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Agenda Time

1. Design digital behaviour intervention: Translating theory into app 
components

1:30-2:30 PM

Break 2:30-2:40 PM

2. Prototype a mobile and web applications using a no-code app 
(Pathverse)

2:40 – 3:30 PM

Break 3:30-3:40 PM

3. Discuss and design evaluation strategies 3:40-4:30 PM



Learning Objectives 
1. Apply behavioural science theories and user-centered 

design approaches to the rapid development of mobile and 
web-based behavioural interventions.

2. Develop and prototype mobile and web-based intervention 
components using “no-code” software tools (Pathverse).

3. Discuss evaluation methods and measures used to refine 
interventions based on user feedback and behavioural data.



Why do we need strategies for Rapid Design 
and Prototype Testing of Digital Behavioural
Interventions

• Identifies usability and acceptability problems early
• Reduces time and development costs
• Accelerates translation from research to practice. 
• Allows continuous iteration and improvement
• Keeps pace with rapidly changing technology
• Finish your degree on time
• Generating pilot data for future grants



mHealth intervention development and life 
cycle

Preparation
Co-design Pilot Scale-upEvaluation

Optimization

1. World Health Organization. (2016). Monitoring and evaluating digital health interventions: a practical guide to conducting research and assessment.
2. Collins, L. M., Murphy, S. A., & Strecher, V. (2007). The multiphase optimization strategy (MOST) and the sequential multiple assignment randomized trial (SMART): new methods for more potent 

eHealth interventions. American journal of preventive medicine, 32(5), S112-S118.
3. Curran, G. M., Bauer, M., Mittman, B., Pyne, J. M., & Stetler, C. (2012). Effectiveness-implementation hybrid designs: combining elements of clinical effectiveness and implementation research to 

enhance public health impact. Medical care, 50(3), 217-226.



Strategies for Rapid Design and Prototype 
Testing of Digital Behavioural Interventions

1. Involve end users and stakeholders to understand how the digital 
behavioural intervention fits within the care system and team 
context. 

2. Set project boundaries and define intervention capabilities for the 
minimum viable product (MVP). 

3. Use no-code tools, mock-up tools, and AI to develop and share 
prototypes with end users. 

4. Align the evaluation focus with the research questions and the stage 
of the development cycle.



Digital Behaviour Intervention Technology

Mobile apps SMS/PhoneWeb-based 
intervention

Wearable Devices

Define: Digitally delivered systems that integrate behavioral science principles with 
interactive technologies to systematically influence user behaviours and improve health 
or well-being outcomes.



Digital Behaviour Interventions and Care System
Example categories Self-guided (asynchronous) Hybrid

(Semi-synchronous)
Full Human support
(Synchronous)

Education ParticiPaction Generation Health mhealth consultations with 
providers delivering education 
directly (Telus Health)

Self-monitoring MyFitnessPal, Apple Health, 
Sleep Cycle

Omada Health (trackers + 
coaching)

Clinician-monitored remote 
patient monitoring platforms

Communication Replika (AI chatbot)
Woebot Health*
ChatGPT

Quit Genius (messaging + live 
support)

BetterHelp

Self-management Headspace, Calm Noom Chronic disease management 
via nurse/coach calls (e.g., 
Telus health)



Degree of Adaptive Digital Behaviour
Intervention Design

Nahum-Shani, Inbal, et al. "Just-in-time adaptive interventions (JITAIs) in mobile health: key components and design principles for ongoing health behavior support." Annals of Behavioral Medicine 52.6 (2018): 446-
462.

Months Days/hourly

More Intense adaptionLess Intense Adaptation

Just-in-Time Adaptive 
Intervention

Adaptive InterventionFixed



mHealth interventions can be effective in 
improving behaviour outcomes

Mönninghoff, A., Kramer, J. N., Hess, A. J., Ismailova, K., Teepe, G. W., Car, L. T., ... & Kowatsch, T. (2021). Long-
term Effectiveness of mHealth Physical Activity Interventions: Systematic Review and Meta-analysis of Randomized 
Controlled Trials. Journal of medical Internet research, 23(4), e26699.

• Short term (≤6 months): 
• Significant improvement relative to 

control for walking (SMD 0.26, 95% 
CI 0.09-0.42; P=.002), MVPA (SMD 
0.20, 95% CI 0.05-0.35; P=.008), 

• Long term (>6 months): 
• Significant improvement relative to 

control for walking (SMD 0.25, 95% 
CI 0.10-0.39; P=.001) and MVPA 
(SMD 0.19, 95% CI 0.11-
0.27; P<.001).

• Small to moderate increases in PA.

• Study population was a significant 
moderator, with higher effect size in 
sick and at-risk populations.



Efficacy of JITAI vs non-JITAI? 

Wang, L., & Miller, L. C. (2020). Just-in-the-moment adaptive interventions (JITAI): A meta-analytical review. Health Communication, 35(12), 1531-1544.

JITAI vs non-JITAI
Hedges’s = 0.868, (95% CI = 0.41, 1.32)

● Tailoring structure (i.e., human 
versus automatic versus both 
feedback) was significantly 
associated with JITAI effects.

● The active-passive tailoring variable 
(i.e., using active self-reports to 
tailor versus using passive sensor 
technology to tailor) was not a 
significant factor.

● Tailoring to the state was more 
effective than tailoring to trait and 
doing both was additively more 
effective.



Strategies for Rapid Design and Prototype 
Testing of Digital Behavioural Interventions

1. Involve end users and stakeholders to understand how the digital 
behavioural intervention fits within the care system and team 
context. 

2. Set project boundaries and define intervention capabilities for the 
minimum viable product (MVP). 

3. Use no-code tools, mockup tools, and AI to develop and share 
prototypes with end users. 

4. Align the evaluation focus with the research questions and the stage 
of the development cycle.



Where is your starting point? 
1. Preparation
Co-design (P1) 

Usability1

Feasibility1

Efficacy/
Effectiveness
(RCT)2

Optimization trials
(i.e.,SMART, 
Microrandomization)
2

Effectiveness-
implementation 
hybrid design3

Functionality1

Stability1

Fidelity/Quality3
Process 
Evaluation

Intervention
Evaluation

2. Pilot 
(P2) 5. Scale-up

1. World Health Organization. (2016). Monitoring and evaluating digital health interventions: a practical guide to conducting research and assessment.
2. Collins, L. M., Murphy, S. A., & Strecher, V. (2007). The multiphase optimization strategy (MOST) and the sequential multiple assignment randomized trial (SMART): new methods for more potent 

eHealth interventions. American journal of preventive medicine, 32(5), S112-S118.
3. Curran, G. M., Bauer, M., Mittman, B., Pyne, J. M., & Stetler, C. (2012). Effectiveness-implementation hybrid designs: combining elements of clinical effectiveness and implementation research to 

enhance public health impact. Medical care, 50(3), 217-226.

4. Evaluation 
(P3/4)

3. Optimization 
(P2)



Preparation/ Co-design
The co-design/prototype stage involves engaging potential users and stakeholders to ensure the 
intervention meets their needs and contexts. 

● Research Questions to Ask:
○ What are the needs and preferences of the target users?
○ How can we ensure the intervention is culturally appropriate and addresses specific 

contextual factors?
○ What are the value tensions (e.g., between usability and privacy) that need resolution?
○ Functionality: Does the system operate as intended?
○ Stability: Does the system consistently operate as intended?

● Evaluation Methods:
○ Mixed methods, including interviews, focus groups, and co-design workshops to 

gather user feedback, Content acceptability,  Web/App logic error, sever/app 
downtime, app crashes

○ Usability testing of prototypes to assess initial design fit
● Power Analysis: Not applicable



Preparation Co-design: Translate Theory to 
MVPs

IDEAS (Integrate, Design, Assess, and Share) Framework
● A systematic, user-centered approach for developing digital behavioural 

interventions that integrate theory, Human-centered design, and 
evaluation.  

● What should we build, and how should it work for users?

Mummah, S. A., Robinson, T. N., King, A. C., Gardner, C. D., & Sutton, S. (2016). IDEAS (Integrate, Design, Assess, and Share): a framework and 
toolkit of strategies for the development of more effective digital interventions to change health behavior. Journal of medical Internet 
research, 18(12), e317.



IDEAS: Translate Theory into App 
components

1. Empathize With Target Users

● Understand needs, motivations, and barriers 

2. Specify Target Behaviour
● Define a specific, measurable behaviour 
● Ensure it is actionable, acceptable, and evidence-based 

3. Ground in Behavioural Theory
● Apply behaviour change theories and BCTs –> map onto app features

● Incorporate strategies like goal setting, feedback, and prompts 

● Use process motivation (fun, challenge, social connection) 



Example: Study Rationale for Family-based 
physical activity JITAI
● Engaging the entire family can be an effective strategy 

to improve physical activity in children.1

● Targeting children aged 8–12 years: developing self-
regulation skills, habits and identities for healthy 
living.2

● 90% of adults (30-50yrs) owns smartphone.3

● JITAI may be one of the scalable solutions for parents 
to support child PA.

1. Tercyak KP, Tyc VL. Opportunities and challenges in the prevention and control of cancer and other chronic diseases: children’s diet and nutrition and weight and physical activity. J Pediatr Psychol. 
2006;31(8):750-763.

2. Rhodes RE, Perdew M, Malli S. Correlates of Parental Support of Child and Youth Physical Activity : a Systematic Review. Int J Behav Med. Published online 2020:1-11.
3. https://www.statista.com/statistics/489255/percentage-of-us-smartphone-owners-by-age-group/



The Development of a “Just-in-time” Family-based physical 
activity program 

● Co-design phase: Intervention development

○ Met with end-users to co-design the 8-week intervention

● Feasibility study phase:

Nahum-Shani, Inbal, et al. "Just-in-time adaptive interventions (JITAIs) in mobile health: key components and design principles for ongoing health behavior support." Annals of Behavioral Medicine 52.6 (2018): 446-
462.



Co-design: The Development of a “Just-in-time” 
Family-based physical activity program

Session
s

Monthly Workgroup Activities

1 Determine features and review potential App 
content
• Multimedia, tailoring, forum, gamification, goal setting, 

activity suggestions

2 Review app UI design and App content

3 Finalized app functionalities
- 10-week JITAI intervention
- tailored weekly content
- weekly family challenges (goal settings)
- Forum
- Virtual points -> prizes
- Self-monitoring

4 Usability testing/bug fixes



IDEAS: Phase 1 Empathize With Target Users
Goal: Understand the target users’ needs, motivations, barriers, and lived experiences.

Activities

• Interviews, Focus groups, Observations, Surveys/questionnaires, Co-design sessions 

What We Want to Learn

• What challenges do users face? 

• What motivates behaviour? 

• What unmet needs exist? 

Why It Matters

• Empathy helps move beyond designing features toward designing meaningful solutions users 
will actually engage with.



Key Learnings — Empathize With Target Users
Family Physical Activity JITAI

Barriers

● Time constraints & competing priorities 

● Parental fatigue 

● Limited access (weather, safety, space) 

● Preference for screen-based activities 

Motivators

● Family bonding 

● Fun, flexible activities 

● Positive reinforcement 

● Shared participation 

Unmet Needs

● Quick, ready-to-use activity ideas 

● Just-in-time prompts 

● Age-adaptable activities 

● Non-judgmental support 

App Features

● Want: Simple, easy-to-use, Short, actionable suggestions, 
Flexible goals, Encouraging messaging, Personalization 

● Don’t Want: Complex setup/navigation, Rigid programs, 
Guilt-inducing tone, Too many notifications, Generic 
content



IDEAS: Phase 2: Specify Target Behaviour
Goal

● Define a highly specific, measurable behaviour the intervention will target.

Example

● Broad Goal

● “Increase physical activity”

Specific Target Behaviour

● “Walk 10,000 steps per day”



Key Learnings: Specify Target Behaviour (Co-Design 
Insights)

Defining the Target Behaviour

● Primary Behaviour (Health-Focused): Increase moderate-to-vigorous physical activity (MVPA) 

● What Families Value

○ Counting completed activities (sense of progress) 

○ Earning rewards or prizes 

○ Achieving streaks or milestones 

● Design Implication

○ Use activities completed as the engagement metric

○ Map activities to MVPA behind the scenes 

○ Reward participation while still targeting health outcomes 



IDEAS: phase 3-4 (Behavioural Theory to App 
Mapping Process)
● Need to translate theory to app components 

● App components are the discrete, functional building blocks of a digital intervention 
that deliver specific behaviour change strategies (e.g., eLesson, push notification, 
trackers)

● IDEAS framework gap: Tell you what to consider (theory, BCTs), but not always how to 
systematically translate into app components

● Behavioural Theory to App Mapping Process: workflow used to systematically 
translate behavioural constructs and behaviour change techniques into implementable 
digital intervention components, including specific app features, delivery logic, and 
measurable outcomes.



Behavioural Theory to App Mapping 
Process

Target - Theoretical Construct - BCT - App component - Delivery - Data

● Target: What is the target outcome? (i.e., mechanisms of action)
● Theoretical Construct: What is the theoretical construct you are 

targeting? (e.g., self-efficacy, attitudes) 
● BCT: What strategy drives change? 
● App components: What is built in the app? 

○ Notification, eLessons, notification

● Delivery: When, how is it delivered (app logic)? 
● Data: How do we evaluate impact and refine?



Multi-process Action Control Framework (M-PAC)8

Example: 



Target Construct
Behaviour Change 
Techniques 
(BCTs)

App Components Delivery (When, 
How) Data

PA support 
intentions: Parents’ 
confidence to plan 
and engage in 
physical activity 
together

Perceived 
Capability

Instruction on how 
to perform 
behaviour; Graded 
tasks; 
Demonstration

1. Education 
Video/Podcast

2. Activity setting
3. Notification

When: Triggered 
twice per week
How: Push 
notification, trigger 
to open the app, for 
receiving tailored 
content based on 
parent perceived 
capabilities.

Usage lesson open

Measure of parent 
perceived 
capabilities at the 
end of that week

PA support 
intentions: Families’ 
perception that they 
have time, access, 
and supportive 
environments to 
be active together

Perceived 
Opportunity

Restructuring the 
physical/social 
environment 
Prompts/cues 
Action planning 
(context-specific)

1. Education 
Video/Podcast

2. Activity Session
3. Notification

When: Triggered 
twice per week
How: Push 
notification, trigger 
to open the app, for 
receiving tailored 
content based on 
parent’s perceived 
opportunities?

Usage lesson open

Measure of parent 
perceived 
opportunity at the 
end of that week

Example: Behavioural Theory to App Mapping Process 



Family-based PA JITAI: Tailoring Algorithm 

A) How 
may days 

did my 
child 

meet the 
PA 

guideline
s during 
the past 
7 days?

6-7 days

B) 
Congratulatio

n; Reflexive 
process 
content

< 5 days

C) Parental 
Support 

module  +
How often do 
you support 
your child to 
be physically 

active?

Rarely or 
not a lot; 
Some of 
the days

d) Do you 
have 

affective 
attitude, 
capabilit

y, or 
opportun

ity?

Yes
G) 

Regulator
y process

Proactive
, self 

monitorin
g

Reactive
Social 
norm, 

restructu
re

No
F) 

Reflectiv
e process

Affective 
attitude

capability

opportuni
ty

Most of 
the days

e) 
Introduc

e PA 
ideas, 

Reflexive 
process



Group Activity 1
• Objective: Design a mobile or web interventions to improve 

physical activity and cognition among adults (40-70 years of age). 

• Define Target Behaviour: 

• Complete the Behavioural Theory to App Mapping Process for 
your intervention. 

Access: https://bit.ly/4u2VC5e

https://bit.ly/4u2VC5e


Agenda Time

1. Design digital behaviour intervention: Translating theory into app 
components

1:30-2:30 PM

Break 2:30-2:40 PM

2. Prototype a mobile and web applications using a no-code app 
(Pathverse)

2:40 – 3:30 PM

Break 3:30-3:40 PM

3. Discuss and design evaluation strategies 3:40-4:30 PM



Strategies for Rapid Design and Prototype 
Testing of Digital Behavioural Interventions

1. Involve end users and stakeholders to understand how the digital 
behavioural intervention fits within the care system and team context. 

2. Set project boundaries and define intervention capabilities for the 
minimum viable product (MVP). 

3. Use no-code tools, mockup tools, and AI to develop and share 
prototypes with end users. 

4. Align the evaluation focus with the research questions and the stage of 
the development cycle.



Prototype Rapidly (Low → High Fidelity)

● Move from low to high fidelity
● Use Mock-up tools: Paper, Canva, Figma for wireframing
● Use No-code: Pathverse is a no-code platform purpose-built for digital 

health interventions



Willms, A., Rush, J., Hofer, S., Rhodes, R. E., & Liu, S. (2025). Advancing physical activity research methods using real-time and adaptive 
technology: A scoping review of “no-code” mobile health app research tools. Sport, Exercise, and Performance Psychology, 14(1), 250.



Pathverse: Why did we create it?

● Reduce the time and cost of app development
● Bridge the gap between Theory and App components and delivery
● Repository for apps after study completion
● Allow researchers to share their apps



Pathverse: How does it work? Research Study Tools 

No-Code Researcher

App Builder

“no-code” 

App Builder

Participant App 

(mobile/Web)



Pathverse: Modular App components

Customize multimedia 
content delivery

Set delivery Logic Goal SettingSelf-monitoring Surveys & Usage NotificationsForum

Behaviour Change 
Theory Constructs

Behaviour Change 
Techniques (BCTs) App Components Delivery (When, How) Data

Perceived Capability

Parents’ confidence to 
plan and engage in 
physical activity 
together

Instruction on how to 
perform behaviour; 
Graded tasks; 
Demonstration

1. Education 
Video/Podcast

2. Activity setting
3. Notification

When: Triggered twice 
per week
How: Push notification, 
trigger to open the app, 
for receiving tailored 
content based on parent 
perceived capabilities

Usage lesson open

Measure of parent 
perceived capabilities at 
the end of that week



Pathverse usage

8 Countries 
400 Researchers
20 Universities 



Agenda Time

1. Design digital behaviour intervention: Translating theory into app 
components

1:30-2:30 PM

Break 2:30-2:40 PM

2. Prototype a mobile and web applications using a no-code app 
(Pathverse)

2:40 – 3:30 PM

Break 3:30-3:40 PM

3. Discuss and design evaluation strategies 3:40-4:30 PM



Strategies for Rapid Design and Prototype 
Testing of Digital Behavioural Interventions

1. Involve end users and stakeholders to understand how the digital 
behavioural intervention fits within the care system and team 
context. 

2. Set project boundaries and define intervention capabilities for the 
minimum viable product (MVP). 

3. Use no-code tools, mockup tools, and AI to develop and share 
prototypes with end users. 

4. Align the evaluation focus with the research questions and the stage 
of the development cycle.



Aligning Evaluation Focus with digital behaviour 
intervention development/life cycle

1. Preparation
Co-design (P1) 

Usability1

Feasibility1

Efficacy/
Effectiveness
(RCT)2

Optimization trials
(i.e.,SMART, 
Microrandomization)
2

Effectiveness-
implementation 
hybrid design3

Functionality1

Stability1

Fidelity/Quality3
Process 
Evaluation

Intervention
Evaluation

2. Pilot 
(P2) 5. Scale-up

1. World Health Organization. (2016). Monitoring and evaluating digital health interventions: a practical guide to conducting research and assessment.
2. Collins, L. M., Murphy, S. A., & Strecher, V. (2007). The multiphase optimization strategy (MOST) and the sequential multiple assignment randomized trial (SMART): new methods for more potent 

eHealth interventions. American journal of preventive medicine, 32(5), S112-S118.
3. Curran, G. M., Bauer, M., Mittman, B., Pyne, J. M., & Stetler, C. (2012). Effectiveness-implementation hybrid designs: combining elements of clinical effectiveness and implementation research to 

enhance public health impact. Medical care, 50(3), 217-226.

4. Evaluation 
(P3/4)

3. Optimization 
(P2)



Key Metrics during Prototype
Questions Indicators

Functionally Does the system operate as intended? • Content, Web/App logic

Stability Does the system consistently operate as intended? • Sever downtime, Web/app crashes

Usability How do people interact with the technology? • % of users who rate intervention (Web/App) as “easy to use”
• % of users who demonstrate proficiency in use of the 

intervention
• Interview

Feasibility Does the digital health system works as intended in a 
given context?

• Acceptability, Recruitment Rate, Demand, Implementation, 
Limited-Efficacy testing



Usability studies (Stability/Functionally)

Single day Multi-day

• Single structured session (30–90 min) —
administered once, no follow-up required 

• Think-aloud protocol and task completion 
scenarios 

• System Usability Scale (SUS) plus structured 
debrief at end of session 

• Best for low-fidelity prototypes and early 
navigation testing before the next design sprint

• Participants use the intervention in their real 
environment over days 

• App analytics tracking open rate, session length, 
feature use, and dropout timing

• Mid-use check-in interview timed to the pre-
specified dropout risk window 

• Best for functional MVPs, feasibility pilots, and 
informing MOST component selection



Feasibility studies
The feasibility trials stage tests whether it is feasible to implement and acceptable to users, 
preparing for larger efficacy studies.

• Research Questions to Ask:
• Is the intervention feasible to implement in terms of recruitment, retention, and delivery?
• Is it acceptable to the users, based on engagement and satisfaction?
• What are the preliminary effects on proximal outcomes (e.g., engagement, behavior 

change)?
• Evaluation Methods:

• Assess recruitment and retention rates to determine study viability.
• Measure compliance with the intervention, such as app usage, sensor data collection, 

and response rates to prompts.

Hollman, H., Liu, S., Davenport, M., & Rhodes, R. E. (2024). A critical review and user’s guide for conducting feasibility and pilot studies in the 
physical activity domain. Sport, Exercise, and Performance Psychology.



Area of focus The feasibility study asks … Sample outcomes of interest
Acceptability To what extent is a new idea, 

program, process or measure judged 
as suitable, satisfying, or attractive 
to program deliverers? To program 
recipients?

•Satisfaction
•Intent to continue use
•Perceived appropriateness
•Fit within organizational culture
•Perceived positive or negative 
effects on organization
•Actual use
•Expressed interest or intention to 
use
•Perceived demand

Demand To what extent is a new idea, 
program, process, or measure likely 
to be used (i.e., how much demand 
is likely to exist?)

Implementation To what extent can a new idea, 
program, process, or measure be 
successfully delivered to intended 
participants in some defined, but not 
fully controlled, context?

•Degree of execution
•Success or failure of execution
•Amount, type of resources needed 
to implement
•Factors affecting implementation 
ease or difficulty
•Efficiency, speed, or quality of 
implementation
•Positive/negative effects on target 
participants
•Ability of participants to carry out 
intervention activities
•Cost analysis

Practicality To what extent can an idea, program, 
process, or measure be carried out 
with intended participants using 
existing means, resources, and 
circumstances and without outside 
intervention?

Adaptation To what extent does an existing idea, 
program, process, or measure 
perform when changes are made for 
a new format or with a different 
population?

•Degree to which similar outcomes 
are obtained in new format
•Process outcomes comparison 
between intervention use in two 
populations

Integration To what extent can a new idea, 
program, process, or measure be 
integrated within an existing system?

•Perceived fit with infrastructure
•Perceived sustainability
•Costs to organization and policy 
bodies
•Fit with organizational goals and 
culture
•Positive or negative effects on 
organization
•Disruption due to expansion 
component

Expansion To what extent can a previously 
tested program, process, approach, 
or system be expanded to provide a 
new program or service?

Limited efficacy Does the a new idea, program, 
process, or measure show promise 

•Intended effects of program or 
process on key intermediate 

Bowen, D. J., Kreuter, M., Spring, B., Cofta-Woerpel, L., Linnan, L., 
Weiner, D., ... & Fernandez, M. (2009). How we design feasibility 
studies. American journal of preventive medicine, 36(5), 452-457.

Feasibility
Outcomes



Daily Diary or Ecological Momentary 
Assessments (EMA)

Baseline 6 months

Typical surveys

EMA entails repeated, intensive sampling of respondents' current experiences while they are engaged in their 
typical daily routines, in their natural environments.

Daily Diary studies/
ecological momentary 
Assessments (EMA)

Pre-symptoms

stressor Symptoms

Association, 
Mediation, 
Moderators

Linear and Non-
Linear 
Interaction 
effects, Adaptive 
Intervention 
Tailoring 
Variables



Types of EMA studies

• Time-Contingent: non-random/random time throughout the day 
(e.g., Stressor)

• Event-Contingent: Triggered by an event (e.g., location, low steps)



EMA/daily diary: Understand Intervention 
Component Effects
• Integrated data stream: links how participants feel with what 

they do at the same moment 
• Contextualized effects: identifies when and under what 

conditions components are effective 
• Precision insight: supports understanding of who responds, 

when, and why
• Application (e.g., MOST/JITAI): informs optimization of 

component timing, dose, and personalization 



Aligning Evaluation Focus with digital behaviour 
intervention development/life cycle

1. Preparation
Co-design (P1) 

Usability1

Feasibility1

Efficacy/
Effectiveness
(RCT)2

Optimization trials
(i.e.,SMART, 
Microrandomization)
2

Effectiveness-
implementation 
hybrid design3

Functionality1

Stability1

Fidelity/Quality3
Process 
Evaluation

Intervention
Evaluation

2. Pilot 
(P2) 5. Scale-up

1. World Health Organization. (2016). Monitoring and evaluating digital health interventions: a practical guide to conducting research and assessment.
2. Collins, L. M., Murphy, S. A., & Strecher, V. (2007). The multiphase optimization strategy (MOST) and the sequential multiple assignment randomized trial (SMART): new methods for more potent 

eHealth interventions. American journal of preventive medicine, 32(5), S112-S118.
3. Curran, G. M., Bauer, M., Mittman, B., Pyne, J. M., & Stetler, C. (2012). Effectiveness-implementation hybrid designs: combining elements of clinical effectiveness and implementation research to 

enhance public health impact. Medical care, 50(3), 217-226.

4. Evaluation 
(P3/4)

3. Optimization 
(P2)



Optimization
The optimization phase tests individual intervention components and their combinations 

to determine the most effective, efficient, and scalable version of the intervention 
before proceeding to a full-scale evaluation.

Multiphase optimization strategy (MOST) framework1

Research Questions to Ask:
• Which components (or levels of components) contribute most to desired outcomes?

• What is the optimal combination of components within constraints (e.g., budget, time, 
scalability)?

• Are there interactions between components that enhance or reduce effectiveness?
Evaluation Methods:
• Factorial experiments (e.g., full, fractional), Sequential, multiple assignment 

randomized trials (SMART), Microrandomized trials

1. Collins, L. M., Murphy, S. A., & Strecher, V. (2007). The multiphase optimization strategy (MOST) and the sequential multiple assignment 
randomized trial (SMART): new methods for more potent eHealth interventions. American journal of preventive medicine, 32(5), S112-S118.



Factorial Design

● A factorial experiment is a 
randomised trial in which every 
possible combination of component 
levels is tested at the same time

● Testing each component one at a 
time would require multiple separate 
trials;  far more time and resources

● Used for fixed intervention

Nahum-Shani et al. (2022). Hybrid Experimental Designs for Intervention Development: What, Why, and How. https://doi.org/10.1177/25152459221114279

Experimen
t

Factor 1 Factor 2 Factor 3

1 No No No

2 No No yes

3 No Yes yes

4 No Yes No

5 Yes No no



Factorial Design: Key Research Questions 
Optimisation — what is the best combination within real constraints?
● Which combination of components produces the largest effect within our 

budget and implementation capacity?
● Which components can be removed without meaningful loss — making the 

intervention leaner and more scalable?

Main effects — does each component work independently?
● Does including push notifications increase daily steps regardless of what 

else is active?
● Which components are the active ingredients — and which have near-zero 

effect and should be cut?

Nahum-Shani et al. (2022). Hybrid Experimental Designs for Intervention Development: What, Why, and How. https://doi.org/10.1177/25152459221114279



Degree of Adaptive Digital Behaviour
Intervention Design

Nahum-Shani, Inbal, et al. "Just-in-time adaptive interventions (JITAIs) in mobile health: key components and design principles for ongoing health behavior support." Annals of Behavioral Medicine 52.6 (2018): 446-
462.

Months Days/hourly

More Intense adaptionLess Intense Adaptation

Just-in-Time Adaptive 
Intervention

Adaptive InterventionFixed



Sequential Multiple Assignment Randomized 
Trials (SMARTs) 
What is a SMART?
● Multi-stage trial where participants are re-randomized based on their 

response to earlier interventions
● Used to develop and optimize dynamic treatment sequences

Nahum-Shani et al. (2022). Hybrid Experimental Designs for Intervention Development: What, Why, and How. https://doi.org/10.1177/25152459221114279



Sequential Multiple Assignment Randomized 
Trials (SMARTs) 
Key Research Questions Addressed by SMARTs
What is the best sequence of intervention adaptations?

● If an initial intervention is ineffective, should we intensify the dose or switch 
strategies?

Who benefits most from which intervention path?
● Do certain subgroups respond better to a specific adaptation strategy?

When should intervention adaptations occur?
● After how many days/weeks should we decide whether to adjust the intervention?

What is the long-term impact of different adaptive strategies?

Nahum-Shani et al. (2022). Hybrid Experimental Designs for Intervention Development: What, Why, and How. https://doi.org/10.1177/25152459221114279



Micro-Randomized Trial (MRTs)

Key Research Questions Addressed by MRTs
● How do intervention components influence immediate behavior?

○ Does sending a motivational text message at a specific time increase step count in 
the next hour?

● How does timing/context affect intervention effectiveness?
○ Do intervention effects differ by time of day, stress level, or recent behaviour?

● What is the optimal decision rule for just-in-time intervention delivery?
○ How do individual responses vary over time, and how can we optimize intervention 

delivery?
● How do short-term responses (proximal outcomes) mediate distal 

intervention effects?

Nahum-Shani et al. (2022). Hybrid Experimental Designs for Intervention Development: What, Why, and How. https://doi.org/10.1177/25152459221114279



Do you need a Factorial, SMART/ MRTs to 
evaluate digital behaviour interventions? 

NO! 

However, you can borrow ideas without full designs:
● From MRT: Track context (EMA) + response to prompts (no 

randomization needed yet) 
● From factorial: Pilot a small number of components to assess usability 

(not effects) 
● From SMART: Test whether adaptation can be delivered (not which rule 

is best)



Conclusion
1. Involve end users and stakeholders to understand how the digital 

behavioural intervention fits within the care system and team context. 
2. Set project boundaries and define intervention capabilities for the 

minimum viable product (MVP). 
3. Use no-code tools, mock-up tools, and AI to develop and share 

prototypes with end users. 
4. Align the evaluation focus with the research questions and the stage of 

the development cycle.


