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Smart Sensing
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Smart Sensing: A Working-Definition
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Smart Sensing

sensors
e.g., 

motion, location, or 

environmental sensor

person-centric sensing
e.g., stress, physical activity, 

sleep, voice/speech sensing

environmental sensing
e.g., weather, air pollution, 

traffic

person*environment-

sensing
e.g., social interactions health 

prediction

Garatva, P., Terhorst, Y., Messner, E.-M., Karlen, W., Pryss, R., Baumeister, H., 2022. Smart Sensors for Health Research and Improvement, 
in: Montag, C., Baumeister, H. (Eds.), Digital Phenotyping and Mobile Sensing. Springer, Berlin.
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Sensors in Daily Living

Garatva, P., Terhorst, Y., Messner, E.-M., Karlen, W., Pryss, R., Baumeister, H., 2022. Smart Sensors for Health Research and Improvement, in: Montag, C., Baumeister, H. (Eds.), 
Digital Phenotyping and Mobile Sensing. Springer, Berlin.
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Smart Sensing: Process

Seiferth, C., Vogel, L., Aas, B. et al. How to e-mental health: a guideline for researchers and practitioners using digital technology in the context of mental health. Nat. Mental Health 1, 542–554 (2023). https://doi.org/10.1038/s44220-

023-00085-1
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Smart Sensing

… is a process using

• unobtrusive sensor data / aggregated features
(e.g., location, language, app usage, etc.)

+
• Optional: active data input (e.g., ecological momentary assessment)

 Real-time inference to (mental) health

Garatva, P., Terhorst, Y., Messner, E.-M., Karlen, W., Pryss, R., Baumeister, H., 2022. Smart Sensors for Health Research and Improvement, in: Montag, C., Baumeister, H. (Eds.), 
Digital Phenotyping and Mobile Sensing. Springer, Berlin.



Does this work in the context of mental health?
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Method

• Longitudinal observation study: 30 days

• European-wide recruitment 

• Sensing components:
• AWARE App (iOS): Smartphone usage, Location
• OURA-Ring: Biophysiological data (steps, sleep time, etc.)

• EMA: Daily valence and arousal (3-times a day)

• Mental Health: DASS-21 (Depression, Anxiety, Stress)

• Multilevel regression models combining data sources
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Results

• N=60

• Age: M=42.8 (SD=11.6)

• Gender: 55% female

• Mostly employed (~70%)

• Highly educated (only 20% below B.Sc.)
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Regression
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Regression
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Regression
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Regression
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Regression
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Conclusion

• Relationship between smart sensing features and mental health

• Combination of sensor features and EMA yielded the best prediction 
for mental health (i.e., depression & anxiety)

Augmenting existing psychodiagnostics tools by smart sensing

Are these associations & findings robust?

Lessons learned: Smart sensing data is complex!
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Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Records identified from*: 
Databases (n = 12,099) 
Registers (n = 0) 

Records removed before 
screening: 

Duplicate records removed 
(n = 2,600) 
Records marked as ineligible 
by automation tools (n = ß) 
Records removed for other 
reasons (n = 0) 

Records screened 
(n = 9,499) 

Records excluded 
(n = 7,290) 

Reports sought for retrieval 
(n = 161) 

Reports not retrieved 
(n = 8) 

Reports assessed for eligibility 
(n = 152) 

Reports excluded: 
No GPS measures (n = 32) 
No Depression (n = 17) 
No suitable analysis/data  
(n = 83) 
Reanalysis of previous data 
(n= 2) 

Records identified from: 
Websites (n = 0) 
Organisations (n = 0) 
Citation searching (n = 0) 
Research network (n = 1) 

Reports assessed for eligibility 
(n = 1) 

Reports excluded: 
(n = 0) 

 

Studies included in review 
(n = 19) 
Between correlation meta-analysis 
(n = 18) 
Within correlation meta-analysis 
(n = 3) 

Identification of studies via databases and registers Identification of studies via other methods 
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Reports sought for retrieval 
(n = 1) 

Reports not retrieved 
(n = 0) 
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Table 4. Pooled between-person correlations. 

Feature N Cor CI 
Prediction 

Interval I^2 
circadian 
movement 1201 -0.36 -0.71 to 0.12 -0.91 to 0.64 86% 
distance 1824 -0.25 -0.29 to -0.21 -0.30 to -0.20 0% 
norm 
entropy 1849 -0.17 -0.29 to -0.04 -0.44 to 0.13 69% 
location 
variance 2287 -0.17 -0.26 to -0.06 -0.36 to 0.04 58% 
entropy 2254 -0.13 -0.23 to -0.04 -0.35 to 0.10 57% 
n_cluster 2282 -0.11 -0.18 to -0.03 -0.25 to 0.04 36% 
homestay 2216 0.10 0.00 to 0.19 -0.09 to 0.27 50% 
speed 
moving 1266 -0.01 -0.07 to 0.06 -0.09 to 0.07 0% 
time 
moving 748 -0.05 -0.21 to 0.11 -0.45 to 0.36 68% 

 

Results
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Results

• N=629
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Conclusion

• ML well-suited for complex smart sensing data
• Especially: ML capable of handling non-linear relationships

• Combination of smart sensing and ML may lead to promising 
psychodiagnostics (support-) tools in future



Implementation in clinical practice
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Example
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Example
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Example
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Example
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Challenges (and future cooperations?)

• Does it work in children and adolescents?

• What would promising prediction-targets be in expert systems?
• Risk
• Response
• Deterioration/early-Warning
• Symptoms
• Symptom networks

• What is the acceptance?
• Youth’s perspective
• Parents’ perspective
• Clinicians’ perspective
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Further Reading
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Thank you for attention &
a big thank you to our Sensing Team

M.Sc. Tran Bao Dat Nguyen M.Sc. Robin Kraft

M.Sc. Patricia Garatva

Dr. Eileen BendigDr. Eva-Maria Meßner

&
cooperation partners

M.Sc. Paula Philippi
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Questions & Discussion

✉ yannik.terhorst@uni-ulm.de

Twitter/X: @YannikTerhorst

Find further research on: 
Google Scholar

mailto:yannik.terhorst@uni-ulm.de
https://scholar.google.com/citations?user=2zT8L-wAAAAJ&hl=en&oi=ao
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Sensor overview
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Direct Feedback
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Active User Input (i.e., EMA)
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Direct Feedback
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Extended Reports via Mail


