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Abstract

Background: Technology is changing the way the world communicates and how we learn, remember, and transform
information. The ascendancy of the internet has dramatically altered the landscape of health information access and seeking
behaviors. This transformation is embodied by the concept of digital health literacy (DHL) and the need for interventions that
improve DHL.

Objective: This study aims to explore readiness for DHL transformation and intervention preferences from the perspectives of
patients with cancer, caregivers, and health care professionals.

Methods: We conducted semistructured telephone and on-site interviews with 19 patients with cancer, 6 caregivers, and 10
oncology health care professionals. Purposive sampling was used to recruit the participants. We followed the 7 stages of
the Framework Method analysis: transcription, familiarization with the interview, coding, developing a working analytical
framework, applying the analytical framework, charting the data into the framework matrix, and interpreting the data. This
was used to investigate participants’ beliefs about technology adoption, their preferences for DHL training, and the facilitating
conditions for adopting such training. We used a hybrid deductive-inductive approach to data analysis, starting with a priori
themes and allowing emergent themes to develop as the analysis progressed. The Unified Theory of Acceptance and Use of
Technology informed our data generation and analysis.

Results: The following 6 themes emerged from the analysis: introducing technology-driven solutions, simplifying technology
training materials, providing user-friendly training materials, patient-centered care, partnership, and addressing cultural and
linguistic barriers. We found that patients with cancer and caregivers were self-sufficient and motivated to use new technology
to improve their DHL; however, health care professionals were concerned about the reliability of online information. By
mapping interview themes to the Unified Theory of Acceptance and Use of Technology, we identified specific recommenda-
tions for the creation of a DHL intervention: content should be concise, easy to understand, and web-based; content should
include training on how to identify reliable cancer information; patients would like to be involved in content creation in
addition to medical and government stakeholders; and content should be accessible in multiple languages.

Conclusions: Patients with cancer and their caregivers were motivated to use modern technology to improve cancer DHL,
despite the quality issues raised by health care professionals. The participants’ preferences regarding DHL training align with
the innovative microlearning pedagogy. Microlearning could leverage technology to deliver tailored DHL training for patients
with cancer. Collaboration with multiple medical and nonmedical stakeholders could facilitate the delivery of cancer DHL
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training. Future work should focus on designing and assessing the feasibility of implementing a microlearning-based DHL
training program that involves end users and diverse stakeholders.
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Introduction

Online technologies have changed societies and affect our
daily lives in many ways. This is reflected in the growing use
of the internet and mobile devices by consumers to access
health information and services [1]. Saudi Arabia’s Vision
2030 outlines an ambitious plan to transform the health care
sector through digitalization [2]. This transformation includes
aspects of digital health literacy and technology-driven health
engagement, focusing on improving access, efficiency, and
patient empowerment through digital health [3].

In Saudi Arabia, approximately two-thirds or more of
individuals get their health-related information from social
media or the internet [4]. Internet use can be particularly
effective when there are barriers to accessing traditional
health information, especially for stigmatized conditions such
as cancer [5,6]. Patients with cancer widely seek digital health
information, as demonstrated in a study reporting that 76.4%
of survivors of cancer use the internet for health-related
information [7].

Digital health is now considered a complement to cancer
care to meet key unmet needs, such as “support to help cope
with a diagnosis” and “cancer education and information” [8].
Indeed, one study reported “information and education” as
one of the most needed digital health functions for patients
with cancer, caregivers, and health care providers [9].

Digital health literacy (DHL) is the ability to use informa-
tion and communication technologies to find, evaluate, create,
and communicate health information, and it requires both
cognitive and technical skills [10]. Information searching is
often described as a problem-solving task that involves a
series of complex cognitive processes, such as inferences and
decision-making [10]. Complex or confusing digital health
information is especially difficult for patients with cancer
since their cognitive abilities decrease due to the effects of the
cancer and chemotherapy treatment [11]. A 2023 systematic
scoping review found that patients with cancer and caregivers
struggle to identify reliable information resources and can
be misled or misinterpret information online [12]. A study
in Saudi Arabia demonstrated that participants with higher
DHL scores were more likely to have increased breast cancer
literacy [13]. Another study reported that almost one-third of
participants face challenges formulating precise health-related
inquiries, highlighting the critical need for specialized DHL
education initiatives in Saudi Arabia [14]. Mackert et al [15]
and Zarcadoolas et al [16] have advocated for user-friendly
educational interventions to bridge the DHL gap.

Health education needs to adapt and develop innova-
tive ways of relating appropriately to the way we live,
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work, and learn today. A recent systematic review reported
many interventions to improve laypeople’s DHL, including
interactive workshops, community outreach programs, and
educational initiatives. However, no one has used a novel
educational approach or targeted patients with cancer [17].
Low DHL in cancer care contributes to adverse health
outcomes, hinders self-management of patients’ conditions,
and is considered a barrier to engaging with digital health
technologies [18].

Digital health readiness is defined as a patient’s abil-
ity and comfort with using digital tools for health care
engagement [19]. This concept expands on existing literature
describing DHL to include factors such as health care trust,
acceptance of technology, and relevance to care. Current
approaches to DHL intervention design are evolving from
viewing patients as merely passive consumers of care to
viewing them as active coproducers in their care management
[20,21]. Coproduction in health care delivery is a recipro-
cal, collaborative process in which patients and health care
providers work together to deliver care, sharing information
and setting goals to create value [20]. Digital health interven-
tions in cancer care have been reported to reduce symptoms
[22], improve health behaviors [23], and promote psychologi-
cal well-being and quality of life [24].

Nutbeam [25] outlined the need to invest in research to
improve our understanding of how effective health interven-
tions should be implemented. Eccles et al [26] further argued
that we need to see greater use of theoretical approaches
underpinning the design and implementation of interventions.
Although theories have been used to evaluate digital health
interventions [27], there is a lack of theoretically informed
research in the field of digital health readiness.

The Unified Theory of Acceptance and Use of Tech-
nology (UTAUT) is a comprehensive digital health readi-
ness framework that integrates and extends various theories
to explain the acceptance and use of technology [28]. It
incorporates elements from 8 previous models of technol-
ogy acceptance, namely the Theory of Reasoned Action, the
Technology Acceptance Model, the Motivational Model, the
Theory of Planned Behavior, a combined model of Technol-
ogy Acceptance Model and Theory of Planned Behavior, the
Model of Personal Computer utilization, the Diffusion of
Innovations theory, and Social Cognitive Theory [28]. It has
4 determinants (performance expectancy, effort expectancy,
social influence, and facilitating conditions) and 4 modera-
tors (gender, age, experience, and voluntariness of use) [28].
The UTAUT model has demonstrated its broad applicability
across diverse fields, including the Internet of Things [29],
artificial intelligence products [30], and electronic health
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technology [31,32], but has not yet been applied to educa-
tional interventions targeting patients with cancer.

The aim of the paper was to explore the readiness for
DHL transformation and intervention preferences from the
perspectives of patients with cancer, caregivers, and health
care professionals using the UTAUT model. To our knowl-
edge, our paper is the first to use the UTAUT to explore
readiness for DHL transformation and intervention preferen-
ces from the perspectives of patients with cancer, caregivers,
and health care professionals. The UTAUT was chosen to
help us understand the following objectives: participants’
beliefs about technology adoption, preferences regarding
DHL training adoption, and the conditions that facilitate
DHL training adoption. Knowledge of technology adoption is
crucial to ensure the delivery of quality cancer care education.

Methods

The COREQ (Consolidated Criteria for Reporting Qualitative
Research) checklist [33] was used to guide reporting of the
study (Checklist 1). It also provides a structured account of
the study’s methodological rigor, transparency, and researcher
reflexivity.

Study Design

The study design domain describes a qualitative content
analysis approach [34] informed by the UTAUT. The
UTAUT was relevant because it enables in-depth exploration
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of the unconscious behaviors that drive the uptake of
health education initiatives. Semistructured on-site and
telephone interviews were conducted with patients with
cancer attending the oncology department for chemother-
apy treatment and their caregivers, as well as oncology
health care professionals at King Fahad Specialist Hospital
(KFSH), Dammam, Saudi Arabia. The researchers selected
the semistructured interview format because it allowed them
to preformulate questions, compare data across participants,
and adjust questions as necessary during the interview [35].

Sampling and Recruitment

Purposive sampling was used to provide rich, relevant, and
diverse data that were not intended to be representative of
a broader population [36]. We deliberately sampled a mix
of ages, genders, and socioeconomic statuses from different
participant types, including patients with cancer and their
caregivers and oncology health care professionals, based on
preidentified inclusion and exclusion criteria (Textbox 1).
Patients and caregivers were recruited face to face. Paper-
based posters, recruitment emails, and telephone calls were
also used to facilitate the recruitment. Oncology health
care professionals were recruited through gatekeepers in the
oncology department. We recruited 44 participants, including
24 patients, 6 caregivers, and 14 health care professionals; 5
patients and 4 health care professionals declined to partici-
pate. In total, 35 participants agreed to participate in the
study. Saturation was used as a guiding principle to assess
the adequacy of the purposive sample [37].

Textbox 1. Inclusion and exclusion criteria for the different participant types, including people with cancer, their caregivers,

and health care professionals involved in cancer care.

Inclusion criteria

emotional or other support

Exclusion criteria

or other support
. Health care professionals not involved in cancer care

:lkw

5. Never used the internet to search for cancer information

1. Patients with a personal history of cancer who are considered in remission
2. Family/friend caregivers involved in helping care for patients with cancer for 2 or more hours per week, providing

3. Health care professionals involved in cancer care (assistant consultants/consultants, nurses, health educators)

4. =18 years old, male or female, and able to understand and answer in Arabic

5. Must have used the internet to search for cancer information

1. Patients with no personal history of cancer; patients with a personal history of cancer but not considered in remission

2. Caregivers with no significant involvement in helping with care as defined by less than 2 hours per week of emotional

<18 years old, unable to understand and answer in Arabic

Interview Question Design

A panel of 5 stakeholders agreed on the interview ques-
tions. The panel included 2 clinicians and 3 academics with
expertise in DHL. The semistructured interview questions
were open-ended focusing on the following areas: (1) digital
learnability, (2) DHL training mode of delivery, (3) DHL
training information content and display, (4) DHL train-
ing interval and duration, (5) DHL training design, and
(6) facilitators of the DHL training adoption. The question-
naire initially had 10 questions. An additional question was
added following a small number of pilot interviews to better
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understand the facilitators for adopting DHL training. This
question and the DHL training design question received
the most interest from patients with cancer and caregivers.
Health care professionals were most interested in discussing
the DHL training content; however, differences emerged
among patients with cancer, their caregivers, and health care
professionals’ preferences. We developed the interview guide
in English to allow discussion with the English-speaking
researchers. The interview guide was translated into Arabic,
as the interviews were conducted in Arabic per the proto-
col and inclusion criteria. Participants were provided with
an Arabic version of the topic guide before consultation.
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Multimedia Appendix 1 includes the English and Arabic
versions of the interview guide. Sociodemographic data were
collected via a brief pre-interview questionnaire that was
posed by the interviewer and answered by the participants.

Data Collection

A female PhD researcher (HM) with no prior interaction
with participants carried out the interviews in Arabic. No one
else was present besides the participants and the researcher.
The researcher disclosed that the study was part of her
doctoral research on DHL. The researcher has professional-
level fluency in Arabic and English and is a DHL expert,
with experience in qualitative research, the research topic, and
Saudi culture. The researcher completed the Good Clinical
Practice course before conducting the study. The researcher
conducted 35 telephone and on-site (KFSH) interviews with
patients with cancer, caregivers, and oncology health care
professionals following written and verbal informed consent.
The interviews were conducted in cycles between August 15,
2024, and February 15, 2025, at times and locations con-
venient to the participants. Interviews were audio-recorded,
transcribed, and coded using a thematic analysis approach
within the Framework Method described in the following
paragraphs [38]. No field notes were made during and/or after
the interview. No repeat interviews were carried out. At the
close of each interview, the audio recordings were transcribed
into Microsoft Word. The description of the coding tree was
not included in the main manuscript nor its appendices but
can be shared upon reasonable request. Most of the interviews
lasted 30 minutes to 45 minutes. However, interviews with
patients with cancer and caregivers lasted between 30 minutes
and 35 minutes, while health care professionals ’ interviews
lasted longer (35-45 min). There were no differences in
interview quality between patients with cancer or caregiv-
ers and health care professionals or between telephone and
on-site interviews. We reached data saturation after conduct-
ing the 35 interviews, as no new themes were emerging
during interviews 34 and 35. We first assessed code saturation
to ensure it was sufficient to understand the issues identified.
Second, we assessed meaning saturation to ensure that no
further dimensions, nuances, nor insights into the issues could
be found. We also evaluated whether specific characteristics
of codes influenced code or meaning saturation to provide
parameters for estimating saturation based on the nature of
codes developed in a study [37]. These approaches provided
confidence that the collected data adequately captured the
breadth of relevant perspectives within the study population,
thereby ensuring the depth and credibility of the findings.

Data Analysis

Audio recordings of the interviews were made with the
participants’ consent and transcribed verbatim in Arabic. The
quotes were translated forward and backward into Eng-
lish by the principal investigator (HM; researcher transla-
tor). A bilingual health literacy expert consultant reviewed
the translation (MM). The transcriptions were analyzed
by iteratively reading transcripts. Thematic analysis was
conducted using the Arabic versions of the transcripts; the
results section used English translations of the quotations for
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readability by a wider audience. We used a hybrid deduc-
tive-inductive approach to data analysis [38], starting with a
priori themes and allowing emergent themes to develop as
the analysis progressed. This blend helped balance theoreti-
cal grounding with a rich, data-driven understanding of the
topic. Given the potential value of theory as a heuristic
for qualitative analysis processes [39], data generation and
analysis were informed by the UTAUT. Emergent themes
were subsequently mapped onto the 4 determinants of the
UTAUT [28]. The mapping process relied on iteratively
moving between the emergent themes and the UTAUT
determinants to build knowledge about applying UTAUT to
the project data.

The Framework Method sits within a broad family of
analysis methods often termed thematic analysis or qualita-
tive content analysis. The Framework Method can be adapted
for use with qualitative analyses that are deductive, induc-
tive, or combined [40]. It also facilitated constant compa-
rative techniques by reviewing data across the matrix; as
such, it was found to be appropriate for our paper as it
involves different types of participants (patients, caregivers,
and health care professionals) [40]. The following 7 stages
of the Framework Method analysis were followed: transcrip-
tion, familiarization with the interview, coding, developing
a working analytical framework, applying the analytical
framework, charting the data into the framework matrix, and
interpreting the data [40].

Reflexivity measures were applied to mitigate potential
bias arising from the researcher’s background in DHL.
Two researchers from different professional backgrounds
independently conducted coding in NVivo 14 to explore
the development of inductive themes and the application of
deductive ones. This approach helped to ensure intercoder
reliability and to heighten reflexivity [41].

Transcript analysis was carried out at primary and
secondary levels. Whereas first-level coding created
descriptive, low-inference codes directly from the data,
second-level analysis allowed for the reorganization of
primary codes into appropriate categories, subthemes, and
themes [41].

Member checking is crucial in qualitative research to
ensure credibility and validity, reduce researcher bias,
increase trustworthiness of the findings, and ensure partici-
pants’ expertise was fully used [42]. A researcher prepared
a draft of the findings, including anonymous quotations, 1
month after data collection and shared it with one-half of
the participants individually (an equal number of health care
professionals and patients). The researcher asked questions
about accuracy, interpretation, completeness, fairness and
respect, and clarification. The participants provided their
answers through written feedback. The feedback was used
to revise interpretations, clarify ambiguities, and add missing
information.

To ensure the awareness of reflexivity in that one’s own
beliefs can affect interpretation [41], 3 additional mem-
bers of the research team, a cancer survivor, and a consul-
tant oncology doctor, reviewed the themes, subthemes, and
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categories and refined them, seeking clarity on language and
suggesting additional work. The research team worked in
a group throughout the analysis, comparing coding, discus-
sing how the data related to the UTAUT coding frame,
and refining the coding frame. Data analysis clinics were
also used to strengthen the initial inductive analysis and to
map themes onto the UTAUT. A narrative description was
provided for each of the themes speaking to readiness for
DHL transformation and intervention preferences.

Ethical Considerations

All the procedures performed in the study involved human
participants. Ethical approval was obtained before data
collection from the KFSH research ethics committee (April
23, 2024/EXT0429). The method of collecting and analyz-
ing data was carried out in a manner that was compliant
with all applicable ethical norms. Full disclosure was made
regarding the investigation’s objective and the legal rights of
those participating. Each participant was given a pseudonym
to preserve confidentiality and maintain anonymity. Every
participant provided informed consent before the interview
began. Participation in the study was entirely voluntary
throughout the process. Participants did not receive com-
pensation for their participation in the study. Data will be
stored on the principal investigator’s (HM) password-protec-
ted Outlook OneDrive account for 2 years then destroyed.

Mohamed et al

Results

Participants’ Characteristics

The first 24 patients who met the study criteria were
invited to participate in the study; 5 patients declined (3
men and 2 women) because they were too ill to be inter-
viewed on the day of the appointment. In addition, 6
caregivers agreed to participate in the study. Of the 14
health care professionals recruited, 4 refused to participate
(3 nurses and 1 health educator) because they were too
busy during the data collection period. Only 10 health care
professionals (assistant consultants and consultants) agreed
to participate in the study. The total number of patients,
caregivers, and health care professionals interviewed was 35.
Table 1 presents the participants’ characteristics including
age, gender, and participant category. Questions were asked
regarding demographics, including education, and socioeco-
nomic status; however, many participants declined to disclose
these, most likely as they were considered sensitive informa-
tion. Given the extent of the missing data, these variables
have not been reported.

Table 1. Participant characteristics for those who participated (n=35) in the semistructured interviews in King Fahad Specialist Hospital, Dammam,

Saudi Arabia, between August 15,2024, and February 15, 2025.

Age (years),
Participant category Participants, n Male, n Female, n range
Patients with cancer 19 9 10 30-65
Cancer caregivers 6 1 5 30-50
Oncology health care professionals 10 7 3 40-55

Qualitative Findings

Findings on readiness for the DHL transformation and
intervention preferences are presented in Textbox 2 and
framed around the 4 determinants of the UTAUT. We

identified 6 themes and 9 subthemes under the UTAUT
determinants. For the first 2 subthemes, there were catego-
ries that were considered individually as indicated in the
following sections.

Textbox 2. The 4 determinants of the Unified Theory of Acceptance and Use of Technology and their definitions, themes,
subthemes, and categories describing the factors that influence digital health literacy training preferences in people with cancer

in a sample size of 35 participants.

1. Introduction of technology-driven solutions
a. Digital literacy learnability

1. Addressing the digital divide

1. Simplifying technology training materials
a. Bite-sized information
b. Desire for reliable information

2. Providing user friendly training materials
a. Self-paced training

https://cancer . jmir.org/2026/1/e77738

Performance expectancy (user’s belief that using technology will enhance their search performance and productivity)

1. Self-efficacy for using the technology to search for cancer information
2. Willingness to engage with new technology to improve cancer digital health literacy
b. Demand for technology-driven solutions to improve cancer digital health literacy

2. Designing an educational digital health literacy training
Effort expectancy (the degree of ease associated with the use of technology)
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b. Short-duration training

1. Patient-centered care

1. Partnership

2. Addressing cultural and linguistic barriers
a. Providing bilingual training material

Social influence (the impact of external factors on an individual’s decision to adopt technology)

a. Willingness to be involved in the design of the training material
Facilitating conditions (availability of resources, support, and infrastructure necessary for technology adoption and use)

a. Collaboration with multiple stakeholders (medical and nonmedical)

Mohamed et al

Performance Expectancy

There were 2 subthemes under performance expectancy:
digital literacy learnability and demand for technology-driven
solutions to improve cancer DHL.

Digital Literacy Learnability

Digital literacy learnability refers to the self-efficacy of
patients with cancer and their willingness to engage with
technology.

Patients with cancer and their caregivers spoke about
their self-efficacy in navigating online cancer information.
Inversely, many health care professionals expressed concerns
about the quality of cancer information retrieved by patients
online.

1 feel confident when opening web browsers to search
for cancer information. [Patient 5]

I feel confident to click on a link to visit a cancer
website. [Caregiver 2]

Nowadays, patients are increasingly dependent on the
internet to search for cancer information; however,
most of the information they brought to me was
unreliable. [Health care professional 3]

Patients with cancer and caregivers expressed being
motivated to engage with new technologies, with a view
to learning and improving their cancer care. Health care
professionals also noted patients’ eagerness to search online,
often before their doctor’s visit.

I am interested to learn about my health through the
new technology channels. [Patient 8]

I believe learning through the new technology can
affect patients' health positively. [Caregiver 5]

Most of the patients nowadays prefer searching online

even before visiting the doctor. [Health care professio-
nal 7]

https://cancer.jmir.org/2026/1/e77738

Demand for Technology-Driven Solutions to
Improve Cancer DHL

Demand for technology-driven solutions to improve cancer
DHL refers to addressing the digital divide to ensure that
technology is accessible to all users, regardless of their
geographical location or socioeconomic status and designing
educational DHL training.

Patients, caregivers, and health care professionals reported
a preference for web-based DHL training. They believed that
online training would help address the digital divide and
facilitate digital inclusion.

Going far away from my home to get the training is
costly, and I don't have the energy like before. [Patient
5]

I won't be able to attend training conducted even 5
minutes away from my house, as it requires a lot of
dedication. [Caregiver 4]

I would say if the educational training is provided
online, it will be easily accessible for the consumers
and more engaging. [Health care professional 2]

Patients and caregivers spoke about designing a smart-
phone app to deliver the DHL training. On the other hand,
many health care professionals demonstrated a need for an
educational video to improve cancer DHL.

I feel more engaged with smartphone applications as [
hold my phone most of the day. [Patient 15]

If the educational materials are provided through the
applications, they will be easily accessible. [Caregiver
6]

I believe designing an educational video to be available
for the general public would be of great value, as
they provide easy-to-catch information. [Health care
professional 7]

Effort Expectancy

There were 4 subthemes under effort expectancy: bite-
sized information, desire for reliable information, self-paced
training, and short-duration training.
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Bite-Sized Information

Patients with cancer and caregivers emphasized the impor-
tance of providing concise educational content to reduce
cognitive effort and time. Health care providers discussed
the impact of chemotherapy on the learning abilities of
patients with cancer, necessitating the provision of small-bun-
dle information.

I am a busy person with my family, work, and now a
cancer patient; I don’t have that energy like before to
learn complex educational materials. [Patient 11]

I think providing educational material in small bites
may reduce the learning burden. [Caregiver 1]

Patients with cancer face many difficulties concerning
learning, especially after receiving chemotherapy; they
would benefit from small pieces or guides of informa-
tion. [Health care professional 8]

Desire for Reliable Information

Patients and caregivers expressed a need for training on
identifying reliable cancer information. They recommended
learning tips for evaluating the reliability of online informa-
tion and identifying high-quality websites, while health care
providers spoke about the importance of educating laypeople
about common cancer misconceptions.

I want to learn about excellent quality websites for lay
people to search cancer information. [Patient 13]

I want to learn how to evaluate the reliability of online
health information. [Caregiver 1]

Many patients with cancer come to my clinic
with worsening symptoms and poor prognosis due
to misinformation. It is essential to increase pub-
lic awareness about common cancer Mmisconceptions.
[Health care professional 3]

Self-Paced Training

Most patients and caregivers stated that they like the
flexibility of online training and being able to go at their own
pace.

Accessing the training material with no fixed schedule
and the ability to set my times would help me to engage.
[Patient 12]

I want to reach the training when I want, at the time [
want, and with the time I have. [Caregiver 6]

Short-Duration Training

Patients, caregivers, and health care professionals spoke about
providing short-duration training to reduce cognitive load and
optimize attention span for memorizing information.

https://cancer.jmir.org/2026/1/e77738
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It could even be an educational training that does not
exceed 10 minutes to be able to focus and memorize
it. [Patient 11]

They can be 10 minutes, but then they are almost too
long. [Caregiver 6]

Short training, 5 minutes maximum to reduce the
learning load. [Health care professional 8]

Social Influence

There was 1 subtheme under social influence: willingness to
be involved in the design of the DHL training.

Patients with cancer expressed a strong desire to be
involved in the design of the training material.

Caregivers and health care professionals believed that
the patient voice should be heard to ensure relevance and
acceptability of training materials.

Nobody knows it better than yourselves, having gone
through it... You can set up all the processes on paper:
This happens, this happens, this happens, but until you
actually press play and go through it. [Patient 6]

People who set the training materials have never
passed through a cancer journey. They see it from the
other side of the desk, but to actually involve people
who have been on the receiving end. [Caregiver 15]

Getting patients with cancer involved could help to
cover a huge gap that comes between the delivery
and acceptance of the training materials. [Health care
professional 6]

Facilitating Conditions

There were 2 subthemes under facilitating conditions:
collaboration with multiple stakeholders (medical and
nonmedical) and providing bilingual training materials.

Collaboration With Multiple Stakeholders
(Medical and Nonmedical)

Patients with cancer, caregivers, and health care professionals
spoke about the essential role of collaborative work in the
design of the training materials. They emphasized the role
of technology assistants, governmental authorities, and health
care professionals in designing the educational materials.

I trust the oncology doctors, nurses, health educators,
researchers, and governmental authorities. Why don't
they put their hands together to deliver such training?
[Patient 3]

It is not an easy game that one person can play; it is the
health of cancer patients... it needs different expertise
in different sectors. It is worth connecting to deliver
such a lifesaving game. [Caregiver 1]
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I would see it as a cooperative work; one hand will not
clap. We are not in front of the computer to see how this
work can be done. We want to work as one unit to see
this work delivered properly. [Health care professional

1]

Providing Bilingual Training Materials

Patients with cancer, caregivers, and health care providers
expressed a need for providing bilingual DHL training to

Mohamed et al

also. I believe providing an educational training in both
languages would be useful for both. [Caregiver 4]

Providing bilingual training in both Arabic and English
may facilitate the use of the educational training by
the end consumers from different cultures. [Health care
professional 6]

We integrated the findings into the commonly identi-

deliver culturally appropriate material.

I think it would be worthwhile if the training is provided
in Arabic and English. [Patient 19]

fied themes to generate a conceptual framework for cancer
DHL training (Figure 1). The framework explores how the
pre-identified themes and subthemes were mapped onto the
4 determinants of the UTAUT to generate technology-driven
cancer DHL training.

Our native language in Saudi Arabia is Arabic, while
some residents from different cultures speak English

Figure 1. Cancer digital health literacy conceptual framework based on the main findings of the study in conjunction with the Unified Theory of
Acceptance and Use of Technology, including the useful training components derived from the thematic analysis and theory determinants.
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Discussion

Principal Findings

We found that patients with cancer and caregivers were
self-sufficient and motivated to engage with new technology
to improve cancer DHL; however, health care professionals
were concerned about the reliability of online information.
We identified specific recommendations for creating cancer
DHL training: Content should be concise, easy to under-
stand, web-based, and delivered through technology-driven
solutions; content should include training on how to identify
reliable cancer information; patients would like to be involved
in content creation; and training should be self-paced and
of a short duration. Our findings demonstrated collaboration
between medical and nonmedical stakeholders to facilitate
DHL training adoption.

Comparison With Prior Work

Participants’ Beliefs About Technology
Adoption

Our findings indicated that patients with cancer and caregiv-
ers were self-sufficient and motivated to use novel technol-
ogy to improve cancer health literacy. Previous studies in
Saudi Arabia reported that most participants prefer to use the
internet to search for health information [43-45]. A qualitative
focus group study found that most participants recognized
the benefits of using technology to manage their health care,
despite expressing concerns about its use [16].

Car et al [46] identified several barriers to the use of
digital health information, including a lack of motivation and
cognitive skills to find and use information. The expecta-
tion that online health information will be useful is one of
the strongest predictors of internet use [47], and a lack of
skills was debated as one possible reason for not using the
internet [46]. Specifically, potential users may lack the skills
to effectively locate, evaluate, and use online health informa-
tion [48]. Motivation was reported as an essential step in line
with education for DHL training adoption [46].

Participants’ Preferences Considering DHL
Training Adoption

Our findings indicated that most participants preferred
web-based DHL training. This approach has been repor-
ted in previous DHL interventions [49-53]; however, those
interventions were not microlearning-based. An online
learning environment has certain limitations; as such, learning
materials should be as explicit and purposeful as possible,
thus microdesigned. Microlearning could leverage the use
of technology to deliver tailored DHL training but not a
technology-dependent format of learning [54].

Our findings indicated that the participants preferred to
receive DHL training through technology-driven solutions,
namely smartphone apps and videos. A study in Saudi
Arabia used an educational video to improve participants’
ability to detect health-related misinformation in WhatsApp
messages [55]. Nokes and Reyes [56] targeted patients with
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HIV through an educational video about identifying reliable
internet sites. As a cost-effective approach, mobile health
apps can also appropriately deliver interventions to patients
with cancer [57] and patients with chronic conditions [58].
The “SUCCESS app” is a DHL cross-platform application
developed to support Australian adults with chronic kidney
failure to improve patients’ critical health literacy skills [59].
The “WebChoice” application was developed to provide
reliable and useful links and resources for patients with
cancer [60].

Effective microdesigned videos and health apps have
recently been reported in health professional education
studies [61-63]. However, to our knowledge, no microde-
signed DHL apps or videos targeting patients with can-
cer have been developed yet. More research is needed to
understand participants’ views on how smartphone apps and
videos could be microdesigned to improve DHL for patients
with cancer.

We noted that the preferred style for information display
for patients with cancer was a bite-sized format. Buchem and
Hamelmann [64] contended that large bundles of information
on the internet are often ignored, whereas small pieces of
the whole are tagged and linked in ways that create new
patterns, ideas, and meaning. Microlearning, therefore, has
the capacity to present information in the most common way
people learn today [65]. The individual learning units had
a clear, focused message that reinforced two of the aims of
microlearning: reducing cognitive load on working memory
[66] and adapting to the pressures of a limited attention span
[67].

Our paper identified demand for training on how to
identify reliable cancer information, including learning to
identify high-quality cancer websites and tips for evaluat-
ing online information. Both approaches were observed in
prior DHL interventions and were reported to be effective
in a systematic review [17]. A DHL workshop introduced
participants to cancer websites of various top-level domains
and web pages accredited by the Health on the Net Foun-
dation [68]. A DHL tutorial also introduced participants to
the MedlinePlus.gov website to search for health informa-
tion [69]. Previous interventions have used several tools to
teach people how to evaluate online information, including
the SEEK (Source, Evidence, Explanation, and Knowledge)
criteria [70], the DISCERN critical appraisal tool [49], and
the PILOT (purpose, information, links, originator, timeli-
ness) criteria [71]. However, Bernstam et al [72] reported that
commonly cited website quality criteria are not effective at
identifying inaccurate online information about breast cancer.
Future research could focus on using the quality criteria
to assess their effectiveness in evaluating other cancer web
pages.

Health care professionals in our study identified a need
to increase public awareness of common cancer misconcep-
tions. A cross-sectional study conducted in Saudi Arabia
explored the 7 commonly identified cancer misconceptions
in Saudi Arabia [45]. However, the results of the study are not
available in lay language. The next essential step is translating
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and disseminating the research findings into lay language,
which could be facilitated through technology-driven DHL
interventions.

Our findings indicated that the participants preferred
self-paced, short-duration DHL training. This approach was
seen in prior DHL interventions [56,70]. However, none
of those interventions fit within the microlearning time
frame. Unlike formal learning, the time spent on microlearn-
ing ranges from a few seconds to 15 minutes [64]. With
microlearning’s ability to space out the learning process
over time, a more extended period is often required to
learn the content, thereby leveraging retrieval spacing effects
to improve information retention and support perpetual,
sustainable lifelong learning [65].

Our findings indicated that cancer patients were interested
in being involved in the design of cancer DHL training.
Mohamed et al [17] reported using this approach in a few
studies and considered it a facilitator of intervention use
by end consumers. Kemp et al [18] called for using partic-
ipatory design principles to address DHL in cancer care.
Microlearning focuses on users’ social interactions to drive
content creation and can transform consumers into producers
(prosumers) [64]. We identified a small body of literature
focusing on users’ feedback in the design of microlearning
interventions in cancer care [73]. Future research could focus
on developing microlearning-based DHL interventions from
end users’ perspectives.

Several educational approaches have been trialed to
improve consumers’ DHL, such as didactic lessons [71,74]
and collaborative learning [75]. However, driven by the
patient-centered care concept and the era of rapidly advancing
technologies, Lee et al [76] called for the use of student-cen-
tered pedagogical approaches to educate health consumers.
One such innovative pedagogy that could meet our partic-
ipants’ demand for bite-size, discrete learning bundles is
microlearning [77].

Facilitating Conditions for DHL Training
Adoption

In our study, the participants called for a collaborative
approach between medical and nonmedical staff to deliver
DHL training. Previous research reported the delivery of
several DHL interventions through the collaboration of
multiple stakeholders [53,56,68,74]. Most of those interven-
tions were reported to be effective in a systematic review
study [17]. Partnerships have become increasingly relevant in
the delivery of health care services over the last few decades
[78]. For instance, a 2012 Institute of Medicine report listed
calls for enhanced collaboration among the public, private,
health care, and non-health care sectors to improve chronic
disease prevention [79]. Other studies have echoed recom-
mendations for cross-sector collaboration to address social
determinants of health [80,81]. Recently, the infosphere has
been recognized by Morley et al [82] as a social determi-
nant of health, defining it as the entire information environ-
ment that influences health-related behaviors and outcomes,
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alongside socioeconomic status, income, education, age, race,
ethnicity, and gender.

Strengths and Limitations

This study has several limitations. We only explored the
perspectives of patients with cancer, caregivers, and oncology
health care professionals. Our paper did not consider the
opinions of policymakers, technology advisers, and other
health care professionals (nurses and health educators).
Future research can include diverse stakeholder types. Only
6 caregivers were included in our study. Future research
could include more caregivers to compare their experiences
with those of patients with cancer. The study focused on
participants from a single hospital, limiting generalizability
to broader populations. Future research should include a
diverse sample across multiple health care settings. The study
participants were all deliberate internet users, selected to
understand their experiences with online navigation needs.
Addressing noninternet users and considering their preferen-
ces for DHL intervention were not considered in our paper.
Implementing digital health in cancer care must address the
variability of DHL in recipients to enhance digital inclusion
and digital health equity. The Framework Method used for
thematic analysis was time-consuming and resource-intensive
and requires a high level of training to be used successfully
within a multidisciplinary team.

The UTAUT was found to be a good fit for our study, as
it captured the content discussed in the interviews and helped
explore which technology-driven DHL training works well
from the perspectives of end users and health care providers.
To our knowledge, our study is the first to apply the UTAUT
to propose a microlearning-based DHL training program.
However, we did not examine the effect of the UTAUT
moderators (age, gender, experiences, voluntariness of use)
on participants’ intention to adopt technology. Future research
could use a health literacy lens to examine the interactions
among those factors and participants’ technology adoption.

Implications for Practice

To ensure patient-centered care, it is essential to involve the
end users in designing future DHL interventions. Collaborat-
ing with multiple stakeholders across relevant fields could
facilitate shared decision-making. Education, combined with
targeted design, can help effectively implement digital health
in cancer care.

Driven by the issue raised in our paper regarding the
digital health literacy gap for patients with cancer, micro-
learning could help address the need to learn infrequently
used or new skills, thereby improving patient safety [64].
A previous feasibility study of microlearning to deliver
information on chemotherapy side effects to patients with
lung cancer demonstrated improvements in participants’
cancer literacy and self-management coping strategies [73].
However, to our knowledge, our paper is the first to pro-
pose microlearning as a subscription model for designing
a DHL intervention. Future work should focus on creat-
ing a prototype and examining its feasibility for short-term
implementation.
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Despite using microlearning as an instructional educa-
tional strategy, it may eventually be superseded by emerg-
ing innovations such as nanolearning, metaverse learning,
or artificial intelligence—assisted learning, which promise
opportunities to improve the quality and accessibility of
education and to facilitate lifelong learning.

Conclusion

Patients with cancer and caregivers were motivated to use
modern technology-driven solutions to improve cancer DHL.
The participants’ preferences regarding DHL training aligned

Mohamed et al

with the innovative microlearning pedagogy. Microlearning
could leverage technology to deliver tailored digital health
literacy training for patients with cancer. Collaboration with
multiple medical and nonmedical stakeholders could facilitate
the delivery of cancer DHL training.

Future work should focus on designing and assessing
the feasibility of implementing a microlearning-based DHL
training program that involves end users and diverse
stakeholders.
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