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A B S T R A C T   

As digital mental health interventions (DMHIs) proliferate, there is a growing need to understand the com-
plexities of moving these tools from concept and design to service-ready products. We highlight five case studies 
from a center that specializes in the design and evaluation of digital mental health interventions to illustrate 
pragmatic approaches to the development of digital mental health interventions, and to make transparent some 
of the key decision points researchers encounter along the design-to-product pipeline. Case studies cover 
different key points in the design process and focus on partnership building, understanding the problem or 
opportunity, prototyping the product or service, and testing the product or service. We illustrate lessons learned 
and offer a series of questions researchers can use to navigate key decision points in the digital mental health 
intervention (DMHI) development process.   

1. Introduction 

Digital mental health interventions (DMHIs) have potential to 
address treatment-access gaps and enhance mental health care delivery 
(Mohr et al., 2021) but most evidence-based tools never make it from the 
research context into real-world use. As DMHIs proliferate, there is a 
growing need to understand the complexities of moving these tools from 
concept and design to service-ready products. 

Too often, DMHIs fail to translate into real-world use because they 
have not been designed as service-ready products, meaning they have 
not been designed for the people who will be using or impacted by them 
or for the settings in which they will be used. Human-centered design 
(HCD) is a design philosophy, research area, and practice that centers 
end-users throughout the design process to ensure that a tool or service 
addresses their specific needs, constraints, and preferences, and fits into 
the settings in which they will use it. Models of HCD have been described 

(e.g., Graham et al., 2019) and commonly follow a phased approach: 
investigate (assess end-users' needs, preferences, goals, and constraints); 
ideate (brainstorm design ideas); prototype (iteratively create design 
options); evaluate (iteratively evaluate design options with end-users); 
refine and develop (integrate design feedback and develop the tool); 
and validate (when the tool is made available and tested in practice). 
This “final” phase often generates new insights that inspire revisions to 
the tool's design. 

Designing service-ready products also means understanding the 
setting(s) in which the DMHI will be delivered (e.g., Proctor et al., 
2021). It is important to engage with people in the service setting (e.g., 
people delivering DMHIs, people incorporating DMHIs into their 
workflows, organization leadership, clinical supervisors) to ensure the 
DMHI can be implemented and sustained. Indeed, because HCD centers 
end-users in the design process, partnership building and maintenance 
are foundational throughout the design process. While partnership 
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building is not formally one of the design phases, as described above, it is 
imperative during or even before embarking on the investigate phase. 

Many methods can be used when developing a service-ready tool, 
and the role of the designer and clinical scientist is to make decisions – 
often in collaboration with the relevant interested parties (e.g., com-
munity organizations, healthcare systems, end-user communities) – 
around which methods to apply. For example, designers and clinical 
scientists, in collaboration with interested parties looking to build or 
adapt a DMHI, may engage potential end-users to understand the pref-
erences and constraints that will guide the DMHI development and in so 
doing must make decisions about the type of study methods to employ 
(e.g., focus groups, surveys, interviews, co-design workshops, among 
others). They must then make decisions about how to take learnings and 
translate them into testable prototypes that inform software re-
quirements for developers to subsequently build. Choices must then be 
made about how to evaluate these prototypes. For example, evaluation 
methods can be moderated usability testing sessions in which a user is 
tasked with performing actions while engaging with the prototype, 
unmoderated or self-guided usability testing where users are free to use 
the tool with minimal guidance or instruction, and/or extended usability 
testing deployments (“field testing”, “pilot testing”) where the prototype 
is deployed to a series of test users to use in situ, among others. Within 
each of these methods, there are similarly myriad design choices to be 
made that can affect the developed DMHI (e.g., appropriate number of 
participants to recruit, appropriate length of each study) - the decisions 
for which should be grounded in the research questions the clinical 
scientist aims to answer to inform next steps, and if possible, aligned 
with the needs of the end-users and deployment setting. Because HCD is 
iterative, it is important that clinical scientists who are interested in HCD 
understand how to select and apply these methods and when to advance 
the design process. 

In this paper we outline pragmatic approaches for clinical scientists 
to design and develop service-ready products. We use case examples 
from research projects conducted at the Center for Behavioral Inter-
vention Technologies (CBITs) to demonstrate the application of design 
methods at different phases of the HCD process. We highlight pragmatic 
considerations that scientists make in selecting and applying methods, 
and at what point they move onto future phases. 

2. Materials and methods 

Five case studies were compiled that illustrate different phases of the 
design process. Key decision points and the relevant case studies were 
identified by consensus from the authors who have experience con-
ducting community-engaged research, designing, developing, imple-
menting, and evaluating DMHIs in both research and real-world 
settings. 

3. Results 

3.1. Partnership building 

The first decision in the design-to-product pipeline is aimed at 
determining who will be involved in the design process and begin 
determining the DMHI's scope. Because DMHIs are ideally designed for 
the people who will use them and the settings and contexts in which they 
will be used (Mohr et al., 2017), it can be critical to involve not just the 
individuals who will use the eventual DMHI but also the organizations 
who will implement it. Consequently, building a partnership with an 
organization can be an important precursory endeavor before embark-
ing on the HCD process. Partnership building is about building credi-
bility, earning trust, redistributing power, demonstrating commitment 
to the organization of interest, and fostering mutual learning about the 
researchers' and potential partners' goals, priorities, and perspectives – 
and continues throughout the design-to-product pipeline. Although the 
researcher may want to eventually work with an organization in a 

research capacity, partnership building is a non-research endeavor. With 
that said, some HCD methods and practices can be vital precursors to 
conducting research with organizations of interest. 

Case Study 1 details how a community-research partnership was 
established between a local, Chicago-area public library, their teen pa-
trons, and a research team. 

The library's Teen Services program is designed for teens, by teens, 
and focuses on their social-emotional and academic development. In 
response to the high mental health needs of its patrons, the library 
expanded its social services within the last five years to include 
mental health services. Some of these services included hiring social 
workers as employees and providing free mental health assessments 
to library patrons. During this expansion, our team reached out to 
library leadership to learn about the library's mental health services 
and to explore the fit between the library's priorities and research 
teams' expertise in teen DMH services. At the initial meetings, it 
became apparent that the library leadership and research teams 
shared the common mission of providing accessible, evidence-based 
mental health resources to Chicagoland teens, and that there was 
high potential for partnership around designing accessible mental 
health resources with teens most experiencing health inequities 
(Knapp et al., 2023). 
To support partnership building activities, the community and 
research leads applied for, and were awarded, an internal partner-
ship development grant to financially support the library's teen ser-
vices and partnership building activities. This included funds 
allocated for both a teen advisory board comprising teen library 
patrons and teens from the community the library serves, and an 
adult advisory board comprising teachers, parents, library workers, 
local government officials, and other community leaders. Both 
advisory boards were led by Teen Investigators hired by the re-
searchers. The purpose of establishing the advisory boards was to 
facilitate bi-directional relationships between the researchers and 
the community the library serves and to build a shared vision for 
whether and how a DMHI could help provide mental health 
resources. 
In the advisory board meetings, members discussed community 
strengths, the insufficiency of current teen mental health resources 
especially for Black, Indigenous, and teens of color (e.g., exclusion of 
Black, Indigenous, and teens of color from mental health narratives), 
accessibility issues (e.g., difficulty accessing mental health resources 
without disclosure to adults), and considerations for future design 
and implementation of mental health resources. Researchers 
commissioned graphic recordings – artistic representations of topics 
discussed in the meetings – to serve as a record of the meetings and a 
product to share in community and academic outlets. 
Throughout work with the library, we (the researchers) aimed to 
earn community trust, re-distribute power typically delegated to 
researchers, and deepen our understanding of the community's pri-
orities and concerns. While not an exhaustive list, we outline several 
methods we used. We prioritized “showing up” beyond research. For 
example, we attended teen-led community events including town 
hall presentations and performance art shows. These activities were 
beneficial for earning the trust of our library and teen partners, 
showing commitment to the community, and learning more about 
the community the library serves. To support our teen partners' ac-
ademic and occupational pursuits, we wrote letters of recommen-
dation on their behalf, which enabled us to formally demonstrate 
gratitude and acknowledge their many strengths. We attempted to 
adopt a stance of humility by asking for feedback, expressing our 
gratitude for critical feedback, and being transparent about how 
their input and feedback resulted in action or changes to the project. 
Further, we had transparent discussions around how research has 
caused harm to many Chicagoland communities, and to their com-
munity in particular. We intentionally owned these harms, even if 
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not personally responsible, and were able to have productive dis-
cussions on methods of mitigating future harms. Additionally, in 
interactions with our community partners and in academic meetings 
and presentations, we explicitly celebrated and stated our appreci-
ation for the expertise community partners brought to the project 
through their lived experience of mental health challenges and deep 
knowledge of the library's infrastructure. When funds were available, 
we showed our appreciation via compensation; for example, sharing 
honorariums for researcher-delivered invited talks that included pre- 
made videos by our partners. 
These partnership building activities set the stage for, and eventually 
facilitated, the design process of a DMHI for teens to be incorporated 
into the library's Teen Services program because our research team 
had built strong working relationships and mutual trust with our 
community partners. In our experience, developing this strong 
partnership has been crucial for creating more equitable research 
dynamics and has improved the design process by facilitating mutual 
trust and enabling the design process to elicit and address the unique 
needs of the community and target end-users. 
In this case study researchers and community partners evaluated fit 
and mutual benefit of partnering to address a shared goal. Addi-
tionally, this case study highlights methods of centering community 
expertise and a community partner's goals. 

3.2. Understanding the problem or opportunity – investigate phase 

The next key decision point is understanding the problem to solve or 
the design opportunity. This is where design research begins. The 
researcher must consider whether a DMHI is the appropriate designed 
outcome. Determining the answer can come from both formal and 
informal data sources and requires the researcher to embrace the part-
nership with the organization or community of interest. It is also 
important to assess constraints that might limit the efficacy and equi-
table delivery of a particular designed tool. 

In Case Study 2, a researcher partnered with a mental health advo-
cacy organization to understand their needs and the challenges the or-
ganization cares most about. The researcher's understanding of the 
organization's priorities evolved using iterative methods of inquiry. 

This project builds on an existing partnership between our research 
center, CBITs, and Mental Health America (MHA), a mental health 
advocacy organization with a strong web presence. Our goals were to 
develop a digital tool for young adults that engage in non-suicidal 
self-injury (NSSI) that could be deployed to the individuals experi-
encing NSSI coming to the MHA website. To inform the design of 
such a tool, we first needed to understand the needs of young adults 
who engage in NSSI, their current self-management practices, and 
their interest in digital resources. We also needed to plan, with our 
partners, how this tool would be implemented by MHA to its con-
stituents. Consequently, we conducted elicitation activities to iden-
tify needs, concerns, constraints, and preferences, with end-users and 
with MHA. 
Most young adults do not seek treatment for NSSI so our under-
standing of how they self-manage NSSI behaviors is limited. To 
identify ways in which a digital tool may (or may not) help, we 
conducted one-on-one semi-structured interviews with 20 young 
adults to understand their NSSI-related goals and how they self- 
managed NSSI thoughts and behaviors. Interviews were chosen in 
place of a survey or focus group at this early stage because it is a 
method that affords free expression and the ability for researchers to 
flexibly follow-up on important insights while minimizing the 
number of people involved and, therefore, the need to worry about 
others' judgments. 
Iterative HCD methods led the researchers to an increased under-
standing of design opportunities. For example, in interviews, some 
young adults discussed wanting to stop NSSI altogether, and others 

described goals to reduce the frequency or severity of NSSI over time 
(Kruzan et al., 2022b). The nuances arising from these interviews 
underscored the importance of the tool being tailored to young 
adults' readiness to change NSSI behavior, and incorporating lan-
guage they were most comfortable with (e.g., “self-harm” instead of 
“NSSI”). The results were used to create app prototypes, which were 
shown to 10 additional young adults in individual interviews to 
gather feedback on specific features, desired ways of interacting, and 
content needs (Kruzan et al., 2022c). Between interviews, the pro-
totypes were updated to reflect expressed needs and preferences. The 
prototypes were then used to create a requirements document for 
software developers. 
We also explored young adults' needs with MHA, our community 
partner. We conducted an informal needs assessment through virtual 
meetings with MHA where we asked questions about MHA's mission 
and vision for the future, the needs they have observed in their vis-
itors, and key areas for growth. We learned they had vested interest 
in diversifying their resources for NSSI. 
We began to explore what MHA's infrastructure is like and what 
resources are available to integrate a digital tool. Through several 
meetings with our partners, we learned about MHA's workflows and 
existing resources, and how these related to their vision for 
expanding self-harm services. After considering several ways of 
deploying the digital tool through MHA (e.g., ads, additions to their 
Resource page) we recognized that while MHA has many self-report 
mental health screening tools on their website to assist people in 
accessing digital support tools, NSSI is a transdiagnostic problem 
that is not specifically assessed in any one screening. We determined 
collaboratively that a brief NSSI screening assessment was needed to 
identify and route interested individuals to NSSI tools. Thus, we 
worked with MHA leadership and young adult MHA website visitors 
to develop a screening tool that would conform to the structure of 
other screenings on the website and in a language appropriate for 
visitors. 
Our team developed an initial set of items based on empirical evi-
dence and theory, and we shared the items with MHA leadership in a 
Zoom session, where we collaborated on a Google doc and syn-
chronously refined the language of items and response options based 
on consensus. Once our team and MHA partners were comfortable 
with the items, they were shared in focus groups (n = 12 partici-
pants) with MHA website visitors who had a history of NSSI. The 
focus group involved eliciting information on participants' reactions 
to items, clarifying language, and identifying items deemed to be too 
personal or arousing. Changes were made to reflect young adults' 
preferences, and when the initial screening tool was ultimately 
posted, over 21,000 visitors with experience of self-harm responded 
in just four months. 
By engaging with our community partner and the population of in-
terest, we have designed and developed a digital tool to increase 
access to information about NSSI, as well as developed a pathway for 
MHA visitors with NSSI to access that tool. 
This case study highlights that by relying on the expertise of both 
community partners and target populations it is possible to identify 
addressable service gaps that might be appropriately served by dig-
ital health solutions. Additionally, this case study articulates the 
rationale for choosing particular research methods based on the 
research stage and open research questions. 

3.3. Prototyping the product or service – ideate, prototype, evaluate, and 
refine and develop phases 

Another potential decision point occurs when prototyping the DMHI. 
Researchers must determine the format of the DMHI and the affordances 
and drawbacks of different designs. For example, a text messaging based 
DMHI may be more accessible in regions where data access is limited but 
can be more rigid than app- or web-based digital interventions. 
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Feedback from the end-users and organizations who will implement the 
DMHI will critically inform these decisions. Specific DMHI features and 
elements must also be considered, as well as the potential unintended 
harms that can be consequences of specific design choices (Pendse et al., 
2022). 

In Case Study 3 a researcher partnered with college-age young 
people and engaged them in visual co-design activities to adapt an 
existing DMHI to better fit their needs, goals, constraints and 
preferences. 

For this project, we worked to adapt a DMHI (IntelliCare), originally 
designed for a general adult population, to meet the needs and 
preferences of college students. Adapting the intervention for college 
students required deciding on the clinical problems to focus on and 
the features to build. To make these decisions, we needed to un-
derstand the key clinical problems college students faced, and how a 
DMHI could begin to address them. We partnered with two local 
universities and began with a series of co-design workshops in which 
college students and college counseling center clinicians met jointly 
in a two-hour long workshop format (Cohen et al., 2022; Lattie et al., 
2020a). Thirty college students and counseling center clinicians 
participated across four separate workshops (2 at each university). At 
each workshop, co-design participants engaged in three phases of 
work: (1) a warm-up activity to spark free thinking and creativity, (2) 
brainstorming and affinity diagramming, and (3) storyboarding. 
For the warm-up, participants were tasked with a health focused 
exercise: mocking up an “enhanced bandage.” Participants were 
instructed to think as broadly as possible about how a bandage could 
be re-designed to be better. The goal was to get participants to begin 
thinking creatively about ideas for a health solution using a familiar 
prompt, and to increase their comfort in creative ideation. Then, 
researchers introduced the aim of the design workshop: helping 
design a tool that students can freely access to complete brief mental 
health assessments, receive feedback, and build upon their own 
stress management/coping skills by receiving access to interactive, 
clinical tools, and learn about mental health resources on campus. 
Participants engaged in a two-part brainstorming activity. First, 
participants were given a stack of sticky notes and were instructed to 
spend 5 min writing down as many potential program features as 
they could think of. After 5 min, participants were prompted to share 
all of their ideas with the group and put their sticky notes up on a 
board. The timed independent brainstorm aimed to prevent the po-
tential group dynamic in which some members are more participa-
tory than others, and instead enable all members to equally 
contribute to the discussion. Second, we conducted affinity 
diagramming by grouping together the sticky notes with program 
features based on similarity (Harboe and Huang, 2015). This activity 
allowed for similar ideas and preferences to be rapidly elicited, and 
facilitated discussion of the meaning and value of proposed features 
and strategies. This allowed us to identify core needs for the clinical 
problems faced by college students and to identify solutions. For 
example, suggestions for an “on-demand chat feature” was elabo-
rated upon to indicate that sometimes students just wanted to con-
nect with a real human rather than be prompted with 
psychoeducation and self-management tools. While staffing a chat 
feature was outside of the scope of the project's budget, this sug-
gestion prompted including information about on-demand hotlines 
and existing campus services that could meet those identified needs. 
Indeed, it is not uncommon for end-user recommendations to be 
outside the scope of what is feasible for a particular project, but 
eliciting these suggestions can uncover smaller-scale solutions that 
build towards the larger goal. 
Following the brainstorming activity, participants engaged in a 
storyboarding exercise in which they were instructed to “tell a story 
of a hypothetical student's journey in using this mobile app, 
including: (1) how they learned about the mobile app, (2) why they 

decided to download it, (3) what types of mental health questions are 
asked, (4) what the feedback would look like, (5) what stress man-
agement/coping skills would be included, (6) when and in what 
context would they use it, (7) what information they got about on- 
campus services, and (8) whether or not they followed up with 
counseling center services and why.” This activity allowed the 
research team to understand the key problems that college students 
faced and to gain deeper insights into the social, environmental, and 
cultural context of college student life on campus. 
Co-design activities conducted with college students and college 
counseling center clinicians facilitated adapting the existing DMHI to 
a population with unique needs within a specific context. 
This case study highlights how iterative design ideation activities 
allowed nuanced features and content areas to be included in the 
DMHI adaptation and set up evaluative studies that could assess ef-
ficacy and acceptability. 

Because designing a DMHI can follow different trajectories, we 
present another case study to highlight the varied paths tools can take 
depending on decisions such as the types of design activities used. In 
Case Study 4, a researcher iteratively prototyped and evaluated a text 
messaging based DMHI in partnership with young adult end-users. 

This project is another collaboration with community partner Mental 
Health America (MHA), the community advocacy organization 
described above. MHA offers self-screening surveys to assess for 
mental health problems; however, despite high rates of detected 
mental health problems, the organization learned the surveys are 
accessed largely by non-treatment seeking young people. Therefore, 
MHA and CBITs collaborated to develop a DMHI to help non- 
treatment seeking young adults manage common mental health 
concerns. Consequently, we engaged young adults in an iterative 
design process. 
First, we conducted asynchronous elicitation activities to understand 
end-users potential needs for a DMHI. Researchers and end-users 
engaged in collective discussions over approximately one month. 
Asynchronous methods were chosen to decrease barriers to research 
participation, especially among young people who often balance 
myriad temporal constraints. Our goal was to understand end-users' 
process of deciding whether to adopt a DMHI after self-screening, 
and to discuss ideas for how such a tool might support their self- 
management processes. We also sought feedback on automated 
text messaging as a DMHI delivery strategy, which we had identified 
as a promising option due to its low expense, accessibility (e.g., does 
not require a smartphone or data plan), and alignment with how 
young people use their phones. We convened two groups of young 
adults who responded to prompts in anonymous text-based discus-
sion forums, based on asynchronous remote community methods 
(MacLeod et al., 2016, 2017). After agreeing to a code of conduct, 
participants created pseudonymous accounts on the study platform, 
FocusGroupIt.com, through which we released a new prompt every 
few days to which participants could respond. This type of forum can 
create conditions where individuals feel comfortable and unrushed 
sharing their perspectives and ideas, while also allowing for collab-
orative dynamics to emerge between the participants as they respond 
to, build on, and extend one another's ideas. We also engaged a 
subset of participants individually in phone interviews to follow-up 
on their responses and to gather reflections or ideas they did not 
share in a group setting. 
Based on findings from this formative work, we generated examples 
of interactive dialogues that an automated text messaging DMHI 
could have with users. We conducted synchronous design work-
shops, remotely using Zoom, with several end-users who had previ-
ously participated in the asynchronous remote community elicitation 
workshops to get feedback on these initial dialogues, and to engage 
them in proposing improvements and alternatives. These workshops 
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allowed us to refine the content, as well as provided guidance on 
message tone, scheduling, gathering feedback and context (e.g., 
message ratings, mood), interactivity, and personalization (Bhatta-
charjee et al., 2022, 2023; Kornfield et al., 2022a; Kornfield et al., 
2022b). Based on our formative work and other design work with 
young people (Kornfield et al., 2022a; Kornfield et al., 2022b; Liv-
erpool et al., 2020; Ranney et al., 2014), we gathered input on both 
active and passive personalization, with active personalization 
involving direct customization of schedules and strategies, whereas 
passive personalization involved integrating reinforcement learning 
(a class of machine learning) algorithms that prospectively adapt 
content based on user engagement. 
These design and prototyping activities enabled us to build a non- 
functional abbreviated prototype of the intervention, which we 
assessed for usability in a series of 1- and 2-week field trials with 42 
young adults. We tested a non-functional prototype by implementing 
the Wizard-of-Oz design method, which involves a researcher play-
ing the part of an automated system (Dahlbäck et al., 1993; Maulsby 
et al., 1993). In our case, a research team member manually sent text 
messages and processed user responses based on a detailed script 
(Bhattacharjee et al., 2023). This method facilitated getting the 
feedback that enabled the researchers to refine the dialogues and the 
DMHI logic without committing development resources and incur-
ring technical debt. 
The intervention, Small Steps SMS, was subsequently developed by a 
software development company, and delivers daily interactive text 
messaging dialogues over eight weeks to help users learn and apply 
psychological strategies from eclectic psychotherapy orientations (e. 
g., cognitive-behavioral therapy, acceptance and commitment ther-
apy). Beginning in September of 2022, MHA publicly deployed an 
early version of this program reaching over 4000 users so far (August 
of 2023), allowing us to further optimize the system and improve the 
machine learning algorithms. Small Steps SMS will next be evaluated 
through efficacy trials. 

This case study illustrates processes of iterative user feedback and 
how findings from formative work translate into concrete design 
decisions when prototyping. Finally, this case study details two 
methods of eliciting prototype feedback from end-users (i.e., Wizard- 
of-Oz field trials and large open deployments) and the type of feed-
back each method enabled. 

3.4. Testing the DMHI in practice – design validate phase 

Once the DMHI is built, it is time to test it in practice. While the 
randomized controlled trial (RCT) remains the gold standard for the 
evaluation of tools, some modifications to methodology are needed for 
digital technologies. Unlike a pharmacologic agent, which is static and 
would remain the same for tens of millions of people over decades, the 
nature of digital technologies is change. They are continuously updated 
and changed to respond to changes in user preferences, new technolo-
gies and methods, and lessons learned from prior users. To account for 
this characteristic of digital technologies, RCTs of DMHIs can allow 
changes during the trial to correct problems and improve design (Mohr 
et al., 2015). When the DMHI is fixed and locked during the RCT, 
changes are inevitably made subsequent to the trial based on lessons 
learned in the trial and on the needs for the next deployment. It is both 
more efficient and more consistent with digital technologies to incor-
porate learnings acquired during trials into the DMHI. 

The primary issue that must be addressed in allowing the DMHI to 
change during an RCT is the threat to internal validity. More specifically, 
if the thing being tested changes during an RCT, what is an RCT eval-
uating? Because a DMHI will continue to change over time (regardless of 
whether it is held constant during the RCT or not), the value of the RCT 
is not in testing a product, rather it is in evaluating a set of principles. 
Therefore, ensuring internal validity requires that the principles being 
tested remain constant, rather than the product itself, which will change. 

The Trials of Intervention Principles (TIPs) methodology (Mohr et al., 
2015), provides a methodological framework and reporting standards to 
ensure internal validity and transparency. TIPs requires a principle 
statement that clarifies the clinical purpose of the DMHI, and a detailed 
description of the behavioral, design, and implementation principles 
being tested. Confining any modifications within these constraints al-
lows meaningful and valid interpretations to be extracted from the RCT 
results regarding the defined principles. The effects of changes made 
over the course of the trial can be objectively evaluated. Transparency is 
created by reporting all changes in trial results, consistent with the 
EHEALTH CONSORT Guidelines (Eysenbach and CONSORT-EHEALTH 
Group, 2011). 

Case Study 5 illustrates how design methods that were applied dur-
ing a randomized clinical pilot trial (design validation phase) yielded 
ongoing iteration to a DMHI. 

FoodSteps is a DMHI designed to address binge eating and weight 
management. Substantial formative HCD research with end-users 
informed its design (Graham et al., 2023), resulting in a 16-week 
DMHI whose primary focus is to empower users to set and track a 
goal each week to facilitate behavior change over time. 
As participants progressed through the trial, clinical observations of 
users' DMHI data and text message communications with their coach 
as well as design interviews helped the research team understand 
users' preferences and recommendations regarding the intervention's 
design. Early data from these methods were showing that users were 
not practicing prior weeks' goals once they moved onto a new week. 
This was a design flaw. Clinically, we intended for users to keep 
practicing previously set goals in subsequent weeks, like they would 
in a typical intervention where behavior change is scaffolded over 
time. However, we realized the DMHI lacked a feature to facilitate 
continued practice. Because behavior change rarely works success-
fully after only one week, this oversight had potential to hinder users' 
clinical progress. 
The researchers and software developer used participants' feedback 
to design how to enhance FoodSteps' goal-setting feature to more 
effectively facilitate this behavior change principle. We ideated and 
created a wireframe prototype in which, in addition to setting a goal 
each week, users would have the option of also selecting prior week's 
goals to continue to practice in their current week. The researchers 
solicited feedback on this feature from new users during design 
feedback interviews, which reinforced the decision to add this 
feature. Within a few weeks, the new feature was implemented. 
We note that design activities during the trial yielded insights and 
user recommendations for other features that were outside the scope 
of our pre-defined behavior change principles that were being tested 
in this trial. These features were not considered for implementation 
in the current trial, but were saved for consideration in future pro-
jects with an expanded pre-defined scope. 
Our new feature was “validated” by clinical observations showing 
subsequent users consistently using it. Design interviews also 
generated new learnings: the new feature, while helpful, was limited 
in that it did not allow users to track their progress completing the 
prior weeks' goals they selected. This created confusion for what 
users should be monitoring and marking progress on, as well as 
frustrations that they could not use the tool to monitor progress 
across multiple domains. We used the feedback interviews to engage 
users in ideating and prototyping an updated design. This update will 
be deployed in an upcoming trial. 
This case study demonstrates the importance of continually seeking 
feedback from users even after the DMHI is deployed to users. 

4. Discussion 

In this manuscript we aimed to explicate the processes researchers in 
our center have adopted to design and develop DMHIs using HCD. The 
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case studies show how HCD phases and decision points were navigated 
when developing service ready DMHIs. They also illustrate how the 
design process is intentionally open-ended and flexible to accommodate 
different scenarios, solutions, and sociotechnical environments. How-
ever, this open-endedness can be a barrier to building and sustaining 
service-ready tools in the absence of a framework to evaluate the 
different decisions that arise across the design-to-product pipeline. To 
reduce this barrier and facilitate evaluation of key decision points, we 

Table 1 
Key decision points, questions to consider, and HCD methods to facilitate 
progress in the DMHI design-to-product pipeline.  

Key decision point 
(design phase) 

Questions to consider Example HCD methods 
(exemplar references that 
describe or illustrate the 
HCD method)a 

Partnership building  • What kind of 
organization(s) are you 
partnering with as the 
deployment setting?  

• What are the 
organization's missions 
and values? How does it 
align with the 
researcher's goals?  

• How does the 
organization further the 
priorities of its 
constituents?  

• What does the 
organization and its 
constituents view as 
priorities that should be 
the focus of a 
partnership?  

• If a good fit, what are 
the organization's short- 
and long-term expecta-
tions of the 
partnership?  

• What are the products 
community partners 
deem beneficial to the 
community from the 
research and 
partnership?  

• Community 
Engagement/ 
Relationship building 
(Hayes, 2014; Le Dantec 
and Fox, 2015; Stiles- 
Shields et al., 2022)  
◦ Volunteering  
◦ Community meetings 

(Harrington et al., 
2019; Lu et al., 2023)  

• Advocacy work  
• Non-research listening 

events (Alliance for 
Research in Chicagoland 
Communities (ARCC), 
2023) 

Understanding the 
problem or 
opportunity 
(investigate)  

• What is the primary 
priority of the target 
user group and/or 
setting?  
◦ What is the design 

opportunity?  
◦ How might a DMHI/ 

digital solution help 
address the primary 
priority?  

• What tool or service will 
address the problem or 
opportunity and have a 
positive impact?  

• Are there constraints 
that would limit the 
efficacy and equitable 
delivery of a particular 
designed solution?  

• What is the 
environmental and 
digital infrastructure 
like?  

• What resources are 
available for the 
community to adopt/ 
integrate/sustain the 
DMHI?  

• What are the 
community/ 
organization strengths?  

• Are there relevant legal, 
regulatory, or ethical 
considerations?  

• Do the data you plan to 
collect or omit have 
implications for the 
kinds of targets the 
intervention will 
address?  

• Community 
Engagement/ 
Relationship Building 
(Hayes, 2014; Le Dantec 
and Fox, 2015; Stiles- 
Shields et al., 2022)  
◦ Volunteering  
◦ Community meetings 

(Harrington et al., 
2019; Lu et al., 2023)  

• Needs Elicitation  
◦ Focus Groups (Knapp 

et al., 2021; Kruzan 
et al., 2022a; Lattie 
et al., 2020b; Makosky 
Daley et al., 2010; 
Powell et al., 1996)  

◦ Co-Design Workshops  
◦ Interviews (Berry 

et al., 2019; Muller and 
Kogan, 2010; Ryu 
et al., 2023)  

◦ Observations (Berry 
et al., 2017; Millen, 
2000)  

◦ Crowdsourcing 
(Kornfield et al., 
2022b)  

◦ Workflow design 
sessions (Knapp et al., 
2022; Lattie et al., 
2021)  

• Persona development 
(Faily and Flechais, 2011; 
LeRouge et al., 2013)  

• Resource and 
environment evaluation  
◦ Interviews and/or 

surveys with service 
organizations  

Table 1 (continued ) 

Key decision point 
(design phase) 

Questions to consider Example HCD methods 
(exemplar references that 
describe or illustrate the 
HCD method)a  

• What are the workflows 
in the organization(s) 
that we need to account 
for when designing or 
implementing the 
DMHIs?  

• What are the 
determinants that may 
affect implementation 
of the DMHI and 
strategies that address 
those determinants? 

Prototyping the 
product or service 
(ideate, prototype, 
evaluate, and refine 
& develop)  

• What is the ideal format 
of, or platform for, the 
DMHI?  

• What kinds of use 
pathways exist when 
using the DMHI?  
◦ What journey does a 

user follow as they 
use the DMHI?  

• What design elements 
would be meaningful 
and usable to users?  

• What potential harms 
could be consequences 
of specific design 
elements or the DMHI?  

• Community/interested 
group/partner advisory 
boards or steering 
committees (Newman 
et al., 2011)  

• Co-design workshops 
(Kornfield et al., 2022a)  

• Focus Groups (Kruzan 
et al., 2022a; Makosky 
Daley et al., 2010; Powell 
et al., 1996)  

• Interviews (Kruzan et al., 
2023)  

• Observations (Rose et al., 
1995; Thach et al., 2023) 

Testing the DMHI in 
practice (design 
validate)  

• Does the product or 
service work the way 
we expect?  
◦ Is it effective, and 

relative to what 
exists already?  

◦ Does it improve 
access?  

◦ Is it feasibly 
implemented into the 
deployment setting 
and acceptable?  

• How do people actually 
use the DMHI?  

• Were gaps or 
considerations missed 
during the design 
process?  

• How well do the 
implementation 
strategies for the DMHI 
address implementation 
determinants?  

• Does the product gain 
reach beyond the lab to 
make an impact?  

• Are there iatrogenic 
effects of the DMHI 
once deployed?  

• Usability testing  
◦ In lab moderated/ 

unmoderated (De Vito 
Dabbs et al., 2009; 
Jacobs et al., 2020)  

◦ In situ moderated/ 
unmoderated 
(Kaikkonen et al., 
2005)  

◦ Field trials(De Vito 
Dabbs et al., 2009)  

• Efficacy testing (Graham 
et al., 2020; Mohr et al., 
2015)  

• effectiveness- 
implementation testing 
(Curran et al., 2022; 
Mohr et al., 2017)  

a Note: the HCD methods included in this table (as well as exemplar refer-
ences) are not exhaustive and are included to illustrate useful examples and 
applications of these methods to digital mental health intervention design and 
testing. Additionally, we refer the reader to Martin and Hanington (2012) for an 
excellent resource on many of the methods listed. 
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present questions that arose in our work, examples of matched-HCD 
methods that may uncover useful insights when creating service-ready 
DMHIs, as well as exemplar references that describe or illustrate the 
HCD methods (Table 1). 

4.1. Limitations 

Strengths of this manuscript are the use of diverse case studies to 
illustrate the application of HCD in clinical research. However, this 
manuscript is limited in that we present work exclusively from our 
center and thus represent only one group's approach to this work. 
Additionally, the field of HCD is quite broad, and, as Table 1 shows, 
other HCD techniques can be deployed along the design-to-product 
pipeline than we have captured in this paper. 

5. Conclusion 

In this manuscript we present ways researchers in our center have 
navigated key decision points that frequently arise when developing a 
service-ready product. We offer concrete case studies to make trans-
parent how and why many of those decisions were made. Our intent is 
that by sharing these case studies, we contribute to the evolving 
discourse on how to partner with communities, effectively design and 
improve service ready DMHIs to increase access to care and provide 
researchers with a framework to guide their work across key decision 
points. 

Funding 

This work was supported by grants from the National Institute of 
Mental Health [Grants: P50MH119029, K01MH125172, 
R34MH124960, K08MH128640, K08MH112878, K01MH121854, 
T32MH115882, R34MH128410], Grants from the National Institute of 
Diabetes and Digestive and Kidney Diseases [Grant: K01DK116925], 
and a seed grant from Northwestern University's Alliance for Research in 
Chicagoland Communities. 

Declaration of competing interest 

Jonah Meyerhoff has accepted consulting fees from Boehringer 
Ingelheim and Shirley Ryan Ability Lab. David C. Mohr has accepted 
honoraria and consulting fees from Otsuka Pharmaceuticals, Optum 
Behavioral Health, Centerstone Research Institute, and the One Mind 
Foundation, royalties from Oxford Press, and has an ownership interest 
in Adaptive Health, Inc. Emily Lattie and Miranda Beltzer are currently 
employed by Lyra Health. Ashley Knapp has accepted consulting fees 
from Woebot, Inc. Caitlin A. Stamatis has received salary and equity 
support from Akili Interactive Labs and Google. Bayley Taple is 
currently employed by BehaVR, Inc. Madhu Reddy has accepted 
consulting fees from Boehringer Ingelheim. 

Acknowledgements 

Special thanks and shoutout to our library worker and teen patron 
partners at the Oak Park Public Library. It has truly been a joy working 
alongside you all, and we are excited for what is to come! We would also 
like to acknowledge our colleagues at Mental Health America, including 
Theresa Nguyen and Kevin Rushton for their contributions to the tools 
and services presented here and their ongoing support. Additionally, we 
thank our colleagues who helped us design, build and test the Small 
Steps SMS intervention including Joseph J. Williams, Ananya Bhatta-
charjee, Harsh Kumar, Bei Pang, Jehan Vakharia, Veronica Bergstrom, 
Justice Tomlinson, Karrie Chou, Alvina Lai, Arissa Du, Yu-Chun Chien, 
Helena Jovic, Angelina Liu, Elexandra Tran, Samuel Maldonado, Tong 
Li, Jiakai Shi, Charles Krause, Sarah Popowski, and Chris J. Karr. 

References 

Alliance for Research in Chicagoland Communities (ARCC), 2023. Northwestern 
University Alliance for Research in Chicagoland Communities (ARCC) Resources 
Directory. Resources Directory. https://www.feinberg.northwestern.edu/sites/cch 
/resources-directory/index.html. 

Berry, A.B.L., Lim, C.Y., Hartzler, A.L., Hirsch, T., Ludman, E., Wagner, E.H., Ralston, J. 
D., 2017. “It’s good to know you’re not a stranger every time”: communication about 
values between patients with multiple chronic conditions and healthcare providers. 
Proc. ACM Hum. Comput. Interact. 1 (CSCW), 23:1–23:20. https://doi.org/10.1145/ 
3134658. 

Berry, A.B.L., Lim, C.Y., Hirsch, T., Hartzler, A.L., Kiel, L.M., Bermet, Z.A., Ralston, J.D., 
2019. Supporting communication about values between people with multiple 
chronic conditions and their providers. In: Proceedings of the 2019 CHI Conference 
on Human Factors in Computing Systems, pp. 1–14. https://doi.org/10.1145/ 
3290605.3300700. 

Bhattacharjee, A., Williams, J.J., Chou, K., Tomlinson, J., Meyerhoff, J., Mariakakis, A., 
Kornfield, R., 2022. “I kind of bounce off it”: translating mental health principles 
into real life through story-based text messages. Proc. ACM Hum. Comput. Interact. 6 
(CSCW2), 398:1–398:31. https://doi.org/10.1145/3555123. 

Bhattacharjee, A., Williams, J.J., Meyerhoff, J., Kumar, H., Mariakakis, A., Kornfield, R., 
2023. Investigating the role of context in the delivery of text messages for supporting 
psychological wellbeing. In: Proceedings of the 2023 CHI Conference on Human 
Factors in Computing Systems, pp. 1–19. https://doi.org/10.1145/ 
3544548.3580774. 

Cohen, K.A., Graham, A.K., Lattie, E.G., 2022. Aligning students and counseling centers 
on student mental health needs and treatment resources. J. Am. Coll. Heal. 70 (3), 
724–732. https://doi.org/10.1080/07448481.2020.1762611. 

Curran, G.M., Landes, S.J., McBain, S.A., Pyne, J.M., Smith, J.D., Fernandez, M.E., 
Chambers, D.A., Mittman, B.S., 2022. Reflections on 10 years of effectiveness- 
implementation hybrid studies. Front. Health Serv. 2 https://doi.org/10.3389/ 
frhs.2022.1053496. 
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