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With technologies changing faster than ever before, engineering faculty must continuously update the tech-
nologies they use and teach to students to meet accreditation requirements and keep up with industry standards.
Many do not, however. Additionally, existing models of technology adoption do not account for all variability
within intention to use a technology, nor its actual use. Informed by the Unified Theory of Acceptance and Use of
Technology (UTAUT), this study examined which constructs from prior models apply to engineering faculty’s
adoption of industry-specific technologies, as well as other factors influencing faculty adoption of these tech-
nologies for their teaching or research. We interviewed 21 engineering faculty at a Midwestern United States
STEM-focused institution about their adoption of engineering technologies. Deductive and inductive coding were
used to identify themes within the qualitative data. Constructs from existing models were confirmed to influence
faculty engineering technology adoption. We also identified specific Facilitating Conditions (Other People,
Digital Resources, Non-Digital Resources, Time, and Formal Training) that faculty leverage to adopt new engi-
neering technologies, and uncovered two additional themes—Access and Personal Traits, including several
component traits (Persistence, Humility, Self Efficacy, Growth Mindset, Ambiguity Acceptance, and Curiosity)
that influence faculty engineering technology adoption. We propose a new Theory of Faculty Adoption of En-
gineering Technologies specific to faculty adoption of new engineering technologies. These findings have the
potential to help universities determine how to effectively support faculty in providing their students with
relevant technological skills for entry into the engineering workforce.

[

1. Introduction engineers. Engineering students’ “ability to acquire and apply new

knowledge as needed, using appropriate learning strategies” is also

To meet the technology needs of future employers and the re-
quirements for program accreditation, engineering programs must teach
students to use relevant and modern technologies. The Accreditation
Board for Engineering and Technology (ABET) General Criteria for
Baccalaureate Level Programs requires that engineering programs teach
design “utilizing modern engineering tools” (Criterion 5.b; [1]). This
task is akin to hitting an ever moving target, however, as technologies
are developing at a faster pace than at any point in history [2]. The
software, programming languages, and instrumentation taught to en-
gineering students can quickly become out of date, making it critical that
faculty continually adopt, learn, and integrate new engineering tech-
nologies into their teaching to maintain the relevancy of the techno-
logical engineering tools taught to students. By doing so, faculty also
model lifelong learning for their students—another essential skill for

among the student outcomes required by ABET (Criterion 3.7; [1]). By
modeling this behavior for students, faculty create a professional
expectation among their students that they will also continue to learn
about and use new engineering technologies throughout their careers.
Although engineering faculty often learn specialized engineering
technologies to support their research, these technologies are often not
germane for practicing engineers within industry. To maintain the
relevance of engineering programs, faculty must also integrate into their
courses current engineering technologies used within the industries
where their students will later be employed. To best prepare students for
professional practice, it is recommended that engineering educators
“align expert uses of domain-specific computational tools with their
affordances for connecting to engineering practice and to foundational
disciplinary background knowledge” ([3], p. 11). Yet, they often fail to
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do so. This may be due to the limited time engineering faculty have
available to learn new engineering technologies [4]. Additionally, en-
gineering design is often valued more than technology education [5],
which results in faculty focusing on teaching the design process and
often neglecting to teach the use of engineering tools that will be the
most relevant for their graduates.

To determine how to ensure that engineering faculty use appropriate
technologies to both meet the needs of future employers and the re-
quirements for program accreditation, it is important to first understand
what hinders or helps engineering faculty’s adoption of new engineering
technologies; this is the focus of this study. This work seeks to under-
stand which constructs from existing models of technology adoption are
relevant for engineering faculty, and identify any factors missing from
the existing models. This new understanding will inform additional
work addressing the development of programs and interventions to help
faculty continuously update the engineering technologies used in their
courses.

2. Background and theoretical framing

Existing models to predict technology adoption among university
faculty were originally developed for consumer and information tech-
nology settings. The primary models utilized in technology adoption
research within academics are the Technology Adoption Model (TAM)
[6] and its revision, the TAM2 [7], along with the Unified Theory of
Acceptance and Use of Technology (UTAUT) [8], and its revision, the
UTAUT2 [9]. In the following sections, we discuss these two models, as
well as potential gaps in the models in the context of engineering edu-
cation. We highlight that this paper addresses the adoption of the
computational tools used within the practice of engineering, which we
refer to as engineering technologies; these are distinctly different from the
technologies used to support classroom communication and instruction,
which we refer to as instructional technologies. We focus specifically on
engineering technologies for two reasons. First, the majority of the
research on technology adoption within education has focused on
instructional technologies, creating a gap in the literature related to the
adoption of content-specific technologies. Second, because instructional
technologies are often adopted university-wide, there are more support
structures in place to aid with adoption; this is in contrast to more
specialized engineering technologies that are often adopted by in-
dividuals or small groups of users at a university.

2.1. Technology adoption model (TAM)

Both the TAM [6] and its revision, the TAM2 [7] link the Behavioral
Intention to Use a technology to Perceived Ease of Use and Perceived
Usefulness of the technology. Perceived Ease of Use refers to “the degree
to which a person believes that using a particular system would be free
of effort” ([6], p. 320) and Perceived Usefulness refers to the “degree to
which a person believes using a particular system would enhance his or
her job performance” (p. 320). The TAM2 added social influences to
Perceived Usefulness, including the increase in Image associated with
using the technology and Subjective Norm (the opinions of peers about
the technology) [7]. Experience was also added as a moderating variable
for Subjective Norm. In addition, the TAM2 incorporated cognitive
instrumental processes that influence Perceived Usefulness, including
the Job Relevance of the technology, the Output Quality (how well the
technology performs a given task), and Result Demonstrability (the
production of tangible results from using the technology). In this model,
Perceived Usefulness and Perceived Ease of Use predict Behavioral
Intention to Use a technology, which is also directly influenced by
Subjective Norm and moderated by Voluntariness of use. In turn,
Intention to Use may lead to actual use (Use Behavior). Although
Behavioral Intention to Use does not perfectly predict Use Behavior, it is
often used as a proxy for Use Behavior within studies [10].

Computers and Education Open 7 (2024) 100221
2.2. Unified theory of acceptance and use of technology (UTAUT)

Venkatesh combined constructs of the TAM with other popular
behavioral models to create the Unified Theory of Acceptance and Use of
Technology (UTAUT) [8]. The UTAUT revised the predictors of Behav-
ioral Intention to Use a technology to include Performance Expectancy
(similar to the TAM/TAM2 Perceived Usefulness), Effort Expectancy
(similar to Perceived Ease of Use of the technology in the TAM/TAM?2),
Social Influence (similar to the TAM2’s Subjective Norm), and Facili-
tating Conditions (the user’s perceived supports for using the technol-
ogy). Age, Gender, Experience and Voluntariness were all moderating
variables. In the original UTAUT, Behavioral Intention to Use a tech-
nology, again with Facilitating Conditions combined to predict Use
Behavior.

The UTAUT was later revised to the UTAUT2 [9] to take into account
a consumer context, as opposed to the workplace context of the earlier
model. As a result, the UTAUT2 dropped Voluntariness from the vari-
ables influencing these constructs. An important contribution of the
UTAUT2 was its inclusion of several new constructs related to Behav-
ioral Intention to Use a technology. These constructs included Hedonic
Motivation, Price Value, and Habit; Habit also directly influenced Use
Behavior [9]. Even with these additions, the prediction of Use Behavior
is still not 100 %, indicating the existence of other yet unaccounted for
constructs influencing Use Behavior.

2.3. Additional constructs related to technology adoption

We reviewed the literature to identify constructs not included in
current models that might be relevant to engineering technology
adoption by faculty. For example, these models do not consider barriers
(e.g., time, money, expertise) that might prevent a person who wishes to
adopt a technology from actually doing so [11]. In fact, the literature
indicates that time might be an important factor in faculty adoption of
new instructional technologies [12-15]. The commitment of time by
faculty to learn new instructional technologies is dependent upon
extrinsic motivating factors such as organizational incentive structures,
as well as intrinsic motivating factors that vary by individual. Moser
[12] suggested that adequate incentive structures and support need to be
provided to motivate the faculty adoption of new instructional
technologies.

Fatherman et al.’s [16] examination of faculty’s acceptance of
learning management systems in higher education found self-efficacy to
be an important factor affecting the acceptance of such technologies.
Self-efficacy was also identified as important for faculty teaching online
[15] and for faculty’s adoption of mobile technologies for educational
use [17]. Self efficacy was proposed for inclusion in the original UTAUT,
but it was removed because Venkatesh et al. [8] found self efficacy to
have no significant effect on Behavioral Intention to Use a technology,
and the effect was believed to be captured by Effort Expectancy. How-
ever, the technological self efficacy of teachers has been shown to be a
significant predictor of their use of instructional technologies [18].
Hence, it is anticipated that self-efficacy may influence faculty engi-
neering technology adoption as well.

A unique aspect of a faculty position is that faculty need to adopt
technologies to both support their own research and the learning of their
students. Thus, a faculty member’s perceptions of a technology’s use-
fulness to support student learning may be another important factor
affecting their adoption of new engineering technologies. In fact, faculty
were found to consistently identify student engagement and meeting
learning objectives in online platforms as essential considerations in
assessing the relevance of instructional technologies [15]. These find-
ings are supported by Buchanan et al.’s [19] finding that faculty mem-
bers’ perceived usefulness of a technology to their students or to their
area of teaching was among the strongest barriers affecting faculty
adoption of instructional technologies. We thus theorized that the use-
fulness of a technology to students may be an additional variable related
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to Performance Expectancy; that is, engineering faculty may not only
consider technologies that improve their own work, but that also
improve their students’ experience or learning in their courses.
Although personal traits have not been widely studied in relation to
technology adoption, there is some research that has found connections
between the two. On a broad scale, Barnett et al. [20] applied both the
UTAUT and the Five Factor Model of Personality [21] to study students’
acceptance of instructional technologies, finding some associations be-
tween particular personality traits and technology use. Research on
specific personal traits also suggests some traits that might play a role in
technology adoption. Howard & Crayne [22], for example, found that
persistence matters for workplace activities. There is also some indica-
tion that mindset influences technology adoption. For example, Dang
and Liu [23] found that individuals exhibiting a growth mindset [24]
were more willing to interact with AI robots, while Rolley [25] found
that traits associated with growth mindset in faculty teaching online
aided their adoption of instructional technologies. The ability to tolerate
ambiguity has been found to be essential to an individual’s approach to
work in a range of work contexts (e.g., [26-29]). In fact, teachers with
low tolerance for ambiguity have been found to be less likely to be
comfortable with curriculum changes, including integrating new
instructional technologies [30]. In essence, an individual’s ambiguity
acceptance, and how they perceive the technology as either reducing or
increasing risk and ambiguity, can influence whether they adopt it.
Finally curiosity has been found to be associated with the Perceived Ease
of Use and Perceived Usefulness of information technologies [31] and
has also been found to have a positive effect on consumers’ Perceived
Ease of Use of virtual reality hardware [32]. Oelhorn et al. [33] studied
the impact of curiosity on use of social networking sites, finding that
epistemic curiosity—wanting to obtain new knowledge or fill in
gaps—positively influences users’ perceived usefulness and perceived
enjoyment of such sites, which both contribute to technology adoption.

2.4. Theoretical framing of the study

The UTAUT models provided an initial framework and lens for our
work to understand faculty members’ engineering technology adoption.
The UTAUT was developed to understand technology adoption by pro-
fessionals within industry and the UTAUT2 expanded this model to a
consumer context. The application of these models to academic faculty
has focused on faculties’ adoption of instructional and communication
technologies—not discipline-specific technologies. Thus, we theorized
that some constructs from these models might not apply to the unique
job motivations and concerns of engineering faculties’ adoption of en-
gineering technologies, while other constructs might need to be added.

In our review of the instructional technology literature prior to the
study, we identified time, self-efficacy and student learning as additional
constructs that may need to be included in a faculty-specific model for
engineering technology acceptance. Thus, these constructs became part
of our initial framework for the study. We acknowledged, however, that
even the addition of these constructs may not account for all variability
in technology adoption and use among faculty. Thus, we allowed for
other codes to emerge from the data. The personal traits discussed in the
prior section were such emergent codes and thus were not included in
our initial coding framework.

3. Purpose

Venkatesh’s own work has shown that the UTAUT2 does not account
for all variability within either the Behavioral Intention to Use a tech-
nology or Use Behavior [34]. Additionally, although Behavioral Inten-
tion to Use is commonly used as a proxy for Use Behavior, it does not
perfectly predict Use Behavior [10]. Thus, other factors that contribute
to both the Behavioral Intention to Use and its translation into Use
Behavior remain undiscovered. Although the UTAUT and UTAUT2 have
been revised and expanded for multiple applications since its initial
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development, no models have been targeted to faculty adoption of en-
gineering technologies. Faculty’s adoption of industry-specific technology
is critical, however, to maintaining the relevance of engineering pro-
grams. Thus, this research aims to both understand the extent to which
constructs from prior models (e.g., UTAUT, UTAUT2) apply to engi-
neering faculty technology adoption and identify additional constructs
associated with such adoption. We do so by answering this research
question: What factors support or inhibit faculty members’ adoption of new
engineering technologies for their teaching or research? Understanding what
influences the adoption of engineering technologies can inform uni-
versities about what support they might provide to enable their engi-
neering faculty to continue to update the engineering technologies they
use in their research and teaching.

4. Methods

We adopted an interpretivist paradigm in our work as we aimed to
understand the subjective experiences and beliefs of our participants
[35] in the context of the adoption of engineering technologies. This
approach acknowledges that reality is socially constructed, and thus
emphasizes understanding the viewpoint of the participants as central to
the work. Although we began with a coding framework that was drawn
from prior research, we expected that some codes in the framework
would not be relevant to our data and that additional codes would
emerge from the data. Thus, to ensure that the viewpoint of the par-
ticipants remained central in our analysis, we analyzed the data using
analytic induction [36,37], which combines deductive and inductive
methods. We also ensured that we were accounting for the viewpoints of
the participants in the validation of our results. In the following, we
provide additional details about our research approach.

4.1. Participants

Twenty-one engineering faculty at a Midwestern United States (US)
engineering-centric university were interviewed about their engineering
technology adoption. After soliciting a volunteer pool by email, in-
terviewees were selected to represent faculty who were both tenure
track and teaching track, in different academic career stages, with
varying amounts of industry experience, and provided representation of
faculty who identify as women as well as those with experience in ac-
ademic administration. Table 1 provides a breakdown of the de-
mographics of the faculty participants.

4.2. Data collection

An initial interview protocol was developed with feedback from the
project’s advisory board (see Trustworthiness section for more details on
the board). Prior to conducting the faculty interviews, two pilot in-
terviews were conducted and analyzed, after which the interview pro-
tocol was revised. The final protocol is presented in the Appendix. Due to

Table 1
Faculty Participant Demographics.
Faculty Track Tenure Track Teaching Track
(n=13) (n=8)

Years in Academia

Years in Industry

Gender identity

Experience in Academic

Administration

<7 years (23.1 %)
7-14 (46.2 %)
>14 (30.8 %)

0 (23.1 %)

<5 years (30.8 %)
5-10 years (38.5
%)

>10 years (7.7 %)
Female (38.5 %)
Male (61.5 %)
Yes (15.4 %)

No (84.6 %)

<7 years (25 %)
7-14 (62.5 %)
>14 (12.5 %)

0 (12.5 %)

<5 years (25 %)
5-10 years (25 %)

>10 years (37.5 %)
Female (12.5 %)
Male (87.5 %)

Yes (0 %)

No (100 %)
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the COVID-19 pandemic, the approximately one-hour participant in-
terviews were conducted via Zoom, all by the same member of the
research team (the first author). During the interviews, participants
were asked questions about their use of engineering-specific technolo-
gies, including (a) which technologies they teach to undergraduate
students, (b) which technologies they use in their own work, (c) what
motivates them to learn new technologies, and (d) barriers or challenges
to using a new technologies.

4.3. Data analysis

The interview data were transcribed using Zoom. Consistent with
user reports on automatic speech recognition generated transcripts,
Zoom had difficulties recognizing discipline-specific jargon and non-
American English dialects/accents [38]. To limit transcription error, a
research team member manually checked and edited all the interview
transcripts prior to coding.

After transcribing the interviews, the data were thematically coded
for several factors related to faculty members’ technology adoption: (1)
factors that affect decisions about which technologies to learn and use in
their courses, (2) factors that support adoption of new technologies, and
(3) factors that inhibit technology adoption. The data was coded by idea
unit [39], with the unit boundaries determined by a change in the idea
being discussed. During this process, we allowed for multiple codes to be
assigned to a unit of data as needed [40]. Both deductive and inductive
coding methods were used [36,37]. We began with a coding framework
that included constructs from the UTAUT [7,9] and drawn from the
literature [12,15-17,19]. The initial (deductive) coding framework is
provided in Table 2. Because we hypothesized that there might be

Table 2
Deductive codes from existing technology adoption models.

Code Definition

Constructs from the UTAUT

Performance “[T]he degree to which using a technology will provide
Expectancy benefits to consumers in performing certain activities” ([9],
p.159)
Effort Expectancy “The degree of ease associated with use of the system” ([8],
p.450)

Social Influence “The degree to which an individual perceives that important

others believe [they] should use the [technology]” ([8],

p-451)

Facilitating “refer to consumers’ perceptions of the resources and support
Conditions available to perform a behavior.” ([9], p.159; [8])

Moderating Variables from the UTAUT*

Experience “reflects an opportunity to use a target technology and is
typically operationalized as the passage of time from the
initial use of a technology by an individual.” ([9], p. 161)
Voluntariness Freely choosing to adopt the technology [8].
(dropped in
UTAUT2)

Constructs Added in the Formation of the UTAUT2
Hedonic Motivation “Fun or leisure derived from using a technology” ([9], p.161)

Price Value “[Clognitive tradeoff between the perceived benefits of the
application and the monetary cost for using them” ([9],
p.161; [41])

Habit The automaticity of using a given technology, based on prior

experience with it [9]
Constructs from Other Literature
Self Efficacy “individuals’ beliefs about their competence or mastery in a
particular domain” ([19], p.2).
Usefulness of the technology to aid in meeting learning
objectives or enhancing student engagement.
Time When faculty adopt new technologies, “time is a scarce
resource and many other activities compete for faculty
attention” (Moser, 200, p. 66).

Student Learning

" Note that the UTAUT also included age and gender, along with experience
and voluntariness, as moderating the influence of the UTAUT constructs on
Behavioral Intention to Use and Use Behavior. We did not code for age and
gender because of our small sample size, but did make an effort to have a
balanced interview pool based on gender and career stage (a proxy for age).
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additional constructs that are unique to engineering faculty, we also
used inductive coding, allowing new codes to emerge from the data.

All of the data were individually coded by two members of the
research team. After the individual coding was complete, they met to
compare their coding and reconcile any differences. When a coding
difference was identified, they discussed the instance to determine
whether it fit into an existing coding category, or whether a new code
needed to be created. A third member of the research team was brought
into the discussion as needed to resolve coding differences if agreement
could not be reached between the initial two coders. A codebook was
maintained and updated throughout the coding process as new codes
were added or code definitions were clarified [42]. Reflective memoing
was used extensively throughout the coding process to record coding
decisions made by the group [43].

After the initial coding was complete, data analysis focused on
identifying themes in the data; during this process, codes were combined
and further refined as needed to fully capture the ideas that emerged.
Review of the preliminary themes was conducted by members of the
project’s advisory board to increase the trustworthiness of the themes
that were identified [37,43]. Their feedback led to revisions of the
themes within the data. Finally, three member checking focus groups
[37] were conducted with six total participants who volunteered to
provide additional feedback, including pairs of faculty in the following
groups: self-identified high technology adopters, self-identified low
technology adopters, and faculty with administration experience. Each
group was presented with the results and asked for their opinion on the
accuracy of the themes. They were also asked to provide additional
details and insights as to how various constructs influenced their engi-
neering technology adoption. After gathering feedback from the mem-
ber checking groups, the results were further revised based on the focus
group feedback to arrive at the final themes presented in this paper. The
data collection, analysis and feedback process is shown below in Fig. 1.

4.4. Positionality statement

Recognizing the various positionalities of our research team provides
an enhanced understanding of how our social identities and experiences
influenced the way we designed the study and interpreted the data [44,
45]. The first two authors are native to the US. The first author had
extensive industry experience as a professional engineer before tran-
sitioning to academia, and even served on an industry advisory board for
a university engineering program. These experiences resulted in her
observations of the disconnect between the technologies taught in en-
gineering programs and those relevant for practicing engineers. A
resultant desire to understand how to better incentivize faculty adoption
of relevant technologies motivates her research trajectory. The second
author has been involved in the professional development of K-12
teachers and university faculty for more than two decades. This author
has a strong commitment to supporting the continuous improvement of
instruction, and has spent many years motivating teachers to adopt new
ideas for teaching practice. The third author was an international PhD
student (and now a faculty member in the US) who has experience
having to learn a new technology in order to teach that technology to a
research methods class. This author also has firsthand experience with
distributive justice issues surrounding access to technologies. We
acknowledge the possibility that these experiences influenced our study.
Efforts to limit individual biases within the research are explained in the
following Trustworthiness section.

4.5. Trustworthiness

Efforts to address the trustworthiness of the results focused on
reducing individual biases of researchers and confirming the results with
both research participants and experts in the field. As discussed in the
Data Analysis section, investigator triangulation was employed where
all data were coded separately by two members of the research team,
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Fig. 1. Data collection and analysis process.

who then reconciled their coding differences through regular discus-
sions. A third researcher was brought in to resolve coding differences
when needed. Peer expert review and member checking were employed
as means of analytical triangulation [37]. As noted previously, peer
review of preliminary results was conducted by experts on the project’s
advisory board to increase the trustworthiness of the preliminary themes
that were identified [43,37]. Advisory Board members included experts
in human factors, engineering education, and qualitative methods.
Additionally, as they were all university faculty in STEM fields, they
were able to critique the results from the perspective of faculty who have
adopted new technologies. Their feedback led to revisions of the themes
within the data. Following these revisions, the communicative validity
of the results was addressed through member checking with focus
groups conducted with a subset of the research subjects [37,46].

5. Results

Our data both confirmed some of the constructs associated with
faculty engineering technology adoption found in the UTAUT and
identified themes around which we propose new constructs that influ-
ence such adoption. In the following, we first discuss results that confirm
prior findings, including an expansion of the Facilitating Conditions
construct from the UTAUT. We then discuss new factors that influence
faculty technology adoption identified in this study.

5.1. Results Consistent with the UTAUT Models

Themes identified within the interview data confirmed several con-
structs and variables associated with technology adoption that existed in
the UTAUT models. These themes, along with an example from our data,
are summarized in Table 3 and detailed in the sections that follow.

5.1.1. Performance expectancy

All of the interviewees (n = 21) discussed Performance Expectancy as
influencing their decisions to adopt new engineering technologies. This
construct relates to the usefulness of the technology in daily life by
allowing the user to accomplish things faster or by increasing produc-
tivity [8]. The interviews revealed that faculty perceived engineering
technologies as useful to them both for teaching (n = 21 interviewees;
100 %) and for research (n = 20; 95.24 %). Although some technologies
were used in both contexts, faculty generally discussed adopting a new
engineering technology specifically for either their teaching or their
research. This dual purpose for adopting technologies seems to be

Table 3

Mentor Advisory Board

Computers and Education Open 7 (2024) 100221

Refined
Themes

Final
Themes

Member
Focus Groups

Low Adopters

High Adopters

Administrators

Themes from The UTAUT.

Theme

Example of text coded with this theme

Performance
Expectancy

Effort Expectancy

Social Influence

Price Value

Hedonic Motivation

Habit

Experience

Voluntariness

Facilitating
Conditions

“[1]t’s kind of become one of my favorite tools...Because you
can show things move around, and you know you can make a
model of a person throwing a basketball and trying to get a
basket because it’s got a very visual output. And it represents
all the physics, and I can calculate the forces of dribbling the
basketball, throwing the basketball and having it hit the net
and other aspects of objects moving. That’s kind of my areas,
noise and vibration, so seeing how things move and dynamics
is my field.”

“The error messages...almost require an expert knowledge to
understand the errors, even if the error you make would be a
very novice kind of error. So, it’s really hard, right. You won’t
make the error, if you know what you’re doing, but if you
make the error the way that they report it isn’t helpful. You
can’t figure out what to do about it.”

“I learned [LaTeX] when I was writing my PhD dissertation.
My office mate told me, ‘You Need to use LaTeX,” and then I
learned by myself.”

«...if it was going to cost, you know, thousands of dollars per
license... for this one class that they’re going to take, that’s
not really worth it...”

“I enjoy learning it. If I have a problem to apply it to I really
enjoy learning a tool that can help me. I enjoy learning a new
thing about our tool...”

“You know, I, for me it’s just habit, you know, from working
in industry.”

“I'm a MATLAB user...I've had several engineering jobs in
addition to academia and almost all of them I used MATLAB
in one form or another. And so to me it just was natural. So
one reason why I'm using [it] is because I used it myself...”
“...it wasn’t really my choice, I guess. It was more a
department [saying], ‘We’re going to use MATLAB, right, to
kind of teach these’ so ...I started teaching [these classes],
that was the software tool that was used, so we kind of use it.
[demonstrating involuntariness]”

“...there seemed to be two types of introductory material that
was available, whether it came from Chapel [a programming
language] or from somebody else. And it was either here is
something that’s so enormously simplistic that you can’t help
but get it, or here’s something that is supposedly introductory
but..., even though I've written a number of programs in this
language, still, I don’t understand... and there was somehow
not anything in the middle. And that’s what I needed...that
goldilocks level in the middle didn’t exist. And online support
also didn’t exist, as well as even people around me, so I don’t
think that there’s a single other person at [the university
who] has ever written a line of Chapel.”
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related to the unique role of faculty. When it came to the utility of en-
gineering technologies for teaching, faculty also took into account how
the technology would help them meet their learning objectives (n = 20;
95.24 %) or increase student engagement (n = 15; 71.43 %). This faculty
explains how using a simulation software in their engineering class
benefits student learning:

I like to use [that] software... for tying the principles of what the
students are learning into something where they can actually see it,
and where they’re going to actually experience ...it"s just mainly to,
number one, help them in their motivation to learn these things, and
then number two, help them in the learning process.

Overall, faculty were motivated to adopt engineering technologies
that made either their teaching or research (or both) more efficient.

5.1.2. Effort expectancy

All of the interviewees also indicated that Effort Expectancy influ-
enced their decision to adopt new technologies. Effort Expectancy is “the
degree of ease associated with the use of the system” ([8], p. 450). Effort
expectancy could be a barrier to adoption when users perceive it to be
high or a motivator for the adoption of a specific technology when users
perceive the effort to adopt it as very low. Faculty within the focus group
of low technology adopters indicated that Effort Expectancy signifi-
cantly influenced their decisions around which technologies to utilize in
their research as well as in their teaching. These faculty indicated they
were more likely to teach technologies they already know or those that
do not release new versions as often, which would require re-learning
components of the technology. Faculty also wanted to adopt technolo-
gies they perceived as easy for themselves and students to learn. Con-
cerns regarding the time invested in learning technologies were
expressed by 17 (80.95 %) of the interviewees. (We also found another
time theme related to time pressures of faculty schedules as will be
discussed under Facilitating Conditions). Faculty noted that the trade-off
of the time invested in learning an engineering technology had to be
worth the gain they would achieve by adopting the technology. One
focus group used the phrase “time value” to describe this concept.

5.1.3. Social influence

All of the interviewees indicated a Social Influence upon their deci-
sion to use specific engineering technologies. Social Influence accounts
for the influence of other people’s opinions about a technology on an
individual’s use [8]. The opinions of other researchers (as expressed in
journal articles, at conferences, and in personal interactions), affected
which engineering technologies faculty utilized for their own research
and teaching. Faculty decisions were particularly influenced by the
opinions of engineers working within industry (as communicated
through departmental advisory boards, trade publications, colleagues in
industry), who were described as having a great influence on faculty
perceptions of which engineering technologies had job relevance for
their students entering industry.

Members of the low adopters member checking focus group, how-
ever, clarified that Social Influence was not a consideration when They
decided which technologies to teach students. They indicated that it
only influenced their choice of technologies for their own professional
use. In contrast, the high adopters indicated that they were affected by
Social Influence in both the selection of engineering technologies to
incorporate into their teaching as well as their research.

5.1.4. Price value

All 21 faculty interviewed indicated that Price Value associated with
a technology influenced whether they would adopt it. Price Value is a
sense of the user’s tradeoff of the money they spend to use a technology
and the gains they will realize from using it [9]. Faculty explained that
cost was a major factor in whether they would adopt a technology for the
purpose of teaching it to students. In fact, faculty indicated a preference
for technologies with absolutely no cost at all, as discussed in the section
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on Access.

5.1.5. Hedonic motivation

Although some of the interviewees (n = 7; 33.33 %) did mention
enjoying using certain technologies, or playing around to experiment
with their use, Hedonic Motivation was not found to be a major moti-
vator for the majority of faculty interviewed. Hedonic Motivation occurs
when pleasure associated with using a technology motivates one to learn
it [9]. However, for those who did experience Hedonic Motivation,
faculty discussed the joy of learning or experimenting with a new
technology that aligned with a subject area of passion for them

5.1.6. Habit

We anticipated that habit might be an important construct related to
faculty technology adoption, but only 4 of the 21 interviewees (19.05 %)
discussed defaulting to a technology out of habit rather than adopting a
new one. Habit is the automaticity of using a given technology based on
prior experience with it [9]. Without prior experience, a habit cannot
develop.

5.1.7. Experience

Experience was mentioned by 20 interviewees (95.24 %). Prior
Experience using a technology has been found to contribute to the intent
to use it further [7]. Faculty explained how prior experiences with a
given technology made them more likely to use that technology, or made
it easier for them to use. Additionally, a new concept emerged with
regard to Experience—experience with one technology was sometimes
easily applicable to a similar technology. For example, faculty using one
CAD software might find it easy to learn and adopt a different CAD
software, which positively influenced their decision to adopt. This
Transferable Experience was specifically mentioned by 15 interviewees
(71.43 %).

5.1.8. Voluntariness

Our data indicated a majority of the faculty (n = 13, 61.9 %) adopted
technologies involuntarily. During their own graduate studies, faculty
often adopted technologies because they were being used within a
research project they joined. Faculty assigned to teach a class new to
them were often told which technology was used in the course, either
because the department had agreed upon it or later courses required
students to know that technology. Overall, only 5 (23.8 %) faculty dis-
cussed adopting an engineering technology voluntarily. Within teach-
ing, two faculty (9.5 %) discussed selecting which engineering
technologies to teach as part of their membership on a curriculum
committee, which means the decision could be influenced but was not
the free choice of the individual faculty member. Three faculty (14.3 %)
indicated they liked to give their students choice in which engineering
technology to use on an assignment (such as choosing a favorite pro-
gramming language or solid modeling software), indicating they were
comfortable allowing a range of technologies to be used in their course.

5.1.9. Facilitating conditions: An expansion of a prior construct

The Facilitating Conditions construct was included in the UTAUT
models [8,9], but our results extend what is known about this construct
by identifying specific supports for engineering faculty technology
adoption. Our inductive coding of the data revealed five Facilitating
Conditions that support faculty adoption of new engineering technolo-
gies: Other People, Time, Digital Resources, Non-Digital Resources, and
Formal Training [4]. In addition, we found that faculty often leveraged
or further developed these facilitating conditions as a means of over-
coming difficulties learning a technology, as will be discussed in the
Persistence section below. As these emergent themes are the result of
inductive coding, their definitions were not provided in Table 2. Thus,
code definitions, along with example quotes from the data are shown in
Table 4.
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Table 4

Facilitating conditions.

Themes

Definition

Example of text coded with
this theme

Other People

Digital
Resources

Non-Digital

Who faculty approach to help
them adopt new technologies,
including faculty peers, mentors,
students, and industry colleagues.

Electronic sources faculty
leverage when adopting
technologies, such as videos,
internet, discussion forums, and
technology documentation
centers.

Print materials faculty leverage to

“[T]here’s also a couple of
faculty in the department that
have taken...training classes...I
would get stuck, but send it to
them and they’d say, ‘Oh, do
this’...because they’ve used it
so extensively that it would be
an easy solution. Or if they’d
say, ‘Well, I don’t know’, then
they have contacts at [software
company]...that they would
pass it along [to].”

“[W]hen you’re not able to
meet with somebody right
then...you can dig around
more broadly, and so [it’s]
more time intensive but just
like more [of a] range of
material available.”

"For me, I have to sit down

Resources adopt new technologies, such as with a manual or a book and
books, manuals, and journals. read it like from the beginning,
because I can’t jump in."
Time Temporal concerns related to "[T]hat it would be time on my
general faculty time pressures, part because in our job we
including balancing their don’t have a lot of time to learn
workload and carving out the new skills. Our time is taken up
time to teach technologies within ~ with committee work and
courses.” various other things...so I
guess there’s so many things
that I should learn that I just
don’t feel like I have time to.”
Formal Structured learning opportunities ~ “[T]here’s not always that
Training that faculty seek out to adoptnew  incentive to continue to

technologies, such as classes,
workshops, short courses, and
seminars.

develop your skills. There’s no
funding for that, there’s no
reward mechanism for that

necessarily and, failing that,
it’s hard to come up with the
incentive..internally.”

“ This definition is revised from our previous work [4]. We now include fac-
ulty concerns about the time involved to learn a technology in the Effort Ex-
pectancy theme.

5.1.9.1. Other people. All of the interviewees discussed seeking assis-
tance from Other People—peers, industry colleagues, students and
technology support personnel—as facilitating their learning and using
engineering technologies. Some faculty relied on others in ways that are
counter to traditional educational hierarchies, noting that they ask their
graduate or undergraduate students to learn a new technology and then
teach them just enough to use the technology in their work. Others
indicated that they partnered with colleagues and included members on
research teams to ensure they had access to technology proficiencies
they themselves were lacking. Some faculty discussed having their
graduate students learn to use new technologies without any intent to
use the technology themselves. In this case, the students were used as
surrogate technology adopters.

5.1.9.2. Digital resources. All of the interviewees discussed leveraging
digital learning resources, including YouTube videos, Google, discussion
forums, and documentation centers within the technologies, to facilitate
their adoption of a new engineering technology. The faculty indicated
that they found digital resources to be particularly useful because they
allowed targeted searches and are always accessible, unlike other peo-
ple. Some of the interviewees also said that they typically like to first try
to figure out a technology themselves before asking someone else for
help, which was supported by the use of digital resources.
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5.1.9.3. Non-digital resources. Non-Digital Resources like books and
manuals were also discussed by a majority of the engineering faculty
interviewees (n = 20; 95.24 %) as resources to help them adopt new
engineering technologies. In fact, a few faculty indicated that they
preferred non-digital resources over digital resources, and that they
could not learn new things without a physical manual. Journal articles
were described as useful by some faculty for adopting new laboratory-
based technologies. Faculty also discussed additional benefits of jour-
nals, such as learning which technologies their colleagues were using
and how they were using those technologies. We note that although
some faculty were likely accessing articles digitally, we included them in
the non-digital resource category due to the original print format of most
journals.

5.1.9.4. Time. The majority of faculty highlighted that learning new
engineering technologies requires time and effort—a challenge given
that faculty time is limited. In the interviews, 18 faculty (85.71 %)
specifically discussed time pressures and time restrictions of faculty
work, or the time it would take away from other instructional activities
to incorporate a new technology into their class as considerations for
technology adoption. Faculty of all ranks discussed work time pressures
(n = 17 faculty; 80.95 %); for teaching track faculty, this was related to
high teaching loads and for tenure track faculty, it was related to
balancing teaching and research expectations. Thus, faculty discussed
time as a resource that was very limited. The data suggest that when
faculty have available time, they are more willing to learn new engi-
neering technologies, but this was a significant barrier for many in-
terviewees. When the adoption process demands more time than they
can give, faculty may choose to assign a surrogate adopter, as discussed
in the Other People section.

Faculty also discussed the difficulty of fitting everything into a
course necessary to cover the learning objectives. These faculty were
concerned about the time they would have to carve out of already
packed courses to utilize a new technology in class (n = 11; 52.38 %).
These concerns were different from those expressed under Effort Ex-
pectancy surrounding the student time involved in learning. These fac-
ulty framed their class time as a limited resource, and were concerned
about content they might not be able to include if they introduced a new
technology. Thus, both faculty time and class time were included as
facilitating conditions.

5.1.9.5. Formal training. Formal Training (i.e., classes, workshops, and
seminars) was mentioned by 19 (90.48 %) of the interviewees as a
facilitating condition for learning about or updating their knowledge of
engineering technologies. Many of the engineering faculty discussed
courses they had taken as part of their graduate program but some had
enrolled in classes as a faculty member, taking advantage of education
benefits at their university. Many faculty indicated that Formal Training
facilitated technology adoption by providing structure that was neces-
sary to allow them to learn new technologies. Some faculty who had
spent time in industry contrasted the support their previous work places
had provided to fund training for new engineering technologies with the
lack of time and incentives for such learning in academia.

5.2. Technology adoption themes absent from the UTAUT models

In addition to verifying and elaborating previously existing con-
structs within the UTAUT models, this study also identified two new
themes related to faculty adoption of engineering technologies, Access
to the technology and Personal Traits. New themes uncovered in this
work are included in Table 5 and discussed in the following sections.

5.2.1. Access
Access to technologies was discussed by 15 (71.43 %) of the in-
terviewees as influencing their decisions about which technologies to
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Table 5

Themes uncovered within this study.

Themes

Definition

Example of text coded
with this theme

Access

Personal
Traits

Free and unfettered access to a

technology.

Persistence

“The personal tendency
to endure through
hardships to achieve
goals” ([22], p.77).

“It’s a government
freeware right, so there’s
no support. But the nice
thing is it’s free so you
can download it, and all
the students can have it
on their own computer.
That’s the good part.”
“...it certainly was hard,
but you know you just
grind it over time so
eventually it’s such a
long process that you
become proficient.”

Humility The degree to which “[11t’s so hard to admit
faculty recognize their you don’t know
ideas about a technology ~ something, and some
might be wrong (based [faculty] are really okay
on [47]) with that. They're so
happy to say, ‘I don’t
know’...”
Self Efficacy What an individual “So earlier in my career,
believes about whether I was a software
their actions can have a programmer and then
meaningful positive later just before coming
result [48]. here, I was the
technology program
manager for a large
company. And so my
working with
technology, the tools to
use, I'm very, very
comfortable with using
them just because in my
previous life, I've
learned so many new
tools and technologies at
a faster rate. This is
actually not a problem
for me at all.”
Growth Growth mindset is “I teach myself, I expect
Mindset believing that cognitive myself to be able to learn
abilities can be these things right, I
developed through mean we want our
learning and effort. Fixed  students to learn them,
mindset is a belief that we should be learning
differences in ability are them too. So I think it’s
determined, or fixed, by just part of the job
genetics. right.”
[49]
Ambiguity An individual’s tendency ~ “It was like, you know...
Acceptance to view ambiguous you made me learn the
situations or those with software. I know it. And
uncertainty as desirable why are we changing
[50]. now? And it’s getting
used to change is an
important thing...”
Curiosity “[TThe desire to seek and ~ “I’'m always looking at

obtain new information”
[32], p. 506)

that and I'm like,
‘What'’s that? That’s
interesting.” And then I
looked it up ... and
found out about it, and
I'm like, ‘Oh, that might
work for this thing.’”

teach students. In the interviews, faculty expressed that they did not
want to burden students with paying for technologies used in their
courses, and thus selected technologies that were freely available to
students, such as open source or university licensed software. The theme
of Access is related to, but different from, the construct of Price Value, in
which a user considers the gain from using a technology against its cost
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of purchase [9]. The faculty in this study focused on finding and using
technologies with zero cost for their students. In fact, both the focus
groups of high- and low-technology adopters confirmed that free access
to a technology was among the most important factors they considered
when determining which engineering technologies to teach to their
students.

When it came to faculty adoption of technologies for their own
research, Access was both a motivator and a barrier. As with teaching,
faculty mentioned adopting technologies for use in research because
they were free. One interviewee indicated that using such technologies
often meant that the pool of other people to go for help would be wider.
Interviewees noted that some instruments needed for faculty research
are expensive and hard to access, depending on the funding source under
which they were purchased and whether they have been formally
established as a university-wide resource. Proprietary behavior of fac-
ulty towards their labs and lack of communication about shared re-
sources also provided barriers to technology use by faculty.

5.2.2. Personal traits

Although existing models for technology adoption do include con-
structs that account for individual variation in the user’s perception of
technologies, such as Performance Expectancy and Effort Expectancy,
they do not account for variation in the personalities of users that might
influence adoption. In our study, several Personal Traits emerged from
the data as influences on faculty’s adoption of engineering technologies.
Although further study of these traits is needed, we propose that these
traits might be among the missing factors that contribute to the trans-
lation of Behavioral Intention to Use into Use Behavior.

5.2.2.1. Persistence. Persistence was the most commonly identified
personal trait influencing technology adoption, with 20 interviewees
(91.25 %) discussing situations in which persistence was important as
they struggled to learn or use new technologies. Persistence is “the
personal tendency to endure through hardships to achieve goals” ([22],
p-77). We coded instances of Persistence where faculty discussed
continuing with their efforts to adopt a technology in the face of
obstacles.

Many faculty explained that they just stuck with a difficult tech-
nology until they figured it out. Persistence was discussed by faculty
when adopting technologies in both their teaching and research to
overcome struggles that were primarily caused by lack of time or other
facilitating conditions. Thus, the presence or leveraging of facilitating
conditions can help faculty to persist in their technology adoption. One
faculty explained how they persisted through the difficulty of adopting
computer aided design (CAD) software, despite never having been
formally taught it: “Again, brute force, because I never had a CAD class.
They did not have it in the curriculum and so, at some point ... I had to
figure out drafting as a whole. And so I just had to go find books and
again, other smart people and say okay, how do you do this?... so I just
had to tinker and play.” This faculty leveraged the facilitating conditions
of Other People and Non-Digital Resources to make up for the lack of
another facilitating condition, Formal Training, as they persisted to
adopt a new technology.

5.2.2.2. Humility. Instances of Humility were coded in nine (46.82 %)
of the faculty interviews. Leary et al. [47] define intellectual humility as
“the degree to which people recognize that their beliefs might be wrong”
(p.793). We extended this definition to operationalize our definition of
Humility in this study as the degree to which faculty recognize their
ideas about a technology might be wrong or incomplete. We see Hu-
mility being related to the TAM2 construct of image, since Humility
required letting go of image concerns. Humility showed up in the data
when faculty discussed having to overcome their fears about using a new
engineering technology in class, where they might have wrong answers
or may not be able to answer all student questions. These fears were
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intricately tied to their perceived expectation of the professor having all
the answers for students, as explained by one faculty member:

So the students will ask me, “Professor, how do you do this in Sew-
erCAD?” And I won’t know the answer. So I send them to the support
people for SewerCAD...but part of [the] thing that might stop me is
what if I'm embarrassed to admit I don’t know? Like as a professor I
should know everything, or I feel like at least a student should think I
know everything, but I'm only human I don’t know everything. And
so, I might refuse to use SewerCAD because I would be embarrassed
to admit that I don’t know everything.

In relation to leveraging other people to support the adoption pro-
cess, faculty indicated that learning new technologies especially
required Humility when in a position where they needed to learn from
students. Humility allowed faculty to ask students for help, setting aside
their own expectation of always being in the role of expert. Some faculty
were able to let go of their expectation that they had to be the expert to
the extent that they were able to task students with learning a tech-
nology and teaching it to them, as discussed in the Facilitating Condi-
tions section. In this sense, Humility made them better project managers,
able to delegate and learn from their subordinates.

5.2.2.3. Self efficacy. A majority of faculty respondents (n = 14; 66.67
%) discussed Self Efficacy with regard to adopting and utilizing tech-
nologies. Self Efficacy is an individual’s beliefs about whether their
actions can have a meaningful positive result [48]. Faculty in our study
generally expressed good Self Efficacy surrounding the implementation
of engineering technologies both within their teaching and research.
This Self Efficacy was often evident in domains where faculty believed in
their natural ability, such as programming or learning new software in
their subject area. For example, one faculty explained that their adop-
tion of a CAD software “came naturally.” However, this same faculty
member had mastered other CAD software previously. Mastery experi-
ences are known to contribute to the development of Self Efficacy [51,
52]. Self Efficacy was also expressed by faculty with mastery experiences
in a related domain, indicating that even non-technology mastery ex-
periences could influence Self Efficacy about technology adoption. For
example, this faculty member explained how experience learning a
foreign language supported the ability to learn new programming
languages:

I think that I tend to approach computer languages the same way that
you would approach a foreign spoken language. So, looking at a lot of
examples and making connections, trying to figure out in my mind
how [ would translate what I know how to write in language X to turn
it into language Y and...just learning that translation and using that
as much as I need to until I can start thinking fluently in the new
language.

5.2.2.4. Growth mindset. Among the faculty interviewees, 12 (57.14 %)
expressed belief about their ability to learn new technologies, indicating
a Growth Mindset. Those with a Growth Mindset believe that intelli-
gence or cognitive abilities can develop through learning and experi-
ence, while those with a fixed mindset believe intelligence is static [24,
49,53]. Growth Mindset is related to, but different from, Self Efficacy.
Self Efficacy can be thought of as one’s belief in their ability to perform a
task, while a Growth Mindset encompasses the belief that said ability
can improve with learning and effort.

Faculty exhibited a Growth Mindset with regard to technology
adoption in both their teaching and their research, expressing confi-
dence about learning new technologies, trusting that they would get
better with time and effort, and often approaching the learning process
with a sense of playfulness. Faculty confidence in their ability to learn a
new technology was tied to confidence in their ability to leverage
facilitating conditions, especially other people, to learn new
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technologies. Past experiences learning technologies (mastery experi-
ences) often contributed to faculty’s sense that they could learn new
technologies; in this sense, Experience, Growth Mindset, and Self Effi-
cacy are related concepts.

Only two faculty interviewees (9.52 %) indicated a fixed mindset
with regard to learning a new engineering software. In both cases, the
faculty members leveraged other people as surrogate technology
adopters. As discussed previously, for example, one faculty member
assigned students to learn the technology and teach them only the parts
they needed to know. This faculty member characterized leveraging
others as good project management.

Among those expressing a growth mindset about technology adop-
tion, five faculty (23.8 %) also expressed a fixed mindset in some other
domain. These faculty often indicated using technologies to help them in
areas where they expressed fixed mindsets. For example, one faculty
member explained why they used Mathematica to help them avoid
learning math, “I used it because I'm not good at math. Truthfully, I like
the fact that it didn’t hold me back ... I could use that as the tool to help
me solve the mathematical relationships.”

5.2.2.5. Ambiguity acceptance. Ambiguity Acceptance was identified as
a factor related to faculty engineering technology adoption by 12 (57.14
%) interviewees. The acceptance or tolerance of ambiguity refers to an
individual’s tendency to view ambiguous situations or those with un-
certainty as desirable [50]. Our data indicates that Ambiguity Accep-
tance supports faculty technology adoption within both their teaching
and research. Faculty discussed being comfortable with, or at least
resigning themselves to, the ambiguity of not knowing what might come
next with regards to technological change:

[[ln my particular field of computer engineering everything is al-
ways changing....new things are being added, software is changing
and it’s almost a requirement in my discipline to be adopting new
technologies, because anything less is a disservice to the students. So
it’s both a joy and a frustration...I remember one day...I wrote a
whole bunch of material on a particular technology. I got done with
it and the very next day, there was an announcement online, “look
the next version is now released” and I was like “No, I just got done
with the previous one.” It’s not fair. But that’s necessary in my line of
work and I'm both okay with that and excited by it, but sometimes it
can be frustrating.

Those faculty comfortable with ambiguity expressed willingness to
let go of the certainty of fully knowing a technology, particularly when
dealing with student questions about a technology new to them. In fact,
instances coded as Ambiguity Acceptance were often found in
conjunction with those coded for Humility. For example, some faculty
expressed discomfort with the ambiguity surrounding not knowing what
questions students might ask about technologies within the classroom;
those who accepted this ambiguity addressed this issue head on by
turning the questions around to the students.

5.2.2.6. Curiosity. Instances of curiosity were coded in five (23.81 %) of
the faculty interviews. Curiosity is defined as wanting to find and learn
new information (e.g., [32,54]) and can be driven by either interest to
learn or desire to mitigate a deprivation of information [54]. Faculty
expressed Curiosity about the technologies as they learned them,
wanting to find applications and abilities of the technologies, as well as
new abilities in revised software and programming languages and how
these might be used, especially with their students. Among our in-
terviewees, Curiosity was often linked to information seeking behaviors
that support technology adoption. For example, this faculty explains
how curiosity in learning can consume time, but ultimately results in
deeper learning.

But if I'm learning something new, I will tend to take more time than
most to do ... And it’s usually because in addition to learning one
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thing ... I would also learn several things around the periphery... it’s
a double edged sword. So, I'll take a whole bunch of time, and
sometimes it might not be worth the time. But other times, you know,
usually I’ll develop a system and then...be able to do things much
quicker and usually better.

Conversely, when Curiosity about a technology is lacking, faculty
may have less incentive to learn that technology and may instead
partner with others who will implement the technology as surrogate
technology adopters. One faculty interviewee who was particularly
adept at utilizing students as surrogate technology adopters specifically
cited lack of interest in learning more about that technology.

6. Discussion

The results of this study contribute to the field’s understanding of
engineering faculty’s adoption of engineering technologies in four
important ways. First, the results confirmed that all of the constructs and
variables in the UTAUT2 [9] included in Table 2 are also relevant to
understanding the adoption of engineering technologies by university
faculty. Our findings provide new insights on two of the constructs:
Performance Expectancy and Effort Expectancy. Related to the first, the
results showed that in addition to considering how a technology would
enhance their own work, faculty also considered a technology’s impact
on student engagement and its ability to help meet learning objectives
when selecting technologies to teach students. This finding is consistent
with the literature indicating a technology’s usefulness to student
learning influenced technology adoption [19,15]. With regard to Effort
Expectancy, the time involved in learning an engineering technology
was an important consideration in technology adoption, as it has been
shown to be with faculty adoption of instructional technologies [12-15].
Although survey items inquiring about the time involved in learning a
technology were considered within Effort Expectancy when developing
the UTAUT, time did not make it into the final model [8]. Thus,
faculty-specific models might add survey items for time involved in
learning under Effort Expectancy.

There are some also potentially unique aspects of our findings that
are important to highlight with regard to the variables in the UTAUT
models. Recall that Vekatesh dropped Voluntariness when revising the
UTAUT to the UTAUT2 for consumer settings [9]. In our data, Volun-
tariness surfaced when faculty discussed their involuntarily adoption of
new technologies that are used department-wide in the courses they
teach or utilized by an existing research group. These results indicate
that Voluntariness (or rather involuntariness) influences technology
adoption in this workplace setting. Additionally, a variation of Experi-
ence, Transferable Experience with similar technologies, was also found
to aid faculty in their technology adoption. Transferable Experience may
be especially important as new technologies evolve over time.

Second, our findings extend the field’s understanding of the Facili-
tating Conditions construct by categorizing five conditions that faculty
discussed as facilitating their adoption of engineering technologies.
Three of these supports—Other People, Formal Training and Time-
—have previously been found to support the adoption of instructional
technologies. Related to Other People, several researchers [55-58] have
found that social supports aid faculty adoption of instructional tech-
nologies. One finding from our work that may be unique to university
faculty is that they often discussed learning from other people in
non-hierarchical ways—leveraging their graduate and undergraduate
students to support their learning of a new technology. Other research
has also found that a lack of support or access to Formal Training can be
a barrier to faculty adoption of instructional technologies [13,14],
which aligns with our findings that such training facilitates engineering
technology adoption. In addition to influencing Effort Expectancy, time
also emerged as an important resource for faculty engineering technol-
ogy adoption. Time is a well documented barrier to faculty instructional
technology adoption [12-15] and faculty schedules are notoriously time
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limited due to competing demands of teaching, service and scholarship.
Thus, providing time for faculty to learn new technologies is important
to support their adoption.

We also identified two additional facilitating conditions, Digital and
Non-Digital resources. As a sign of our times, all of the faculty in the
study reported using Digital Resources in learning new engineering
technologies. All but one of the faculty indicated also using Non-Digital
Resources to aid in their technology adoption. However, those faculty
who indicated a preference for Non-Digital Resources over Digital ten-
ded to be more experienced faculty who learned how to learn prior to
the explosion of the internet. In general, understanding the Facilitating
Conditions that are necessary to support faculty technology adoption
can inform universities as they develop programs and other support
structures to assist engineering faculty in continuously updating the
technologies they use in their courses to ensure that they are best pre-
paring students for the technologies they will use in industry.

Third, we found that Access influenced faculty’s adoption of new
technologies for their research, as well as those that they taught to their
students. In both contexts, faculty preferred to adopt technologies that
were freely available, both because this increased the chance that others
would also be using the technology (and thus a Facilitating Condition
would be in place) and because they were keenly aware of the cost of
higher education to their students and wanted to minimize that burden.
Prior models of technology adoption did not address varying levels of
access to technologies because they focused on the adoption within
workplace settings where access is provided by the employer [6-8], or in
consumer settings, where access is available, but Price Value matters
[9]. The UTAUT2 did acknowledge that access to the facilitating con-
ditions that support technology adoption increases the intention to use a
technology [9], but did not address Access to the technology as either a
construct or variable in the model.

Fourth, this study identified six Personal Traits that may influence
the progression from Behavioral Intention to Use to actual Use Behavior:
Self Efficacy, Persistence, Humility, Growth Mindset, Ambiguity
Acceptance and Curiosity. Although prior research has examined re-
lationships between some of the individual personal traits that emerged
in our work and technology adoption, this research has not been focused
on engineering technology adoption by university faculty. Thus, these
traits are an important contribution of this study. As noted previously,
Self Efficacy was originally proposed for inclusion in the UTAUT, but
was removed because it was believed to be captured by Effort Expec-
tancy [8]. As we anticipated, however, Self Efficacy emerged as a theme
within our data. Self Efficacy might be a critical personal trait for
technology adoption, as it is not only important on its own, but is also
related to other personal traits identified in this study. For instance,
prior Experience with a positive outcome has been found to contribute
to the development of Self Efficacy around similar tasks [51,52] and
high levels of Self Efficacy have been found to enhance Persistence [59].

In relation to the Persistence trait, Howard and Crayne [22] identi-
fied two dimensions of persistence: (a) Persistence Despite Diffi-
culties—striving towards goals in spite of problems and (b) Persistence
Despite Fear —not allowing fear to turn one away from efforts towards
goals. Persistence Despite Difficulties has been found to significantly
influence organizational outcomes [22], indicating that persistence
matters for workplace activities. In the age of Industry 4.0 that is
characterized by technology increasingly becoming embedded in work
[60], the learning of new technologies is a core workplace activity. Thus,
the role of persistence in helping users overcome technology anxiety
should be explored in future work. Related to Howard and Crayne’s [22]
Persistence Despite Fear, we also found that Humility was essential for
faculty to overcome their fears about how students would perceive them
when using new technologies in the classroom or asking others for help
adopting the technology.

Our findings related to the other personal traits also add support to
prior research findings. For example, research findings that mindset
influences technology adoption [23,25] align with our finding that
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having a Growth Mindset about their ability to learn new technologies is
an important influence on faculty’s adoption of engineering technolo-
gies. Likewise, the theme of Ambiguity Acceptance aligns with research
that has found the ability to tolerate ambiguity is related to making
changes to instruction, including adopting new instructional technolo-
gies [30]. Finally, Curiosity has been found to be associated with both
Perceived Ease of Use and Perceived Usefulness of information tech-
nologies [32,31]. Our research similarly found that epistemic curiosity
of faculty towards new engineering technologies promoted adoption.
Although further study of these personal traits is needed, including how
to cultivate and capitalize upon them to support faculty’s technology
adoption, our findings indicate that these personal traits might
contribute to the translation of Behavioral Intention to Use into Use
Behavior.

To incorporate the expanded Facilitating Conditions, as well as the
new findings related to Access and Personal Traits, we propose a new
theory for faculty technology adoption that expands upon the constructs
and variables in the UTAUT models. Our proposed theory suggests
additional constructs be overlaid with the existing UTAUT2 model; we
note that this is not a replacement of the constructs and variables within
the UTAUT2. The Theory of Faculty Adoption of Engineering Technol-
ogies theorizes that, in the presence of Access to an engineering tech-
nology, the progression from Behavioral Intention to Use to actual Use
Behavior is influenced by various Facilitating Conditions and by Per-
sonal Traits. The proposed model is shown in Fig. 2. We acknowledge
the various Facilitating Conditions identified may also influence
Behavioral Intention to Use, but faculty in this study discussed Facili-
tating Conditions primarily in the context of how they supported Use
Behavior. Thus, our suggested changes focus on Facilitating Conditions
as supporting the transition from Behavioral Intention to Use to Use
Behavior. We emphasize that this work was qualitative study designed
to reveal additional possible influences on engineering faculty technol-
ogy adoption, and as such, our findings have resulted in a theory as
opposed to a model. The following section suggests additional work
necessary to develop this theory into a model.

Engineering Faculty with Behavioral
Intention to Use and Access
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7. Limitations and directions for future research

We recognize that a major limiting factor of the applicability of the
Theory of Faculty Adoption of Engineering Technologies is that it was
developed based on 21 engineering faculty interviews at a single pre-
dominantly White, STEM-focused R2 institution in the United States.
Thus, the findings may not account for all factors that impact faculty
technology adoption, such as cultural and societal factors, the varying
policies and practices of institutions of higher education in the US and
worldwide, and additional personal factors such as language barriers
that impact the use of technology support materials. Future work will
explore the applicability of the model in a wider range of contexts. We
also acknowledge that the self-reported interview data could be subject
to social desirability bias [61], so future research might include other
data collection methods such as surveys or observation.

We see several other directions for future research that could build
on these findings. For example, we theorize that many of the constructs
we identified might apply to university faculty’s adoption of technolo-
gies specific to other disciplines, or even to their adoption of instruc-
tional technologies. Further work is needed to understand similarities
and differences in technology adoption for various faculty groups, and
for different types of technologies. Related to this, we also see the po-
tential for studies with larger sample sizes that could compare tech-
nology adoption practices for engineering faculty (or faculty more
generally) with varying levels of industry experience, academic career
stages, and demographic characteristics. Such work has the potential to
reveal nuances in faculty technology adoption among faculty subgroups.
Our own ongoing and future work will explore potential university
supports that could help faculty more easily adopt new technologies, as
well as develop individual reflective inventories to help faculty leverage
their personality traits and available support structures to facilitate their
technology adoption. Finally, it is important to note that this qualitative
study was focused on identifying potential themes missing in the current
models. Future quantitative work should develop and validate items and
scales to measure each of these new constructs, as well as explore and

USING & TEACHING TECHNOLOGY

>
O
FACILITATING CONO“

Fig. 2. Theory of faculty adoption of engineering technologies.
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confirm the relationships between the proposed and existing constructs
and variables.

8. Conclusion

Since technology is developing and changing at a faster rate than
ever before, it is imperative that engineering faculty continually adopt
and teach new technologies in their engineering courses to ensure that
students are prepared for future positions in industry. Our model con-
tributes to what is known about technology adoption by illuminating
constructs specific to faculty’s engineering technology adoption. Our
proposed Theory of Faculty Adoption of Engineering Technologies has
the potential to help universities figure out how to effectively support
faculty in providing their students with relevant technological skills for
entry into the engineering workforce. Understanding potential in-
terventions and their viability within an academic setting is the focus of
ongoing work [4,62-64].
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Appendix A
Interview protocol

1. What technologies (e.g., programming languages, software, apps,
etc) do you teach to undergraduate students? Why do you teach these
specific technologies to students? (What motivated you to learn each
technology? Why this one?) When did you learn each technology?
How did you learn it? What challenges, if any, did you encounter in
learning it? How did you overcome these?

. Sometimes faculty use very specific technologies in their research or
consulting work that they don’t teach to undergraduates. Are there
any technologies (e.g., programming languages, software, apps, etc)
that you use as an engineering faculty utilize in your own work
beyond what you are teaching to students? What are these technol-
ogies? Why did you decide to learn each of these? What motivated
you to learn each technology? Why this one? When did you learn
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each technology? How did you learn it? What challenges, if any, did
you encounter in learning it? How did you overcome these?

. Whsat was the last new technology you learned for your research or

teaching? Why did you decide to learn this? When did you learn it?
How did you go about learning it? What challenges, if any, did you
encounter in learning it? How did you overcome these? What re-
sources or supports do you wish you would have had?

. Tell me about a time when you decided to replace the technology you

were using in class. How did you decide which new engineering
technology to use or teach in your classes? How did you know when
it was time to replace one of these technologies or learn something
new? How do you learn about new technologies that are out there in
their fields (what’s new)? What factors might make you decide not to
learn or teach an engineering technology that is used in industry?

. Tell me about an experience where learning a new technology was

hard. What resources did you use to learn to use new technologies?
What made it hard? -What would have made it easier?

. What are your biggest barriers to learning new technologies?
. How could the university better support your ability to adopt and

learn these new technologies? What institutional policies and pro-
grams might aid faculty in the adoption of new engineering
technologies?
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