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Scientific Goal: Usable Evidence 

Create evidence that can… 
•  Inform design of effective mHealth interventions 

• Decision rules 
• User experience  

• Support granular understanding of mechanisms of behavioral 
processes in the real world 

• Be readily taken up by future projects 
 



Research Approach 

• Optimize both intervention package and individual components 
• Assess effects on proximal outcomes 
• Study dynamics (and boundary conditions) of intervention response 
• Use efficient study designs to maximize what can be learned with 

minimal burden and resources 



Micro-Randomized Trials 



MRTs in a Nutshell 

1. Randomize delivery of a push intervention component at each 
decision point 

2. Capture at each randomization… 
• Proximal outcome for randomized component 
• Contextual factors that may influence response 

3. Model 
• Component’s (time-varying) causal effects 
• How these effects are moderated by time-varying factors (e.g., context of 

delivery) and baseline characteristics 

Klasnja, Hekler, …, & Murphy (2015). Health Psychology. 
Liao, Klasnja, Tewari, & Murphy (2016). Statistics and Medicine. 



Decision Points 

Times when an intervention component may need to be delivered, 
based on… 
 
• Theory and prior experience 
• User’s context 
• Level of activity of interest 
 



You have been sitting for 40 minutes. Get up 
and stretch your legs! i 

Studies have shown that prolonged sitting has harmful 
physiological effects. Getting up regularly, even just for a 
minute or two, helps prevent those effects.  

X Sitting Reminder 

OK 

Decision time: when the user has been sitting for 40 minutes 



Proximal outcome: Most immediate intended effect of an 
administration of a single “dose” of an intervention component. 



You have been sitting for 40 minutes. Get up 
and stretch your legs! i 

Studies have shown that prolonged sitting has harmful 
physiological effects. Getting up regularly, even just for a 
minute or two, helps prevent those effects.  

X Sitting Reminder 

OK 

Proximal outcome: whether the user got up after the reminder 



Proximal Outcomes in the Causal Pathway 

Hekler et al. 2016, TBM; Klasnja, et al. 2017, CHI; Nahum-Shani et al. 2015  
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Contextual Moderators 



Randomization in MRTs 

• A component is randomized at each decision point for each participant 
• During a study, each person randomized many times 
• Multiple components can be randomized concurrently 

 
MRTs are sequential, full factorial designs 

 
 



What We Can Learn From MRTs 

• If a component has a proximal main effect 
• How the treatment effect changes over time 
• How a component’s effect are moderated by time-varying contextual 

factors (e.g., location, weather, previously provided treatment) 
• If a component has lagged effects 

 
MRTs are highly efficient as they take advantage of both within-person 
and between-person contrasts 
 

 



HeartSteps v1 



HeartSteps v1 Goals 

• Develop mHealth tool to help 
sedentary adults increase 
physical activity through walking 

• Support getting activity 
throughout the day 

• Pilot MRT methods 

 



Pull Intervention Components 

• Feedback on daily steps for self-
monitoring 

• A library of previously received activity 
suggestions 

 



Push Intervention Components 

 
• Actionable, context-aware activity 

suggestions 
• Planning of when, how, and where one 

will be active the next day 
 

 



Intended to support short bouts of 
activity throughout the day 
 
Suggestions tailored on: 
• time of day 
• weekday vs. weekend 
• location 
• weather 

 
Two types of suggestions: 
• to walk 
• to disrupt sedentary time 

Activity Suggestions 



Questions About Activity Suggestions 

• Do they work at all, in the sense of increasing activity shortly after they 
are delivered? 

• Do their effects change over time? 
• Do walking suggestions and anti-sedentary suggestions have different 

effects on near-term activity?  
• Do activity suggestions work differently when they are delivered in 

different contexts? (location, time of the day, day of the week, 
weather)? 

• Does the dose of the suggestions matter (i.e., how many suggestions 
are sent in a short period of time)? 



Intended to increase likelihood 
of longer activity bouts by  
creating concrete plans for  
their execution 
 
Two types of planning: 
• Generate a new plan 
• Select a plan from a list of  

previously made plans 
 

Planning 



Questions About Planning 

• Does prompting people to plan increase activity on the next day? 
• Does the effect of planning change over time? 
• Does the interface used to plan (open-ended vs. choosing from a list) 

matter? 
• Does the context when people are asked to plan matter (e.g., day of 

the week, weather next day)? 



Pilot Optimization Trial of HeartSteps 

• 6-week study with 42 sedentary adults 
• Both push components micro-randomized: 

• Activity suggestions randomized 5 times a day (210 decision points): 
• No-suggestion (40%), active suggestion (30%), sedentary suggestions (30%) 

• Planning randomized every night (42 decision points): 
• No-planning (50%), create a new plan (25%), pick a plan (25%) 

• Data captured: 
• Steps, location, weather, calendar, application use, answers to daily 

questionnaires 

 

Klasnja et al., 2018. Annals of Behavioral Medicine. 



Primary Analyses for Activity Suggestions 
 

Yt+1 ∼ α0 + α1 Zt + β0 (At − 0.6) 
 
Yt+1 ∼α0 +α1d(t)+α2Zt +β0(At −0.6)+β1d(t)(At −0.6)  

 
• At:  Indicator if suggestion delivered at occasion t 
• Yt+1:  Log of 30-min step count after occasion t 
• Zt:  Log of 30-min step count prior to occasion t 
• d(t): Day in the study for occasion t 
• All analyses conducted using centered and weighted least square 

method (Boruvka et al., 2017) 
 
 



Average Across-Time Effect for All Suggestions 

Yt+1 ∼ α0 + α1 Zt + β0 (At − 0.6) 

β0 ~ 35 extra steps when a suggestion is delivered vs. not  
over the average of 253 steps in 30 min post randomization 



Suggestion Effects Over Time 

Yt+1 ∼α0 +α1d(t)+α2Zt +β1(At −0.6)+β2d(t)(At −0.6) 

Initially, delivering a suggestion vs. not adds ~ 167 steps (66% incrase) but 
effect gets smaller over time and disapears after one month. 



Average Across-Time Effects for Suggestions 
by Type 

Yt+1 ∼ α0 + α1 Zt + β1 (A1t − 0.3) + β2 (A2t − 0.3) 
 

β1 ~ 60 extra steps when a walking suggestion is delivered (24% increase  
over the average of 253 steps). No effect for anti-sedentary suggestions. 
 
Walking suggestions initially add 271 steps (107% increase), but the effect  
diminishes over time and disappears at one month. 



Other Findings for Activity Suggestions 

• Effect of walking suggestions is negatively impacted by the dose of 
suggestions provided in the recent days 

• Walking suggestions only have an effect when delivered while 
participants were at home or work. No effect at “Other” locations 

• Anti-sedentary suggestions strongly preferred in exit interviews 
 

 



Optimization Decisions for Activity 
Suggestions 
• Keep the component 

• Walking suggestion initially very effective 
• Anti-sedentary suggestions really well liked 

• Only provide walking suggestions at pre-specified decision times 
• Provide anti-sedentary suggestions based on real-time data (i.e., 

redefine decision points) 
• Minimize probability of sending suggestions when the person is at 

“other” location, since we can’t tailor as well 
• Manage habituation by reducing probability of providing suggestions 

based on number of recently provided suggestions 
 



Main Effects for Planning 

• Averaging across both types of planning, there is no effect for planning 
vs. no planning (p=.192) 

• Open-ended planning vs. no planning adds 523 steps per day (p=.068). 
No effect for choosing from a list (p=.672) 
 



Contextual Moderators of Planning Effects 

• On weekdays, planning vs. no planning adds 661 steps per day 
(p=.011). No effect on weekends 

• On weekdays, open-ended planning vs. no planning adds 903 steps per 
day (p=.003). No effect on weekends. No effect for choosing from a list 

• There are no significant interactions with day in study. Effects for open-
ended planning stay stable throughout the study 

• Participants report that planning was too frequent 



Optimization Decisions for Planning 

• Change design to balance need 
for attention and burden 

• Make planning a weekly push 
component, as well as make it 
available as a pull 
 



HeartSteps v.1 High-Level View 

A small, inexpensive study that provided… 
• Useful data for informing intervention design 

• Need for some effortful engagement for planning interfaces 
• Need for high level of contextual tailoring for suggestions 
• Need to deal with habituation  

• Intriguing data about underlying behavior-change processes 
• Role of attention in planning 
• Stability of planning effects over time 
• Rate of habituation for messaging interventions 

 



BariFit 



BariFit Goals 

• Support weight-loss maintenance after bariatric surgery through 
lifestyle change 

• Develop a scalable intervention that can be added to standard 
clinical care with minimal provider and health system burden 

• Pilot intervention feasibility 
 



BariFit Interventions 

• Fitbit Charge 2 
• Withings digital scale 
• Text Message interventions: 

• Adaptive daily step goal 
• Activity suggestions 
• Reminders to track food intake 
• Reminders for weekly weigh-ins 
• Bariatric diet tips 



Scientific Goals (Beyond Feasibility)  

• Optimize the design of adaptive 
step goals 
• Does variability matter? 
• Do people need breaks from goals? 

• Test activity suggestions in another 
population and mode of delivery 

• Test reminders for food tracking 
 



BariFit Optimization Pilot 

• 4-month study with 51 bariatric patients from KPWA recruited post-op 
• Minimal inclusion criteria (cell phone, Wi-Fi), all procedures remote 
• Pre-post changes in PA assessed by activPAL 
• 2x2 factorial experiment to study adaptive goals 

• Variability: 60th percentile goal vs. variable daily goal (50%, 70%, 90%, 120%) 
• Rest days: yes vs. no (if yes, 1/7 probability of getting a rest day) 

• Micro-randomized components 
• Activity suggestions: 5 times per day (~600 decision points) at .7 probability 

no-suggestion, .15 walking suggestion, .15 anti-sedentary suggestion 
• Reminders to track: 1 time per day (~120 decision points) at .5 probability 



Analyses 

• Pre-post tests conducted using paired t-test 
• Effects of goal variability (fixed vs. variable percentile goal) and rest 

days (yes vs. no) on average daily step count over 16-week study 
modeled with ANCOVA, controlling for average step count at baseline 

• MRT analyses: 
• Average effect of (1) all suggestions and (2) suggestions by type, vs. no-

suggestion, on 30-minute post-randomization step count, controlling for pre-
randomization 30-minute step count 

• Average effect of providing vs. not providing a tracking reminder in the 
morning on tracking of any calories (yes/no) that day, controlling for tracking 
the previous day 

 
 
 



Feasibility Findings 

• 45 participants connected their FitBit and started intervention 
• Of these, 43 participants (95.6%) still tracking activity in week 16 
• Baseline week to 16th week activPAL-measured steps increased by 

1866 steps per day (p=.007), from 5312 to 7178 steps per day 
• Sedentary time went down by 41 minutes per day (p=.07), and 

stepping time went up by 21 minutes per day (p=.02) 

Klasnja et al., under review. TBM. 



Findings for Adaptive Goals 

• Average step count under variable percentile goals was 1141 steps per 
day higher than under 60th percentile goals (p=.096).  

• Average step count with rest days 893 steps per day lower than 
without rest days, but not significant (p=.18).  



Findings for Activity Suggestions 

 
 
 

      X 



Why No Effect? 

• Study too long to see an across-time effect if the effect decays? 
• Insufficient tailoring due to no location information? 
• Too many other messages? 
• Difference in population? 

 



Stepping Back 



Why Focus on Individual Components, 
Proximal Outcomes, and Dynamics? 
• Granular understanding of conditions and boundaries of effectiveness 
• Generation of evidence that can directly inform design 

• Efficient testing of alternative designs 
• Information about factors (context, person’s state, etc.) that moderate 

response and should be incorporated into decision rules 

• Accumulation of intervention components—with associated 
evidence—that can be re-used and adapted  

• Building of an evidence base that more readily informs future work 



(The term and image shamelessly stolen from Katharina Reinecke 
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