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A B S T R A C T

Background: Patients newly diagnosed with diabetes mellitus (diabetes), who require insulin must acquire dia-
betes “survival” skills prior to discharge home. COVID-19 revealed considerable limitations of traditional in-
person, time-intensive delivery of diabetes education and survival skills training (diabetes survival skills
training). Furthermore, diabetes survival skills training has not been designed to meet the specific learning needs
of patients with diabetes and their caregivers, particularly if delivered by telehealth. The objective of the study
was to identify and understand the needs of users (patients newly prescribed insulin and their caregivers) to
inform the design of a diabetes survival skills training, specifically for telehealth delivery, through the appli-
cation of user-centered design and adult learning and education principles.
Methods: Users included patients newly prescribed insulin, their caregivers, and laypersons without diabetes. In
semi-structured interviews, users were asked about experienced or perceived challenges in learning diabetes
survival skills. Interviews were audio-recorded and transcribed. Investigators performed iterative rounds of
coding of interview transcripts utilizing a constant comparative method to identify themes describing the
dominant challenges users experienced. Themes were then mapped to adult learning and education principles to
identify novel educational design solutions that can be applied to telehealth-based learning.
Results:We interviewed 18 users: patients (N = 6, 33 %), caregivers (N = 4, 22 %), and laypersons (N = 8, 44 %).
Users consistently described challenges in understanding diabetes survival skills while hospitalized; in preparing
needed supplies to execute diabetes survival skills; and in executing diabetes survival skills at home. The chal-
lenges mapped to three educational strategies: (1) spiral learning; (2) repetitive goal directed practice and
feedback, which have the potential to translate into design solutions supporting remote/virtual learning; and (3)
form fits function organizer, which supports safe organization and use of supplies to execute diabetes survival
skills independently.
Conclusion: Learning complex tasks, such as diabetes survival skills, requires time, repetition, and continued
support. The combination of a user-centered design approach to uncover learning needs as well as identification
of relevant adult learning and education principles could inform the design of more user-centered, feasible,
effective, and sustainable diabetes survival skills training for telehealth delivery.

* Corresponding author.
E-mail address: grace.prince@vcuhealth.org (G. Prince).

Contents lists available at ScienceDirect

Journal of Clinical & Translational Endocrinology

journal homepage: www.elsevier.com/locate/jcte

https://doi.org/10.1016/j.jcte.2024.100364
Received 14 May 2024; Received in revised form 12 July 2024; Accepted 5 August 2024

mailto:grace.prince@vcuhealth.org
www.sciencedirect.com/science/journal/22146237
https://www.elsevier.com/locate/jcte
https://doi.org/10.1016/j.jcte.2024.100364
https://doi.org/10.1016/j.jcte.2024.100364
https://doi.org/10.1016/j.jcte.2024.100364
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Journal of Clinical & Translational Endocrinology 37 (2024) 100364

2

Introduction

With the increasing prevalence of diabetes mellitus (diabetes) in the
United States [1], efforts have accelerated to develop practical and
effective inpatient diabetes education, collectively referred to as dia-
betes self-management education and support (DSME) [2]. However,
the patient discharge transition from the inpatient setting to home is
particularly challenging because of short inpatient stays, chronic co-
morbidities, and the need for rapid acquisition of complex skills and
execution of cognitive tasks to perform diabetes self-management. Many
of these patients are considered high-risk, as many are older adults or
have additional chronic health morbidities [3]. Indeed, patients with
diabetes have high rates of 30-day readmission compared to patients
without diabetes [2].

When delivered, in person, by a Certified Diabetes Care and Educa-
tion Specialist (CDCES), DSME improves glycemic outcomes (e.g.,
reduced HbA1c), and reduces hospital readmission rates [2,4]. How-
ever, only 5–10 % of eligible patients currently receive DSME, in part
due to limited availability of CDCES, now additionally exacerbated by
the nursing shortage [5]. There has been a growing call to refocus and
improve the delivery of DSME in a more patient-centered manner,
particularly with regard to the acquisition of diabetes survival skills
which include glucose monitoring, insulin dose calculation, and insulin
administration [2].

The COVID-19 pandemic revealed many existing but unrecognized
challenges in diabetes survival skills training and education (heretofore
diabetes survival skills training). The pandemic quickly limited face-to-
face clinical care encounters and, with many CDCES reassigned to other
types of care delivery, most patient survival skills training sessions
transitioned to remote or “telehealth” delivery [6]. However, diabetes
survival skills training, already time intensive, proved difficult to deliver
remotely with limited staff [6]. As patients with diabetes are an at-risk
population [7,8], the need for an education delivery process that pro-
motes safe and effective learning of diabetes survival skills remains
critical [9,10]. Furthermore, the American Diabetes Association (ADA)
proposed a focus on learning diabetes survival skills to promote safe and
effective management in the immediate post-discharge period [2,11].
Successful execution of survival skills including their cognitive tasks
represents the most immediate and fundamental need during the
discharge transition from the inpatient setting to home [2,12]. However,
to design an effective “survival skills” training model that can be
delivered by telehealth, engagement of the “users” (diabetes patients
and their caregivers), is necessary to assess their learning needs and
effectively apply adult learning and education principles to model
design.

Prior research has shown that current tools (e.g., patient education
materials) frequently do not meet user needs, especially for those with
chronic illness [13], with the development of most tools relying heavily
on expert consensus rather than user input [14]. Such initiatives are
especially vulnerable to expert blindspots, whereby experts may not
anticipate all learning barriers and potential errors that novice users
frequently encounter or commit [15]. The concept of expert blindspot is
particularly problematic when designing task-based learning materials,
such as a survival skills training, as expert knowledge can be tacit with
unrecognized patient challenges [15,16]. Gathering information about
the contexts, cognitive barriers, and needs of patient users with diabetes,
particularly those who are newly prescribed insulin, could result in a
substantially more patient-centered and sustainable [17] design of dia-
betes survival skills training.

User-centered design

UCD is a multidisciplinary, iterative design approach that engages
users to identify the context, requirements, and needs for successful use
of products and processes. It is widely used to improve usability in en-
gineering, technology, and education sciences, including adult learning

and education sciences [18–20]. UCD has been especially vital in the
design and development of remote delivery systems, including mobile-
applications and websites [18], and more nominally in healthcare, pri-
marily in the design of electronic medical records and medical devices
[17,21]. Healthcare solutions rooted in UCD increase patient engage-
ment, lower user burden, and allow for greater self-sufficiency [21]. In
diabetes, understanding patient critical needs, particularly at high-risk
transitions of care (e.g., inpatient discharge to home), is lacking and
the application of UCD, as well as learning science principles, is under-
used and innovative [17,22].

Adult learning and education principles

The science of adult learning and education draws from cognitive
psychology, neuroscience, information processing theory, develop-
mental psychology and education sciences, and can be referred to as
“learning sciences” [23]. The application of these principles and theories
to overcome user needs and challenges, which can be identified through
UCD, are essential to enhance the learning and skills acquisition process,
particularly for remote learning.

The aim of this project was to identify critical user-reported needs,
barriers, and challenges to learning and acquiring diabetes survival
skills at discharge from the hospital. We then mapped the needs to adult
learning and education principles to inform the future design of a dia-
betes survival skills training that can be delivered by telehealth. We
propose specific solutions to create a user-centered, feasible, effective,
and sustainable diabetes survival skills training.

Methods

Study participants

Hospitalized patients newly diagnosed with diabetes and newly
prescribed insulin as well as their caregivers were recruited at North-
western Memorial Hospital in Chicago, IL. To further understand the
needs of individuals completely new to diabetes, laypersons without a
diagnosis of diabetes and unfamiliar with diabetes or diabetes self-care
were also recruited. The Northwestern University Institutional Review
Board (IRB) approved all study procedures and an IRB-approved consent
form was used. Special attention was paid to ensure recruitment of
diverse participants to achieve a wide range of perspectives and assure
greater credibility through informant triangulation [24].

Data collection

For patients and their caregivers, interviews were conducted shortly
after discharge from the inpatient unit to home to aid their recall of
initial experiences and challenges with diabetes survival skills [25]. All
patients and caregivers received inpatient diabetes survival skills
training by a CDCES or nursing staff. They were asked to reflect retro-
spectively on their experiences and needs during the critical transition
period after discharge home. Laypersons, without any prior diabetes
experience, were presented with a scenario of a patient newly diagnosed
with diabetes and newly prescribed insulin who was receiving diabetes
education and training that included an introduction to needed diabetes
supplies. They were then asked to reflect and comment on the diabetes
education and training process.

Each interview lasted approximately 60–90 min and was audio-
recorded. Interviews were conducted by facilitators with direct dia-
betes clinical care experience and familiarity with needed diabetes
survival skills. The facilitator(s) began each interview by emphasizing
that there were no “correct” answers to questions and encouraged par-
ticipants to be open and honest in their responses [24]. A standardized
interview guide with open-ended questions about users’ experiences
with diabetes (either first-hand or theoretical) immediately after diag-
nosis was used. Facilitators solicited user feedback about the diabetes
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education and training process. To further help participants reflect on
the diabetes survival skills learning process, facilitators asked questions
about participants’ perceived preparedness in providing diabetes self-
care following diabetes education and training. Whenever appropriate,
facilitators asked probing questions to clarify or further explore partic-
ipant responses [24].

Data analysis

The sessions were professionally transcribed with all identifying in-
formation removed. MAXQDA software was used to store and code the
transcripts. Three team members independently performed iterative
rounds of inductive coding of the transcripts using a constant compar-
ative method [26] to identify codes describing user needs. Dominant
codes were revised, merged, and ultimately categorized into themes.
Throughout the coding process, investigators returned to the original
transcripts to assure coding fidelity of participant responses. As codes
were revised, merged, and categorized, investigators held frequent
debriefing sessions to review the codes and reach consensus, aiding in
the reduction of individual investigator bias [24]. After collectively
identifying dominant themes, top themes were mapped to relevant adult
learning and education principles.

Results

Twelve interviews with a total of 18 participants, including patients
(N = 6, 33 %), their caregivers (N = 4, 22 %), and laypersons (N = 8, 44
%) were conducted. Six participants (33 %) were over age 65. Partici-
pants self-identified as Black, non-Hispanic (N = 3, 17 %), Asian, non-
Hispanic (N = 3, 17 %), Hispanic/Latino (N = 2, 11 %), and White,
Non-Hispanic (N = 10, 55 %).

Eleven dominant codes composed of representative patient, care-
giver, and layperson responses were identified. Codes were categorized
into three major themes, each representing overarching challenges faced
by users in learning and executing diabetes survival skills. Representa-
tive codes and themes are outlined in Table 1. Key themes include: (1)
challenges in understanding diabetes survival skills while hospitalized;
(2) challenges in preparing needed supplies (e.g., medication,
equipment) to execute diabetes survival skills; and (3) challenges in
executing diabetes survival skills at home.

Theme 1: Challenges in understanding diabetes survival skills while
hospitalized

Many users reflected on the difficulty of both prioritizing and
learning complex new skills during the stressful time of hospitalization.
Specific challenges included being overwhelmed with information dur-
ing hospitalization with users reporting difficulty in learning the large
volume of new information and knowledge necessary to successfully
execute the complex tasks of diabetes survival skills during the limited
time of inpatient admission.

Users also described “feeling overwhelmed by the simultaneous onset of
a new acute illness, diabetes, and needing to learn diabetes survival skills.”
Users confirmed that they experienced significant distress while hospi-
talized [27] and acknowledged that their engagement in learning was
likely limited by this distress. Users reported challenges with learning
both details and broad concepts of diabetes self-care. They reported
“feeling worried about diabetes survival skills,” specifically challenges in
troubleshooting episodes of hyperglycemia and hypoglycemia. Yet, they
reported difficulty in grasping how learning certain skills translated into
preparedness for diabetes self-care, reflected by “not understanding the
importance of diabetes self-care.” Users confirmed that they did not un-
derstand the value of learning diabetes survival skills and that their
motivation for learning was limited [15]. More broadly, users high-
lighted a “[lack of] understanding the entire process of diabetes self-care”
and feeling burdened by the detailed steps of current diabetes survival

Table 1
User-reported challenges in learning diabetes survival skills.

User responses Codes Themes

Patient: “They described
what time of day you’re
supposed to take this
medication or what time of
day you’re supposed to
take this medication. It
was like oh my gosh, you
know running me. Yeah,
overwhelming.”

Being overwhelmed
with information
during hospitalization

Challenges in
understanding diabetes
survival skills while
hospitalized

Patient: “I think for the
patient it’s kind of hard
because you’re not really
focused…when you are in
so much pain and under so
much medication. I mean
you don’t care about
seeing nothing really or
talking to nobody, I mean
that’s the feeling I had,
like don’t talk to me.”

Feeling overwhelmed
by acute illness

Caregiver: “An overview
might be a good thing
before you’re released…
but just a small snippet.
Not overkill.”

Not understanding
overview of DM self-
care

Caregiver: [It would be
helpful if users could]
“have the knowledge of
what to watch for,” [for
example, by telling users],
“here’s some things that
may or may not happen.”

Feeling worried about
DM self-management

Patient: “Why do you need to
know about a meter, in my
mind you’d have to say,
‘well, you know, this is a
way we, we monitor the
blood sugar…’ because,
‘this is a blood sugar
meter,’ doesn’t mean
anything to me.”

Not understanding
the importance of DM
self-care

Layperson: “It was confusing
to me. I mean everything
here I have [glucometer,
lancet, test strips, insulin
pen/needles, insulin vial/
syringe]…what do I need?
What do I need that stuff
for?”

Organizing the
volume of items for
self-care

Challenges in preparing
needed supplies (e.g.
medication, equipment)
to execute diabetes
survival skills

Patient: “Some medication
might look alike…that’s
where you can get going
off because some
medication [referring to
insulin] almost have the
same color. You got to be
very particular how to use
this medication otherwise
you gonna end up making
mistakes.”

Being confused by
different types of
insulin

Caregiver: “Trying to get
everything together to say
to give and then track and
all that stuff and then
when you talk to the
doctor everything is
there.”

Tracking glucose
levels

Challenges in executing
diabetes survival skills at
home

Patient: “There are times
where you know how to
remove the cap [of the

Remembering self-
care steps

(continued on next page)
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skills education and training without yet having a sufficient view of the
entire process.

Theme 2: Challenges in preparing supplies for self-care

Users frequently commented on challenges associated with prepar-
ing the supplies required to execute diabetes survival skills (Table 1). For
example, users experienced difficulty “organizing the volume of supplies,”
such as pre-filled insulin pens or insulin vials and syringes, and
described feeling stressed about getting all supplies ready for timely use.
Users also experienced “being confused by different types of insulin” which
left users susceptible to making mistakes with insulin administration, a
major safety concern.

Theme 3: Challenges in administering self-care at home

Finally, users noted difficulty in carrying out routine diabetes sur-
vival skills consistently after discharge home (Table 1). They reported
challenges in “tracking glucose levels,” with users describing “logging”
their glucose levels for review by their clinician to receive advice about
their insulin dose as difficult and burdensome. They also struggled to
“remember self-care steps,” having difficulty independently recalling each
step of the diabetes survival skills process, including the critical “safety
check” (eliminating air from the pen) performed prior to injecting in-
sulin. In complex tasks that require multiple steps, failure to remember
each step can disrupt successful self-care delivery.[15].

After discharge, users noted “feeling uncomfortable dosing insulin,”
describing stress surrounding insulin dosing with fear of both under- or
over-dosing their insulin. One user identified insulin dosing as the most
stressful aspect of diabetes self-care (Table 1).

Users voiced “feeling fearful about injecting” insulin. Discomfort with
needles and, therefore, discomfort with insulin injections, was cited as a
major barrier and limitation of users in executing diabetes survival skills
after discharge.

Mapping user-centered needs: using adult learning and education principles

Dominant codes and major themes developed from the user data
were reviewed and mapped to appropriate adult learning and education
principles. Strategies rooted in these principles were then identified as
potential solutions for the redesign of diabetes survival skills training.
Fig. 1 shows the primary and secondary learning and education princi-
ples that best suit the learning challenges described by users. Current
practical applications of these principles outside of healthcare and po-
tential future applications to a diabetes survival skills training are
described in Table 2. Three identified adult learning and education
sciences strategies are described below.

Spiral learning

Some user needs, barriers, and challenges can be overcome by
applying the adult learning and education principles of spiral learning.
Spiral learning provides learners, as the first step, with a simplified
overview of all tasks that will need to be acquired or learned. Learners
then repeatedly revisit each task and its underlying concepts with
increasing complexity [28]. For example, patients new to diabetes might
first be introduced to an overview of all self-care or survival skill steps (e.
g., measuring blood glucose levels, injecting insulin) and foundational
diabetes concepts (e.g., dangers of hypoglycemia/hyperglycemia)
before being introduced to the details of how to execute each step (e.g.,
how to load, use, clean, and unload a lancing device, how to calculate
the correct insulin dose).

Specific features of spiral learning, applied to curriculum design, are
outlined in Table 2. In general, curricula rooted in spiral learning engage
learners without overwhelming them with specific details, while also
providing new andmore complex learning at a rate that parallels learner
comprehension [28]. Over time, learners can achieve mastery of each
task as well as a deeper understanding of associated knowledge and
concepts that can be applied to problem solving [28]. As described in
Table 2, spiral learning can be applied to the design of a diabetes sur-
vival skills training in a multitude of ways, including digital and tele-
health solutions. For example, application of a spiral learning approach
to website design about diabetes survival skills would first introduce
learners to an overview of the diabetes survival skills and then provide
users with options to explore the details related to each increasingly
complex task [29,30].

Using a form fits function organizer

Adult learning and education theory suggests that user-reported
challenges associated with identifying and preparing self-care supplies
can be overcome by designing a form fits function organizer, a visual or
physical scheme to organize or group supplies according to their func-
tion within a task [15,31]. As detailed in Table 2, a form fits function
organizer is a specific form of scaffolding [15,23,31], supporting task
performance by offloading non-essential and burdensome components
of a task in order to assist learners with completing the task itself,
thereby reducing cognitive load [31]. Design strategies that employ a
form fits function organizer to support users who need to prepare their
supplies for diabetes self-care could be, for example, a physical box to
group and organize diabetes medications and supplies according to task
(Table 2). A similar concept is illustrated in the use of procedural trays
by medical professionals (central line kits, for example). Cognitive load
theory suggests that when users must dedicate time and effort to orga-
nizing supplies for a task, it becomes more burdensome to then focus on
the critical aspects of a task [31–33], such as differentiating between
insulin types. Therefore, incorporation of a form fits function organizer
like those used in other procedure-based tasks could offload this
cognitive burden and prevent medication errors.

Table 1 (continued )

User responses Codes Themes

insulin pen] but you forgot
something like…perform a
safety check or something
like that.”

Caregiver: “If I’m in the
middle of giving her a shot
or I’m getting ready to and
I’m like oh, my gosh, I
don’t remember how
much am I supposed to
give her…for me it was the
dose, going from what her
blood sugar is to what I
need to give. It was the
dose I needed to give, the
correction…because you
don’t want to overdo, you
don’t want to under…
that’s where you’re
stressing out the most, it’s
like oh, my gosh, if I
overdo it, then we’re going
to have even more
problems and she was
having problems already
with other issues.”

Feeling
uncomfortable dosing
insulin

Patient: “I didn’t want to
shoot myself with this
[insulin].”

Feeling fearful about
injecting

G. Prince et al.
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Goal directed practice and feedback

Difficulty remembering steps of self-care and tracking blood glucose
data, as well as stress and concern about calculating and administering
the correct insulin dose were major user-reported challenges. For com-
plex tasks that require multiple steps, failure to remember each step can
disrupt successful self-care delivery [15]. Such challenges can be over-
come by applying the adult learning and education science principle of
repetitive goal directed practice and feedback. This approach provides
learners with timely feedback on tasks [34], which can be particularly
advantageous for high-stake tasks such as calculating the correct insulin
dose to administer.

Table 2 outlines key features of repetitive goal directed practice and
feedback. From a learning perspective, the gold standard in education is
continuous 1-to-1 support from an expert who can provide direct feed-
back to the individual over time. Indeed, repetitive goal directed prac-
tice and feedback is employed during in-person inpatient diabetes
education, and users reported a need for similar support in, for example,

a telehealth diabetes survival skills training. This is not surprising; adult
learning and education principles suggest that for complex tasks, such as
diabetes self-care, a “one-and-done” approach is likely not to be effective
as most patients need longer term support to master self-care [35].
However, repetitive goal directed practice and feedback may not be
feasible for diabetes survival skills training in all settings, such as after
discharge. Nevertheless, repetitive goal directed practice and feedback
could be applied to diabetes survival skills training by using, for
example, artificial intelligence supports, such as a cognitive tutor
(Table 2) [36].

Cognitive tutors are intelligent learning systems that are often virtual
and are designed to engage learners in problem-solving within a
particular domain of interest. Perhaps one of the best-known examples is
a cognitive tutor for Algebra, but similar technology could be applied to
diabetes survival skills training [37]. For example, a cognitive tutor
could provide learners with a platform to navigate through virtual sce-
narios where they calculate insulin doses all while receiving immediate
feedback on their choices. Such an innovation may help to promote

Fig. 1. Mapping of User-reported Challenges in Assuming Immediate Diabetes Survival Skills to Associated Adult Learning and Education Principles. Three themes
representing dominant user-reported challenges in learning diabetes survival skills are shown in the center of the figure. Themes mapped to adult learning and
education principles, represented in the surrounding circles. These principles provided theoretical support for innovative solutions to overcome the identified user-
reported learning challenges. Themes mapped strongly to spiral learning [28], a form fits function organizer [15], and repetitive goal directed practice and feedback
[48,34]. Additional adult learning and education principles were identified to provide further theoretical support to inform strategic educational redesign, including
the multimedia principle [49], pre-training principle [49], and just-in-time step-by-step instructions [49].

G. Prince et al.
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independent and safe performance of diabetes self-care, reducing pa-
tient need to contact their clinicians with self-management-related
concerns and thus potentially reducing healthcare resource utilization
[38]. Design of such a digital tool also responds to the growing number
of patients who, following introduction to telehealth during the COVID-
19 pandemic, often prefer virtual platforms for much of their healthcare
[39].

While many users reported discomfort and even fear of insulin in-
jections, this significant challenge did not map to a corresponding adult
learning and education principle. Such a barrier is likely rooted in the
complex interplay between a fear of pain, needle-phobia, and disease
stigma, all of which commonly affect patients with diabetes [40]. This
barrier could potentially be mitigated through the incorporation of other
fields of study, for example cognitive behavioral domains.

Discussion and conclusion

This study identified user-reported critical needs, barriers, and
challenges associated with learning diabetes survival skills during the
transition period of discharge from the inpatient setting to home. The
challenges begin while learners are still inpatient, when they report
feeling overwhelmed by the simultaneous onset of a new acute illness,
diabetes, and the need to learn complex and new diabetes survival skills
before discharge. Learning science principles, including spiral learning
and repetitive goal directed practice and feedback, are potentially
valuable strategies for the design of a telehealth solution that introduces
essential concepts in the diabetes survival skills process. Such a solution
can be implemented when patients are still hospitalized but can also be
repeated over time after discharge, providing layered learning and skills
acquisition.

Costly emergency department visits for hyperglycemia remain high
and are rising, particularly among racial/ethnic minority populations
and the elderly [41], suggesting that user concerns about self-
management of glycemic extremes may be warranted. Revision of cur-
rent diabetes survival skills education and training is critical for
fostering safe and effective self-care and prevention of re-hospitalization
and associated morbidity and mortality, which disproportionately af-
flicts vulnerable patients with diabetes [41,42]. With decreasing
numbers of inpatient CDCES [43], exacerbated by COVID-19, design
solutions that enable the delivery of a telehealth diabetes survival skills
training is paramount to meeting patients’ learning needs and over-
coming the gap in access to in-person diabetes education and training.

User concerns about accurate distinction between different types of
insulin is supported by national surveillance data that has historically
identified administration of an incorrect type of insulin as the second

leading cause of emergency department visits for hypoglycaemia [44].
Indeed, a design using a form fits function organizer to provide structure
to the task of learning diabetes survival skills could reduce the stress that
users associate with organizing and using multiple diabetes supplies
and, therefore, could be helpful in overcoming this safety risk.

This study shows that combining UCD to identify user needs, bar-
riers, and challenges, which can then be mapped to learning sciences
principles and theories, could inform the development of a more patient-
centered, feasible, effective, and sustainable diabetes survival skills
training model that could even be delivered via telehealth. In general,
the learning sciences offer an innovative approach to better serving user
needs within the domain of healthcare-based education. Conceivably,
these principles could be applied with a similar method to other high-
risk endocrine disease states requiring self-care education and possibly
to other cognitive specialties similarly facing a high need for safe and
autonomous learning.

As part of the next steps in the iterative UCD process, design solutions
incorporating learning sciences principles must be developed and tested
by users. While COVID-19 demonstrated the general need to provide
ongoing patient education support that supplements or even replaces in-
person clinical encounters, all future efforts to design diabetes survival
skills training must ensure that the solutions meet the needs of all users.

The application of UCD and learning and education sciences princi-
ples could specifically benefit racial and ethnic minorities and the
elderly, who have the highest prevalence of diabetes and risk of
diabetes-associated complications and mortality [45], by extending the
reach of accessible and user-centered diabetes survival skills training,
particularly through telehealth interventions [46,47]. Future studies
will need to evaluate the effectiveness of such diabetes survival skills
training, particularly telehealth solutions, to ensure the needs of all in-
dividuals with diabetes needs are met successfully.

Lastly, this study serves as yet another example of the emotional
distress patients newly diagnosed with diabetes and/or starting insulin
therapy may experience. As users reported, such distress impedes suc-
cessful acquisition of diabetes survival skills. While adult learning and
education sciences did not offer a clear solution to this particular
learning challenge, further multidisciplinary work, potentially in the
realm of the cognitive and behavioral sciences, is needed to overcome
the significant emotional challenges new users face.
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different learning speeds [28]

- Promotes problem-solving [28]
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it applies to “structuring the task”
[15,23,31]

- Offloads non-essential components of a
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- Provides immediate, timely feedback on
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Shown are key features of three primary adult learning and education principles, their design benefits, and examples of future applications for the purposes of re-
designing diabetes survival skills education. These applications translate readily to remote and/or virtual learning solutions.

G. Prince et al.



Journal of Clinical & Translational Endocrinology 37 (2024) 100364

7

Validation, Methodology, Investigation, Formal analysis, Conceptuali-
zation. Teresa Pollack: Writing – review & editing, Data curation,
Conceptualization. Susan Karam: Writing – review & editing, Data
curation. Emilie Touma: Formal analysis, Data curation. Rebeca
Khorzad: Methodology, Investigation. Stacy Cooper Bailey: Writing –
review & editing. David Gatchell: Writing – review & editing, Investi-
gation. Bruce Ankenman: Writing – review & editing, Investigation.
Jelena Kravarusic: Writing – review & editing. Terri Sabol: Writing –
review & editing, Methodology. Jane Holl:Writing – review & editing,
Writing – original draft, Validation, Supervision, Methodology, Inves-
tigation, Formal analysis, Data curation, Conceptualization. Amisha
Wallia: Writing – review & editing, Writing – original draft, Visualiza-
tion, Validation, Supervision, Project administration, Methodology,
Investigation, Formal analysis, Data curation, Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Amisha Wallia reports financial support was provided by National
Institute of Diabetes and Digestive and Kidney Diseases. Susan Karam
reports a relationship with Eli Lilly and Company that includes:
consulting or advisory. Stacy Cooper Bailey reports a relationship with
National Institutes of Health that includes: funding grants. Stacy Cooper
Bailey reports a relationship with Pfizer that includes: consulting or
advisory and funding grants. Stacy Cooper Bailey reports a relationship
with Merck & Co Inc that includes: funding grants. Stacy Cooper Bailey
reports a relationship with Eli Lilly and Company that includes: funding
grants. Stacy Cooper Bailey reports a relationship with Lundbeck that
includes: consulting or advisory and funding grants. Stacy Cooper Bailey
reports a relationship with Gordon and Betty Moore Foundation that
includes: consulting or advisory and funding grants. Stacy Cooper Bailey
reports a relationship with Sanofi that includes: consulting or advisory.
Stacy Cooper Bailey reports a relationship with University of West-
minster that includes: consulting or advisory. Stacy Cooper Bailey re-
ports a relationship with Luto that includes: consulting or advisory.
Amisha Wallia reports a relationship with Novo Nordisk Inc that in-
cludes: funding grants. Amisha Wallia reports a relationship with Uni-
tedHealth Group Inc that includes: employment. Corresponding author
is an associate editor for the Journal of Clinical and Translational
Endocrinology, and is one of the guest editors on the special issue to
which the manuscript is submitted − G.P. If there are other authors, they
declare that they have no known competing financial interests or per-
sonal relationships that could have appeared to influence the work re-
ported in this paper.

Acknowledgements

Support for this work came from the National Institute of Diabetes
and Digestive and Kidney Diseases grant P30 DK092949 (through the
Chicago Center for Diabetes Translation Research), NIH/NIDDK
R01DK131469; and NIH/AHRQ R18 HS026143.

References

[1] National Diabetes Statistics Report, 2020: Estimates of Diabetes and its Burden in
the United States U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention2020.

[2] Nassar CM, Montero A, Magee MF. Inpatient diabetes education in the real world:
an overview of guidelines and delivery models. Curr Diab Rep 2019;19(10):103.
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