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Basics of EMA 

 



 
Basics of Ecological Momentary Assessment 

Basics & History 

 EMA involves repeated sampling of subjects’ 
current behaviors and experiences in real time, 
in a persons’ natural environments2 

 

 Major Advantages 

 avoids retrospective bias (prior beliefs, recent & salient 
events, mood congruent memory effects, duration neglect…) 

 ecological validity                                           
(conclusions about real behavior in real environments) 

 intense longitudinal data allows assessment of 
dynamics (microprocessees, potential for causal modeling…) 

 current tech supports integration with other 
sources of data (sensor, wearables…)3 

 

 Disadvantages3 

 choosing & maintaining tech (servers, software…) 

 tech support required for patients/participants 

 privacy & data issues (GDPR, informed consent for                      
data storage, size of data, passive sensing…) 

 intrusion on personal time & space (user engagement) 
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Basics of Ecological Momentary Assessment 

Basics & History 

 Related methods grouped under the term EMA 
developed before onset of smartphones 

 Experience Sampling Method (ESM),  Ambulatory Assessment 
(AA), Diary Methods, Living Labs… 
 

 ESM present since 80s1, but gained greater adoption 
with digital devices (SMS, PDA), especially smartphones2 

 omnipresent, unintrusive, gather intimate data, able to sense, 
computational powerful & remotely accessible 

 gathers exact, dense, ecologically valid & “objective” data 

 computational power & ability of presentation of stimuli via 
multimedia exceeds earlier lab equipment 
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Basics of Ecological Momentary Assessment 

Basics & History 

 Two major catalysts for uptake:  

 wide adoption of smartphones 

 in 2012 Miller wrote in his Psychology Smartphone Manifesto that it would “border on scientific 
malpractice” if by 2025, “when more than 5 billion people will have smartphones” we were “still giving paper-
and-pencil questionnaires to a few hundred local college students.” 

 example Slovenia projections of mobile internet user penetration from 2016 to 2026 expected to 
increase from 46.9% to  81.1% in 20261 

 

 COVID-19 pandemic & recognition of unmet mental health needs 

 increased appreciation for the potential of e-Health to tackle underserved population dealing with 
mental health issues (importance of providing timely interventions) 

 EU efforts in e-mental health 

 

 

 

  

1Statista (2022),  2Miller (2012) 



Basics of Ecological Momentary Assessment 

Dynamic Concepts in Psychology 

 Dynamic concepts have often been part of psychological theory 
 dynamical concepts, but often static measurement (questionnaires, (semi)-structured interviews…) 

 social learning, defense mechanism, emotion regulation,… 

 variability of affect as an indicator of psychopathology1… 
 

 Great need to develop explicit theoretical models of psychological micro-
processes, how they interact & unfold in time 
 no clear conventions on sampling in different time-based design, due to the fact 

that “the temporal dynamics of emotional & cognitive processes are largely 
unknown”2 

 some key theoretical & practical questions:  

 how often & under what circumstance is the construct(s) in questions to be measured? 

 what are possible contingent variables and reporting mechanisms? 

 how does sensor data map onto behavior, symptoms and diagnoses?3 
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1DSM-5-TR (2022),  2Miller (2012) 
3Frank et al. (2017) 

A theoretical and empirical modeling of anxiety integrated with RDoC and temporal dynamics 



Basics of Ecological Momentary Assessment 

Dynamic Concepts in Research of Affect & Emotion 

 Affect dynamics in the context of psychopathology 1 

 

 emotional (in)stability 

 extent of variability of emotion in time (squared successive differences - SSD) 

 “borderline” personality disorder, anxiety,  depression, bulimia, PTSD 
 

 emotional inertia 

 self-sustaining quality of emotion & moment to moment predictability (auto-correlation - AR) 

 neuroticism, low self-esteem, rumination, subclinical depression 

 changes during transitions into psychotic or depressive episodes (“critical slowing”) 
 

 emotional differentiation (granularity) 

 ability to differentiate emotional states, perceive complex emotion (interclass r - ICC) 

 “borderline” personality disorder, major depression (for negative affect),  schizophrenia 
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Statistical Methodology for Intense Longitudinal Data 

Time Series Analysis, Multi-level Models 

 Time-series Analysis 
 calculation of SSD,  AR & ICC1  

 calculations based on multi-levels models2 

 mean squared successive differences (MSSD)  

 probability of acute change (PAC) 
 

 vector autoregressive modeling (VAR) 

 inherently multivariate, each variable is a predictor & outcome 

 can use Granger Causality to find direction of effects, establish networks 

 R-packages AutoVAR3 & qgraph4  

 R-packages for graph comparisons NetworkComparisonTest5,                   
for simulations IsingSampler6 & IsingFit7 
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1Trull, Lane, Koval & Ebner-Priemer (2015), 2Jahng et al. (2008) 
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Statistical Methodology for Intense Longitudinal Data 

Network Analysis 

 

 

 

 

 

 

 

 

 Network models of psychopathology 

 latent factor models – symptoms are an 
expression of a latent mental (brain) disorder 

 network models – disorder are a consequence of 
interactions among symptoms and forming of 
feedback loops which maintain stable states1,2 

 ie. psychotic symptoms & disordered sleep3 

 hybrid models (FA & network models for residuals4,5) 
 

1Borsboom  & Cramer(2013),  2Fonseca-Pedrero (2018), 
3Borsboom (2017),  4Fried & Kramer (2017),  Epskamp et al. (2017) 



Statistical Methodology for Intense Longitudinal Data 

Dynamic Structural Modeling 

 VAR network models difficult to replicate with different data 

 Assumptions: equispaced measurement of static processes 

 In psychology!? Not really (reporting intervals rarely equispaced, missing values, effects 
of interventions – not static, white noise…) 
 

 Structural Equation Modeling in continuous time 
(CTSEM)1  available in R-package CTSEM 

 dynamics of latent factors in time 

 time-independent & time-dependent predictors 

 dynamic measures such as inertia (similar to AR), diffusion 
(similar to SSD) & cross-correlation (useful for causal 
modeling) + Bayesian Estimation 

 other nonlinear dynamic approaches to studying temporal 
fluctuations in psychological constructs2 

 regime switching models for abrupt changes in dynamics3 

Time as a  
continuous variable 

1Driver et al. (2022), 2Gori et al., (2022), 3Schneider et al. (2018) 
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Statistical Methodology for Intense Longitudinal Data 

Missing Data 

 missing data common in EMA studies 
 meta-analysis in adults1 

 126 studies (1-9 prompts per day, 3-730 days) 

 pooled rate of missing data: 24.9% 

 predictors: 
 neither prompt frequency nor study length 

 psychopathology (substance abuse) 

 age x day of study interaction 3 

 

 meta-analysis in children & adolescents2 

 42 studies (2-9 prompts per day, 2-42 days) 

 pooled rate of missing data:  21.7% 

 predictors of missing data: 
 clinical studies (<6 prompts per day) 

 nonclinical studies (>2-3 prompts per day) 

 

MISSING 

DATA 
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1Jones et al. (2018), 2Wen, Schneide, Stone & Spruijt-Metz (2017),  
3 Ono et al. (2019) 



Statistical Methodology for Intense Longitudinal Data 

Missing Data & Modeling in Continuous Time 
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Turning the problem 

on its head  

 instead of missing 

values, just sampling 

of a continuous,  

process at different 

time points 

1Out & Voelkle (2013) 



Statistical Methodology for Intense Longitudinal Data 

Integration with Data from Sensors & Wearables 

 Example:  Do people have the same 
physiological reactions when experiencing 
the same emotions1 

 EMA reporting triggered by significant change 
in physiology (substantial changes in cardiac activity 
occurred in the absence of movement) 

 52 participants, extensive physiology              
(ECG, ICG),  accelorometric data 

 EMA free descriptions + rating scales  

 finding – guess not, people label the same 
physiological reactions with different 
emotions in relation to context 
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Statistical Methodology for Intense Longitudinal Data 

Integration with Data from Sensors & Wearables 
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Contemporary Research Applications 

Common Topics of Research 2015 to 2020  

 review of reviews by Doherty,  Balaskas & Doherty (2020) 
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Contemporary Research Applications 

Emotion Dynamics & Mental Health 

 Some interesting topics in mental health 
research 
 

 the role of binge eating in regulating 
negative affect revisited –                 
EMA meta-analysis1 

 

 comparing models of day to day 
fluctuations in mood in bipolar disorder 
(AR,  ARIMA, Marko model, Markov AR)2 

 

 identifying potential pediatric chronic 
abdominal pain triggers using ecological 
momentary assessment3 

 

 EMA in clinical psychopharmacology to 
assess the evolution of adverse effects 
of psychiatric treatment in time 4 
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Contemporary Research Applications 

Interpersonal Dynamics 

 Just two interesting examples 
 Couples Therapy 

 emotional inertia & romantic partners experience of emotional 
responsiveness 

 two studies (N = 44, 4x/day, 4 weeks; N=103, 4x/day, 10 days) 

 partners of individuals with high (inert) or low (erratic) 
emotional inertia perceived them to be less responsive  
steeper declines in relationship satisfaction across 12 months 
 

 How depressed parents dish-up food 

 identifying how parental stress & depressive mood influence 
parent food-related parenting practices (preassuring to eat, 
homemade food) 

 150 children age 5 to 7 years, 10 days 

 high stress & depressive mood earlier in day  pressure-to-eat 
feeding & less homemade meals that day 
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Contemporary Research Applications 

Cognition in Daily Life 

 Assessment of cognition via EMA 

 Assessing Working Memory & Speed of 
Information Processing 

  good between person reliability 
(>.97) & within person variability 
(~.40 to .50)1 

 convergent & discriminant validity 
with lab measures1 

 adapted task (SMDT) predictive of 
deterioration on MRI in MS2 

 variability in working memory in EMA 
N-back predicts self-reported 
functional status and cognitive failures 
beyond mean levels & lab measures3 
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1 Sliwinski et al. (2018), 2Pham et al. (2021),  
3Schmitter-Edgecombe et al. (2020) 



Contemporary Research Applications 

 Predicting Critical Events 
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 Identifying psychosis spectrum disorder from 
ESM using Machine Learning (ML) approaches 

 

 260 psychosis spectrum patients & 212 healthy controls 

 filled out questionnaire with 10-items 10x per day 

 three positive (cheerful, relaxed and satisfied) 

 six negative (anxious, down, guilty, insecure, irritated, lonely) 

 one psychosis specific item (suspicious) 
 

 Support Vector Machines indicated key features: 

 anxious and insecure levels 

 dynamically accelerating anxiety & insecurity 

 capturing successive “up-and-downs” rather than individual 
“ups” or “downs” important 

 



Contemporary Research Applications 

 Predicting Critical Events 
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 Identifying psychosis spectrum disorder from 

ESM using Machine Learning approaches 



Contemporary Research Applications 

 Predicting Critical Events 

 Is ESM be helpful in predicting suicide risk? 

 findings of a review of 23 studies 

 suicidal ideation fluctuates substantially over time 

(hours, days) & individuals with higher mean 

ideation have more fluctuations 

 higher suicidal ideation instability a phenotypic 

indicator for increased suicide risk 

 negative affect, hopelessness and burdensomeness 

to predict increased ideation within-day 

 more individuals reported through EMA than 

traditional measures, no reactivity effect 
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Contemporary Research Applications 

 EMA Specific Ethical Issues 

 Safety measures & consent for 
emergency interventions 

 i.e. suicide risk1, psychotic episode, 
manic episode 
 

 Other ethics issues 
 adverse effects of EMA (increased phone 

use2, trigger in drug-injecting participants3, …) 

 data privacy & safety4 

 autonomy & common data 
standards5 

 service providers & bus factor5 

 explainable AI & prevention of bias4 

 engagement in design & execution 
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4Rubeis (2022),  5Van Daele et al. (2020) 
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Current & Future Clinical Implications 

Using EMA in the Clinic 

 Postpartum depression - the most commonly diagnosed complication 
of childbirth 
 6 week study with 27 mothers who completed questionnaires & EMA, also 

provided passive sensing measures (HR, steps, sleep) 

 increased insight into mental health status (impact or reduced sleep, better 
support from partners, increased desire for activities when less active)  
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Current & Future Clinical Implications 

Just-in-time Treatment 

 Just-in-time Ecological Momentary Intervention (EMI) 

 hot topic, but small empirical base of data, lower quality research 

 EMI’s based on EMA to Promote Health Behaviors1 

 17 studies (47% mental health, 24% diet, weight loss, physical activity,18% substance abuse,  12% 

smoking) 

 small sample sizes, and great heterogeneity in intervention designs and 

measurements 

 4 randomized trials n.s., 4 quasi-experimental improvement for depression, 

psychosis, alcohol abuse & eating patterns 

 14 EMI’s for promoting physical activity (poor quality, underpowered)2 

 use of goal setting, prompts , feedback on behavior and action planning 
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Resources for EMA 

Some other EMA resources 



Resources for EMA 

Looking to integrate wearables into your EMA research 



Resources for EMA 

Kudos to the Competition – APA Webinars on Intensive Longitudinal Data 



Resources for EMA 

So you’re writing up an EMA study? 

Trull  & Ebner-Priemer (2020) 



Resources for EMA 

History & Basic of Technology 

 https://www.efpa.eu/working-groups/ehealth 
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