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Abstract

The User Experience-driven Innovation (UXDI)
framework emphasizes that successful product design,
irrespective of organizational or personal systems,
considers the user, context, and technology. In this
paper, we outline a generative UX research process to
study user needs for teleoperation robotics systems that
can assist employees in specialized tasks under stressful
conditions as there has been minimal work in
documenting such processes. Grounded in the socio-
technical systems (STS) theory we developed a tasks-
first approach to studying employee needs for
professional service robots. We designed worksheets for
1) identifying project tasks and their Key Performance
Indicators (KPIs), 2) creating high-level and detailed
task experience maps, and 3) developing personas for
employees who complete the identified tasks. The
experience maps and personas can then be used to
generate insights for designing robotic systems that can
assist employees with the identified tasks.

Keywords: Proto personas, teleoperation interface,
human-robot interaction (HRI), socio-technical systems
(STS), army

1. Introduction

According to the User Experience-driven
Innovation (UXDI) framework, successful product
design takes into consideration the user, context, and
technology in the design innovation space (Djamasbi &
Strong, 2019). Designing competitive user-centric
products that not only meet existing expectations but
exceed expectations requires a deep understanding of
user needs within the context of use (Djamasbi &
Strong, 2019). The UXDI framework is technology
neutral; it can be applied to specialized systems that are
designed for specific tasks (e.g., robotic-assisted
surgery) to those that are used in personal everyday
activities (e.g., web and smartphone applications).

Designing applications based on a careful study of
user needs, goals, and challenges is necessary to
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increase user satisfaction and product acceptance, (Jain
etal.,2019). Because users’ needs evolve over time, the
results of such a study can also help organizations assess
the relevancy/accuracy of their assumptions about their
target market needs (Djamasbi & Strong, 2019).

To design competitive user-centered products, the
user-first approach to design must be applied regardless
of whether products are developed for voluntary or
mandatory use. When using a product is voluntary,
customers have a choice of whether or not to use the
system (e.g., personal fitness products). User experience
(UX) has a significant and direct impact on whether or
not the product is adopted (Jain et al., 2019).

When products are designed as organizational
systems, employees may not have a choice in using
them (e.g., systems for business and financial
operations). However, mandatory use of a system that
fails to deliver outstanding user experience hinders
employees’ creativity and empowerment, and thereby
can negatively impact return on investment (ROI) and
other organizational outcomes (Djamasbi & Strong,
2019).

While studying user needs (i.e., generative UX
research) is essential in designing successful products,
little work has been done to document such research
processes (Sankar et al., 2023). Documenting research
processes is essential for promoting transparency,
accountability, collaboration, and the future
reproducibility of work, while also serving as a valuable
resource for scholars and practitioners and contributing
to the growth of collective knowledge.

Motivated by the importance of generative UX
research in developing mission-critical robotics
products and the lack of sufficient documentation for
such research, in this paper, we outline the process that
we designed to study user needs for teleoperation
robotics systems. The robotics products in our project
must be able to assist employees in highly specialized
tasks that 1) typically require a great deal of creativity
and out-of-the-box thinking and 2) are often completed
under stressful and/or hazardous conditions. While the
process is designed for a system in a highly vertical
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organization (i.e., the army), we believe the process can
be extended to other organizations that consider using
robots at work under similar situations.

The subsequent sections of our paper delve deeper
into the core tenets of the UXDI framework to explore
how it can be applied to teleoperation robotics systems
within organizational contexts using the Socio-
Technical Systems (STS) theory. We start by providing
background for the structured research process that we
developed to uncover user needs. Next, we outline our
research process and discuss the material that we
developed to collect data. Finally, we discuss our
findings from an initial data collection and explain the
potential transformative impact that this approach to
technology design can have on employee satisfaction,
product adoption, and overall organizational outcomes.

2. Background

The design of organizational systems is akin to that
of socio-technical systems (STS). STS in an
organizational context implies that “the organization is
made up of social systems (hierarchies, communication
networks, etc.) and technical systems, which are usually
defined as technological artifacts” such as the
“enterprise resources planning system” (Barley, 1990;
Griffith & Dougherty, 2001 in Leonardi et al., 2012,
p.38). STS comprises actors, institutions, and
infrastructure (van Rijnsoever & Leendertse, 2020). The
STS theory has at its core the idea that the design and
performance of any organizational system can be
improved if both the social and technical aspects are
brought together and treated as interdependent parts of
a complex system (Walker et al., 2008). Hence, it is
important to consider the STS theory when studying
employees’ needs for designing organizational systems.

Organizations, at the atomic level, are defined by
the type of tasks that are performed by employees on a
daily basis. Therefore, designing a successful
organizational system requires a solid understanding of
the tasks for which the system is designed as well as
employee needs and challenges when they perform
those tasks (Goodhue & Thompson, 1995).

2.1. Understanding the task

Designing the UX for an organizational system
requires a detailed understanding of how people go
about completing their tasks. This can be done by
developing a task experience map, i.e., a diagram
visualizing the process through which a user completes
a task or accomplishes a goal. Such a process often
consists of multiple phases, each including several
activities. In addition to phases and activities, such a

map must include technologies that are currently used in
the as-is task process (Figure 1).

Outlining the task process as phases, activities, and
technologies used can help develop interview scripts to
gather feedback from users about their challenges and
needs at the more general level (e.g., phase level ) as
well as at the more detailed level (e.g., activities within
a phase). By doing so, the map facilitates the
identification of opportunities for creating value by
designing positive user experiences.

Phase 1 Phase 2 Phase 3 Phase 4
* Aclivily 1 © Activity 1 * Activity 1 * Activity 1
. Arn-wt\m * Activity n * Activity n * Activity n

. eSS\ V¥V 7 -
Technology Technology Technology Technology

* Tech 1 s lechl * Tech 1 = Tech 1

* lechn * Techn * Techn = Techn

Figure 1. Task experience map.

2.1. Understanding user needs

Understanding user needs is often accomplished
through developing personas, which refer to fictional
yet realistic characters representing actual user groups.
Persona development serves as the cornerstone of the
user-first approach to technology design. The process of
developing personas helps project stakeholders (e.g.,
business managers, system designers, developers, etc.)
develop a shared understanding of user needs and a
common language for communicating these needs.
Establishing a shared understanding of user needs and
developing a shared language for communicating ideas
about users is crucial in making effective business and
design decisions (Jain et al., 2019; Sankar et al., 2022).
To develop personas, researchers must identify a set of
user attributes that can impact the design of the system
under consideration. These attributes, which are often
visualized on a low-to-high scale, are often used to
consolidate information that is gathered via generative
UX research (e.g., through observation, workshops,
focus groups, and interviews) into a small set of
personas (Jain et al., 2019; Varzgani et al., 2023).

3. Our Generative UX Research Process

Generative UX Research is a qualitative research
methodology focused on uncovering insights, ideas, and
user needs in the early stages of the design process.
Unlike evaluative research which assesses existing
designs, generative research aims to generate fresh
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perspectives and innovative concepts by engaging users
in discussions, activities, or exploratory tasks. It
involves methods such as interviews and brainstorming
sessions to gather rich qualitative data that informs the
creation of user-centered solutions. By understanding
what users need to accomplish their tasks and
discovering what motivates or frustrates them,
generative UX research provides a foundation for
designing products and experiences that align closely
with users’ real-world needs and thus contributes to the
development of effective and impactful solutions.
Figure 2 provides an overview of the process that we
used to develop study materials for our generative UX
research process.

Develop initial Conduct key informant

worksheets interview

To collect information ¢ Remote interview
about session

* Major tasks and * Participatory:

their KPls Allow user to add
* Task process to or modify
+ Persona interviewer’s
notes

Develop task maps,
personas, design

Conduct key informant
interview

insights

* High level and * Get feedback on
detailed activity task maps,
maps persona, and

* Persona design insights

» Hot sheet

Figure 2. Our process for developing study
materials.

3.1. Developing worksheets

The objective of our project was to gather
information about army employee needs that could
potentially be addressed with teleoperated robots. To
accomplish this goal, we first had to identify pertinent
tasks, develop brief descriptions for each, and outline
metrics that defined their success, i.e., their key
performance indicators (KPIs). We developed the
worksheet displayed in Figure 3 to collect this
information for up to 3 tasks during an interview with
our project sponsor.

Task 1 Task 2 Task 3
*Description *Description *Description
*Metrics/KPls “Metrics/KPls *Metrics/KPls

Figure 3. Worksheet for collecting information
for project tasks.

Next, we needed to collect information that could
be used to create experience maps, one for each task.
This included knowing why the task is performed and
under what conditions (e.g., in what situations, the
constraints under which the task is performed),
technologies used to achieve task success, collaboration,
or communication with peers as well as supervisory
support required to be successful, and pain points. We
created the worksheet displayed in Figure 4 to collect
information for creating task experience maps. The
worksheet defines three major phases for each task: pre-
task, during-task, and post-task.

Pre-Task During-Task Post-Task

* Activities/actions/ steps
- Objective (goal, outcome)
« Constraints (boundaries)
= Collaboration
*+ Support (tech, supervisor)
+ Technologies used

* Pain paints, feelings,
thoughts

Figure 4. Worksheet for collecting information for
creating experience maps.

Then, we needed to develop personas for those who
completed the identified tasks. Creating these personas
was necessary to provide insight into design decisions.
We modified a persona development worksheet that was
used in a recent study (Varzgani et al., 2023) to fit our
study objectives (see Figure 5). This worksheet
organized data collection in four major areas:
demographics, typical workday, goals and needs, and
challenges and delights. Next, grounded in the STS
theory, we needed to refine the information that was
collected via the worksheet (Jain et al., 2019; Varzgani
et al.,, 2023). To do this, we conducted a thorough
literature review for subjective factors that could impact
the adoption and/or effective usage of technologies at
work. Based on the results of our literature review, we
decided that social influence, which refers to
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employees’ tendency to be influenced by important
others in their network on whether or not use a system
at work (Chor et al., 2014), would serve as an
appropriate user attribute in our project to capture social
aspects of STS. For capturing technical aspects of STS
that could impact the adoption and/or effective usage of
organizational systems, we selected motivation, self-
efficacy, innovativeness, optimism, insecurity, and
discomfort toward technology (Chang & Kannan,
2006). The motivation to use an organizational system
could be extrinsic or intrinsic. Extrinsic motivation in
this context means that an employee engages in an
activity because the activity is instrumental in achieving
valued outcomes that are distinct from the activity itself,
such as improved job performance, pay, or promotions
(Ryan & Deci, 2000). Intrinsic motivation, on the other
hand, means that an employee engages in an activity
because performing the activity drives enjoyment
and satisfaction, for example, the employee likes to use
the system because he/she enjoys solving problems
(Ryan & Deci, 2000).

Demographics Typical Workday

+ Age/gender * What are persona’s typical activities in a workday?
* Educational background Which activities take up most of persona's time?

* Key characteristics + What types of technologies does the persona use at

work? Does the persona prefer to work remotely or
in-person? In a group or alone?

Goals and Needs Challenges and Delights

+  What are the goals that the
persona tries to achieve?

* What does the persona need to do
to achieve his/her goals?

*  What are typical (vet specific) issues, pain
points that challenges/frustrates/annoys the
persona?

*  What are delightful work experiences for the
persona?

Figure 5. Worksheet for collecting information
for creating personas.

Self-efficacy refers to users’ confidence in their
abilities to use work-related technology (McDonald &
Siegall, 1992). Innovativeness refers to users’ tendency
to be innovative and captures the degree to which users
are among the first group of people to try out new
technologies at work. Optimism refers to the users’
positive view of technology. Insecurity refers to users’
distrust and skepticism toward technology while
discomfort refers to the perception of a lack of control
and being overwhelmed by technology (Chang &
Kannan, 2006). Innovativeness, optimism, insecurity,
and discomfort toward technology are often used to
measure technology readiness. Hence, these user
attributes are likely to help understand the degree to
which employees are ready to work with teleoperated
robots at work. To collect information about these user
attributes for each persona we developed the worksheet
that is displayed in Figure 6.

* Sacial Influence — Is influenced by impartant others in hisfher netwark {i.e., co-
workers) whether to use a new system at work.

* Extrinsic Motivation — Engages in an activity because the activity is instrumental in
achieving valued outcomes that are distinct from the activity itself, such as
improved job performance, pay, or promotions.

* Intrinsic Motivation. Engages in an activity because performing the activity drives
enjoyment and satisfaction.

* Self-efficacy - has confidence in hisfher ability to use work-related technology.

* Innovativeness - Has the tendency to be a technology pioneer and thaught leader.
Is among the first group of people to try out new technologies.

+ Tech. Optimism: Has & positive view of technology and believes that technalogy
offers people increased control, flexibility, and efficiency.

* Tech. Insecurity: Distrusts technology and is skeptic about technology’s ability to
work properly.

* Tech. Discomfort: Perceives a lack of contral over technology and has a feeling of
being overuhelmed by It

Figure 6. Worksheet for collecting information
for socio-technical user attributes.

3.2. Generating initial task experience maps
and personas

To develop the initial task experience maps and
personas, we conducted a 90-minute interview with a
key informant who sponsors our project. Using the
worksheet in Figure 3, two top-priority tasks were
selected for the project by the project sponsor: explosive
ordinance disposal (EOD) and repair and maintenance
(R&M). Then using the worksheet in Figure 4 we
collected data for task experience maps. Finally, using
worksheets in Figures 5 and 6, we collected information
for personas. After the interview data was collected, we
used secondary data from published sources such as the
Defense Technical Information Center (DTIC) and
Military Operational Specialties (MOS) career lists to
refine the interview data.

A thorough analysis of this primary data from the
stakeholder interview and secondary data from
published sources resulted in the creation of high-level
experience maps for each of the two identified tasks. For
example, the combined interview data and information
gathered through published sources showed that the
repair and maintenance task, which requires a great deal
of out-of-the-box thinking, is performed during or after
an army operation. This task involves conducting
repairs or performing maintenance checks on equipment
such as radio and other communication equipment,
Apache copters, Bradley Fighting Vehicle Systems, etc.
Depending on what kind of repair or maintenance is
needed, the task as such is characterized by varied
technical expertise, ranging from those that require fine
motor movements to those that would require welding
or assembling or disassembling heavy equipment.
Therefore, the tools and technology used to perform
these repairs are also specific to the types of repairs
being carried out. KPIs that determine task success
include task completion time and repair accuracy. Major
pain points that were identified include extremely long
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hours at work and the hazardous nature of work. Figure
7 displays the high-level experience map for this task.

-ﬁ’ POST TASK

ﬁ' + Update equipment repair

DURING TASK log

+ Conduct predictive
logistics

+ Maintaini
-and making sure it works
(supervisor check-
officertification)

Get parts and nesded tools
Take apart

Perform complex
repair/replacement

<

S8 PRETASK

¥ Perform diagnostics to
identify any malfunctions operations involving multi-
¥ Assess the extent of repair — step procedures
whether to dispose, v Reassemble equipment
exchange, repair, or send for
higher-level repair

<

v Test equipment

+ Draw up repair schedule

v Review the equipment log
of repairfoperation

¥ Order parts

Figure 7. High-level experience map for the
repair and maintenance task

The high-level experience maps were further
refined into activity maps for each of their phases to
allow exploring possibilities for creating value with
robotics technology. Figure 8 displays an example of
such an activity map for developing repair schedules for
the repair and maintenance task. Figure 8 also shows
two possible opportunities for value creation with
robotics technology that were identified by developing
and exploring the map for this pre-task activity.

M Pre-task Activity: Draw up repair schedules

» WHEN
« s it for an urgent need during operation?
- Is it for the post-operation repair?

A

-Q- Possible opportunities for value creation with robotics

« Automate a set of basic repair tasks to reduce workload
Use teleoperation for some of the tasks to reduce 1) the
workload for onsite experts, 2) improve repair time efficiency
(throughput), and 3) extends expertise across multiple
geographical locations by utilizing remote expertise (e.g.,
include experts who may not fulfill physical fitness
reguirements)

Figure 8. Example of activity map for the repair
and maintenance task to explore opportunities
for creating value with robotics technology.

In addition to these experience maps, based on
collected information from the interview and secondary
data sources, we created 4 personas for those army
soldiers who complete the above-mentioned tasks, one
for the explosive ordinance disposal task and 3 for the
repair and maintenance task. Figure 9 displays one of
the personas for the repair and maintenance task
collected information from the interview and secondary
data sources, we created 4 personas for those army
soldiers who complete the above-mentioned tasks, one
for the explosive ordinance disposal task and 3 for the
repair and maintenance task. Figure 9 displays one of
the personas for the repair and maintenance task.

Morgan Johnson

Interests: Welding and shop mechanics

Education: High School with vacational training in machining, lathe operatians,
milling operations, and welding

Experience: Entry-level

Morgan is a US Army soldier in his late-20s who works as an Allied Trades specialist.
He passed the Army's depth perception tests for the role. In addition to having

Key characteristics:
= High visual acuity  normal color vision, he also has a near and distance visual acuity of at least 20/30
+ Good perception of in each eye with or without corrective lenses. His everyday tasks involve

depth fabricating, repairing, and modifying metallic and nonmetallic parts, operating
= Intrinsically lathes, drill presses, grinders, power saws, hydraulic presses, drills, and various
motivated other tools and machine shop equipment. He tends to be slow/hesitant when it

Job characteristics:

* Open to both mer
and women

* Excellent visual

acuity, normal color  gjmmifar civilian jobs: Supervisor of other welders and machinists
vision

comes to trying out new technology but has a positive outlook toward
technology. Regarding decisions on whether to use a new system at work, he is
influenced by important co-warkers in his network.

Figure 9. Example of the developed personas
for the repair and maintenance task.

Next, using the developed task experience maps we
identified several opportunities for improving the task
outcomes with robotics technology (e.g., reducing risk
both to human life and assets, reducing experts’
cognitive load and/or physical burden, improving task
accuracy and completion time). We then summarized
these findings into a single hot sheet to provide an
overall overview of the findings (Figure 10). This hot
sheet had three major sections each summarizing its
related  findings:  task  characteristics,  user
characteristics, and design insights. The latter were
divided into design insights for the robot and its
teleoperation interface. For example, by considering
factors like physical abilities, task load demand,
situational awareness, and communication needs, the
information in the hot sheet provides design insights for
tailoring robotic systems to best support different user
groups for the identified tasks. Teleoperation interfaces
enable soldiers to remotely control robotic systems from
a safe location, reducing their exposure to danger. These
interfaces must be intuitive, efficient, and user-friendly,
given the high-stress environments and time-sensitive
situations in which they will be used. Personas aid in
designing interfaces that cater to the ergonomic and
cognitive requirements of specific user groups, ensuring
effective control and minimizing human error. They
foster empathy among designers by humanizing the end-
users. By doing so the developed personas are more
likely to enable the creation of intuitive and usable
interfaces that enhance mission success and soldier
safety.

We presented the results to the expert who sponsors
the project for discussion and feedback in another one-
hour interview session. The positive feedback suggested
that this initial study material (task experience maps and
personas) as well as design insights were ready to be
used in the next step of our project which consists of a
set of interviews with experts from each of the
developed personas. The objective of interviews with a
set of soldiers that complete the identified task in our
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project is to refine the initial task experience maps and
personas. This will then help us to identify new
opportunities for creating value with technology design
or refine/modify the ones that we identified in the initial
study material.

Task Characteristics

Tag ExPlosive Ordnance Disposal

Int
t

+Nanocd for sog. osd detection, & 2

Desiin Insiihts e
rf:
—

& User Characteristics
Task EOD R&EM

0~ Ko Penamence mcae

Figure 10. Hot sheet that provides an overview
of our findings

4. Discussion

The paucity of documentation for the generative
UX research process in developing robotics systems for
the workplace calls for developing and testing such
scientific processes (Sankar et al., 2023). In this paper,
we outline the process by which we prepared an initial
set of study materials to help us gather user needs for
two highly specialized army tasks. Both tasks demand
creativity often under highly stressful conditions. While
the process was designed for studying army soldiers’
needs, the discussed process which is grounded in the
STS theory can be extended to other organizations as
well. Such a process not only ensures developing
systems that are used effectively in organizations but
also helps to generate employee buy-in.

Our process started by focusing on identifying
project tasks. Taking a task-first approach to designing
organizational systems is necessary to improve
employee satisfaction and empowerment. Task
identification was followed by task experience mapping
and persona development which gave us an idea of who
can do these tasks and what their characteristics are that
make them successful at these tasks. These findings in
turn helped us generate design insights for the robot and
the teleoperation interface.

This basic understanding of task and user
characteristics, which are highly intertwined, assists in
identifying the pain points and further refining and
developing personas that complete the defined tasks.
Gaining a deep understanding of task nuances and
employees’ needs and challenges when completing

those tasks is crucial for generating insight for designing
successful organizational systems.

Our initial findings suggest that for teleoperated
robots in the workplace, especially those that are used
for highly specialized tasks that require creative
solutions, the use of these systems should remain
voluntary to a large extent as this would foster flexibility
and out-of-the-box thinking. Thus, for employees to
choose to use such systems to be able to carry out their
tasks successfully would require their buy-in in addition
to increased satisfaction and a positive user experience.
Generative UX research, which involves employees in
the design of systems, could help with employee buy-in.
Leveraging factors such as social influence can also
impact employees’ adoption and effective usage of such
systems. Developing interfaces that provide an
acknowledgment of task success is also likely to
motivate employees to use the system (Liu et al., 2017).

5. Limitations & Future Research

Our initial set of personas and task experience maps
were generated via interviews with a key informant and
based on secondary publicly available data. The next
step in our research project will focus on conducting
user interviews with those experts who complete the
identified tasks. This process will help to validate and
refine our current findings, which will further aid in
generating insight for the design of teleoperated robotic
systems for our project. By refining task experience
maps and personas, we can generate design insight for
enhancing performance, safety, and success of using
robotic systems at work.

6. Conclusion

The lack of sufficient documentation for the
generative UX research process, particularly in creating
workplace robotics systems, highlights the need to
develop, test, and document these scientific methods.
Our paper addresses this need by reporting the process
that we used to create study materials for uncovering
user needs in the domain of teleoperation robotics. By
doing so our paper fills an important gap in research that
is essential for obtaining design insights in the early
stages of developing robotics products, particularly
those that are mission-critical.
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