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[WIP] Instructor Perspectives on the use of
Educational Software in Core Undergraduate
Science and Engineering Courses

Introduction & Background

Software, including that which is specifically designed for teaching and learning (educational
software), has become increasingly prevalent in education at all levels. Previous work has
studied various educational software and their effects on learning, though little has been done to
study instructors’ perspectives on their use of educational software. This is especially true for
those teaching beyond the K-12 level. K-12 research has shown that teachers’ use of educational
software is influenced by their instructional goals and beliefs about what makes technology use
in the classroom effective [1], as well as constraints such as time and resources [2]. Similar work
in higher education suggests that instructor beliefs about the role of technology are related to
their philosophies of innovation in teaching [3]. Given the rapid integration of Al into classroom
learning, this work is increasingly urgent and responds to a call for a greater focus on instructor
perspectives on such technologies, including how they affect assessment [4].

Activity Theory [5], which provides a framework for investigating the relationships between
people and things, including mediating tools [6], has been used in the field of human-computer
interaction (HCI) [7]. More specifically, it has been used in both K-12 and higher education
contexts as a lens through which to analyze perspectives on the use of technology within the
system of education and understand the various components that affect perception and use of
various tools [8], [9]. This body of work suggests a complex combination of goals, communities,
and available tools affect how educators integrate technology, including educational software,
into their practices. Figure 1 shows an example of an activity system including educational
software. The examples for each component are non-exhaustive.

Tools:
Educational software,
hardware, course materials

Subject: Objective:
Instructional/
Instructors .
——. professional goals
Rules: Division of Labor:

Curriculum, standards, Instructors, TAs

. X Community:
privacy, time

Institution, students, fellow
instructors, available tech support

Fig. 1: An example of an activity system within education



This work-in-progress paper shares preliminary findings from an interview study of instructors
from a range of backgrounds, institutions, and departments. It outlines gaps between how
instructors describe their existing and desired educational software by focusing on questions
designed to elicit creative and open-ended ideas for ideal tools that might not currently exist.
These gaps and imagined software are contextualized by the activity systems that the instructors
are situated in, similar to the figure above. Instructors’ responses align with previous work in
their uncovering of instructors’ multifaceted reasoning in choosing educational software.
Notably, they also provide insight into how instructors think about and with Al, both in terms of
incorporation into their classrooms and as a tool for imagining novel educational software
solutions.

To more explicitly reveal the types of educational software that undergraduate science and
engineering instructors want, which can in turn better inform educational software developers
and researchers of possible avenues of work, this paper focuses on responses to the question: If
you could magically create a piece (or suite) of learning software, what would that consist of in
terms of design, functionality, etc.? How would this sofiware support you in your goals for
teaching and learning? These responses were analyzed with the goal of answering the following
research questions:

1. What gaps exist between available and desired educational software?
2. How do instructors imagine their ideal educational software and what features does it
contain?

Methods

Participants in this study were recruited through professional connections and email lists for
professional societies. They were first asked to fill out a Qualtrics survey to screen for eligibility.
In order to be eligible, potential participants must:

e Currently be teaching (or taught within the past year) at least one core undergraduate
science or engineering course
e Use at least one piece of educational software in their current/previous class(es)
o Examples of Educational Software: Learning Management Systems (LMSs) (i.e.
Canvas, Blackboard, Moodle, etc.), virtual lab simulations, interactive textbooks,
etc.

Eligible instructors were contacted via email with a link to schedule an interview. This
work-in-progress study includes five participants from five different universities who had
taught/were currently teaching courses in chemical engineering, computer science, and physics.

Author 1 conducted semi-structured interviews over Zoom. Once consent was obtained, video
and audio recording started. Participants were asked about their background, including
information about their teaching and other responsibilities, their course(s), and their career goals.
They were then asked about the technology they use in their instructional practices, especially



educational software. Finally, participants were invited to imagine their ideal piece or suite of
educational software and share what that would look like and how it would help them achieve
their goals. Each interview concluded by inviting participants to share more thoughts on earlier
points of discussion and/or bring up new ideas that weren’t previously discussed. To protect the
identities of the individuals who participated in this study, their names, workplaces, and other
identifying information have been anonymized.

Transcripts were automatically generated by Zoom then converted into .csv files by a
Python-based utility [10], and each .csv file was added to an Excel workbook. Author 1, who has
a background in computer science, education IT, STEM education research, and classroom
teaching, began the familiarization process by watching/listening to the video/audio recordings
and correcting the transcripts as necessary to ensure accuracy. She then reviewed each transcript
multiple times while taking notes on initial ideas, potential codes, quotes that stood out, etc. For
the subset of instructors included in this work-in-progress, codes were applied to each instructor
utterance. This resulted in 32 codes for responses to the question: If you could magically create a
piece (or suite) of learning software, what would that consist of in terms of design, functionality,
etc.? How would this software support you in your goals for teaching and learning? These codes
were then grouped into 9 themes, which were refined across transcripts. Two of the themes are
explored below.

Findings

Across the 5 interviews analyzed in this work-in-progress paper, we found a dichotomy in
instructor responses. Some instructors seemed satisfied with (or perhaps constrained to) existing
educational software, though others leaned heavily on generative Al as both a feature of
imagined educational software and as a tool to more creatively imagine new educational
software to bring to life.

Some Instructors Mostly Satisfied with Existing Educational Software

Two out of the five instructors reported a general satisfaction with existing tools. Mateo, who
teaches Physics, stated that his ideal collection of educational software,

“...already exists, it's the Google Features. It has everything in it. You can embed
everything within everything. It is easy to use, there's a lot of answers online about how
to use it. And it gives you all the information you want, or it gives you ways to access the
information you want in a way that, based on how I talked about what my goals are in my
course, I think supports my teaching and my students' learning, all throughout.”

Mateo’s response reveals the value he places on integration between features, as well as the
community support available for them. Despite his general satisfaction, he later stated that the
one feature he would like that wasn’t available within the Google suite was software for polling
students during class. However, because “Poll Everywhere exists...” he doesn’t “feel like [he]
need[s] to magically create something new.” Here, Mateo demonstrates comfort with “making



do” within the constraints of his existing activity system because he can support his teaching and
learning goals.

Similarly, Danielle, a Chemical Engineering instructor, said that “I honestly have a good system,
and I'm pretty happy with it. I do...  mean, there's things I wish were tweaked, like, really little
tweaks.” She then suggested that she wished that Gradescope had “...a more complicated rubric
tool that did more great, like, grid-style rubrics, so you could do, like, reports and stuftf.” Here,
despite her confidence in reaching her instructional goals within the constraints of her current
activity system, Danielle shares a desire for more advanced features that could allow her to
expand the boundaries of her teaching practice.

In both of these examples, instructors suggest that they are satisfied with existing
general-purpose and educational software. However, given the opportunity to imagine a
potentially better tool, their response was to combine or add features to existing solutions. This
highlights the value that some instructors place on integration between features and consolidation
to a minimal number of platforms. Further, it shows that some instructors experience a general
alignment between their instructional goals and the tools that they have available to reach them.

Imagining Ideal Solutions with Generative Al

Other instructors offered more imaginative software solutions, all of which included some
discussion of generative Al either as a central feature or existing tool to be improved upon. Cody,
a Computer Science instructor who brought up generative Al extensively throughout his
interview, said that he would ideally want a “better, more social gen-Al.” He hypothesized a
groupchat-based Al platform, in which students could engage with each other and an LLM.
However, Cody expressed concern that such a tool would have to prove itself more helpful than
existing commercially available products for students to choose to engage with it, saying “And I
think if the tool is better than existing tools, then students will use it. I think if it's not better than
existing tools, then students won't use it, and they'll just use their own whatever... external
service that they sign up for.” He also highlighted the role of cultural values and norms in
choosing and interacting with generative Al tools, citing “a kind of culturally [...] individualistic
or efficiency-oriented, time-oriented mindset.” He said that he feels

“like that gets in the way of things like, oh, actually it'd be kind of fun to have a group
chat where Al is part of that group chat... but I can also see how other people are
thinking about things, and how they're feeling about things... but that would be such a
different, like, mindset versus, like, the efficiency or the individualism cultural value that
I think is embedded into the [...] way Gen Al tools are designed right now, yeah. So [
think that'd be the biggest one, because then if they had that, and that product was better,
just in terms of getting you better answers, in terms of giving you a better experience, |
think students would use it.”



Here, Cody demonstrates that his perception of educational software’s usefulness is informed by
how students engage with it, not just what it is like for him to navigate as an instructor. He also
reveals how he values social connection within education. In Cody’s case, the community
(students) and rules (cultural norms, time constraints) provide constraints for what kind of
educational software Cody feels like he could implement within his current activity system.
However, his novel idea of a social Al-based platform for education pushes the boundaries of
some of those constraints, providing a potential to create a different activity system that better
aligns with his goals for his students’ learning.

Justin, who teaches Chemical Engineering, expressed a desire to shift towards a different way of
assessing students’ learning: through one-on-one interviews that would allow him to gain a better
picture of students’ understanding. He considered a possible Al-based solution that could help
him conduct those assessments at a large scale without the barrier of time constraints. He
suggested that he could have his students “sit in front of a Zoom screen and, you know, basically,
you know, have, like, a chatbot or an Al bot kind of prompt and have these interviews as, you
know, ‘ me.”” Besides lacking the “human connection” that he would want in that kind of
assessment, he also expressed a wariness of using Al in assessment, for fear of what he called “a
feedback loop of stupidity,” in which students submit Al generated content that is then assessed
by Al Justin later suggested that, while he didn’t see a generative-Al-based tool as being exactly
what he wanted, it could serve as a good approximation for the type of assessment activities he
had in mind. Justin demonstrates a desire for substantial systemic change, at least surrounding
assessment in an engineering classroom and, while a generative Al-based educational software
does not completely align with his goals for human connection, it helps him envision a change in
assessment practices while navigating existing time/logistic constraints that come with teaching
large classes. Here, we see Justin considering generative Al as both a potential tool, and as a
means for imagining educational software that aligns with his goals for teaching and learning.

Rachel, another Chemical Engineering instructor, expressed a desire for a tool that could
generate homework and exam problems. She shared a dissatisfaction with textbook problems,
saying that “they have errors, or problems, or they're confusing.” She then talked about how she
has pivoted to writing her own questions but that it is a time-consuming process. She shared how
she had previously sought out Al-based options for problem generation, but that “It was not
great” and that she hasn’t “had great success with getting something that's accurate.” Rachel did
talk about how she sometimes uses Al to get inspiration for questions, but that it still does not
suffice as a problem generation resource, “at least for the stuff [she’s] teaching.” Unlike the
previous two instructors, Rachel did not imagine generative Al as being central to her idea of
ideal educational software. She had previously considered it as a resource — just not one that was
able to provide the content she needed with the expediency that she desired.

These instructors’ responses suggest that they experience tension between various elements of
their existing activity systems and their instructional goals. Technological innovation through
their ideas of “ideal” educational software might help them reduce that tension by changing that



component of systems. This group of instructors shares a common thread of considering Al in
their potential solutions; it provides ways for them to think beyond constraints such as time,
student comfort, and instructor availability while also being a potential feature of their imagined
software. Though these instructors demonstrate higher levels of tension in their activity systems,
they consider more novel educational software solutions.

Discussion

In this paper, we focus on instructor responses to the final question in the interview protocol, an
invitation to imagine and share their ideas of “ideal” educational software according to their
goals for teaching and learning. Collectively, their responses suggest that there are many factors
that affect the kinds of educational software that instructors use and would like to use. Student
learning, expediency of course content generation, desire to share community-focused learning
tools, and aspiration to shift from traditional assessment methods stand out as examples of
influences on instructors’ perspectives on educational software.

Notably, generative Al came up in responses from the three instructors who did not explicitly
state that they were satisfied with current educational software offerings. These instructors
shared ideas on the potential for Al to help them achieve their instructional goals but also
expressed concern about its effects on learning and uncertainty about its ability to accurately
complete tasks.

RQ1: How do instructors imagine their ideal educational software and what features does it
contain?

When invited to share their ideas of what their ideal educational software would look like,
barring such constraints as time/cost to develop, some instructors tended to lean on existing
software and physical tools as inspiration. However, others embraced generative Al as a means
for creating, or at least “approximating” desired educational software; while the question itself
opened up their thinking about novel software, knowledge of generative Al seemed to serve as a
way of expanding their consideration for what could be possible.

The instructors who did not leverage generative Al in imagining ideal software suggested
features of novel educational software by combining or enhancing features of existing tools.
Those who did include generative Al in their imagined software, on the other hand, suggested
more innovative features. Instructors suggested features such as Al-enabled group chats for
students where they can interact with both the Al and each other, as well as Al-based interviews
as a new way of assessment. The instructors’ desire for these features, alongside their
instructional goals and openness towards new technologies, align with Kopcha, et al.’s work [3],
which used Activity Theory to group instructors into “profiles” based on their attitudes
towards/adoption of technology in the classroom.

RQ2: What gaps exist between available and desired educational software?



Instructors’ ideas for their ideal educational software illustrate the gaps that they perceive
between available and desired educational software. These “gaps” are not necessarily pieces of
software that don’t exist, but rather features that might exist across multiple products or that
instructors feel would improve existing software, as well as software that, at least to the
knowledge of these instructors, does not exist.

Preliminary analysis of a subset of instructors included in this study reveals that some of these
gaps are: virtual polling that integrates into existing software/ecosystems, more
advanced/customizable rubric/grading tools, improved question generation software, social
generative Al-enabled chatbots, and tools for conducting interview-based assessments. These
gaps reflect constraints in instructors’ existing activity systems, such as time and labor resources,
as well as the goals and values they have in their teaching practices. This phenomenon aligns
with findings from investigations of instructor perspectives of educational software in the K-12
space [1][2].

Implications for Instructors

The findings from this subset of data, which will be further explored in a longer paper, suggest
that instructors experience varying levels of tension between their existing and ideal activity
systems, which affects their satisfaction with the existing educational software available to them,
as well as their creativity in imagining novel educational software. For instructors in search of
innovative educational software, generative Al can serve both as a potential component of such
software and a tool for expanding ideas of what software is possible to create.

Implications for Developers and Researchers

The “gaps” between existing and ideal, imagined educational software expressed by instructors
present potential projects for educational software developers and STEM Education researchers.
The context of an instructor’s activity system and the extent to which its elements align with the
instructor’s educational goals can be an avenue through which to explore the strengths and
limitations of existing educational software. Further research outlining the tensions within
existing activity systems and how they may be limiting pedagogical change, especially in
assessment, can inform both researchers and developers. Characterizing the needs expressed by
instructors can help developers better understand potential users, and inform the creation and
testing of products that help support users in various activity systems.

Conclusions

This work-in-progress shares excerpts from interviews with five physics, computer science, and
chemical engineering instructors. In their responses to a prompt to imagine their ideal
educational software, two notable ways of thinking emerge: imagining improved versions and/or
combinations of existing tools and leveraging generative Al to imagine new, innovative tools that
align with instructional goals and push the boundaries of the constraints of their current activity



systems. Further work is required to see if these patterns hold for a larger, more diverse group of
instructors.

Future work for this study will include continued recruitment and data collection, with the goal
of including transcripts from approximately 20 interviews with a more diverse group of science
and engineering instructors. Qualitative coding methods will be used to analyze the entire corpus
of data, consisting of more interviews and questions that give more insight into more
components of instructors’ activity systems. Through the lens of Activity Theory, that data will
be used to provide more detailed context for the educational software that instructors use, why
they use each specific tool, and suggested avenues for educational software development work.
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