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1 INTRODUCTION

The impact of travel and urban feature exposure on emotional well-being has long been ex-
amined through epidemiological studies, controlled experiments and surveys (Conceição et al.,
2023). While the use of physiological measurements to infer travel and urban space experience
has been studied for over 20 years, mostly in driving and cycling task experiments, applications
looking at the exposure to selected urban features (Tost et al., 2019), public transport (Barría
et al., 2023) and commuting trip attributes (Zhang & Ma, 2024) have been proposed recently.
Beyond traditional statistical models, these measurements have started to be included as ex-
tensions of classical choice modelling formulations (Castro et al., 2020, Hancock & Choudhury,
2023). Yet, finding such empirical evidence under the real-world complexity of diverse emotional
stimuli calls for more comprehensive data collection (Palmberg et al., 2021). In the medical field,
the growing availability of wearable sensors has led to increased research towards continuous,
patient ambulatory monitoring of stress or cardiovascular health within the medical community
(Krittanawong et al., 2021), even reaching large-scale studies (Smets et al., 2018). Such empiri-
cal findings have already motivated behavioural interventions, targeting directly the relationship
between daily activity patterns and lifestyle and selected health outcomes (Ledderer et al., 2020).

For supporting both future health policies in mobility and the understanding of the dynamics
between the joint time-space evolution of activity and mobility choices with emotions, data from
real-life conditions is essential. Yet, such empirical evidence is still absent, possibly waiting for
a bridge between the methods from real-life biomedical experiments and travel behaviour.

2 METHODOLOGY

We propose eMOTIONAL Daily Patterns, an experimental framework using a wearable de-
vice and a smartphone framework to collect detailed data on self-reported emotions, psycho-
physiological markers, activities, travel and related contextual information on their daily lives.
The framework includes three stages described below (Fig. 1).

2.1 Screening and Pre-Survey

In the screening survey, we ensure that the participants are suitable for the study (checking
for relevant health conditions and smartphone availability) and balance the diversity of the
sample by collecting and monitoring information on gender, age, residential area and primary
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Figure 1 – eMOTIONAL Daily Patterns’ Data collection framework

occupation. The pre-survey is computer-based and allows for the collection of relevant factors
that may influence emotions beyond demographics, namely: (1) Habits as regular physical
activity and coffee, alcohol and tobacco intake; (2) Attitudes toward transport modes and
mobility; (3) Environmental mastery as one aspect of Psychological Well-being particularly
related to stress; (4) Personality factors, namely the "honesty-humility" domain and the facets
"prudence", and "anxiety" of the HEXACO inventory; (5) Mild Cognitive Impairment using
the P-AD8 questions; (6) Mental State from a self-report on depression, anxiety, and stress
(DASS-21); and (7) other relevant questions on participants’ height, weight, medication intake
(that can affect the physiological markers) and perceived problems with their physical health.

2.2 Naturalistic Experiment

Participants carried the Empatica E4 medical wristband and a personalized version of the mobile
sensing app X-ing1 in their daily lives for approximately 2 weeks. The app logs space-time tra-
jectories, infers transportation modes and categorizes stops as activities (home, work, shopping,
social, etc.), allowing the participant to review, validate and provide additional information on
the trip’s or activity’s attributes (travel party, when the activity was planned, etc.). We ex-
tended the app capabilities by sampling subjective emotional states using the Short Mood Scale
(Wilhelm & Schoebi, 2007) as random Ecological Momentary and (end-of-day) Retrospective
Assessments (EMA and ERA, respectively). EMAs and ERAs were paired with questions on
the impact of surrounding environments or other emotional stimuli. Also, the daily self-reported
Pittsburgh Sleep Quality Index (PSQI) is obtained through the app. Simultaneously, the E4 con-
tinuously gathers physiological metrics during wakefulness: blood volume pulse, electrodermal
activity, skin temperature, and acceleration.

2.3 Post-survey and Choice experiment

The post-survey collects feedback on the study protocol and assesses the impact of major events
on participants’ stress levels during the Naturalistic experiment stage. It also performed a set
of standard questions on selected factors with potential impact on the overall emotional state
of the participants, namely a rapid screening of the restless legs syndrome and the Bergen So-
cial Media Addiction Scale questionnaire. Finally, a classical choice experiment was realized,
where participants performed a standard two-stage Markov decision task in the field of reinforce-
ment learning (RL) and decision-making psychology (Daw et al., 2011), which is designed to
differentiate model-based and model-free learning strategies by analyzing how second-stage re-
wards influenced subsequent first-stage choices. Inferring on how each individual resorts to these
two processes helps understand immediate rewards accounting and longer-term goals, which has
implications in various contexts, from habits to learning and adaptability in future nudging.

1https://www.empatica.com/en-gb/research/e4/, https://www.mobilemarketmonitor.com/
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3 RESULTS

We deployed the eMOTIONAL Daily Patterns framework in a trial in the greater Copenhagen
area (GCPH), Denmark. It included 119 participants (53 men, 65 women and one non disclosed),
with an average age of 49.9 ± 16.9 years, recruited through panels from the GCPH. Participants
received a 500Dkk gift card compensation. The experiment included in-person single Pre- and
Post-Survey sessions and an observed average of 13.2 ± 2.4 days of user-validated app data
and 12.1 ± 2.9 daily hours of physiological measurements. The data collection spanned from
November 2024 to July 2025 due to the limited number of wristbands available.

Figure 2 – Heart Rate and Activity pattern for three different days of the same participant

Figure 3 – Average Heart Rate by activity type for the full sample population

Figures 2 and 3 showcase the variability of the collected physiological signals (in this case,
simple heart rate for straightforward understanding) within and across individuals. The first
underscores the need for personalized models for emotion recognition while the second showcase
the potential of naturalistic datasets for better understanding how decisions and its features
may affect emotions. Indeed, our early statistical results sustain the link between different
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daily mobility and activity features and emotions. Significant statistical evidence was observed
in several dimensions of this relationship, supporting existing laboratory findings: a greater
heart rate variability (measured as RMSSD, often used as a proxy of relaxation and recovery
process) for driving compared to bus use (Wilcoxon rank-sum p < 0.001); a greater average EDA
recovery time (an indicator of autonomic regulation and resilience to stress) during social than
healthcare-related activities; a greater overall median valence of individuals aged 50-year-old or
more (Mann-Whitney U-test p < 0.001); a lower subjective valence of all sampled activities for
individuals with moderate or higher ranking of chronic stress (DASS specific questions, Mann-
Whitney U-test p = 0.002). These are just some examples of our initial results, which also
allowed for the early identification of limitations of our experiment (e.g.: in-home activities can
be very diverse, and so can their emotional response).

4 DISCUSSION

This study lays the groundwork for large-scale naturalistic experiments for monitoring emotional
well-being through multi-sensor data integration. Early findings open the door to emotion detec-
tion and exploring the daily factors affecting it, promising a new path for policy design for better
well-being. Our ongoing analysis includes advanced modeling of complex relationships in daily
activity, mobility and emotional patterns and exploring the collected data on sleep, emotional
stimuli inference from open-text responses, and extracted location-based urban features.
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