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Abstract. User-centered design (UCD) methodologies are focused on creating 
solutions adapted to the specific needs and contexts of targeted users. Such 
practices are especially critical in healthcare settings, where the quality, 
accessibility, adaptability and usability of diagnostic and treatment tools 
significantly impact patient outcomes. A key diagnostic tool in clinical practice 
is the antibiogram, which presents sensitivity test results for microorganisms 
against various antibiotic concentrations. Interpreting antibiogram results 
requires customization based on individual clinical factors, adding complexity 
to the decision-making process in antibiotic therapy. This scoping review aims 
to improve healthcare research projects, such as the optimization of 
antibiogram-directed antibiotic therapy, by taking into account the needs of all 
stakeholders involved. Our contribution provides a critical and descriptive 
analysis of the application of various user-centered design (UCD) methods 
within healthcare settings and outlines validated methods used in the collection 
and analysis of data from healthcare studies employing these methodologies. 
Additionally, the review offers detailed practical application guidelines to assist 
other researchers in their implementation. 

Keywords: User-Centered Design, Service Design, Design Methodology, Healthcare, 
Health Services, Decision-Making Support.  

1 Introduction 

1.1 User-centered design methodologies in healthcare 

The traditional, evidence-based health services research (HSR) methods are 
commonly used for the execution of health projects. HSR methods guide rigorous and 
effective interventions that prioritize compliance with technical specifications, 
dissemination, and scalability of the proposed solution [1]. The implementation of 
interventions can be challenging because end users may need to adapt them to suit 
their unique circumstances. This is often due to a lack of human-centered or 
participatory approaches during the design process. As a result, end users may not 
have been able to provide input that would have made the interventions more 
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effective for their needs. To implement these strategies and ensure their acceptance 
among all parties, there is a growing methodological trend to facilitate the 
development and evolution of healthcare through a human-centered approach [1, 2, 3] 
(i.e., human-centered design ‘HCD’ or user-centered design ‘UCD’ methodologies). 
Through repeated prototyping and iterative refinement of the proposed solution, the 
new products, services, and experiences are designed to address the needs of the 
target audience. This places the focus of project activities on the target audience rather 
than on the material and technological characteristics of the product or service [4]. 

 
Applying the principles of human-centered design, the Design Thinking 

methodology describes the entire design process by dividing it into 5 distinct steps: 
(1) Discover: empathize with the end user and understand their context and needs; (2) 
Define: identify and define the problem through a point of view shared by the 
different stakeholders; (3) Ideate: generate innovative ideas to satisfy the defined 
problem through a multidisciplinary group formed by experts and end users; (4) 
Prototyping: materialize the solutions by developing prototypes; (5) Testing: evaluate 
the prototypes iteratively to obtain feedback from the end user and gradually bring the 
solution closer to the final version that best meets their needs [5]. A different 
methodology, the Double Diamond approach [6] describes the design process in four 
stages: Discover, Define, Develop and Deliver. The Double Diamond methodology 
uses two diamonds that represent the design process as a change flow from divergent 
to convergent thinking, reflecting the transition from the exploration to the realization 
phases [6]. In comparison with Design Thinking, this methodology includes in the 
Develop phase the ideation and prototyping and in the Deliver phase the usability 
testing of the solution and its implementation.  

 
Both methodologies have in common the use of co-design processes and 

methodologies as a key approach strategy in all the phases of a project. Co-design is a 
collective activity that enhances creativity through the formation of interdisciplinary 
groups, composed by designers as well as by people without knowledge of design 
methodologies. The goal of these methodologies is to include both perspectives in the 
different processes that make up a project [7]. The application of this perspective in 
the design of healthcare strategies allows understanding and taking into consideration 
the personal experiences and needs of users, including patients and clinical staff [3]: 
co-design processes increase the chances of satisfying clinicians and patients and 
ensuring the acceptance of the strategy developed in the healthcare environment [8], 
as well as promoting health equity thanks to the in-depth knowledge of the context, 
needs, and demands of these users [9]. For this reason, numerous initiatives are being 
developed to familiarize these professionals with human-centered design approaches 
[10]. 
 

These initiatives align with healthcare professionals’ patient-centeredness from a 
collaborative, multidisciplinary perspective and user experience as synonymous with 
increased quality and improved healthcare delivery [12, 13, 14]. However, healthcare 
professionals still face several challenges when implementing these approaches in 
healthcare [11]. While research encouraging user participation in the healthcare 
environment is increasing, it tends to leave the user in a passive, one-way listening 
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position. This, together with the limited description of existing design processes in the 
literature, evidences a marked need for training of research staff in user-centered 
design methodologies [14, 15]. To alleviate this challenge, we present a review of 
existing UCD methods and analyze how co-design processes can be applied in the 
initial stages of a project.  

 
1.2 User-centered design methodologies in the applied domain of antibiotic 

prescription  

The ultimate goal of this work is to find UCD methodologies to improve and 
optimize the usability of the antibiogram, a diagnostic tool that collects efficacy and 
resistance therapeutic results of antibiotics against bacteria [16]. We believe that a 
correct analysis and design of the antibiogram could increase the quality and accuracy 
of antibiotic prescribing. Our work follows the current trend of not only investigating 
the development of new drugs but also pursuing other strategies such as the 
development of clinical decision support systems [17, 18, 19]. In the development of 
these strategies, there is a perceived need to customize these tools to adapt them to the 
specific situations of each patient by applying innovative methods, which also include 
and take into consideration healthcare professionals and train them for the digital 
environment [17, 18]. Moreover, the effectiveness of these interventions in terms of 
practical functionality and implementation fidelity is closely tied to how well they are 
tailored to fit the organizational and social characteristics of the clinical setting and 
the standard procedures of healthcare professionals [20]. This underscores the 
importance of integrating user-centered design into the early stages of e.g., the 
antibiogram's development, focusing on understanding user needs and establishing 
design criteria, rather than limiting its application to later stages of development and 
evaluation [17, 21]. 

 
The purpose of this review is to carry out a critical, descriptive analysis of how 

different design UCD methodologies are applied in the healthcare environment. In 
this initial phase, we are focused on compiling and analyzing qualitative 
methodologies that are commonly used in the first design phase, which is centered on 
identifying and analyzing the needs of the end-users. The study of how these 
methodologies are applied is of high relevance given the complexity of integrating the 
different perspectives of citizens, patients, and healthcare professionals. Additionally, 
an inclusive approach is needed, both to achieve an improvement in healthcare quality 
and towards an effective implementation of the interventions, due to a higher 
acceptance and adherence of the target public. For these reasons, establishing a guide 
that facilitates the development of the initial phase of a research project would move 
healthcare researchers, engineers, designers, and physicians toward the settlement of 
methodological bases. This knowledge would also increase the familiarity with 
well-known, established, and validated methodologies of the state-of-the-art literature. 
Our main contribution is a map of validated methods used in the compilation and 
analysis of data from studies that apply UCD or HCD methodologies. We do not 
merely present a list of existing tools, instead, we deepen their practical application 
indications to facilitate their use by other researchers. 
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2 Methodology 

We have selected a scoping review as a method to gather information since it is 
useful for identifying and mapping the scope and nature of the available knowledge in 
the state-of-the-art literature for a particular research topic [22].  

 
2.1 Search Strategy 

Three different relevant databases have been selected for the research in the fields 
of engineering, design and medicine. The selected databases are Web of Science, 
PubMed and Scopus. Two exposures were carried out: a general search and a specific 
search.  
 
General search. The goal of this first review is to know the overall status of how 
UCD or HCD methodologies are applied in a healthcare context to identify which 
validated methods are used in qualitative research. The keywords for this review have 
been: Service Design; Healthcare; Design Methodology and User-Centered Design. 
The output of this search consisted of 403 records: Web of Science (n=46), PubMed 
(n=298) and Scopus (n=59). 
 
Specific search. The goal of the second review is to narrow down the search, carrying 
out a mapping of the application of the design methods in the development of 
assistance systems for antibiotic prescription. This second review establishes the 
foundation over which research and development will be carried out to optimize 
antibiotic therapy through the antibiogram design. The keywords for this review have 
been: User-Centered Design and Antibiotic Decision Support. The output of this 
search consisted of 32 records: Web of Science (n=10), PubMed (n=10) and Scopus 
(n=12). 

 
Both searches used the Boolean term AND to narrow the results. 
 
2.2 Selection of Sources 

General search. Article inclusion criteria were the following: (a) use of design 
methods in healthcare, (b) written in English, (c) published in last 5 years 
(2019-2024), (d) journal articles, (e) published in high impact journals (Q1 or Q2). 
The duplicated articles (n=14) and those not meeting the inclusion criteria (n=369) 
were excluded from the analysis of this work.  
 
Specific search. Article inclusion criteria were the following:  (a) specific clinical 
decision support tools for antibiotic therapy, (b) written in English, (c) use of 
user-centered design approach. The duplicated articles (n=8) and those not meeting 
the inclusion criteria (n=16) were excluded from the investigation. An additional 
record, identified through other sources, was included since it was considered of 
special interest for the research.  
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2.3 Data Extraction 

General search. We extract information from a total of 20 works. From there, we 
gather the journal, goal and purpose, design methodologies applied in the research, 
data collection methodology, participants typology and samples and other 
considerations of interest.  
 
Specific search. We extract information from a total of 8 works. From there, we 
gather the journal, goal and purpose, design methodologies applied in the research, 
data collection methodology, participants’ typology and samples, name and 
description of the prototypes for antibiotic prescription assistance and other 
considerations of interest.  
 
75% of the analyzed articles (General Search + Specific Search) are Original 
Research works. Regarding the journal categories, they are generally evenly 
distributed between Medicine and Design, Engineering or Clinical Informatics with 
8% of articles in medical journals (see Table 1).  

Table 1. Categorization of the articles included in the analysis. 

Search Articles Types Journals Categories 

General Search 
Original Research (n=13); 
Review (n=5); Study Protocol 
(n=2) 

Medicine (n=14); Design / 
Engineering / Clinical Informatics 
(n=6) 

Specific Search Original Research (n=8) Medicine (n=1); Design / Engineering 
/ Clinical Informatics (n=7) 

% Global Articles 
Original Research (75%); 
Review (18%); Study Protocol 
(7%) 

Medicine (54%); Design / 
Engineering / Clinical Informatics 
(46%) 

3 Results 

The findings have been organized into 2 parts: one of them corresponds to the 
general search and the second to the specific search. Within these two sections, we 
first report the methods presented in the analyzed articles and then we include 
relevant case studies that show the applicability of the design methodology in a real 
scenario.  

 
3.1 General search: Which design methods have been applied in healthcare? 

In this subsection, we discuss all the methods retrieved through the general search 
and include case studies where these design methods have been applied in the applied 
domain of healthcare.  

General description of the methods. The more general feature of the identified 
methods is a qualitative-descriptive methodology which leads to gaining insight 
knowledge as an answer to research questions. It is important to note that involving 
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stakeholders through co-design procedures is another common methodological factor 
in these studies [3, 13]. In particular, these are the two co-design tools more 
frequently used in the first phase of the design process: (1) clinical environment 
observations to understand the interaction between users and the health service 
interface; (2) structured and semi-structured interviews and focus groups (FGs) to 
contextualize and detail the needs of the project, considering all the perspectives and 
establishing the common touchpoints between studies (we define a touchpoint as a 
critical moment in the experience of the user with the service) [8, 12, 23]. Another 
common tool is the Persona method, a non-participative analysis technique that seeks 
to identify target users and place their actions within a given context. This method 
helps in making informed decisions about the structure and design of a project. The 
Persona method is also used to create fictional archetypes from the categorization and 
characterization of real users [24]. 

 
The profiles of participants involved in this research typically include healthcare 

professionals (mainly attending physicians, residents, and nurses), patients, and 
family members or caregivers. In the reviewed works, the recruitment of patients and 
professionals is carried out at the hospital or healthcare where the research is taking 
place, and family members or caregivers are recruited through contact with the 
patients. The recruitment procedure is similar across different works: (1) Potential 
collaborators are provided with information about the research in writing or both 
verbally and in writing; (2) Space is provided for questions and doubts; (3) Informed 
consent is obtained from the participant, either verbally or in writing, which is the 
preferred option [13, 25, 26, 27, 28]. Remote contact with participants during the 
study is typically made via mobile phone, WhatsApp, and email [8, 26, 27]. 

 
Field observations. Field observations reported in the literature are characterized by 
being protocolized through the structured definition of the evaluation criteria. Field 
observations can be categorized as participatory or non-participative. There is a lot of 
variability regarding how much time was devoted to field observations in the methods 
of the general search, with a range from 2 to 80 hours [12]. Field observations are 
usually analyzed through qualitative content analysis, a method suitable for 
descriptive qualitative analysis [25] which focuses on the theme and the context to 
explore in depth the differences between categories and codes. It studies both what the 
text says literally and the themes it speaks about, perceived in the latent content of the 
text [29].  
 
Interviews. The total number of structured or semistructured interviews conducted in 
the general search studies varies in a range from 15 to 30 participants, with an 
equitable representation of each profile. The interviews are conducted face-to-face, 
online, or by telephone. The interviews take place in private settings and are 
conducted individually with each participant, typically lasting between 30 and 40 
minutes.  Documentation is collected through voice recording followed by verbatim 
transcription and via field notes, memos, and visual products. The interviews are 
analyzed using qualitative content analysis [8, 12, 13, 24, 25]. 
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FGs. The number of participants in the focus group sessions varies greatly, from three 
to 30. FGs are conducted both in person and online as interactive e-meetings (via 
platforms like Skype or Meets), with in-person meetings usually having fewer 
participants (from three to five). The number of meetings varies between two and 15, 
depending on the research needs. These activities typically last between 2 and three 
hours. Documentation is collected through audio recordings which are then 
transcribed anonymously, and also via field notes, meeting agendas, and visual 
products. Information analysis generally involves reviewing and summarizing key 
aspects [12, 13, 24, 25, 26, 27, 28]. Some studies use qualitative analysis software for 
transcription and data analysis, such as NVivo 12 [8].  
 
Persona Method. The number of defined archetypal profiles varies according to the 
context and research needs. In the analyzed publications, five different profiles are 
used on average. The patient-based archetypes usually include data related to the 
following aspects: sociodemographics, personal interests, partnership situations, 
common attitudes and behaviors related to health, and other information depending on 
the specific interests of the study [24]. 

 
All these different methods are often used together in a single project to establish 

touchpoints [12]. Co-design activities are usually planned and structured by the 
researchers carrying out the study [27]. In addition to these user-centered 
methodologies, the first phase of studies includes complementary activities such as 
literature review and analysis [15]. Although this paper does not focus on the methods 
used in the phases after the initial analysis of the needs of the users, we have 
considered it relevant to include a summary of the more popular methods, especially 
considering that there is an important emphasis on the development phase in the 
reviewed works. After the initial analysis phase and before the main development 
phase of the project starts, it is common to prioritize the identified needs. For this 
purpose, tools such as the Delphi method, a dynamic system that aims to reach the 
consensus of a group of experts on a particular topic, are used [28]. In the following 
phase, the development of the proposed improvement strategy is carried out through 
the creation of different prototypes that allow for an iterative and joint optimization 
process. In this phase, it is usual to hold sessions, creative workshops or focus groups, 
and to stimulate brainstorming and a dynamic of debate and exchange of ideas. These 
activities are always adapted to the characteristics and needs of the group, as well as 
to the research goals [3, 8, 12, 13]. After the development phase, usability testing of 
the tool or strategy (for example, heuristic evaluation with experts) and user 
satisfaction questionnaires  are carried out to evaluate the results [9, 30]. 

Case studies. As a case study, previous works have conducted a review to establish 
the requirements that users of digital health services have through research projects 
that include co-design processes in healthcare, with a focus on people-centered 
methodologies [3]. A different case study made use of the HCD methodology to 
assess the post-participation perspective of nurses and patients in rural Tanzania [13]. 
Another study used co-design methods to develop a goal-setting tool shared with 
parents in speech and language therapy [27]. 
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The discussed methodologies have also been applied in the design of eHealth 
(digital health interventions) [8] and mHealth (telemedicine that uses mobile devices) 
[15]: for colorectal cancer survivors and caregivers [8], to digitize patient preferences 
in palliative care through a mobile application [30], for integrated healthcare services 
for people with disabilities, caregivers and health professionals and improve digital 
health equity [9], a two-way messaging app for low-income and chronically ill 
patients [23], an app to reduce the psychosocial impact of human papillomavirus 
testing [24], etc. We have also identified two case studies that aim to improve patient 
care and information transfer between health professionals [25, 26]. 
 

In summary, the application of design methodologies is more frequently used in the  
digital health domain, although there are frameworks that also integrate some of these 
methods for their use in the healthcare sector.  

 
3.2 Specific Search: Which design methods have been applied in the 

optimization of antibiotic prescription?  

In this subsection, we discuss all the methods retrieved through the specific search 
and include case studies where these design methods have been applied in the context 
of optimizing antibiotic prescribing.   

General description of the methods used. The reviewed research works in the 
context of antibiotic prescription use the following methods: field observations, 
interviews, and FGs [17, 20]. The profiles of participants collaborating in this 
research include antibiotic-prescribing clinicians (both residents and attending 
physicians, with the presence of physicians specializing in infectious diseases), 
pharmacists, and nursing staff. The recruitment of these specialists is carried out with 
the support of the medical management of the healthcare centers involved in the 
research, who help to find physicians interested in participating. Contact is also made 
through email and face-to-face communication [17, 20, 31]. 
 
Field observations. This method has only been used in one of the eight analyzed 
studies. Field observations were carried out under ethnographic and anthropologic 
research concepts through the morning and afternoon shifts to observe changes in 
workflow during 24 hours. The observed data were transcribed and presented 
graphically [20]. 
 
Interviews. The reviewed works carried out non-structured interviews, conducted by 
the design engineers participating in the studies. Physicians, nurses, and pharmacists 
were interviewed. The number of interviews (with eleven participants) is only 
reported in one of the eight analyzed studies. The observed data were transcribed and 
presented graphically [17, 20]. 
 
FGs. Focus groups were formed by multidisciplinary panels, consisting of prescribing 
physicians, specialists in infectious diseases, pharmacists, nurses, design engineers 
specialized in ethnographic techniques and computer engineers. An open-ended 
question guide was used for the FGs. The reviewed research works carried out 
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between two and three FGs [17, 18, 20]. The data were registered via detailed notes 
and audio recordings, which were later transcribed literally. Participants were 
rewarded with a gift card for their participation. The duration of FGs was one hour 
[31]. 

Case studies. Two types of tools can be distinguished in the analyzed publications: 
(1) repositories with information and recommendations on the use of antibiotics and 
(2) prototypes of antibiotic prescription assistance systems. The main goal of the 
investigations of both typologies is to perform usability tests and evaluate the 
proposed digital solutions.    

 
Regarding the repositories, we have identified a study which presents a digital app 

(Antibiogram+) which collects information on antibiotic susceptibility, antibiotic 
selection, treatment duration, dosing and monitoring of antimicrobials. It is accessible 
through the hospital’s electronic medical record and intranet [32]. A different study 
has developed a web interface that displays antibiotic recommendations and their 
properties, aiming to train physicians on clinical practice guidelines (CPG) regarding 
antibiotic treatment [33].  

 
Regarding prototypes, a study analyzed the usability and functionality of a decision 

support assistant for antibiotic treatment in pediatric infections [34]. Another study 
aims to translate user needs into technical computing requirements by analyzing the 
usability of a commercial system of decision-making processes in the context of 
antibiotic treatment [31]. A tool that acts as a digital antibiogram (iBiogram) has been 
identified in the state of the art. This tool uses patient macro data, resistance patterns, 
and expected antibiotic coverage to help clinicians select the best antibiotic therapy 
without susceptibility data, i.e. when microbiological data is not yet available [35]. 
The research that comes closest to our goal makes use of user-centered design 
methods to establish the requirements of the antibiotic decision support system for an 
intensive care unit [20]. 

 
The presented case studies, which focus on the optimization of antibiotics 

prescription, use design methods which are associated with the prototyping and 
evaluation phases of already designed solutions with a focus on iterative 
improvement. Focus groups appear to be the predominant method in the literature. 
However, none of the interventions studies the design of the antibiogram as a strategy, 
and only one of the analyzed works takes into account these methods in the early 
phases of analysis. [31] 

4 Discussion 

The UCD methodologies applied in the context of healthcare (FGs, interviews, 
field observations, and Persona method) do not show a standardized practice; they are 
flexible tools that researchers can adapt to different types of studies depending on 
their research requirements. This flexibility also entails a clear disadvantage, since not 
having standard application basics hinders the usability of these methodologies to 
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non-design-specialized researchers. Although the number and recruitment process for 
participants, the different media and data registration methods are usually registered 
and described in the literature, there are important details that are not discussed, like 
the structural and organizational level of interviews, FGs or field observations. Other 
works do not report on the methodological script either, adding subjective variables 
for non-experts and increasing the complexity of reproducing existing methodologies. 
Additionally, the procedure used to analyze qualitative data is often not discussed 
either. This lack of standardization evidences the need for transversal analysis like the 
one presented in this project, which can facilitate non-experts using these methods in 
a guided and structured way. Regarding the user-centered approach in the 
development of tools for decision-making assistance of antibiotics: UCD 
methodologies allow for an in-depth knowledge of all the aspects that come into play 
at the time of prescription, based on a global vision of this clinical practice. This is a 
clear advantage for prescribing physicians and patients alike.  

 
Limitations and future work: The analyzed sample size (N=28), search keywords 

and other filters applied to the review are important factors of the analyzed results, 
since some important related research might have been excluded (for example, if the 
keywords are not well aligned). In the future, other keywords like Design Thinking or 
Codesign could be included for a more extensive review. As a necessary research 
framework based on the conclusions of the present study, it would be interesting to 
design a guide based on user-centered methods for the initial phase to specify, detail 
and standardize the procedures for their application in health. In the specific case of 
the antibiogram optimization project through the application of design methodologies, 
it will be carried out: field observations, expert interviews and observation sessions 
based on eye tracking technology to know how prescribing doctors consult the 
antibiogram and co-creation sessions, focus groups, prototyping and testing of the tool 
in the design and development phases, ensuring the application of UCD throughout 
the process.  

5 Conclusion 

The goal of this publication is to carry out a critical and descriptive analysis of how 
user-centered design methodologies (UCD) are implemented in healthcare settings.  
The analysis focuses on the methods used during the initial phase of project 
development, primarily aimed at identifying and addressing the needs of end-users. 
This review maps validated methods, recognized by the scientific community, that 
facilitate the design and development of projects utilizing  human-centered design 
methodologies. These methods form the basis for a forthcoming case study by the 
authors on optimization of antibiotherapy through improved antibiogram design.  
 

In practice, UCD methods in healthcare are qualitative and descriptive, utilizing 
co-design tools such as focus groups and interviews, with field observations and the 
Persona Method also being widely employed. Co-design is present in all the reviewed 
articles with the participation of interdisciplinary profiles: healthcare professionals 
(attending physicians, resident physicians, nurses, pharmacists), patients, caregivers, 
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and engineers with expertise in design and ethnographic techniques. Participant 
recruitment often occurs onsite at healthcare facilities through direct interaction or 
with assistance from medical management, and communication throughout the project 
usually involves face-to-face interactions, emails, calls, or messages. Informed 
consent is typically documented in writing, though verbal consent is also common. 
 

The methods are prioritized as follows: (1) Focus groups (FGs) are the most 
prevalent, conducted both in-person and remotely, though there is significant 
variability in the number of sessions, their structure, and participant count, usually 
lasting one to three hours; (2) Interviews, with the number per study ranging from 10 
and 30, typically lasting 30 to 40 minutes; (3) Field observations, which may be 
non-participative or participative, with varying time allocations based on the study’s 
needs; (4) the Persona method, generally creating around five profiles. Data from 
these methods are often collected via voice recording and transcribed verbatim, 
supplemented by field notes and visual documentation. However, the analysis process 
for qualitative data is not extensively detailed. 

The research reviewed largely focuses on applying these design methods during the 
intervention development and validation phases. There is a noticeable lack of detailed 
descriptions of design tools for initial user needs analysis, which is often 
supplemented by a literature review. Typically, two to three of the described methods 
are used in combination within the same study, demonstrating that these methods are 
complementary and essential for yielding robust and validated findings. Most case 
studies apply these methodologies to the development of digital platforms, such as 
informational repositories or assistive technologies, although their application in 
developing clinical decision-support tools remains limited. 

In conclusion, our study compiles a range of user-centered methods that contribute to 
humanising healthcare by promoting the development of projects that address the 
comprehensive needs of patients, clinical staff, and all other stakeholders involved. 

6 References 

1. Fischer, M., Safaeinili, N., Haverfield, M. C., Brown-Johnson, C. G., Zionts, D., & 
Zulman, D. M.: Approach to human-centered, evidence-driven adaptive design (AHEAD) 
for health care interventions: a proposed framework. Journal of General Internal 
Medicine, 36, 1041-1048 (2021). 

2. Bastardo, R., Martins, A. I., Pavão, J., Silva, A. G., & Rocha, N. P.: Methodological 
quality of user-centered usability evaluation of ambient assisted living solutions: a 
systematic literature review. International journal of environmental research and public 
health, 18(21), 11507 (2021).  

3. Chute, C., French, T., Raman, S., & Bradley, J.: User requirements for comanaged digital 
health and care. Journal of Medical Internet Research, 24(6), e35337 (2022). 

4. Giacomin, J.: What is human centred design? The design journal, 17(4), 606-623 (2014). 
5. Meinel, C., Leifer, L., & Plattner, H.: Design thinking: Understand-improve-apply (pp. 

100-106). Springer, Berlin, Heidelberg (2011). 



12 

6. The Double Diamond - Design Council Homepage, 
https://www.designcouncil.org.uk/our-resources/the-double-diamond/, last accessed 
2024/04/06. 

7. Sanders, E. B. N., & Stappers, P. J.: Co-creation and the new landscapes of design. 
Co-design, 4(1), 5-18 (2008). 

8. Melhem, S. J., & Kayyali, R.: Multilayer framework for digital multicomponent platform 
design for colorectal survivors and carers: a qualitative study. Frontiers in Public Health, 
11, 1272344 (2023). 

9. Ha, S., Ho, S. H., Bae, Y. H., Lee, M., Kim, J. H., Kim, J. H., & Lee, J.: Digital Health 
Equity and Tailored Health Care Service for People With Disability: User-Centered Design 
and Usability Study. Journal of Medical Internet Research, 25, e50029 (2023). 

10. Risling, T. L., & Risling, D. E.: Advancing nursing participation in user-centred design. 
Journal of research in nursing, 25(3), 226-238 (2020). 

11. Beres, L. K., Simbeza, S., Holmes, C. B., Mwamba, C., Mukamba, N., Sharma, A., ... & 
Sikazwe, I.: Human-centered design lessons for implementation science: improving the 
implementation of a patient-centered care intervention. JAIDS Journal of Acquired 
Immune Deficiency Syndromes, 82, S230-S243 (2019). 

12. Francis-Auton, E., Cheek, C., Austin, E., Ransolin, N., Richardson, L., Safi, M., ... & 
Clay-Williams, R.: Exploring and Understanding the ‘Experience’in Experience-Based 
Codesign: A State-of-The-Art Review. International Journal of Qualitative Methods, 23, 
16094069241235563 (2024). 

13. Isangula, K., Pallangyo, E. S., & Ndirangu-Mugo, E.: Nurses’ and clients’ perspectives 
after engagement in the co-designing of solutions to improve provider-client relationships 
in maternal and child healthcare: a human-centered design study in rural Tanzania. BMC 
nursing, 23(1), 148 (2024). 

14. Kim, E. J., Nam, I. C., & Koo, Y. R.: Reframing patient experience approaches and 
methods to achieve patient-centeredness in healthcare: scoping review. International 
journal of environmental research and public health, 19(15), 9163 (2022). 

15. Woods, L., Duff, J., Cummings, E., & Walker, K.: Evaluating the development processes 
of consumer mHealth interventions for chronic condition self-management: a scoping 
review. CIN: Computers, Informatics, Nursing, 37(7), 373-385 (2019). 

16. Klinker, K. P., Hidayat, L. K., DeRyke, C. A., DePestel, D. D., Motyl, M., & Bauer, K. A.: 
Antimicrobial stewardship and antibiograms: importance of moving beyond traditional 
antibiograms. Therapeutic Advances in Infectious Disease, 8, 20499361211011373 (2021). 

17. Ward, M. J., Chavis, B., Banerjee, R., Katz, S., & Anders, S.: User-centered design in 
pediatric acute care settings antimicrobial stewardship. Applied Clinical Informatics, 
12(01), 034-040 (2021). 

18. Beerlage-de Jong, N., van Gemert-Pijnen, L., Wentzel, J., Hendrix, R., & Siemons, L.: 
Technology to support integrated antimicrobial stewardship programs: a user centered and 
stakeholder driven development approach. Infectious disease reports, 9(1), 6829 (2017). 

19. Mortier, P., Amigo, F., Bhargav, M., Conde, S., Ferrer, M., Flygare, O., ... & Qin, P.: 
Developing a clinical decision support system software prototype that assists in the 
management of patients with self-harm in the emergency department: protocol of the 
PERMANENS project. BMC psychiatry, 24(1), 220 (2024). 

20. Thursky, K. A., & Mahemoff, M.: User-centered design techniques for a computerised 
antibiotic decision support system in an intensive care unit. International journal of 
medical informatics, 76(10), 760-768 (2007). 

21. Woodward, M., Dixon-Woods, M., Randall, W., Walker, C., Hughes, C., Blackwell, S., ... 
& Van Der Scheer, J. W.: How to co-design a prototype of a clinical practice tool: a 
framework with practical guidance and a case study. BMJ Quality & Safety, 33(4), 
258-270 (2024).  

https://www.designcouncil.org.uk/our-resources/the-double-diamond/


13 

22. Mak, S., & Thomas, A.: Steps for conducting a scoping review. Journal of Graduate 
Medical Education, 14(5), 565-567 (2022). 

23. Marko-Holguin, M., Cordel, S. L., Van Voorhees, B. W., Fogel, J., Sykes, E., Fitzgibbon, 
M., & Glassgow, A. E.: A two-way interactive text messaging application for low-income 
patients with chronic medical conditions: design-thinking development approach. JMIR 
mHealth and uHealth, 7(5), e11833 (2019). 

24. Sánchez Antelo, V., Szwarc, L., Le Pera, A., Fredjkes, P., Saimovici, D., Massaccesi, S., ... 
& Arrossi, S.: Ten steps to design a counseling app to reduce the psychosocial impact of 
human papillomavirus testing on the basis of a user-centered design approach in a low-and 
middle-income setting. JCO Global Oncology, 8, e2200168 (2022). 

25. Flink, M., Lindblom, S., Tistad, M., Laska, A. C., Bertilsson, B. C., Wärlinge, C., ... & 
Ytterberg, C.: Person-centred care transitions for people with stroke: study protocol for a 
feasibility evaluation of codesigned care transition support. BMJ open, 11(12), e047329 
(2021).  

26. Mueller, S. K., Garabedian, P., Goralnick, E., Bates, D. W., & Samal, L.: Advancing health 
information during interhospital transfer: An interrupted time series. Journal of Hospital 
Medicine, 18(12), 1063-1071 (2023). 

27. Singer, I., Klatte, I. S., de Vries, R., van der Lugt, R., & Gerrits, E.: Using co‐design to 
develop a tool for shared goal‐setting with parents in speech and language therapy. 
International Journal of Language & Communication Disorders, 57(6), 1281-1303 (2022). 

28. Leslie, M., Khayatzadeh-Mahani, A., & MacKean, G.: Recruitment of caregivers into 
health services research: lessons from a user-centred design study. Research involvement 
and engagement, 5, 1-9 (2019). 

29. Graneheim, U. H., & Lundman, B.: Qualitative content analysis in nursing research: 
concepts, procedures and measures to achieve trustworthiness. Nurse education today, 
24(2), 105-112 (2004). 

30. Ferreira, J., Ferreira, M., Fernandes, C. S., Castro, J., & Campos, M. J.: Digitisation of 
patient preferences in palliative care: mobile app prototype. BMJ Supportive & Palliative 
Care (2023). 

31. Bright, T. J.: Transforming user needs into functional requirements for an antibiotic 
clinical decision support system. Applied clinical informatics, 4(04), 618-635 (2013). 

32. Yarahuan, J. K., Flett, K., Nakamura, M. M., Jones, S. B., Fine, A., & Hunter, R. B.: 
Digital Antimicrobial Stewardship Decision Support to Improve Antimicrobial 
Management. Applied Clinical Informatics, 14(03), 418-427 (2023). 

33. Madar, R., Ugon, A., Ivanković, D., & Tsopra, R.: A web interface for antibiotic 
prescription recommendations in primary care: user-centered design approach. Journal of 
medical Internet research, 23(6), e25741 (2021).  

34. McGonagle, E. A., Karavite, D. J., Grundmeier, R. W., Schmidt, S. K., May, L. S., Cohen, 
D. M., ... & Mistry, R. D.: Evaluation of an antimicrobial stewardship decision support for 
pediatric infections. Applied Clinical Informatics, 14(01), 108-118 (2023). 

35. Müller, L., Srinivasan, A., Abeles, S. R., Rajagopal, A., Torriani, F. J., & Aronoff-Spencer, 
E.: A risk-based clinical decision support system for patient-specific antimicrobial therapy 
(iBiogram): design and retrospective analysis. Journal of medical Internet research, 
23(12), e23571 (2021). 


	General description of the methods. The more general feature of the identified methods is a qualitative-descriptive methodology which leads to gaining insight knowledge as an answer to research questions. It is important to note that involving stakeholders through co-design procedures is another common methodological factor in these studies [3, 13]. In particular, these are the two co-design tools more frequently used in the first phase of the design process: (1) clinical environment observations to understand the interaction between users and the health service interface; (2) structured and semi-structured interviews and focus groups (FGs) to contextualize and detail the needs of the project, considering all the perspectives and establishing the common touchpoints between studies (we define a touchpoint as a critical moment in the experience of the user with the service) [8, 12, 23]. Another common tool is the Persona method, a non-participative analysis technique that seeks to identify target users and place
	Case studies. As a case study, previous works have conducted a review to establish the requirements that users of digital health services have through research projects that include co-design processes in healthcare, with a focus on people-centered methodologies [3]. A different case study made use of the HCD methodology to assess the post-participation perspective of nurses and patients in rural Tanzania [13]. Another study used co-design methods to develop a goal-setting tool shared with parents in speech and language therapy [27]. 
	General description of the methods used. The reviewed research works in the context of antibiotic prescription use the following methods: field observations, interviews, and FGs [17, 20]. The profiles of participants collaborating in this research include antibiotic-prescribing clinicians (both residents and attending physicians, with the presence of physicians specializing in infectious diseases), pharmacists, and nursing staff. The recruitment of these specialists is carried out with the support of the medical management of the healthcare centers involved in the research, who help to find physicians interested in participating. Contact is also made through email and face-to-face communication [17, 20, 31]. 
	Case studies. Two types of tools can be distinguished in the analyzed publications: (1) repositories with information and recommendations on the use of antibiotics and (2) prototypes of antibiotic prescription assistance systems. The main goal of the investigations of both typologies is to perform usability tests and evaluate the proposed digital solutions.    

