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1. Design digital behaviour intervention: Translating theory into app

components

Break

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

Break

3. Discuss and design evaluation strategies

1:30-2:30 PM

2:30-2:40 PM

2:40 - 3:30 PM

3:30-3:40 PM
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 Pilot
Co-design Evaluation Scale-up

<«

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 Al 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

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

Mobile apps Wearable Devices Web-based SMS/Phone
intervention



Digital Behaviour Interventions and Care System

Example categories Self-guided (asynchronous) Hybrid Full Human support
(Semi-synchronous) (Synchronous)

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

Self-monitoring MyFitnessPal, Apple Health, Omada Health (trackers + Clinician-monitored remote
Sleep Cycle coaching) patient monitoring platforms
Communication Replika (Al chatbot) Quit Genius (messaging + live BetterHelp
Woebot Health* support)
ChatGPT
Self-management Headspace, Calm Noom Chronic disease management

via nurse/coach calls (e.g.,
Telus health)



Degree of Adaptive Digital Behaviour
Intervention Design

Fixed Adaptive Intervention Just-in-Time Adaptive
Intervention
Months Days/hourly

Less Intense Adaptation More Intense adaption

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.



mHealth interventions can be effective in

Improving behaviour outcomes

Short term (<6 months):
Significant improvement relative to
control for walking (SMD 0.26, 95%
Cl1 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%
Cl 0.10-0.39; P=.001) and MVPA
(SMD 0.19, 95% C1 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.

Intervention

Study or Subgrou; Mean
Short-term follow-up

Barnes, 2015 [42] 05
Cruz, 2016 [44] 51.6
Eakin, 2014 [46] 137.8
Edney, 2020 [47] 109.5
Fjeldsoe, 2015 [49] -54.8
James, 2015 [51] -16.2
Kangasniemi, 2015 [40] 295
Kemot, 2019 [52] 199.3
Maher, 2015 [53] 376
Mansi, 2015 [54] 1,383
Maselli, 2019 [55] 185.6
Murawski, 2019 [57] 405.3
Nolan, 2017 [59] 2
Pinto, 2013 [61] 160
Pinto, 2015 [62] 54.6
Ribeiro, 2014 [63] 254.2 11355
Simons, 2018 [64] 326
Ter Hoeve, 2018 [68] 6.6
Vallance, 2008 [70] 184
Van der Weegen, 2015 [71] 48.8
Van Hoye, 2018 [72] 223

Subtotal (95% CI)

Heterogeneity: Tau?=0.08; Chi?=71.70, df=20 (P<.001); P = 72%

Test for overall effect: Z=2.63 (P=.008)

or total dized mean difference

Ménninghoff, A., Kramer, J. N., Hess, A. J., Ismailova, K., Teepe, G. W., Car, L. T
term Effectiveness of mHealth Physical Activity Interventions: Systematic Review and Meta-analysis of Randomized

Standardized mean difference
IV, Random, 95% CI

Standardized mean difference
IV, Random, 95% CI

-0.24 [0.85, 0.37]
0.82[0.02, 1.63]
0.36 (0.1, 0.62]

-0.04 [-0.26, 0.17]

0.01-0.29, 0.31]
-0.27 [-0.67, 0.14]
0.17 [-0.22, 0.55]
0.36 [-0.07, 0.80)
0.1 [-0.26, 0.49)

255 [1.85, 3.26)

-0.16 [-0.90, 0.57]
0.01 [-0.42, 0.44]

-0.14 [-0.51, 0.23]
0.48 [-0.14, 1.10]
0.63[0.14, 1.12]
0.25-0.03, 0.53]
0.03 [-0.35, 0.40]
0.00 [-0.22, 0.22]
0.17 [-0.07, 0.42]
0.20 [-0.10, 0.49)]
0.24 [-0.08, 0.56]
0.20 [0.05, 0.35]

p—

*

Controlled Trials. Journal of medical Internet research, 23(4), €26699.

-1 1 2
Favors control  Favors intervention

& Kowatsch, T. (2021). Long-



Efficacy of JITAI vs non-JITAI?

Stuy e Satistics for each study Hedges's gand 95% C1
Hedges's  Standrd Lower Upper o e .
t Cemw Ve Mk b EVie pyeke e Tailoring structure (i.e., human
Proudfoct etal, 2013 7.166 0305 0093 65 7764 2350 0000 E 3 .
Kim & Kim, 2008 208 049 018t 1367 3050 514 0000 - versus automatic versus both
Aierza, King, Oliveira, Ahn, & Gardner, 2008 1574 0436 0190 Q719 249 3610 0000 - . o
Bumett, Tayler, & Agras, 1985 144 064 0377 020 267 243 0015 —.— feed back) was s|gn|f|cant|y
Suffoleto, Callsway, Kristan, Moeti, & Clark 2013 0913 0401 0161 0126 1M0 2255 00%
Vidrine, Archaing, Laze, & Gz, 2006 080 032 017 020 159 265 0009 - H i
Neimirepi w5 Gm o o s am e H associated with JITAI effects.
Hicheson, 2013 0%l 03@ IR 00® 14T 2095 0036
Brendryen & Kraft, 2008 067 023 006 020 L6 31T Q001 =
Paricketal, X009 0S5 020 008 04 Lo 23%6 0019
Gruber, Moran, Roth, & Tayler, 2001 0M9 030 0 018 LM 13D 0IH
Quimetal, 2011 06 QI 000 0056 076 228 002
Moody, Tegge, Poe, Koffarnis, & Biclel, 2017 0377 0334 ol 0277 1030 LI 029 H - 1 H H H
N Pt ot T 1 Be 0% e e LD em em e The active-passive tailoring variable
Brendryen, Drcad, & Kraft, 2008 037 QM9 002 Q08 060D 23% 0017 . . .
Franiin, ctal, 2006 GR 027 0 I3 077 Ldl 0l (l.e., using active Self-reports to
Gusafsonetal, 2014 0230 QI7 00l 000 0440 2148 002 . . .
Sty etal, 008 Q9 0076 0006 QOGS0 039 2611 000 tailor versus using passive sensor
Deppetal, 015 0165 029 00K Q%5 05 078 04
Brockic, Maimil, Car, Vissers, & Conrer, 2017 004 QIS Q5 034 0412 026 081 i
Widewitzetal, 2014 012 027 006 0606 04R 036 0602 teChnOIOQy to tallor) was not a
Heran, 2011 027 022 0K -0@3 Q1M -LXS 012 Y D
¢ w3 o o 1m T o - significant factor.
800 400 000 400 800
Pre-JITAI pest-JITAI

e Tailoring to the state was more
effective than tailoring to trait and

**p < .05, g: Hedges' g, SE: Standard Error

JITAI vs non-JITAI doing both was additively more
Hedges’s = 0.868, (95% Cl = 0.41, 1.32) effective.

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



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 Al 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. Preparatign 2. Pilot | 3. Optimization 4. Evaluation
| Co-design (1) (P2) (P2) (P3/4) 5. Scale-up

Process
Evaluation

Interventic
Evaluation

-

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.



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:

o What are the needs and preferences of the target users?

o How can we ensure the intervention is culturally appropriate and addresses specific
contextual factors?

o What are the value tensions (e.g., between usability and privacy) that need resolution?

o Functionality: Does the system operate as intended?

o Stability: Does the system consistently operate as intended?

o Evaluation Methods:

o 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

o Usability testing of prototypes to assess initial design fit

o Power Analysis: Not applicable



Preparation Co-design: Translate Theory to
MVPs

IDEAS (Integrate, Design, Assess, and Share) Framework

e A systematic, user-centered approach for developing digital behavioural
interventions that integrate theory, Human-centered design, and
evaluation.

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

Integrate insights from users and theory. | DEsign iteratively and rapidly with user feedback. i Assess rigorously. { Share.
1 2 3 4 5 6 7 8 9 10
Empathize Specify Ground Ideate Prototype Gather Build Pilot Evaluate Share
with target target in behavioral implementa- potential user minimum potential efficacy in intervention
users. behavior. theory. tion products. feedback. viable efficacy and RCT. and findings.
strategies. product. usability.

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

Integrate insights from users and theory. | DEsign iteratively and rapidly with user feedback. i Assess rigorously. { Share.
1 2 3 \ ? 5 6 7 8 9 10
Empathize Specify Ground Ideate Prototype Gather Build Pilot Evaluate Share
with target target in behavioral implementa- potential user minimum potential efficacy in intervention
users. behavior. theory. tion products. feedback. viable efficacy and RCT. and findings.
strategies. product. usability.




w

Example: Study Rationale for Family-based
physical activity JITAI

5140

o Engaging the entire family can be an effective strategy
to improve physical activity in children.?

o Targeting children aged 8—12 years: developing self-
regulation skills, habits and identities for healthy

living.2
e 90% of adults (30-50yrs) owns smartphone.3

o JITAlI may be one of the scalable solutions for parents
to support child PA.

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.

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.
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

5140

My Studies

o Co-design phase: Intervention development

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

o Feasibility study phase:

Tailoring Variables

Susceplibiity
+ High-risk situatiop

-

Opportunity
+ Emerges rapidly

Receptivity
+ Engagement

|

|

I

|

Io.:.,m‘m Decision Rules Intervention Options Proximal Distal
] »l Provide: * Delivery mode Outcome(s) Outcome
| Timing * Intervention component or + Content

I = Nothing * Dose

1 T

| 1

I ‘

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

m Monthly Workgroup Activities

1 Determine features and review potential App

content
Multimedia, tailoring, forum, gamification, goal setting,
activity suggestions

2 Review app Ul 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

5, e

Active Living: Strategies for
Parents to Promote Physical
Activity (W9)

i p 1! In this il e will discuss t cienc




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.

Integrate insiglts from users and theory. i DEsign iteratively and rapidly with user feedback. i Assess rigorously. Share.
1 y 3 4 5 6 7 8 9 10
Empathize Specify Ground Ideate Prototype Gather Build Pilot Evaluate Share
with target target in behavioral implementa- potential user minimum potential efficacy in intervention
users. behavior. theory. tion products. feedback. viable efficacy and RCT. and findings.
strategies. product. usability.




Key Learnings — Empathize With Target Users

Family Physical Activity JITAI

Barriers

Time constraints & competing priorities

e Parental fatigue

e Limited access (weather, safety, space)
e Preference for screen-based activities
Motivators

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

Example
e Broad Goal
e ‘“Increase physical activity”

Specific Target Behaviour
e “Walk 10,000 steps per day”

Integrate infights from users cInd theory. | DEsign iteratively and rapidly with user feedback. i Assess rigorously. { Share.
1 2 3 4 5 6 7 8 9 10
Empathize] \\ Specify Ground Ideate Prototype Gather Build Pilot Evaluate Share
with target target in behavioral implementa- potential user minimum potential efficacy in intervention
users. behavior. theory. tion products. feedback. viable efficacy and RCT. and findings.
strategies. product. usability.




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

Defining the Target Behaviour

e Primary Behaviour (Health-Focused): Increase moderate-to-vigorous physical activity (MVPA)
e What Families Value

o  Counting completed activities (sense of progress)
O  Earning rewards or prizes

O©  Achieving streaks or milestones

e Design Implication
O  Use activities completed as the engagement metric
O  Map activities to MVPA behind the scenes

O  Reward participation while still targeting health outcomes



IDEAS: phase 3-4 (Behavioural Theory to App
Mapping Process)

e Need to translate theory to app components

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

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

e 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.

Integrate insights from uslars and theory. | DEsign iterativély and rapidly with user feedback. Assess rigorously. Share.

1 2 3 4 6 7 8 9 10
Empathize Specify Ground Ideate \ Prototype Gather Build Pilot Evaluate Share
with target target in behavioral implementa- potential user minimum potential efficacy in intervention
users. behavior. theory. tion products. feedback. viable efficacy and RCT. and findings.
strategies. product. usability.




Behavioural Theory to App Mapping
Process

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

o Target: What is the target outcome? (i.e., mechanisms of action)

o Theoretical Construct: What is the theoretical construct you are
targeting? (e.g., self-efficacy, attitudes)

o BCT: What strategy drives change?
o App components: What is built in the app?

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



Example:

REPETITION AND SUBSTITUTION, ACTION
ASSOCIATIONS, IDENTITY CHANGE CONTROL
TECHNIQUES (MAINTENANCE)

IDENTITY ~ HABIT

ANTECEDENTS, GOALS AND PLANNING, ACTION
FEEDBACK AND MONITORING, CONTROL
REGULATION (ADOPTION)

ONGOING _REFLECT"'~ 7 .
AFFECTIVE JUDGEMENTS  ERCEIVED OPPORTUNIT\ INTENTION

NATURAL CONSEQUENCES, FORMATION
SELF-BELIEF, SOCIAL SUPPORT, INITIATING DECLECTIVE PROCESSES

COMPARISON OF OUTCOMES PERCEIVED CAPABILITY INSTRUMENTAL ATTITUDE

BEHAVIOUR CHANGE LAYERS TO BEHAVIOUR
TECHNIQUES AT INITIATION TO CONTINUATION

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



Example: Behavioural Theory to App Mapping Process

Behaviour Change

Delivery (When,

Target Construct Techniques App Components H Data
ow)
(BCTs)

When: Triggered
PA support twice per week Usage lesson open
intentions: Parents’ Instruction on how 1. Education How: Push 9 P
confidence tg plan Percel\.n.ad to perf_orm Video/Podcast notification, trigger Measure of parent
and engage in Capability behaviour; Graded 2. Activity setting to open the app, for erceived
physical activity tasks; ' VI € receiving tailored P e

. 3. Notification capabilities at the

together Demonstration content based on nd of that week

parent perceived ©

capabilities.

When: Triggered
PA support twice per week Usage lesson open
intentions: Families’ Restructuring the How: Push 9 P
perception that they [Perceived physical/social 1. Education notification, trigger
have time, access, |Opportunity environment Video/Podcast |to open the app, for gﬂeiizzilr: dOf parent
and supportive Prompts/cues 2. Activity Session |receiving tailored opportunity at the

environments to
be active together

Action planning
(context-specific)

3. Notification

content based on
parent’s perceived
opportunities?

end of that week




Family-based PA JITAI: Tailoring Algorithm

REFLEXIVE
BEHAVIOUR IS PERFORMED BY LEARNED ASSOCIATIONS AND TRIGGERED THROUGH
PARTICULAR CIRCUMSTANCES AND STIMULI

Ve

NINT

ENDEAVOUR

REFLECTIVE
BEHAVIOUR IS MOTIVATED BY GONSCIOUSLY DELIBERATED AND EXPECTED
CONSEQUENCES OF PERFORMING A BEHAVIOR

BEHAVIOUR IS MANAGED THROUGH TACTICS TO TRANSLATE INTENTIONS INTO
BEHAVIOR

)

DECIDE

B)
Congratulatio

n; Reflexive
process

A) How content
did my Proactive
child R S'?lf .
meet the monitorin
PA vy R .
guideline d) Do you es gacjcl\lle
laTalF=]
S durlng norm Hey parent! Take a moment to answer this
“trepast C) Parental ’ i St et G e sy
7 da S:) bupport nOt a lOt; restructu over the past 7 days.
yer module + Some of Affective
< 5days How often do = STHES
you support Introduc No Reflectiv capability
your Ch'_ld to Most of e PA \o-process
be ph ,S'Coa“ the days ideas, opportuni
active: Reflexive ty

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.
[m] G [m]

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



https://bit.ly/4u2VC5e

1. Design digital behaviour intervention: Translating theory into app

components

Break

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

Break

3. Discuss and design evaluation strategies

1:30-2:30 PM

2:30-2:40 PM

2:40 - 3:30 PM

3:30-3:40 PM
3:40-4:30 PM



Strategies for Rapid Designh 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 Al 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

[ J
e Use Mock-up tools: Paper, Canva, Figma for wireframing
e Use No-code: Pathverse is a no-code platform purpose-built for digital
health interventions
?“i-ntegrate insights from users and theory. DEsign iterl:tively and rapidlyjwith user feedback. Assess rigorously. Share.

ssssss

2 3 4 5 6 7 8 9 10
Empathize Specify Ground Ideate Prototype \ Gather Build Pilot Evaluate Share
with target target in behavioral implementd- potential user minimum potential efficacy in intervention
behavior. theory. tion products. feedback. viable efficacy and RCT. and findings.
strategies. product. usability.




Table 1
No-Code mHealth Tools and Their Reported Features and Compliance Measures

No-code mHealth tool company

Feature Avicenna Expiwell LifeData mEMA Metricwire MovisensXS mPath MyCap Pathverse PiLR Health Teamscope
EMA-related features
iOS compatible X X X X X X X X X X
Android compatible X X X X X X X X X
Multiple languages X X X X X X X
Online/offline modes X X X X X X X
Time-contingent X X X X X X X X X X X
Event-contingent X X X X X X X X X X X
Ganmification X X X
In-app push notifications X X X X X X X X X X X
SMS or email push notifications X X X
Various types of survey questions X X X X X X X X X X X
GPS data trigger X X X X X X X X X
Consumer wearable data trigger X X X X X
Proprietary wearable integration trigger X
Sensor trigger (ECG, accelerometer, “beacon”) X X X X X X
Phone usage trigger X X X
JITAl-related features
i0S compatible X X X X X
Android compatible X X X X
Multiple languages X X X X
Ability to set decision rule for JITAI trigger X X X X X
Tailoring variable customization X X X X
Multimedia content delivery X X X X
Ganmification X X X
App theme customization X X
In-app push notification X X X X X
GPS trigger X
Consumer wearable data trigger X X X
Proprietary wearable integration trigger X
Sensor trigger (ECG, accelerometer, “beacon”) X X X
Phone usage trigger X X X
Security
1SO X
HIPAA X X X X X X X
GDPR X X X X X X X X X
FDA—21 CFR Part 11 X X X X

Note. This data was collected from each company’s website, including their Frequently Asked Questions and Privacy Policy. While this list aims to be comprehensive, some
information may not be explicitly listed on the company’s website. An “x” indicates that we explicitly found this information on the company’s website or within the publications.
mHealth = Mobile health; EMA = ecological momentary ; SMS = short service; GPS = Global Positioning System; ECG = elect: diogram; JITAI = just-in-
time adaptive intervention; ISO = International Organization for Standardization; HIPAA = Health Insurance Portability and Accountability Act; GDPR = General Data Protection
Regulation; FDA—21 CFR Part 11 = Food and Drug Administration’s Part 11 of Title 21 of the Code of Federal Regulations; Electronic Records; Electronic Signatures.

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?

o Reduce the time and cost of app development

o Bridge the gap between Theory and App components and delivery
o Repository for apps after study completion

o Allow researchers to share their apps



Pathverse: How does it work?

°PATNVEHSE S R © pathverse Test v

Demo Study i
Status: ¢ aved @

i Main Navigation Bar Details and Options

ount There is one navigation bar on the bottom of the app. ‘Some options you can st for your study.
I Ty i Study Details v
Ethics Document Uploaded 8 Approved v exercise
al
Study Metrics v
i @ un. . DrawerFeatures
eatures that are oy accssie onthe 3pp'sdrawer men

Trackers o v Settings v
Emotion Regulation Disabled Results Page(s) he
Activity Suggestions @) Disabiea FAQ's Dssbled
Leaderboard v Gamification @ ) owsbies
Goal Setting . v Custom Notes/Diary @ ) Dwsbies
Community Forum [ Dlsabled Calendar Events @) osabes

o sl X Additional Resources @ e

-

“no-code” Participant App

App Builder mobile/Web)




Pathverse: Modular App components

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

N

. Education

Video/Podcast
Activity setting
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

B

Set delivery Logic

Self-monitoring

©

Goal Setting

(0
N

>

Customize multimedia
content delivery

El

i

Surveys & Usage

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

Break

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

Break

3. Discuss and design evaluation strategies

1:30-2:30 PM

2:30-2:40 PM

2:40 - 3:30 PM

3:30-3:40 PM
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 Al 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 2. Pilot 3. Optimization
| Co-design (P1) _(P2) (P2)

4. Evaluation
(P3/4) 5. Scale-up

Process
Evaluation

Interventic
Evaluation

-

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.



Key Metrics during Prototype
L Ot e

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 .

Acceptability, Recruitment Rate, Demand, Implementation,

given context? 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:
* Istheintervention feasible to implement in terms of recruitment, retention, and delivery?
* Isitacceptable to the users, based on engagement and satisfaction?
* What are the preliminary effects on proximal outcomes (e.g., engagement, behavior
change)?
 Evaluation Methods:
* Assessrecruitment 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.



Feasibility
Outcomes

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.

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?

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?)

*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

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?

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?

*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

Adaptation To what extent does an existing idea, °Degree to which similar outcomes
program, process, or measure are obtained in new format
perform when changes are made for *Process outcomes comparison
a new format or with a different between intervention use in two
population? populations

Integration To what extent can a new idea, *Perceived fit with infrastructure
program, process, or measure be *Perceived sustainability
integrated within an existing system? *Costs to organization and policy

Expansion To what extent can a previously bodies

tested program, process, approach,
or system be expanded to provide a
new program or service?

*Fit with organizational goals and
culture

*Positive or negative effects on
organization

*Disruption due to expansion
component

|l imited efficacv

Doec the a new idea nrocram

*Intended effecte of nrosram or



Daily Diary or Ecological Momentary
Assessments (EMA)

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

Association,

. Mediation,

- - Moderators
stressor Symptoms —

Pre-symptoms Linear and Non-

Linear
Interaction

_ effects, Adaptive
—_- | === Intervention
Baseline 6 months  Tailoring
Variables

Daily Diary studies/
ecological momentary
Assessments (EMA)




Types of EMA studies

* Time- Contlngent non- random/random time throughout the day
(e.g., Stressor)—

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

v % = % B
N | | g e
S S = & o8
2 } n,m@mz,,,% >7 th;?b@ybﬁm P/;‘,nmoéhb



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| 2. Pilot | 3. Optimization 4. Evaluation
Co-design (P1) (P2) (P2) (P3/4) 5. Scale-up

Process
Evaluation

Intervention
Evaluation

-

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.



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) framework
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

o A factorial experimentis a ——
randomised trial in which every m-mw
possible combination of component
levels is tested at the same time 1 No No No

e Testing each component one at a 2 e e =
time would require multiple separate 5 No Ves yes
trials; far more time and resources

. . . 4 No Yes No

o Used for fixed intervention

5 Yes No no

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



Factorial Design: Key Research Questions

Optimisation — what is the best combination within real constraints?

e Which combination of components produces the largest effect within our
budget and implementation capacity?

e Which components can be removed without meaningful loss — making the
intervention leaner and more scalable?

Main effects — does each component work independently?

o Does including push notifications increase daily steps regardless of what
else is active?

e 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

Fixed Adaptive Intervention Just-in-Time Adaptive
Intervention
Months Days/hourly

Less Intense Adaptation More Intense adaption

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.



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

— Continue with content tailored to reflexive processes
Regulatory content
Randomize to
Non-Response regulatory or
reflexive content

Family PA
JITAI

Reflexive content

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 SMARTSs

What is the best sequence of intervention adaptations?

o If aninitial intervention is ineffective, should we intensify the dose or switch
strategies?

Who benefits most from which intervention path?

e Do certain subgroups respond better to a specific adaptation strategy?
When should intervention adaptations occur?

e 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 (MRTSs)

Key Research Questions Addressed by MRTs

How do intervention components influence immediate behavior?

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

How does timing/context affect intervention effectiveness?
o 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?
o 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:

o From MRT: Track context (EMA) + response to prompts (no
randomization needed yet)

o From factorial: Pilot a small number of components to assess usability
(not effects)

o 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 Al to develop and share
prototypes with end users.

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



