presenting engineering con-
tent, and 75 percent reported that developing an
outreach presentation left them prepared to trans-
fer engineering content knowledge across topic

areas. In another study, Alley and colleagues [45]
noted that between 65 and 75 percent of newly
trained ambassadors felt more confident in specific
communication skills such as creating visual aids
that help an audience understand information and
knowing which details to include or omit from a
technical presentation. Other studies in which
undergraduate students were interviewed after
giving outreach presentations at summer camps
and mentoring programs found that students not
only reported increases in understanding the mate-
rial, but that outreach influenced their confidence
towards communicating with co-workers in the
future [46, 47].

3. Summary

Theoretical and practical perspectives suggest that
outreach participation provides an opportunity for
undergraduate students to align and/or bolster their
self-efficacy, beliefs and motivation towards engi-
neering, and self-perceptions as a messenger of
technical information. Qualitative evidence sug-
gests that these psychological components of the
ambassador role are supported by the social context
and foster the development of a coherent sense of
self in this role. However, there is a gap in our
understanding of how these constructs relate, how
they may shift over time in ambassadors, how they
are selected for or otherwise develop through sus-
tained engagement in outreach, and how they
manifest for subgroups including females, racial
and ethnic minorities, and first-generation college
students. The Ambassador Questionnaire is
designed to help address this gap and, in its final
form, sit alongside program-specific measures that
gather students’ perceptions and impressions of
partigular outreach program structures and prac-
tices.

3.1 Research Objectives

In educational research disciplines, multi-construct
and omnibus measures are often created for the
purpose of parsimonious assessment of individuals
before and after interventions, and to evaluate the
effectiveness of various program components [48—
50]. Thus, our research objectives were to:

1. Create a draft instrument by creating and
adapting items identified as being relevant to
outreach impact, including the constructs of

2The development of a measure is a necessary precursor to the
long-term goal of assessing the impact of being an ambassador.
We did not focus on establishing whole- or sub-group norms or
consider longitudinal changes in scores associated with sustained
outreach participation. We also consider program-specific topics
such as students’ motivation to join a particular outreach club or
organization to be beyond the scope of the measure.
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academic confidence, engineering career moti-
vation, engineering beliefs, professional skills,
and social supports.

Administer the measure to undergraduates
engaged in engineering outreach and use psy-
chometric analytic approaches to examine its
content and construct validity, and internal
consistency reliability.

Present a revised measure that can be used in K-
12 engineering outreach research, program
management, and program evaluation.

4. Methods

The measure development process, adapted from
Boateng, Neilands, Frongillo, Melgar-Quifionez
and Young [51] is depicted graphically in Fig. 1.
First, data from two focus groups and conference
calls with representatives of 19 Engineering Ambas-
sador programs were used to understand practi-
tioners’ perspectives on measuring ambassadorship
impact. In these meetings, chapter leaders
responded to and discussed questions about the
features of their programs they considered impor-
tant for ambassadors’ professional development,
the ways in which their students seemed to manifest
change, and particular activities or chapter compo-
nents that contributed to change. Responses
revealed consensus about the impact of formal
training, acting in the role of mentor, contributing
to the governance of the chapter, and conducting
community outreach. Leaders provided anecdotal
evidence about the perceived impact on students in
the areas of engineering motivation, self-efficacy,

technical communication skills, beliefs about the
field of engineering, and plans to join the field upon
graduation. However, the findings also revealed a
lack of consistent, standardized tools for capturing
ambassadors’ self-perceptions and beliefs. Leaders
expressed challenges in systematically evaluating
the impact of these components on ambassadors
and expressed interest in accessing a single evalua-
tion tool that could be used across the Network.
These initial activities established both the need for
and the utility of the measure from the perspective
of potential end users.

Due to this consensus and prior, qualitative
studies [8], we determined the component con-
structs to be a well-defined domain. As such,
phase one included a literature review of survey
items in related domains and deductive item devel-
opment.

4.1 Phase I Instrument Development and Expert
Panel Review

The literature review revealed several existing
resources closely aligned with our purpose, includ-
ing the Longitudinal Assessment of Engineering Self-
Efficacy (LAESE) [36], the Project to Assess Climate
in Engineering (PACE) survey [34], the Laanan
Transfer Students Questionnaire (L-TSQ) [52], the
National Academy of Engineering Changing the
Conversation Survey [14], Assessing Women and
Men in Engineering (AWE) retention surveys [35,
36] the National WEPAN Climate Survey [53] and
the Engineering Ambassador workshop survey and
exit interviews [54, 55].

Questions were organized thematically to yield

Phase 1: Instrument Development and Expert Panel Review

Domain
identification and
needs assessment

Literature review
and deductive item
generation

Focus group on
evaluative needs with
EA chapter advisors
and theory selection
to inform constructs

Evaluation of items
from existing scales
with similar but
inexact domains

S)0NJIsu0d g

swayl 99¢%

matched to theorized

Item pool Expert panel
reduction and blueprint
blueprint design evaluation

sway /S

Duplicate or
irrelevant items
removed; remaining

EA chapter advisors
and educational
psychologists
evaluate utility and
relevance of items

Swall 26

constructs

Phase 2: Instrument Piloting and Validation

Pilot testing of Initial item analysis

initial measure and procedures
constructs
<\ Correlation matrix,
AQ measure g KMO value, and
distributed 3 individual item

reliability analysis to
screen for
problematic items

electronically via
Qualtrics to EA
chapters, n =350

Swayl 95

Exploratory factor

A Confirmatory
analysis

factor analysis

EFA procedure used
to screen for addtl.
problematic items
and determine final
factor structure

Factor structure
tested and finalized
with remaining 41
items and subscales

Sway Ty

Fig. 1. Measure development process.



1228

Melissa G. Kuhn et al.

Table 1. Theorized subscales with sample items

Subscale

Item

Academic Confidence (AC)

“T am confident I can succeed in my engineering courses.”

Engineering Career Interest and Motivation (ECM)

“Someone like me can succeed in an engineering career.”

Engineering Beliefs (EB)

“Engineers help to make the world a better place.”

Professional Skills (PS)

“I can deliver engaging outreach presentations.”

Social Supports (SS)

“It is easy for me to make friends.”

466 items. Duplicate and irrelevant items, such as
items pertaining to transfer students or specific
course experiences, were removed. For consistency,
items were restructured to align with a five-point
Likert-style agreement scale, and several items were
also modified to reflect the context of engineering
outreach activities specifically. Items were then
grouped according to the literature themes and
prior studies on ambassador professional identity
development [10]. The tentative blueprint presented
for expert review was as follows: Academic Con-
fidence (19 items), Engineering Career Interest and
Motivation (12 items), Engineering Beliefs (13
items), Professional Skills (28 items), and Social
Supports (20 items). Five demographic items were
also included to allow for analysis by gender and
racial-ethnic identity and other identifiers (year in
school, college, or university). Four open-ended
items pertaining to students’ ambassadorship
experiences and goals were included on the measure
but were not incorporated in the psychometric
analyses. [tem exemplars are presented in Table 1.

Next, to enhance content and face validity, we
engaged an expert panel of subject area specialists
[45] to review the 92 items measure. The panel was
composed of four Engineering Ambassadors Net-
work chapter advisors from public and private
universities and one independent educational
researcher who was familiar with the EAN model
and training program. To assess items for content
validity and alignment with the goals of the mea-
sure, the experts used a five-point Likert-style scale
with response options ranging from “not at all
important” to ‘“‘very important” and were also
able to provide written feedback at the end of
each theorized subscale as needed. Interrater relia-
bility for expert panel ratings was then calculated
using a two-way mixed effects consistency model
[56] and revealed an acceptable ICC value of 0.71°.

The expert panel recommended retention of 66 of
the 92 items. Upon further review by the research
team, an additional nine items were removed due to
either a lack of alignment with the intent of the
measure or being duplicative or vague. This resulted

3 One rater’s numerical responses were not used due to incom-
plete numerical ratings for one-third of the items, but this rater’s
written comments were considered in item selection.

in a 57-item pilot measure: 12 items were anticipated
to align with Academic Confidence (AC), 11 items
were grouped under the topic of Engineering Career
Motivation (ECM), 10 items were aligned with
Engineering Beliefs (EB), 15 items associated with
Professional Skills (PS), and nine items were con-
sistent with Social Supports (SS). Appendix Table
A1l includes a full list of items and the theorized
subscales; appendix A2 includes the validated mea-
sure with its demographic queries.

4.2 Phase II. Instrument Piloting and Validation

Following human subjects approval, the measure
was administered in three waves during fall of the
2018-2019, 2019-2020, and 2021-2022 academic
years. Participants responded using an online Qual-
trics form which was distributed to various engi-
neering ambassador chapters at 27 colleges/
universities. Chapter leaders provided the link to
their respective ambassadors.

To ensure there were not significant differences
between year of administration, race/ethnicity, and
gender, statistical analyses were conducted using
total scale score as the outcome variable. Year of
administration did not affect total scale score, as
revealed by a one-way analysis of variance
(ANOVA) (F(2, 347) = 0.56, p = 0.57). A small
percentage of students (n = 11; 3%) participated in
the repeated administrations, but as the measure is
intended to accommodate year-over-year responses
by individuals as students matriculate through their
college experience, we opted to leave this small
number of responses in the dataset. No statistically
significant differences were observed for total scale
score by gender (#342) = 1.01, p = 0.32) nor by race/
ethnicity (F(6, 343) = 019, pP= 098)

4.3 Analysis Sample

The analytical sample included responses from 350
ambassadors, more than half of whom were female
(63.4%, n =222) or white (63.1%, n = 221). Thirteen
percent (n = 46) of participants identified as Asian,
with 10.0% (n = 35) identifying as Latinx, 5.7% (n =
20) identifying as African American, and 6.6% (n =
23) identifying as Multiracial. Five participants
self-identified their ethnicity through a write-in
response or opted to not respond.

In our sample, 2.6% (n = 9) were freshmen, 35.7%
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(n = 125) were sophomores, 32.9% (n = 115) were Table 2. AQ items means and standard deviations
juniors, and 24.9% (n = 87) were seniors. A small Item M SD Item M SD
number (n = 13) or 3.7% indicated “other’ and one AC1 4.41 0.60 EB30 | 4.16 0.80
respondent did not identify their year in college. AC2 4.50 0.61 EB31 | 466 0.52
Many participants were serving for the first time as AC3 4.64 0.56 EB32 | 446 0.65
an ambassador (683%, n = 239), but 3170/0 were AC4 4.33 0.74 EB33 4.75 0.55
experienced ambassadors: 19.4% (n = 68) were ACS 3.97 0.99 PS34 | 441 0.62
se(?ond-year ambassadors, 9.4% (n = 33) were AC6 453 072 PS35 | 4.45 055
third-year ambassadors, and 2.9% (n = 10) were ACT 463 0.58 PS36 | 441 0.58
fourth- or more year ambassadors. ACS 425 075 PS37 | 439 0.59
AC9 4.26 0.75 PS38 4.36 0.61
4.4 Analytic Approach AC10 424 | 082 PS39 | 442 | 0.60
We used exploratory and confirmatory factor ana- ACl1 431 0.77 PS40 | 4.38 0.63
lyses to establish construct validity and support AC12 4.61 0.61 PS41 | 4.30 0.71
content validity [57]. The first step in this process ECM13 | 4.62 0.61 PS42 | 4.24 0.72
was to randomly split the data into two groups [58]; ECM14 | 4.51 0.61 PS43 | 4.46 0.62
this procedure was performed by generating ECMI5 | 4.52 0.63 PS44 | 3.94 0.83
random numbers in SPSS and splitting the dataset ECM16 | 4.42 0.65 PS45 4.7 0.73
equally using the median random number as a ECM17 | 4.57 0.55 PS46 | 4.8 0.65
separator. Randomized splits of the data were ECMIS | 434 0.78 PS47 | 4728 0.73
examined to ensure that no differences between ECMI9 | 3.77 0.95 PS4s | 461 0.50
the data sets were present, such as differences ECM20 | 371 1.03 SS49 | 4.49 0.67
between gender, race/ethnicity, years as an ambas- ECM21 | 433 0.70 SS50 | 435 0.78
sador, and year of assessment. There was no ECM22 | 429 073 SS51 | 436 0.77
difference found between the two randomized ECM23 | 430 078 $S52 | 3.91 1.04
data splits in gender (#(348) = -0.42, p = 0.67), EB24 448 061 SS53 | 4.14 086
race/ethnicity (2(348) = -0.91, p = 0.37), years as an EB25 477 043 SS54 | 4.59 054
ambassador (#(334.02) = 0.69, p = 0.49) nor year of EB26 463 0.56 SS55 | 443 0.65
assegsment (#(348) =-1.25,p=0.21). There was glso EB27 473 047 3856 187 0.97
no dlffer.ence found btheen the two raqdomlzed EB28 470 0.52 sss7 | 456 0.55
data splits on composite score for the pilot scale EB29 475 045
(2(348) = -0.06, p = 0.95). We then conducted an
exploratory factor analysis (EFA) using Principal
Axis Factoring with one dataset to examine the findings that resulted from the EFA and examine
factor structure and a confirmatory factor analysis model fit [59]. Finally, we calculated Cronbach’s
(CFA) with the second dataset to validate the alpha coefficients to examine internal consistency to
Academic ) [ Retained 7 0f 12 )
Confidence items
— Confidence:
inesseme |\ iems |
Engineering Career Confidence
Motivation ‘—1 ' .
3 items broke into Ambassadorship:
D E— new factor, 3items
AQ Ambassadorship
Engineering ) [ Retained 9 0f 10 ) f Engineering
Beliefs items Beliefs:
) | ) 9 items
[ Professional Skills | [ Retained 13 of 15 | Professional Skills: |
items 13 items
[ Social Supports ] [ Retained 50f9 | f Social Supports: ]
items 5 items

Fig. 2. Progression of Ambassador Questionnaire structure and analysis-informed changes.
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support the reliability of the measure. Means and
standard deviations for the 57 AQ items prior to the
split are presented in Table 2. Please refer to
appendix Al and A2 for details on item content.

5. Results

5.1 Construct Validity of the Ambassador
Questionnaire

Exploratory factor analysis. Diagnostic procedures
prior to splitting the dataset revealed that one item
(AC6) exhibited excessively low inter-item correla-
tions. This item had inter-item correlation values of
0.20 - 0.85 with less than ten other items. Following
the guidance of Field [57] this item was removed
from further analysis. The Kaiser-Meyer-Olkin
value of the remaining items was 0.90, indicating
sufficient sampling adequacy. Bartlett’s test of
sphericity (p > 0.001) revealed that the correlations
among the remaining items were acceptable.

The data were randomly split and the initial EFA
was conducted with one of the randomly split sets.
We used principal axis factoring with Varimax
rotation and forced five factors to align with antici-
pated subscales (a preliminary scree plot analysis
also indicated five factors). A total of 15 additional
items (AC4, ACS5, AC8, AC9, ECM17, ECM18,
ECM19, ECM20, EB30, PS34, PS48, SS49, SS53,
SS54, SS57) were removed one by one for low factor
loading values (< 0.40) or notable cross-loading
between two or more factors (> 0.40). The final
EFA with 41 items explained 52.6% of the variance
with 5 extracted factors.

We retained the anticipated subscales of Aca-
demic Confidence, Engineering Beliefs, Professional
Skills, and Social Supports. The Engineering Career
Motivation subscale did not hold; some items
loaded on Academic Confidence and some items
broke into their own factor which we labeled
Ambassadorship (see Fig. 2). Table 3 presents
EFA factor loadings for the 41 retained items.

Confirmatory Factor Analysis. A CFA with the 41
retained items was then conducted with the second
randomized dataset. This allowed for validation of
the factor structure that emerged from the EFA as
well as examining model fit and exploring covar-
iances between factors. The CFA revealed statisti-
cally significant factor loadings for each of the five
factors, with standardized regression weight values
ranging from 0.53-0.75 for Academic Confidence,
0.37-0.82 for Engineering Beliefs, 0.48-0.69 for
Social Supports, 0.42-0.75 for Professional Skills,
and 0.79-0.86 for Ambassadorship (see Figs. 3-7
and Table 4). The squared multiple correlation
values, which explain the amount of variance
accounted for by the common factor for each of
the items, ranged from 0.28 to 0.57 for Academic

Table 3. Rotated factor loadings by theorized subscales for 41
retained items

Item PS EB AC SS AMB
PS42 0.83
PS46 0.77
PS41 0.77
PS44 0.69
PS47 0.67
PS45 0.67
PS40 0.66
PS39 0.54
PS43 0.44
PS36 0.42
PS35 0.41
PS37 0.41
PS38 0.41
EB31 0.80
EB29 0.78
EB25 0.75
EB27 0.70
EB28 0.68
EB32 0.60
EB24 0.65
EB26 0.60
EB33 0.43
ACI2 0.72
ACI 0.69
ACI0 0.67
ECM13 0.62
AC2 0.59
AC7 0.55

AC3 0.55

ECM14 0.55

ECM16 0.55

ACI1 0.54

ECM15 0.42

SS51 0.75

SS50 0.75

SS56 0.52

SS52 0.49

SS55 0.44

ECM23 0.72

ECM21 0.66

ECM22 0.62

Confidence, 0.13-0.67 for Engineering Beliefs,
0.23-0.48 for Social Supports, 0.18-0.56 for Profes-
sional Skills, and from 0.37 to 0.68 for the Ambas-
sador subscale. This indicates that the factors
explained an adequate portion of item variance
(see Table 5).

Model fit. While guidance varies [60], the x°
statistic and Comparative Fit Index are often used
to indicate model fit. Our findings revealed a
statistically significant x* (1,411.76, df = 769, p <
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Table 4. Standardized regression weights following the confir-
matory factor analysis

Ambassadorship

.82

.86

Fig. 7. Ambassadorship factor structure.

Table 5. Squared multiple correlations following the confirma-
tory factor analysis

ecm23

.62

.68

D,
D,

E

Item PS EB AC SS AMB Item PS EB AC SS AMB
PS35 0.61 PS35 0.37

PS36 0.61 PS36 0.37

PS37 0.66 PS37 0.44

PS38 0.50 PS38 0.25

PS39 0.57 PS39 0.33

PS40 0.67 PS40 0.45

PS41 0.61 PS41 0.37

PS42 0.75 PS42 0.56

PS43 0.42 PS43 0.18

PS44 0.60 PS44 0.36

PS45 0.71 PS45 0.50

PS46 0.70 PS46 0.50

PS47 0.69 PS47 0.47

EB24 0.37 EB24 0.13

EB25 0.63 EB25 0.39

EB26 0.71 EB26 0.51

EB27 0.67 EB27 0.44

EB28 0.65 EB28 0.43

EB29 0.82 EB29 0.67

EB31 0.75 EB31 0.56

EB32 0.60 EB32 0.36

EB33 0.67 EB33 0.45

ACl1 0.63 ACl1 0.40

AC2 0.56 AC2 0.32

AC3 0.53 AC3 0.28

AC7 0.66 AC7 0.44

ACI0 0.69 ACI10 0.47

ACII 0.61 ACII 0.37

ACI2 0.75 ACI12 0.57

ECM13 0.69 ECM13 0.47

ECM14 0.62 ECM14 0.39

ECM15 0.67 ECM15 0.45

ECM16 0.72 ECM16 0.52

SS50 0.57 SS50 0.43
SS51 0.57 SS51 0.32
SS52 0.48 SS52 0.23
SS55 0.69 SS55 0.48
SS56 0.54 SS56 0.29
ECM21 0.79 ECM21 0.62
ECM22 0.82 ECM22 0.68
ECM23 0.86 ECM23 0.72
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Table 6. Correlation between factors following the confirmatory
factor analysis

Factor AC EB SS PS AMB
AC -

EB 0.47*** | —

SS 0.59%** | 0.50%** |-

PS 0.62*** | 0.36* 0.53*** | —

AMB 0.52%** | 0.46%** | 0.49%** | 0.38%** |

%p < 0.05, **% p < 0.001.

0.001), suggesting that the model was not a good fit
to the data. The CFI for this analysis was 0.84,
which is to be expected with large and complex
models [61]. However, a more suitable indicator of
model fit for intricate structural equation models is
the root mean square error of approximation
(RMSEA). The RMSEA for our analysis was
0.06, indicating adequate model fit [62] and allow-
ing the structure to be retained.

Table 6 provides the correlations between the five
factors, which were positive and statistically sig-
nificant. The highest correlation among factors was
found for Academic Confidence and Professional
Skills (r = 0.62), followed by Academic Confidence
and Social Supports (r = 0.59). The Ambassador-
ship factor correlated highest with Academic Con-
fidence (r = 0.52), followed by Social Supports (r =
0.49). Notably, the lowest correlations were found
between Engineering Beliefs and Professional Skills
(r = 0.36), and between Professional Skills and
Ambassadorship (r = 0.38).

5.2 Internal Consistency Reliability

We calculated Cronbach’s alpha coefficients to
examine internal consistency reliability for a total
scale score and for each factor as a subscale. The
whole scale coefficient was 0.94 and the subscale
coefficients ranged from 0.72 to 0.90 (see Table 7).
These coefficients exceed the 0.70 level of accept-
ability for internal consistency reliability [57] and
support the internal consistency reliability of the
Ambassador Questionnaire and five resulting fac-
tors: Academic Confidence, Engineering Beliefs,
Professional Skills, Social Supports, and Ambassa-
dorship.

Table 7. Cronbach’s alpha coefficients by scale and subscale

Scale/subscale Cronbach’s Alpha
Academic Confidence 0.89
Engineering Beliefs 0.89
Social Supports 0.72
Professional Skills 0.90
Ambassadorship 0.90
Whole Scale 0.94

6. Discussion

Researchers, program evaluators, and outreach
leaders currently lack a comprehensive tool for
assessing the engineering related beliefs and self-
perceptions of undergraduate students who per-
form K-12 outreach. Similarly, to our knowledge,
the constructs included in the Ambassador Ques-
tionnaire have not been assessed in a single sample
of undergraduate students who are engaged in K-12
engineering outreach. Our research yielded a valid
and reliable scale that includes five moderately
correlated subscales: academic confidence, engi-
neering beliefs, social supports, professional skills,
and ambassadorship. We now consider how our
findings relate to the extant literature on engineer-
ing student professional growth and suggest ways in
which the AQ might facilitate the development of a
coherent theoretical framework for understanding
the role of outreach ambassador. Then, we discuss
implications for those who manage and evaluate
engineering outreach, and close with limitations of
the study.

6.1 Ambassadors’ Beliefs about Engineering as a
Domain and a Professional Field

The confirmed structure of the AQ revealed that the
constructs measured were in line with the messages
included in the NAE Changing the Conversation
report with which many Engineering Ambassadors
Network outreach presentations are aligned;
further, participants expressed beliefs that engineer-
ing helps to make the world safer and healthier, and
that diversity is important. More broadly, this
echoes other studies that have described how engi-
neering students, and particularly students from
historically underrepresented groups, are likely to
express a personal interest and motivation towards
engineering that is rooted in outreach-appropriate
prosocial messages (NAE, 2008). Some students
may be attracted to outreach organizations because
they convey values that align with personal goals of
impacting the community and professional goals of
becoming an engineer [11, 29, 31, 63]. Prosocial
messages about diversity in engineering may reso-
nate for students who consider these values to be
foundational to their motivation for a career in the
field [12]. However, it remains to be seen whether
students’ beliefs become more aligned with out-
reach messages over time, or if outreach programs
tend to select students with such beliefs. If adminis-
tered in a repeated fashion to ambassadors and
non-ambassadors, the AQ could serve as a tool
for exploring these questions.

The AQ also demonstrated promise for identify-
ing areas of perceived inequity among future engi-
neers. Despite broadly positive beliefs about the
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discipline and high ratings of academic self-con-
fidence, the students in our sample reported slightly
lower scores for items pertaining to equitable pay
and opportunities for advancement in the engineer-
ing field. Researchers studying attrition from
undergraduate engineering programs have noted
that when some underrepresented populations
such as women leave an engineering major, they
are likely to have low levels of academic and career
self-efficacy and lower expectations for success in
the profession [64]. Lower expectations for success
may be accompanied by a heightened perception of
inequality. The role that outreach participation
may play in the career self-efficacy of different
groups of students has not been widely studied,
but the AQ may be helpful in studying whether
designing and delivering outreach messages may
impact female and historically underrepresented
ambassadors’ academic confidence and expecta-
tions for success in the workplace, or in detecting
students who may be at risk of anticipating margin-
alization or isolation in the workplace. Since some
students may be predisposed to possess beliefs and
self-perceptions that hinder their persistence in the
field [12, 65], the AQ might help to clarify whether
outreach can function as a supportive context for
students who are at-risk due to discrepancies
between their academic performance and their
sense of belonging.

6.2 Outreach as a Context for Developing
Retention-oriented Identities

The undergraduate STEM experience serves as a
context for exploring the self and internalizing
various social roles [66—68]. When students perform
outreach, they engage in a co-curricular activity in
which they adopt the role of engineering ambassa-
dor. This role differs from their typical role of
undergraduate student and evokes novel possibili-
ties for action such as talking with and mentoring
younger students, creating and delivering engaging
presentations and demonstrations to nontechnical
audiences, representing their college of engineering,
and conveying the importance of diversity in the
STEM workforce. Because acting in a social role
has implications for how one views oneself, and
how one is viewed by others, performing outreach
in the formal role of an ambassador may bolster
motivation toward degree completion and a career
in the field [11, 69]. With time, students may
incorporate ambassador role components into
their overall sense of identity as a professional
engineer [25, 65, 70, 71].

The AQ includes constructs that are commonly
included in psychosocial perspectives on engineer-
ing identity such as academic and career self-effi-
cacy, engineering related beliefs, and perceptions of

the self in an expert role [22, 72]. It is aligned with
research that has connected academic self-percep-
tions and motivations, and an awareness (through
action) that others see them as an engineering or
STEM person, with the development of a robust
STEM identity [10, 72-74]. STEM degree comple-
tion has been associated with the interplay among
the type of self-perceptions, outcome expectancies,
and worldviews that are included in the AQ[18, 19,
74].

Students’ identification with a professional
STEM role has been known to change as students
matriculate through their degree programs and
experience both academic and social successes and
challenges in varying contexts [75]. Co-curricular
program participation may be one context that can
foster positive self-perceptions, beliefs, and profes-
sional expectations for the field of engineering.
Developing and delivering outreach messages may
promote changes in students’ academic confidence,
and engineering-related technical and interpersonal
communication skills. It is also plausible that
students may experience changes in career self-
efficacy and become more aware of, or even more
favorable towards, values and beliefs that reflect the
outreach mission [29, 31]. Students may also find
that the social context of the outreach group
provides near-peer support that promotes persis-
tence in a degree program and social recognition.
Our findings support the AQ as a measure that can
adequately assess these concepts for data-driven
decision-making regarding programming efforts
and continued support of ambassadors. Our find-
ings are aligned with other research such as Berge-
son and colleagues [11] who found that outreach
participation influenced engineering students’ gains
in self-perceptions as engineers and purveyors of
engineering content, personal beliefs and values for
an anticipated career in engineering, and satisfac-
tion in achieving the goal of raising others’ interests
in engineering careers. Gains were accompanied by
actions in the role of connecting engineering con-
cepts with real world topics and confidently
communicating with non-technical audiences.
Accordingly, we mnoted positive correlations
among the five subscales, which measured similar
attributes. Future research efforts using the AQ
could build on these findings and explore ambassa-
dorship as a context for undergraduate students’
identity formation in more detail. The prior evi-
dence to suggest that the ambassador role supports
the development of students’ engineering identity is
promising, but the AQ will allow researchers to
consider this question at scale.

6.3 Practical Implications

The present work was undertaken in the interests of
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both theory and practice. Outreach is often
included in college or grant-funded engineering
education initiatives, and outreach leaders or
those evaluating outreach programs may be inter-
ested in using the AQ in a pre/post fashion over the
course of one or more academic years. As a pre-
assessment, the AQ might offer insights into the
current needs for a particular cohort of outreach
ambassadors. As a post- or follow-up assessment,
the AQ could be used to reveal changes in these
students as well as to offer insights into areas of
strength or challenge for a program. The impact of
interventions to develop components of a program
could then be captured through changes in stu-
dents’ AQ responses, and outcomes could be mean-
ingfully compared across groups within or between
different outreach models.

If administered to the general student body in
engineering degree programs, aggregate AQ scores
could provide information about various groups of
students including those who are engaged in other,
similar co-curricular activities such as service learn-
ing. Composite subscale or individual item scores
could be used as well to check for potential response
pattern differences that highlight students’ percep-
tions of equity issues. Scores could also be used in
conjunction with exit interviews to gain insights
into students’ expectations regarding the profes-
sional workforce. This information may prove
useful for large engineering programs as it could
detect differences in the perceptions of particular
participants such as women and underrepresented
racial and ethnic groups in STEM that could be
addressed through responsive programming.
Although developed in the context of the Engineer-
ing Ambassadors Network, the use of the AQ is not
limited to this context; rather, we hope that it will be
used in longitudinal and cross-sectional research
and program evaluation efforts to understand how
engineering outreach can impact students, perhaps
in tandem with measures of the effect of the out-
reach on the K-12 students in the context of broader
conversations about identity formation [75-79].

6.4 Limitations

The instrument development and dimension reduc-
tion procedures in this study provide evidence of the
construct validity of the AQ scale. However, to
manage response burden and focus on construct
validation we chose not to establish concurrent
validity in this study by administering additional
measures. Admittedly, this limits our ability to
draw conclusions between AQ scores and other
measures such as those that draw more explicitly
on particular models of engineering identity or
particular types of engineering career intentions.
A second limitation is the lack of outcome measures

such as course grades or graduation rates for
seniors, and the lack of objective information
about the amount and type of outreach conducted
by respondents. We were unable to triangulate our
data with outreach participation, and hope that
future research will do this with a view to providing
evidence for the predictive validity of the measure.
A final limitation is the self-selected nature of the
sample, which may not be representative of the
broader population of undergraduate engineering
students. Additional validation studies may be
needed in order to provide information about
how the measure performs in contexts where stu-
dents conduct outreach that does not include pro-
fessional and technical skills training, or contexts
outside of U.S. K-12 and higher education systems.

7. Conclusion

In this study, we used a multi-step approach to
develop an omnibus assessment of ambassadors’
self-perceptions, beliefs, and perceptions of the
current and future context of their engineering
experiences that, we hope, is also flexible enough
to be able to capture changes associated with out-
reach participation. We administered the AQ to a
large and diverse group of undergraduate engineer-
ing students and used the data to demonstrate its
construct validity. Four of the five subscales were
moderately correlated with one another, suggesting
both uniqueness and meaningful overlap and align-
ment between students’ academic confidence, engi-
neering beliefs, social supports, and professional
skills. The factor structure is aligned with prior
qualitative work on ambassadors’ self-perceptions
and their emerging role identities as ambassadors
for the field, as well as the broader literature on the
formation of diverse students’ engineering identi-
ties. The fifth subscale, ambassadorship, was less
strongly correlated with the others, but represents a
contextually specific measure of students’ expecta-
tions about the ambassador role that could be of use
to program advisors and those seeking to evaluate
different models of outreach.

The AQ may be adapted to other forms of
ambassadorship including STEM, STEM-H
(Health Sciences), and STEM+C (Computer
Science) ambassadors. If used in large scale
research, we hope that the AQ can contribute to
national efforts to understand the effect of equip-
ping diverse groups of undergraduate students with
the knowledge, skills, and motivations to mean-
ingfully change the conversation about the field of
engineering.
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Appendix

Table Al. Pilot item sources and validated subscales

Item Theorized Validated Source / Adapted From
Subscale Subscale

ACI. I am confident I can succeed in my engineering | AC AC Metz et. al, 1999
courses. Lizter et al., 2014
AC2.Tam confident I can succeed in my math courses. | AC AC Metz et. al, 1999

Lizter et al., 2014
AC3. I can complete the math requirements for most | AC AC Assessing Women and Men in Engineering
engineering majors. (2008), LAESE.
ACA4. I can complete the physics requirements for AC Removed Assessing Women and Men in Engineering
most engineering majors. (2008), LAESE.
ACS. I can succeed in an engineering curriculum while | AC Removed Marra & Bogue (2006)
not having to give up participation in my outside
interests (extracurricular activities, family, sports).
AC6. It is difficult to find my way around campus. AC Removed Laanan (2010)
AC7. 1 am confident I will complete an engineering AC AC Assessing Women and Men in Engineering
degree in my preferred major. (2008), LAESE.
ACS. I know what to do if I am having trouble in my | AC Removed Assessing Women and Men in Engineering
engineering courses. (2008), LAESE.
AC9. I know who to talk to if I am having trouble in | AC Removed Assessing Women and Men in Engineering
my engineering courses. (2008), LAESE.
AC10. I am confident that engineering is the right AC AC Metz et. al, (1999)
major for me.
ACI11. I am satisfied with my decision about my AC AC Assessing Women and Men in Engineering
specific engineering major. (2008), LAESE.
ACI12. T am confident I will complete an engineering | AC AC Marra et. al (2009)
degree.
ECM13. It is my choice to study engineering. ECM AC Assessing Women and Men in Engineering

(2008), LAESE.
ECM14. A degree in engineering will allow me to geta | ECM AC Assessing Women and Men in Engineering
job where I can use my talents and creativity. (2008), LAESE.
ECM15. Someone like me can succeed in an ECM AC Assessing Women and Men in Engineering
engineering career. (2008), LAESE.
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“Changing the Conversation” into an outreach
presentation.

ECM16. A degree in engineering will allow me to ECM AC Assessing Women and Men in Engineering

obtain a job that I like. (2008), LAESE.

ECM17. A degree in engineering will allow me to ECM Removed Marra & Bogue (2006)

obtain a well-paying job.

ECM18. I am part of an engineering community. ECM Removed Women in Science & Engineering Leadership
Institute (2009)

ECM19. I am confident I will be treated fairly on the | ECM Removed Assessing Women and Men in Engineering

job in engineering. (2008), LAESE.

ECM20. I am confident I will be given the same ECM Removed Assessing Women and Men in Engineering

opportunities for pay raises and promotions as my (2008), LAESE.

fellow workers if I enter engineering.

ECM21. My participation as an ambassador will lead | ECM AMB Assessing Women and Men in Engineering

to a better understanding of engineering. (2008), Retention.

ECM22. My participation as an ambassador will lead | ECM AMB Assessing Women and Men in Engineering

to a better understanding of my own career goals. (2008), Retention.

ECM23. My participation as an ambassador will ECM AMB Assessing Women and Men in Engineering

make me more confident about my ability to succeed (2008), Retention.

in engineering.

EB24. Engineers are creative. EB EB National Academy of Engineering Committee
on Public Understanding of Engineering
Messages (2008)

EB25. Engineers are problem solvers. EB EB National Academy of Engineering Committee
on Public Understanding of Engineering
Messages (2008)

EB26. Engineering is essential to our health, EB EB National Academy of Engineering Committee

happiness, and safety. on Public Understanding of Engineering
Messages (2008)

EB27. Engineering connects science to the real world. | EB EB National Academy of Engineering Committee
on Public Understanding of Engineering
Messages (2008)

EB28. Engineers help to make the world a better EB EB Lizter et al. (2014)

place.

EB29. Engineers help shape the future. EB EB National Academy of Engineering Committee
on Public Understanding of Engineering
Messages (2008)

EB30. Society values the work engineers do. EB Removed Lizter et al. (2014)

EB31. Engineers make a world of difference. EB EB National Academy of Engineering Committee
on Public Understanding of Engineering
Messages (2008)

EB32. Engineers are entrepreneurial and innovative. | EB EB National Academy of Engineering Committee
on Public Understanding of Engineering
Messages (2008)

EB33. It is important that the field of engineering is EB EB University of Nebraska Exit Interview

diverse.

PS34. I can apply an engineering concept or idea toa | PS Removed Marra et al. (2008)

real-life situation.

PS35. 1 can weigh alternative perspectives in solvinga | PS PS Marra et al. (2008)

problem.

PS36. I can develop ways to resolve conflict and reach | PS PS Marra et al. (2008)

agreement in a group.

PS37.1If a team I am working on has a problem, I can | PS PS Assessing Women and Men in Engineering

help the team resolve the issue. (2008), LAESE.

PS38. I can synthesize multiple points of view that PS PS Marra et al. (2008)

arise during group problem solving.

PS39. I can organize information so that it is easily PS PS Marra et al. (2008)

understandable to others.

PS40. I can communicate effectively. PS PS University of Nebraska Exit Interview

PS41. I can create engaging presentations. PS PS Engineering Ambassadors Network
Workshop Exit Survey

PS42. I can deliver engaging outreach presentations. PS PS Engineering Ambassadors Network
Workshop Exit Survey

PS43. I work cooperatively with other ambassadors PS PS Marra et al. (2008)

on our duties and tasks.

PS44. 1 know how to integrate messages from PS PS Engineering Ambassadors Network

Workshop Exit Survey
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ambassadors do.

PS45. I am confident in my leadership skills. PS PS University of Nebraska Exit Interview

PS46. 1 can provide a helpful and appropriate critique | PS PS Engineering Ambassadors Network

to a fellow Ambassador’s presentation. Workshop Exit Survey

PS47. 1 can select an appropriate slide design to suit PS PS Engineering Ambassadors Network

the audience of my presentation. Workshop Exit Survey

PS48. I can effectively be a member of a team. PS Removed University of Nebraska Exit Interview

SS49. I participate in non-academic activities with SS Removed Laanan (2010)

other students.

SS50. At this university, I feel like I am part of a SS SS University of Nebraska Exit Interview

group. Laanan (2010)

SS51. If I have a problem, there is someone at this SS SS Assessing Women and Men in Engineering

university I can talk to. (2008), Retention.

SS52. I have a mentor to whom I can turn for advice. | SS SS Assessing Women and Men in Engineering
(2008), Retention.

SS53. I can cope with being the only person of my SS Removed Assessing Women and Men in Engineering

race/ethnicity/gender in a class. (2008), LAESE.

SS54. I can make friends with people from different SS Removed Assessing Women and Men in Engineering

backgrounds and/or values. (2008), LAESE.

SS55. I can relate to the people around me in academic | SS SS Marra & Bogue (2006)

settings.

SS56. It is easy for me to make friends. SS SS Laanan (2010)

SS57. 1 believe community focus is important in what | SS Removed University of Nebraska Exit Interview

A2. Validated measure.

Q1. We would like to be able to follow your progress through the Ambassadors program. To do this, we need to develop a code that will

maintain your anonymity.

Please create a Self-Generated Identification Code (SGIC) as follows:

— What is the first letter of your mother’s first name?

— How many older brothers do you have (living and deceased)?

— What is the number that represents your birth month?

— What is the first letter of your middle name? (if none, use X)

For example, the SGIC of a respondent whose mother is named Mary, who has one older brother, whose birth month is May (05), and

whose middle name is Ann: MO105A

Q2. What college or university do you currently attend?

Q3. What is your gender?
o Male (1)

o Female (2)

o Prefer not to respond (3)

Q4. What is your race/ethnicity?

African American/Black (1)
American Indian/Alaska Native (2)
Asian (3)

Hispanic/Latino (4)

Pacific Islander (5)

White (6)

Two or more races (7)

Prefer not to respond (9)

OO0OO0OO0OO0O0O0OO0OO0

Other (please explain) (8)

Q5. What is your current level in college?
Freshman (1)

Sophomore (2)

Junior (3)

Senior (4)

OO0OO0O0O0

Other (please explain) (5)

Q6. How many years have you served as an Ambassador?
o This is my first year. (1)

o This is my second year. (2)

o This is my third year. (3)

o This is my fourth or more year. (4)
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Academic Confidence. Please indicate your level of agreement with the following statements.
Likert options: Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree.

1. I am confident I can succeed in my engineering courses.

2. I am confident I can succeed in my math courses.

3. I can complete the math requirements for most engineering majors.

4. 1 am confident I will complete an engineering degree in my preferred major.
5. T am confident that engineering is the right major for me.

6. I am satisfied with my decision about my specific engineering major.

7.1 am confident I will complete an engineering degree.

8. It is my choice to study engineering.

. A degree in engineering will allow me to get a job where I can use my talents and creativity.
10. Someone like me can succeed in an engineering career.

11. A degree in engineering will allow me to obtain a job that I like.

NeJ

Ambassadorship. Please indicate your level of agreement with the following statements.
Likert options: Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree.

12. My participation as an ambassador will lead to a better understanding of engineering.
13. My participation as an ambassador will lead to a better understanding of my own career goals.
14. My participation as an ambassador will make me more confident about my ability to succeed in engineering.

Engineering Beliefs. Please indicate your level of agreement with the following statements.
Likert options: Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree.

15. Engineers are creative.

16. Engineers are problem solvers.

17. Engineering is essential to our health, happiness, and safety.
18. Engineering connects science to the real world.

19. Engineers help to make the world a better place.

20. Engineers help shape the future.

21. Engineers make a world of difference.

22. Engineers are entrepreneurial and innovative.

23. It is important that the field of engineering is diverse.

Professional Skills. Please indicate your level of agreement with the following statements.
Likert options: Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree.
24. 1 can weigh alternative perspectives in solving a problem.

25. 1 can develop ways to resolve conflict and reach agreement in a group.

26. If a team I am working on has a problem, I can help the team resolve the issue.

27. 1 can synthesize multiple points of view that arise during group problem solving.

28. I can organize information so that it is easily understandable to others.

29. I can communicate effectively.

30. I can create engaging presentations.

31. I can deliver engaging outreach presentations.

32. I work cooperatively with other ambassadors on our duties and tasks.

33. I know how to integrate messages from “Changing the Conversation™ into an outreach presentation.
34. 1 am confident in my leadership skills.

35. I can provide a helpful and appropriate critique to a fellow Ambassador’s presentation.
36. I can select an appropriate slide design to suit the audience of my presentation.

Social Supports. Please indicate your level of agreement with the following statements.
Likert options: Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree.

37. At this university, I feel like I am part of a group.

38. If I have a problem, there is someone at this university I can talk to.
39. I have a mentor to whom I can turn for advice.

40. I can relate to the people around me in academic settings.

41. It is easy for me to make friends.
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