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Chapter 3 
Designing with and for people 
with limited health literacy
Developing a digital medication adherence intervention for and 
with patients with asthma and low health literacy: protocol for a 
participatory design approach
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Abstract
Background
Current eHealth interventions are poorly adopted by people with low health literacy 
(LHL) as they often fail to meet their needs, skills, and preferences. A major reason 
for this poor adoption is the generic, one-size-fits-all approach taken by designers 
of these interventions, without addressing the needs, skills, and preferences of 
disadvantaged groups. Participatory design approaches are effective for developing 
interventions that fit the needs of specific target groups; yet, very little is known 
about the practical implications of executing a participatory design project for and 
with people with LHL.

Objective
This study aimed to demonstrate the application of participatory design activities 
specifically selected to fit the needs and skills of people with LHL and how these were 
manifested within an overarching eHealth design process. In addition, the study aims 
to present reflections and implications of these activities that could support future 
designers to engage people with LHL in their design processes.

Methods
We used the design process of a smart asthma inhaler for people with asthma and 
LHL to demonstrate participatory design activities. The study was framed under five 
stages of design thinking: empathize, define, ideate, prototype, and test within two 
major iteration cycles. We integrated three participatory design activities deemed 
specifically appropriate for people with LHL: co-constructing stories, experience 
prototype exhibition, and video prototype evaluation.

Results
Co-constructing stories was found to deepen the understanding of the participant’s 
motivation to use or not to use maintenance medication. This understanding informed 
and facilitated the subsequent development of diverse preliminary prototypes of 
possible interventions. Discussing these prototypes in the experience prototype 
exhibition helped provoke reactions, thoughts, and feelings about the interventions, 
and potential scenarios of use. Through the video prototype evaluation, we were 
able to clearly communicate the goal and functionality of the final version of our 
intervention and gather appropriate responses from our participants.

Conclusion
This study demonstrates a participatory design approach for and with patients 
with asthma and LHL. We demonstrated that careful consideration and selection 
of activities can result in participants that are engaged and feel understood. This 
paper provides insight into the practical implications of participatory activities with 
people with LHL and supports and inspires future designers to engage with this 
disadvantaged target group.
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Introduction
Over the past decades, digital health (eHealth) interventions have been developed to 
support self-management. Such interventions can combine patient monitoring and 
education and include multiple behaviour change strategies (1-5). Examples of such 
applications are SMS text messaging systems to reinforce self-management skills, 
pill boxes generating alert messages when medication is missed, and interactive 
voice responses (6).

One specific group of people that would benefit from such interventions are people 
with low health literacy (LHL). A large-scale survey showed that, in Europe, nearly 
half of all adults reported having problems with health literacy (7). People with LHL 
have problems obtaining, processing, and understanding basic health information 
and communicating their needs to healthcare professionals (HCPs) (8). Furthermore, 
LHL is associated with lower patient activation. Patient activation refers to the 
“knowledge, skills, and confidence” of a person in managing their health and has 
also been called the “mindset” needed to change behaviour (9-11). This is amplified 
by the fact that people with LHL have differentiating illness perceptions and beliefs 
about their medication (12-15). As a result, they experience difficulties in following 
treatment recommendations, for example taking medication as prescribed (16-18).

Approximately 50% of the people taking medication for chronic illnesses such as 
chronic obstructive pulmonary disease, diabetes, or cardiovascular disease are 
considered non-adherent (19). Medication non-adherence has a significant impact 
on patients’ quality of life and has been shown to lead to poor health outcomes and 
increased use of healthcare services (20). Medication adherence in patients with 
asthma is consistently low, which results in unfavourable health outcomes such as an 
increase in experiencing symptoms and hospitalization (21). Previous reviews have 
shown promising results on the effectiveness of eHealth interventions to enhance 
patients’ adherence to asthma medication (6,22-24). Yet, these interventions are 
mostly designed for patients with sufficient motivation, health literacy, and self-
management skills and fail to address the needs, skills, and preferences of patients 
with LHL.

Within the design domain, it is acknowledged that involving users in the design 
of eHealth interventions facilitates alignment with their needs and preferences. 
Besides action- and community-based approaches (25), participatory design and its 
methods are increasingly receiving attention. These approaches are based on the 
notion that when users are involved in the design and development of interventions, 
they are more likely to be successfully adopted (26-28). Participatory design could 
uncover potential reasons for non-use and allow designers to discover, through their 
participants, how technologies could be acceptable and engaging (29).

Participatory design is human centred and especially useful in the context of LHL. 
First, participatory methods are visual, interactive, and concrete. This benefits people 
who have difficulties thinking in abstract terms or who have language barriers to 
understand and engage with the process (26,30). The flexibility of a participatory 
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approach also allows to adapt and align research methods if judged inappropriate. 
Second, participatory methods can also bridge the gap between researchers and 
participants by creating a more equal and collaborative environment. This can help 
reduce distrust, friction, and misunderstanding that can arise due to differences in 
social, cultural, and economic backgrounds. Finally, a participatory design approach 
is iterative, which allows multiple engagements with the end user. This benefits the 
development of rapport and mutual trust between researcher and participant, which 
is known to be a strong facilitator for participant retention (31). 

Nevertheless, participatory design is still seldom applied in intervention design 
among people with LHL. Only a few examples exist of participatory design studies 
on people with LHL (32,33). The time, resource, and skill intensity of such a 
process, in combination with its results being difficult to generalize, decrease the 
attractiveness of the approach (34), and evidence regarding why and how to conduct 
such an approach in intervention design is falling short (35). In addition, effectively 
involving disadvantaged groups, such as people with LHL, in research efforts is 
challenging. It has been marked by several barriers, such as participants having 
difficulties understanding the content of the study (36), finding it difficult to think 
in abstract terms (37), language or literacy problems (36), anxiety toward research 
or the research team (38), feelings of stigmatization (39,40), and limited exposure to 
technology and internet (41). While participatory design methods have the potential 
to overcome these barriers, the scientific literature is unclear about which forms of 
participatory design can be used to develop eHealth (35). Consequently, there is also 
no clear methodology on how to involve people with LHL in the participatory design 
process of an eHealth intervention.

Hence, the aim of this paper was to demonstrate how participatory design can 
be used to design an eHealth intervention that fits the needs and preferences of 
people with LHL. We present the development of an asthma medication adherence 
intervention for people with LHL to illustrate our approach.

Methods
The study was conducted between February and September 2019. The study was 
framed under the five stages of design thinking by Hasso Plattner Institute of Design 
(42) and consisted of the following stages: (1) empathize to understand the user, (2) 
define to analyse and interpret the data, (3) ideate to explore and identify innovative 
solutions, (4) prototype to explore feasibility and develop a research instrument, 
and (5) test to evaluate usability and acceptance of the prototypes. While defined 
as distinct modes, in practice, the stages are iterative. This allows the researcher to 
reflect on previous activities and incorporate knowledge from the different stages.

Figure 1 displays an overview of the overall design process. It shows how the 
five design thinking stages were structured across two major design iterations, 
including design activities used and outcomes generated. Throughout this paper, we 
distinguish between the three participatory design activities and the other generic 
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design activities, with a specific focus on the former to illustrate how people with 
LHL can be involved in a participatory design process of an eHealth intervention. We 
specifically chose to embed the participatory activities at the beginning (to develop 
an understanding) and end (to evaluate this understanding) of the design iterations.

Figure 1. Schematic overview of the process, illustrating the different design thinking stages 
and its iterative character. * Defines a participatory design activity; CS, Co-constructing stories; 
IM, Intervention Mapping

Participatory design methods

Overview
Within this framework, we integrated three participatory activities deemed 
specifically effective for  people with LHL. These were (1) “co-constructing stories” 
(43), (2) “experience prototype exhibition” (44), and (3) “video prototype evaluation” 
(45). These activities were specifically selected as they would allow to effectively 
engage with the target group and understand their perspective.

Co-constructing stories
The creation of stories helps to discover users’ thoughts and beliefs regarding a 
particular phenomenon. In a previous study, for example, co-constructing stories was 
used to gather insights regarding an interactive system to support collaboration in a 
meeting room (43). Stories can be presented visually, which decreases the interview’s 
abstractness and verbality. As such, the use of visuals has been successfully applied 
in other LHL-related intervention design processes as conversation starters or design 
tokens (46-48). Apart from the benefits of visuals, using a fictional but relatable 
character in stories helps to shift the conversational focus from the individual, 
thereby decreasing possible anxiety-related barriers.

Experience prototype exhibition
Experience prototypes extend beyond the usability of a product and focus 
on understanding a person’s attitude toward a product by envisioning what it 
might be like to engage with it (44). People with LHL have little prior experience 
regarding the use of technologies for health (41). Using these technologies in an 
experience prototype evaluation session could, therefore, provoke responses and 
reveal attitudes toward new technological solutions that would otherwise remain 
undiscovered. Moreover, the physical and interactive nature of the experience 
prototypes allows the researcher to describe the concepts non-verbally, thereby 
increasing the engagement of participants with communication difficulties.
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Video prototype evaluation
Paper-based prototypes are a common tool to evaluate design concepts of eHealth 
interventions (35). Nevertheless, these prototypes often fail to adequately represent 
the concept’s core functions and interaction scenarios. A combination of paper and 
video prototypes would be more effective in communicating the concept toward 
people with LHL than paper-based prototypes alone. (45,49). Videos have proven 
to be an effective tool in other intervention research and design efforts for asthma 
patients with LHL (50,51).

Participants and recruitment
The participants involved in the study included patients with asthma who have LHL 
and stakeholders. Patients with asthma and with LHL (n = 5) were recruited by the 
first author and an HCP working in a disadvantaged neighbourhood in The Hague, 
Netherlands. Qualitative and explorative approaches that aim to develop a pragmatic 
and in-depth understanding of a small number of participants have been argued to 
be effective in research approaches where not the generalizability, but the values, 
beliefs, and attitudes of individuals are central. This benefits the study by allowing for 
more flexibility and in-depth investigation of the included participants (52,53). The 
patients were purposively sampled based on a self-reported diagnosis of asthma, 
being prescribed medication, and a subjective health literacy assessment based on 
the person’s characteristics (e.g., migration background, occupation, educational 
level, and cognitive disorder) by the involved HCP. We decided to not objectively 
assess participants’ health literacy as this was likely to be perceived as stigmatizing 
and imped building a trustful relationship. The first and second authors also recruited 
other stakeholders, consisting of respiratory nurses (n = 5), health literacy experts 
(n = 2), design experts (n = 3, TD, NRH, VTV), and eHealth researchers (n = 4, NHC). 
These stakeholders were selected because they had long-standing experience with 
treating asthma, people with LHL, or participatory design methodology. We recruited 
five “language ambassadors” through an expertise centre in health disparities to 
evaluate the final concept.

Ethics approval
The study protocol was cleared by the Ethical Committee of the Leiden University 
Medical Centre (approval number: P18.158). Informed consent was obtained prior 
to study participation. If written informed consent could not be given, participants 
provided verbal informed consent, which was recorded.

Results

Stage 1: empathize
The empathize stage served to understand the thoughts, beliefs, and perceived 
barriers of patients with asthma and with LHL regarding medication adherence. In 
this stage, we wanted to validate and discuss literature-based personas (Multimedia 
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Appendix 1) with patients with asthma and with LHL. Personas often consist of a 
detailed written description (54), which was deemed suboptimal as a research tool 
for people with LHL as understanding and processing this type of information is 
often cognitively demanding for people with LHL (37). Therefore, we converted the 
written persona descriptions into visual storyboards (Figure 2) using the “storyboard 
that tool” (55).

Figure 2. An example storyboard used during the co-constructing stories sessions (translated 
into English). 

Two participants with asthma and LHL participated in the co-constructing stories 
sessions. The sessions took place at the facilities where the participants worked, 
lasted approximately 1 hour, and were audio recorded. Observations and impressions 
about reasons for non-adherence and the co-constructed stories were collected in 
the form of a written report after the sessions. Using the storyboards, we asked non-
directive questions such as: “How does this character experience the instructions 
given by the caregiver?” “How do you experience these instructions?” and “can you 
relate with the character and why or why not?”
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The sessions helped to deepen our understanding of the preliminary insights from 
the initial literature review. For instance, we learned from the literature that an 
important reason for medication non-adherence in LHL groups is that the patients 
have misconceptions about the medication (14,15,56). However, through our 
sessions, we gained a more nuanced view of these beliefs. The participants reported 
trusting their doctor’s expertise blindly, as they had difficulties understanding the 
purpose of the maintenance medication. Despite trusting the advice, they used their 
reliever inhaler instead when they experienced symptoms. When asked, participants 
indicated not knowing or remembering the explanations given by their HCP:

“According to the doctor, I just have to use it (the medication). That is what I know”. 
(Male)

Stage 2: define
We used the intervention mapping approach (57) to translate the user insights, 
through change objectives, toward practical design opportunities. We discussed 
the 22 identified change objectives (Multimedia Appendix 2) with the stakeholders 
and developed three overarching design opportunities (Table 1). In a consensus 
meeting with design experts, we agreed on the most feasible and important design 
opportunity—creating awareness about the effects of medication on symptoms 
through patient engagement in logging and monitoring.

Table 1. Design opportunities

Design opportunity Determinant Description
Improve capabilities of patients 
to understand and organize their 
medication intake behaviour.

Capabilities Empower the patient to gain 
authority and confidence in self-
managing their asthma.

Create patient awareness about 
the importance and effect of the 
medication.

Awareness Let the patient see the effect of 
the medication on the body and 
the relation between usage and 
experience of symptoms.

Change patients’ attitudes to 
sustain motivation over a longer 
period.

Attitude Help the patient acknowledge that 
long term benefits of maintenance 
inhaler are as important as directly 
noticeable effects of the reliever 
inhaler.

Stages 3 and 4: ideation and prototyping
The ideation and prototyping stages were directed at developing ideas and concepts 
that could be used to reach the design objective that resulted from the first two 
phases. To achieve this, the first author executed a brainstorming session with 
industrial design students to explore engagement strategies for the monitoring 
process (i.e., monitor asthma symptoms and monitor inhaler use) and how the data 
can be presented to patients with LHL to promote awareness.

Proefschrift geheel final.indb   66Proefschrift geheel final.indb   66 28-11-2023   12:40:3328-11-2023   12:40:33



67

Designing with and for people with limited health literacy

3

Four overarching design concepts resulted from these sessions, each combining 
multiple solution possibilities. The concepts included were (1) a smart wheeze-
detecting sensor to objectively monitor asthma state, (2) an immersive experience 
using augmented reality to engage the user in the monitoring process, (3) a playful 
spirometer, and (4) a wake-up experience, displaying the result of nocturnal asthma 
symptoms. We translated the concepts into low-fidelity prototypes to explore their 
feasibility and facilitate the upcoming feedback session with the participants. The 
prototypes consisted of cardboard mock-ups, physical artifacts, and off-the-shelf 
products, such as an augmented reality T-shirt with a projection of the lungs (Figure 
3).

Figure 3. Low-fidelity prototypes and visual explainers positioned in an exhibition-style setup 
during a evaluation session.

Stage 5: test
Three patients with asthma and with LHL participated in the experience prototype 
evaluation sessions. The evaluations took place at the health facility in their 
neighbourhood, were audio recorded, and took approximately 1 hour. Participant 
responses (e.g., experiences, attitudes, thoughts, and needs) for each (part of the) 
prototype were captured with corresponding quotations. Two days before the 
session, the participants received a link to a short introduction video. In the video, 
the researcher introduced himself and explained in lay terms the research setup. 
This helped set a familiar face, manage expectations, and build initial rapport. This 
was deemed essential to facilitate the participants’ engagement, as anxiety toward 
research and the research team is a common barrier in socially disadvantaged groups 
(36).

The session started with a brief individual interview about the demographics, living 
conditions, and how the participant experienced their asthma. Thereafter, the first 
author presented the prototypes and invited the participant to interact freely with 
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them. Verbal and non-verbal responses were carefully observed and documented. 
Following initial responses, probing questions were asked, such as: “What aspects do 
you like about this product?” and “How do you envision yourself using this product 
daily?” The prototypes were discussed in random order. At the end of the session, 
the first author asked the participant to name the prototype or combination of 
prototypes they liked or did not like the most and why.

The experience prototypes were successful in provoking reactions, thoughts, and 
feelings about the product concepts and potential scenarios of use. Through the 
monitoring aspects of the concepts, we learned that participants were positive about 
the possibility of tracking symptoms over time, as they expected symptom tracking 
to give them a better understanding of their respiratory health. Through the sensor-
patch included in the wake-up experience, we learned that tracking should occur 
almost automatically, as the participants wanted the monitoring process to be as 
effortless as possible.

“It is just like sticking a bandage on your wound. You feel nothing, and after a while, 
you just remove it”. (Male)

Through the augmented reality experience (projecting life-like lungs on the body using 
augmented reality technology on a T-shirt), we learned that the participants were 
particularly enthusiastic about novel and innovative technologies, as they improved 
the perception of the product’s usefulness. The augmented reality visualization of 
the respiratory tract provided a realistic presentation of the lungs as “their own.” It 
allowed them to explore the respiratory system entirely by zooming into its various 
aspects, such as airways and alveoli. As one of the participants expressed:

“Sometimes, I think the medication is not that important. (…) Only when you really 
experience complaints you look for your medication. However, when you use 
something like this (augmented reality T-shirt), and you see it is not going well over 
there, you directly are going to use it. Yes, I have the feeling that now I want to use 
my maintenance medication”. (Male, 44)

Based on the gathered insights regarding the target group’s attitudes toward the 
prototypes, three design requirements were formulated: 1) the design should be 
able to objectively monitor the user’s respiratory health semi-automatically over 
time. 2) the design should engage the user in this monitoring process by providing 
a feeling that the product is innovative and useful. 3) the design should create 
awareness about respiratory health through feedback that is realistic and displays 
the respiratory system in its entirety.

Second Iteration—the final concept
Following the formulated design requirements, we conducted a second iteration 
consisting of another ideate, prototype, and test stage to arrive at a final concept. 
This process consisted of concept detailing and technical design, with descriptions 
extending beyond this paper’s scope. The final concept aims to provide awareness 
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through a smartphone app demonstrating data on inhaler use and asthma control. 
The system allows the user to zoom in on the lungs and explore relations between 
respiratory concepts. Simplistic icons and illustrations are used to visualize the 
more complicated underlying physiological processes. For example, a blue arrow 
that depicts a person’s asthma state is presented as the amount of air that can flow 
through the bronchi. Inhaler data, a proxy for underlying respiratory inflammations, 
are visualized as respiratory cilia being “in- or out-of-balance,” depending on the 
frequency of maintenance inhaler use. Hence, the maintenance medication is framed 
as a “helper” to bring back balance to the disturbed respiratory system.

An animation video describing the concept, its functionality, and scenarios of use 
was developed by the first author with Adobe Premiere Pro (Adobe) (58). The video 
communicated the concept in a concise and engaging way to the participants. 
In addition, the first author developed paper-based visual prototypes of the key 
interface screens that would facilitate the discussion afterward.

For the evaluation sessions, Pharos, an expertise centre familiar with developing 
and evaluating education material for people with LHL invited five people with 
LHL to participate in 1.5-hour interview sessions during which the prototype was 
discussed. A trained and experienced employee of the expertise centre conducted 
the interviews. Each interview started with displaying the video-prototype, after 
which the participants were asked about their opinion and if they had any questions. 
Subsequently, the interface screens were presented and discussed following an 
interview topic guide. Interview questions included “what do you think they mean with 
this?” or “what do you think is presented here?” Whenever an element was unclear, we 
asked the participant to provide suggestions for improvement. The representative 
of Pharos provided a summary with recommendations for improvement after the 
last session. In addition, observations and participant responses by the investigator 
were collected in a written report.

Overall, the participants were positive about the concept as they felt that it would help 
them gain awareness of being non-adherent to their maintenance medication and 
the consequences for their lungs. The visual presentation style was understood, and 
the overall system was perceived as useful and innovative. However, some interface 
details were unclear, confusing some of the participants. For example, colours were 
deemed confusing when they were unrealistic (i.e., a blue lung). In addition, a colour-
coded performance bar was suggested to visualize the improvement of the cilia.
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Discussion

Principal findings
This paper demonstrates a participatory design approach of a medication adherence 
intervention for patients with asthma and LHL. We explored the potential of applying 
several participatory design techniques in health intervention design for a LHL 
population. These consisted of co-constructing stories, an experience prototype 
exhibition, and a video prototype evaluation. The demonstrated activities provide 
novel insight in the practical use and implications of participatory design activities with 
people with LHL and have positive indicative value for supporting their participation 
in the design process.

There is a need for more insight into new and adapted methods to effectively reach and 
engage disadvantaged groups. Current approaches are insufficient in reaching and 
retaining undeserved populations (36,59). While participatory design is increasingly 
receiving more attention, it is still seldom applied by designers with people with LHL. 
Models, approaches, and guidelines for participatory design do exist; yet, they do 
not provide concrete steps that fit specific contexts and people. A previous study 
suggests there is a need for a broad range of methods that facilitate the practical 
application of these models (30). The demonstration of these methods in specific 
contexts and target groups (i.e., patients with psychiatric illness (30) and LHL  could 
severely improve the alignment of interventions with disadvantaged populations.

Indeed, we believe that some of the reasoning behind the activities will also apply 
to other disadvantaged groups. First, our activities are aimed at facilitating our 
participants to “tell” their stories using probes of visual scenarios and story elements 
(60). Several sources on this topic state that groups experiencing communication 
barriers, such as people with low (health) literacy, learning difficulties, and cultural 
differences have difficulties understanding the purpose and contents of participatory 
research activities and vocalizing their thoughts and experiences (36,37). Using 
scenarios and story elements as a “probe” has helped our participants in telling 
their stories without relying merely on verbal communication skills. In addition, the 
probes helped to shift the focus from the individual. This has helped our participants 
to become more at ease with the research setting, which could be observed based 
on the extensiveness of their responses. This is deemed especially helpful for groups 
at risk of stigmatization (i.e., LHL, obesity, and mental illness) (38-40). We propose 
that the non-verbal and low-threshold nature of such probes positively impacts 
collaboration with disadvantaged groups. Besides storyboarding and scenarios, 
other non-verbal participatory probing tools, such as cards, artifacts of discussion, 
taking pictures, and using emoticons could be equally useful (35,61,62).

Second, another facet of participatory design we applied in this project was allowing 
our participants to “enact” future scenarios by physically trying out new concepts (60). 
Age and education are associated with having limited knowledge of and experience 
with health technologies (41). Therefore, we expect that societal groups, such as 
people with low socio-economic status or the elderly, could experience barriers in 
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imagining technologies and usage scenarios. “Priming” is a participatory facet that 
allows participants to immerse themselves in a domain (63). Our use of experience and 
video prototypes has helped the participants to get a feeling of possible technologies 
and imagine scenarios of future use. This could be observed, for example, through 
the responses the augmented reality T-shirt provoked in our participants. Therefore, 
we propose participatory tools that facilitate interaction and immersion, such as 
prototypes, mock-ups, and role-play to facilitate priming for technologies.

Some aspects of the approach demonstrated in this paper could also be used in 
practice settings. For example, a practice nurse can use co-constructing stories to 
discuss multiple aspects of medication use in an easy-to-understand, non-obtrusive, 
and more concrete way with the patient by presenting and discussing recognizable 
but fictional situations. Hence, it would be interesting to explore co-constructing 
stories as a low-cost tool during consultations.

Limitations
Through the participatory activities, we were able to gather important insights into 
the needs, skills, and preferences of people with LHL that would otherwise remain 
unarticulated. However, the findings of this study should be interpreted in the context 
of its limitations. Like most studies that address LHL, recruitment was challenging. 
Having practice nurses identify and invite patients for participation was effective. 
However, it could also have led to selection bias, resulting in, for example, people 
who were above average engaged with their health.

Moreover, recruitment was intensive as it required efforts to build rapport and 
trust and resulted in a relatively small number of participants. The small sample 
size should be considered regarding the representativeness of the acquired insights 
for the adherence intervention for patients with asthma and with LHL. In addition, 
researchers should be mindful in adapting the practical implications mentioned in 
this paper to fit their context and target group.

While the study provides insight into the practical implications of using participatory 
methods with people with LHL, we did not thoroughly assess the impact of this 
approach. Previous research has shown that participatory design can improve 
the process on many levels. It improves participant advocacy, trust, and sense of 
purpose; leads to better usability and desirability of the intervention; and achieves 
better health outcomes, equity, and access (64). Therefore, future researchers could 
set the next step by studying if a participatory process leads to more desirable and 
effective health interventions for people with LHL.

An important facet of participatory design that was not integrated into our approach 
is allowing the participants to “make” and embody thoughts in physical artifacts (60). 
In this study, the “making” stages (i.e., ideating and prototyping) were done without 
the active involvement of people with LHL. Engaging participants in co-creating 
prototypes helps to generate ideas for the physical manifestation of the intervention 
and has been done to align interventions to the needs of disadvantaged groups 
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(62,65). Considering the non-verbal and tangible nature of such activities, these could 
have yielded fruitful interactions.

Conclusion
In this study, we demonstrated a participatory design approach for and with people 
with LHL. We showed how the participatory activities could result in engagement and 
mutual understanding within the research process. The eHealth intervention concept 
resulting from this design process was perceived as an acceptable solution that 
creates awareness about medication adherence through understandable feedback 
on medication use and asthma symptoms. The participatory methods applied in this 
study provide a first step and inspiration for succeeding efforts to help overcome 
common challenges in the involvement of people with LHL in the design of eHealth 
interventions.

Acknowledgments
The authors thank all participants and healthcare professionals who participated 
in the study for their time and for sharing their experiences and thoughts. The 
authors thank the healthcare centres and their professionals for their expertise and 
for facilitating the recruitment of patients. We thank Pharos for their expertise and 
guidance on low health literacy. This work was supported by AstraZeneca with an 
unrestricted grant.

Data Availability
The data that support the findings of this study are available from the corresponding 
author upon reasonable request. All data provided will be anonymised.

Conflicts of Interest
The authors declare that they have no competing interests

Proefschrift geheel final.indb   72Proefschrift geheel final.indb   72 28-11-2023   12:40:3328-11-2023   12:40:33



73

Designing with and for people with limited health literacy

3

References
1. van der Kleij RMJJ, Kasteleyn MJ, Meijer E, Bonten TN, Houwink EJF, Teichert M, et al. 

SERIES: eHealth in primary care. Part 1: concepts, conditions and challenges. Eur J Gen 
Pract 2019;25(4):179-189 (FREE Full text) (doi: 10.1080/13814788.2019.1658190) (Medline: 
31597502)

2. Webb TL, Joseph J, Yardley L, Michi.e., S. Using the internet to promote health behavior 
change: a systematic review and meta-analysis of the impact of theoretical basis, use 
of behavior change techniques, and mode of delivery on efficacy. J Med Internet Res 
2010;12(1):e4 (FREE Full text) (doi: 10.2196/jmir.1376) (Medline: 20164043)

3. Timmers T, Janssen L, Kool RB, Kremer JA. Educating patients by providing timely 
information using smartphone and tablet apps: systematic review. J Med Internet Res 
2020;22(4):e17342 (FREE Full text) (doi: 10.2196/17342) (Medline: 32281936)

4. Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic 
disease management on treatment adherence and patient outcomes: a systematic review. 
J Med Internet Res 2015;17(2):e52 (FREE Full text) (doi: 10.2196/jmir.3951) (Medline: 
25803266)

5. Morrison D, Wyke S, Agur K, Cameron EJ, Docking RI, Mackenzi.e., AM, et al. Digital asthma 
self-management interventions: a systematic review. J Med Internet Res 2014;16(2):e51 
(FREE Full text) (doi: 10.2196/jmir.2814) (Medline: 24550161)

6. Pouls BPH, Vriezekolk JE, Bekker CL, Linn AJ, van Onzenoort HAW, Vervloet M, et al. Effect 
of interactive eHealth interventions on improving medication adherence in adults with 
long-term medication: systematic review. J Med Internet Res 2021;23(1):e18901 (FREE Full 
text) (doi: 10.2196/18901) (Medline: 33416501)

7. Sørensen K, Pelikan JM, Röthlin F, Ganahl K, Slonska Z, Doyle G, HLS-EU Consortium. 
Health literacy in Europe: comparative results of the European health literacy survey (HLS-
EU). Eur J Public Health 2015;25(6):1053-1058 (FREE Full text) (doi: 10.1093/eurpub/ckv043) 
(Medline: 25843827)

8. Ratzan SC. Health literacy: communication for the public good. Health Promot Int 
2001;16(2):207-214. (doi: 10.1093/heapro/16.2.207) (Medline: 11356759)

9. Yadav UN, Lloyd J, Hosseinzadeh H, Baral KP, Harris MF. Do chronic obstructive pulmonary 
diseases (COPD)self-management interventions consider health literacy and patient 
activation? A systematic review. J Clin Med 2020;9(3):646 (FREE Full text) (doi: 10.3390/
jcm9030646) (Medline: 32121180)

10. Yadav UN, Hosseinzadeh H, Lloyd J, Harris MF. How health literacy and patient activation 
play their own unique role in self-management of chronic obstructive pulmonary 
disease (COPD)? Chron Respir Dis 2019;16:1479973118816418 (FREE Full text) (doi: 
10.1177/1479973118816418) (Medline: 30789021)

11. Hibbard JH, Mahoney ER, Stockard J, Tusler M. Development and testing of a short form of 
the patient activation measure. Health Serv Res 2005;40(6 Pt 1):1918-1930 (FREE Full text) 
(doi: 10.1111/j.1475-6773.2005.00438.x) (Medline: 16336556)

12. Kale MS, Federman AD, Krauskopf K, Wolf M, O’Conor R, Martynenko M, et al. The 
association of health literacy with illness and medication beliefs among patients with 
chronic obstructive pulmonary disease. PLoS One 2015;10(4):e0123937 (FREE Full text) 
(doi: 10.1371/journal.pone.0123937) (Medline: 25915420)

13. Brandstetter S, Finger T, Fischer W, Brandl M, Böhmer M, Pfeifer M, et al. Differences in 
medication adherence are associated with beliefs about medicines in asthma and COPD. 
Clin Transl Allergy 2017;7:39 (FREE Full text) (doi: 10.1186/s13601-017-0175-6) (Medline: 
29152167)

Proefschrift geheel final.indb   73Proefschrift geheel final.indb   73 28-11-2023   12:40:3328-11-2023   12:40:33



74

Chapter 3

3

14. Federman AD, Wolf M, Sofianou A, Wilson EAH, Martynenko M, Halm EA, et al. The 
association of health literacy with illness and medication beliefs among older adults 
with asthma. Patient Educ Couns 2013;92(2):273-278 (FREE Full text) (doi: 10.1016/j.
pec.2013.02.013) (Medline: 23523196)

15. Soones TN, Lin JL, Wolf MS, O’Conor R, Martynenko M, Wisnivesky JP, et al. Pathways 
linking health literacy, health beliefs, and cognition to medication adherence in older 
adults with asthma. J Allergy Clin Immunol 2017;139(3):804-809 (FREE Full text) (doi: 
10.1016/j.jaci.2016.05.043) (Medline: 27555454)

16. Apter AJ, Wan F, Reisine S, Bender B, Rand C, Bogen DK, et al. The association of health 
literacy with adherence and outcomes in moderate-severe asthma. J Allergy Clin Immunol 
2013;132(2):321-327 (FREE Full text) (doi: 10.1016/j.jaci.2013.02.014) (Medline: 23591273)

17. Rosas-Salazar C, Apter AJ, Canino G, Celedón JC. Health literacy and asthma. J Allergy Clin 
Immunol 2012;129(4):935-942. (doi: 10.1016/j.jaci.2012.01.040) (Medline: 22326486)

18. Mancuso CA, Rincon M. Impact of health literacy on longitudinal asthma outcomes. J Gen 
Intern Med 2006;21(8):813-817 (FREE Full text) (doi: 10.1111/j.1525-1497.2006.00528.x) 
(Medline: 16881939)

19. Burkhart PV, Sabaté E. Adherence to long-term therapies: evidence for action. J Nurs 
Scholarsh 2003;35(3):207. (Medline: 14562485)

20. Chisholm-Burns MA, Spivey CA. The ‘cost’ of medication nonadherence: consequences 
we cannot afford to accept. J Am Pharm Assoc (2003) 2012;52(6):823-826. (doi: 10.1331/
JAPhA.2012.11088) (Medline: 23229971)

21. Murphy AC, Proeschal A, Brightling CE, Wardlaw AJ, Pavord I, Bradding P, et al. The 
relationship between clinical outcomes and medication adherence in difficult-to-control 
asthma. Thorax 2012;67(8):751-753. (doi: 10.1136/thoraxjnl-2011-201096) (Medline: 
22436168)

22. Linn AJ, Vervloet M, van Dijk L, Smit EG, Van Weert JC. Effects of eHealth interventions 
on medication adherence: a systematic review of the literature. J Med Internet Res 
2011;13(4):e103 (FREE Full text) (doi: 10.2196/jmir.1738) (Medline: 22138112)

23. Jeminiwa R, Hohmann L, Qian J, Garza K, Hansen R, Fox BI. Impact of eHealth on 
medication adherence among patients with asthma: a systematic review and meta-
analysis. Respir Med 2019;149:59-68 (FREE Full text) (doi: 10.1016/j.rmed.2019.02.011) 
(Medline: 30803887)

24. van Buul AR, Kasteleyn MJ, Arends JM, Shi T, Kelly DP, Chavannes NH, et al. eHealth only 
interventions and blended interventions to support self-management in adolescents 
with asthma: a systematic review. Clinical eHealth 2020;3:49-62. (doi: 10.1016/j.
ceh.2020.06.001)

25. Faber JS, Al-Dhahir I, Reijnders T, Chavannes NH, Evers AWM, Kraal JJ, et al. Attitudes 
toward health, healthcare, and eHealth of people with a low socioeconomic status: a 
community-based participatory approach. Front Digit Health 2021;3:690182. (doi: 10.3389/
fdgth.2021.690182) (Medline: 34713165)

26. Neuhauser L. Integrating participatory design and health literacy to improve research and 
interventions. Stud Health Technol Inform 2017;240:303-329. (Medline: 28972525)

27. van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach 
G, et al. A holistic framework to improve the uptake and impact of eHealth technologies. 
J Med Internet Res 2011;13(4):e111 (FREE Full text) (doi: 10.2196/jmir.1672) (Medline: 
22155738)

28. van Dooren M, Visch V, Spijkerman R, Goossens R, Hendriks V. Personalization in game 
design for healthcare: a literature review on its definitions and effects. Int J Serious Games 

Proefschrift geheel final.indb   74Proefschrift geheel final.indb   74 28-11-2023   12:40:3328-11-2023   12:40:33



75

Designing with and for people with limited health literacy

3

2016;3(4):3-28. (doi: 10.17083/ijsg.v3i4.134)

29. van Gemert-Pijnen L, Kelders SM, Kip H, Sanderman R, editors. eHealth Research, Theory, 
Development : A Multi-Disciplinary Approach. Abingdon, Oxon: Routledge; 2018.

30. Kip H, Kelders SM, Bouman YHA, van Gemert-Pijnen LJEWC. The importance of 
systematically reporting and reflecting on eHealth development: participatory 
development process of a virtual reality application for forensic mental healthcare. J Med 
Internet Res 2019;21(8):e12972 (FREE Full text) (doi: 10.2196/12972) (Medline: 31429415)

31. Stuber JM, Middel CNH, Mackenbach JD, Beulens JWJ, Lakerveld J. Successfully recruiting 
adults with a low socioeconomic position into community-based lifestyle programs: a 
qualitative study on expert opinions. Int J Environ Res Public Health 2020;17(8):2764 (FREE 
Full text) (doi: 10.3390/ijerph17082764) (Medline: 32316344)

32. Davis SR, Peters D, Calvo RA, Sawyer SM, Foster JM, Smith L. “Kiss myAsthma”: 
using a participatory design approach to develop a self-management app with 
young people with asthma. J Asthma 2018;55(9):1018-1027 (FREE Full text) (doi: 
10.1080/02770903.2017.1388391) (Medline: 29064746)

33. Salim H, Lee PY, Sharif-Ghazali S, Cheong AT, Wong J, Young I, RESPIRE Collaboration. 
Developing an asthma self-management intervention through a web-based design 
workshop for people with limited health literacy: user-centered design approach. J Med 
Internet Res 2021;23(9):e26434 (FREE Full text) (doi: 10.2196/26434) (Medline: 34499039)

34. Altman M, Huang TTK, Breland JY. Design thinking in healthcare. Prev Chronic Dis 2018 
Sep 27;15:180128 (FREE Full text) (doi: 10.5888/pcd15.180128) (Medline: 30264690)

35. Vandekerckhove P, de Mul M, Bramer WM, de Bont AA. Generative participatory design 
methodology to develop electronic health interventions: systematic literature review. 
J Med Internet Res 2020;22(4):e13780 (FREE Full text) (doi: 10.2196/13780) (Medline: 
32338617)

36. Bonevski B, Randell M, Paul C, Chapman K, Twyman L, Bryant J, et al. Reaching the hard-
to-reach: a systematic review of strategies for improving health and medical research with 
socially disadvantaged groups. BMC Med Res Methodol 2014;14:42 (FREE Full text) (doi: 
10.1186/1471-2288-14-42) (Medline: 24669751)

37. Nind M. Conducting qualitative research with people with learning, communication and 
other disabilities: methodological challenges. National Centre for Research Methods. 
2008. URL: http://eprints.ncrm.ac.uk/491/ (accessed 2023-03-06)

38. Birks MJ, Chapman Y, Francis K. Breaching the wall: interviewing people from other 
cultures. J Transcult Nurs 2007;18(2):150-156. (doi: 10.1177/1043659606298617) (Medline: 
17416717)

39. Auerswald CL, Piatt AA, Mirzazadeh A. Research with disadvantaged, vulnerable and/or 
marginalized adolescents. Unicef. 2017. URL: https://www.unicef-irc.org/publications/878-
research-with-disadvantaged-vulnerable-and-or-marginalized-adolescents.html (accessed 
2023-03-06)

40. Millum J, Campbell M, Luna F, Malekzadeh A, Karim QA. Ethical challenges in global health-
related stigma research. BMC Med 2019;17(1):84 (FREE Full text) (doi: 10.1186/s12916-019-
1317-6) (Medline: 31030670)

41. Hofstede J, de Bi.e., J, van Wijngaarden B, Heijmans M. Knowledge, use and attitude 
toward eHealth among patients with chronic lung diseases. Int J Med Inform 
2014;83(12):967-974. (doi: 10.1016/j.ijmedinf.2014.08.011) (Medline: 25269992)

42. Plattner H, Meinel C, Weinberg U. Design-Thinking. Berlin: Springer; 2009.

43. Buskermolen DO, Terken J. Co-constructing stories: a participatory design technique to 

Proefschrift geheel final.indb   75Proefschrift geheel final.indb   75 28-11-2023   12:40:3328-11-2023   12:40:33



76

Chapter 3

3

elicit in-depth user feedback and suggestions about design concepts. In: Proceedings of 
the 12th Participatory Design Conference: Exploratory Papers, Workshop Descriptions, 
Industry Cases - Volume 2. 2012 Presented at: PDC ‘12; August 12-16, 2012; Roskilde, 
Denmark p. 33-36. (doi: 10.1145/2348144.2348156)

44. Buchenau M, Suri JF. Experience prototyping. 2000 Presented at: Proceedings of the 
3rd Conference on Designing Interactive Systems: Processes, Practices, Methods, and 
Techniques; August 17-19, 2000; New York City, NY. (doi: 10.1145/347642.347802)

45. Zwinderman M, Leenheer R, Shirzad A, Chupriyanov N, Veugen G, Zhang B, et al. Using 
video prototypes for evaluating design concepts with users: a comparison to usability 
testing. 2013 Presented at: IFIP Conference on Human-Computer Interaction; September 
2-6, 2013; Cape Town, South Africa p. 774-781. (doi: 10.1007/978-3-642-40480-1_55)

46. Wolpin SE, Nguyen JK, Parks JJ, Lam AY, Morisky DE, Fernando L, et al. Redesigning 
pictographs for patients with low health literacy and establishing preliminary steps for 
delivery via smart phones. Pharm Pract (Granada) 2016;14(2):686 (FREE Full text) (doi: 
10.18549/PharmPract.2016.02.686) (Medline: 27382421)

47. Koops van ‘t Jagt R, de Winter AF, Reijneveld SA, Hoeks JCJ, Jansen CJ. Development of a 
communication intervention for older adults with limited health literacy: photo stories to 
support doctor-patient communication. J Health Commun 2016;21(suppl 2):69-82. (doi: 
10.1080/10810730.2016.1193918) (Medline: 27662265)

48. Maceviciute E, Wilson TD, Manžuch Z. Assessing the graphic questionnaire used in digital 
literacy training. Issues Informing Sci Inf Technol 2019;16:113-126. (doi: 10.28945/4301)

49. Hammami H, Camara FG, Calvary G, Riahi M, Moussa F. The benefits of combining paper-
and video-based prototypes for user interface evaluation. HAL Open Science 2020:hal-
02554507.

50. Sobel RM, Paasche-Orlow MK, Waite KR, Rittner SS, Wilson EAH, Wolf MS. Asthma 1-2-
3: a low literacy multimedia tool to educate African American adults about asthma. J 
Community Health 2009;34(4):321-327. (doi: 10.1007/s10900-009-9153-9) (Medline: 
19353250)

51. Afolabi MO, Bojang K, D’Alessandro U, Imoukhuede EB, Ravinetto RM, Larson HJ, et 
al. Multimedia informed consent tool for a low literacy African research population: 
development and pilot-testing. J Clin Res Bioeth 2014;5(3):178 (FREE Full text) (doi: 
10.4172/2155-9627.1000178) (Medline: 25133065)

52. Johnston DW, Johnston M. Useful theories should apply to individuals. Br J Health Psychol 
2013;18(3):469-473. (doi: 10.1111/bjhp.12049) (Medline: 23724956)

53. Sandelowski M. One is the liveliest number: the case orientation of qualitative research. 
Res Nurs Health 1996;19(6):525-529. (doi: 10.1002/(SICI)1098-240X(199612)19:6<525::AID-
NUR8>3.0.CO;2-Q) (Medline: 8948406)

54. Adlin T, Pruitt J. The Essential Persona Life Cycle: Your Guide to Building and Using 
Personas. Burlington, MA: Elsevier; 2010.

55. Clever prototypes LLC. Storyboard That. URL: https://www.storyboardthat.com/ (accessed 
2020-08-31)

56. Brown MT, Bussell JK. Medication adherence: WHO cares? Mayo Clin Proc 2011;86(4):304-
314 (FREE Full text) (doi: 10.4065/mcp.2010.0575) (Medline: 21389250)

57. Bartholomew LK, Parcel GS, Kok G, Gottlieb NH, Fernandez ME. Planning Health Promotion 
Programs: An Intervention Mapping Approach. Hoboken, NJ: John Wiley & Sons; 2011.

58. Premiere Pro. Adobe. 2022. URL: https://www.adobe.com/nl/products/premiere (accessed 
2020-08-31)

Proefschrift geheel final.indb   76Proefschrift geheel final.indb   76 28-11-2023   12:40:3328-11-2023   12:40:33



77

Designing with and for people with limited health literacy

3

59. Janson SL, Alioto ME, Boushey HA, Asthma Clinical Trials Network. Attrition and retention 
of ethnically diverse subjects in a multicenter randomized controlled research trial. 
Control Clin Trials 2001;22(suppl 6):236S-243S. (doi: 10.1016/s0197-2456(01)00171-4) 
(Medline: 11728627)

60. Brandt E, Binder T, Sanders EBN. Tools and techniques: ways to engage telling, making 
and enacting. In: Routledge International Handbook of Participatory Design. New York: 
Routledge; 2012.

61. Budig K, Diez J, Conde P, Sastre M, Hernán M, Franco M. Photovoice and empowerment: 
evaluating the transformative potential of a participatory action research project. BMC 
Public Health 2018;18(1):432 (FREE Full text) (doi: 10.1186/s12889-018-5335-7) (Medline: 
29609576)

62. Nakarada-Kordic I, Hayes N, Reay SD, Corbet C, Chan A. Co-designing for mental 
health: creative methods to engage young people experiencing psychosis. Des Health 
2017;1(2):229-244. (doi: 10.1080/24735132.2017.1386954)

63. Sanders EBN, Brandt E, Binder T. A framework for organizing the tools and techniques of 
participatory design. 2010 Presented at: Proceedings of the 11th Biennial Participatory 
Design Conference; November 29-December 3, 2010; Sydney, Australia p. 195-198. (doi: 
10.1145/1900441.1900476)

64. Jacob C, Bourke S, Heuss S. From testers to cocreators-the value of and approaches to 
successful patient engagement in the development of eHealth solutions: qualitative expert 
interview study. JMIR Hum Factors 2022;9(4):e41481 (FREE Full text) (doi: 10.2196/41481) 
(Medline: 36102548)

65. Bollard M, Magee P. Myhealth–developing accessible health materials with men with 
intellectual disability: a co-created proof of concept. Des Health 2020;4(3):313-326. (doi: 
10.1080/24735132.2020.1836862)

Proefschrift geheel final.indb   77Proefschrift geheel final.indb   77 28-11-2023   12:40:3328-11-2023   12:40:33




