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Abstract— The increasing dependence on digital technologies
in educational and occupational environments has intensified
prolonged screen exposure, contributing to digital stress,
technostress, and reduced digital well-being. Although recent
advances in wearable devices, artificial intelligence (Al), and digital
health technologies enable continuous monitoring of physiological
and behavioral indicators, existing approaches often address
individual components of stress detection, digital intervention, or
biophilic environmental support, with limited integration of adaptive
environmental strategies based on biophilic principles. Therefore,
this paper proposes Synapse Flora, an adaptive intelligent biophilic
environmental intervention system designed to support personalized
digital well-being during prolonged digital activities. The proposed
conceptual architecture integrates wearable-based physiological
monitoring, digital behavior analysis, environmental sensing, and AI
to estimate the user's well-being state and dynamically select context-
aware environmental interventions. To support this integration, an
Adaptive Biophilic Decision Engine (ABDE) was defined to process
multimodal information while considering user preferences and
predefined safety constraints. The system was developed following an
Evidence-Informed Engineering Design methodology that integrates
evidence synthesis, user-centered requirements, engineering design,
and sustainability principles. An exploratory survey of 36
participants found that 61.1% reported experiencing mental fatigue,
difficulty concentrating, or mental saturation frequently or always
after prolonged screen exposure, while the proposed concept
received a mean attractiveness score of 4.69/5. These findings
provide preliminary user-centered evidence regarding the perceived
relevance of the problem and the attractiveness of the proposed
concept, while experimental validation remains necessary to
determine intervention effectiveness.

Keywords—  Artificial  Intelligence;  Digital ~ Well-Being;
Occupational Stress; Biophilic Design; Wearable Devices.

I. INTRODUCTION

The widespread adoption of digital technologies has
transformed the way students and professionals study,
communicate, and work. Although these technologies have
improved productivity and accessibility, prolonged screen
exposure, sustained cognitive demands, and continuous digital
connectivity have contributed to digital stress, technostress,
cognitive overload, and reduced digital well-being [1]-[2].

To mitigate these challenges, recent research has explored
digital well-being interventions supported by artificial

intelligence (AlI), wearable technologies, physiological
monitoring, and Internet of Things (IoT) devices. Al-based
approaches can estimate stress from physiological and
behavioral data, while wearable devices continuously monitor
indicators such as heart rate (HR), heart rate variability (HRV),
sleep quality, and physical activity [3]-[5].

At the same time, biophilic design has gained increasing
attention as a strategy for improving psychological restoration
and indoor environmental quality. Previous studies have shown
that natural elements such as vegetation, natural lighting, and
multisensory environmental experiences can reduce stress,
improve cognitive performance, and enhance users' well-being
in educational and occupational environments [6]-[7].

Despite these advances, the reviewed approaches largely
address physiological monitoring, artificial intelligence,
environmental sensing, and biophilic interventions as
complementary but separately developed components. The
literature reviewed in this study indicates limited integration of
physiological state, digital behavior, environmental conditions,
user preferences, and adaptive biophilic interventions within a
unified engineering framework.

To address this research gap, this paper proposes Synapse
Flora, which integrates physiological monitoring, behavioral
analysis, environmental sensing, artificial intelligence, and
sustainable engineering principles into a unified conceptual
architecture. The proposed system extends digital well-being
support toward the physical environment through adaptive
biophilic strategies supported by an Adaptive Biophilic
Decision Engine (ABDE).

The main contributions of this work are summarized as
follows:

e A conceptual framework that combines physiological,
behavioral, and environmental information to support
personalized digital well-being.

e An adaptive biophilic decision engine (ABDE) that
enables context-aware environmental interventions
based on user and environmental conditions.

e A modular system architecture that incorporates
sustainability, repairability, and design for
sustainability (DfS) principles into the proposed
solution.
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e A design methodology for developing intelligent
biophilic environments that integrates evidence from
digital well-being, artificial intelligence, wearable
sensing, and biophilic design.

II. RELATED WORK

A. Digital stress and digital well-being

The widespread adoption of digital technologies has
increased dependence on computers, smartphones, and digital
platforms across educational and occupational environments.
Although these technologies have improved productivity and
connectivity, prolonged digital exposure has also contributed to
digital stress, technostress, and cognitive overload [1]-[2].

To mitigate these effects, various digital well-being
interventions have been proposed, including mobile
applications, web-based platforms, mindfulness techniques,
and active break reminders. While these approaches have
shown positive effects on stress reduction, their long-term
effectiveness often depends on sustained user engagement.
Furthermore, most existing solutions rely on notification-based
interventions, making them susceptible to alert fatigue and
decreasing user adherence over time [2], [8].

B. Artificial intelligence and wearable-based stress monitoring

Recent advances in Al and wearable technologies have
enabled continuous monitoring of physiological and behavioral
indicators associated with stress and well-being. Commercial
wearable devices can acquire variables such as heart rate (HR),
heart rate variability (HRV), sleep quality, blood oxygen
saturation, and physical activity, while smartphones provide
complementary behavioral information including screen time
and application usage [3]-[4].

Machine learning techniques have demonstrated promising
performance for estimating stress using multimodal
physiological and behavioral data. However, most existing
studies focus on stress detection and classification rather than
using these data to support adaptive environmental
interventions capable of improving users' well-being during
prolonged digital activities [3], [9].

C. Biophilic environmental interventions

Biophilic design has emerged as an effective strategy for
improving indoor environmental quality and promoting
psychological restoration. The incorporation of natural
elements, including vegetation, natural lighting, and
multisensory environmental experiences, has been associated
with reduced stress, enhanced cognitive performance, and
improved user well-being in educational and occupational
settings [6]-[7].

Despite these benefits, current biophilic interventions are
generally implemented as static environmental resources that
do not adapt to users' physiological conditions, behavioral
patterns, or contextual information. Consequently, their ability
to provide personalized support during prolonged digital
activities remains limited [10]-[11].

D. Comparative analysis of existing approaches

The reviewed literature demonstrates significant advances
in digital well-being, wearable technologies, Al, biophilic
design, and Internet of Things (IoT)-based environmental
monitoring. Nevertheless, these research areas have largely
evolved independently, with limited integration among human-
centric sensing, environmental control, and adaptive decision-
making [3], [5], [6]-

Table I summarizes representative studies according to the
integration of Al IoT, physiological monitoring, biophilic
intervention, adaptive decision-making, and their reported
limitations.

The comparative analysis reveals a clear research gap:
although previous studies address individual aspects of digital
well-being, the reviewed approaches show limited integration
of physiological monitoring, contextual behavioral analysis,
adaptive biophilic interventions, intelligent decision-making,
and sustainable engineering within a unified conceptual
architecture. This gap motivated the development of Synapse
Flora.

Ref, Al 1oT | Physiol. | Biophilic | Adaptive Main Limitation
Mon. Int. Dec.
Lavender inhalation and stress Fl " v v Mo intelligent monitoring
| Intelligent adaptive environments v v Partial Mo biophilic intervention
ML for stress detection I x I X Partial Limited personalization
Biophilic design and workplace strass | = * Partial 7 Mo automatic adaptation
| Personalized digital interventions Partial | | Partial Mo biophilic integration
|"Al-based mental stress detection J = v " | Partial Phwsiological stress focus
|"Al-based adaptive learning and v = = Performance-based adaptation
Biophilic workplace design = " Partial " x Mo intelligent adaptation
Digital and actual nature for stress * x |7 7 Mo dynamic personalization
reduction
Real-time smart plant monitoring * 7 = Partial | Partial Plant-focused adaptation
I"laT Indoor monitoring and plant care | = 7 = Partial | Partial Plant-needs-based adaptation
1T wearable system for stress 7 v |V x | Partial No biophilic intervention
detection
Nature-integrated smart classrooms " S o= o Partial Mo physiological adaptation
Acute stress classification + bioghilie | x| v ; Partial No automatic adaptation
VR
Synapse Flora Proposed) 7 J |V 7 Unified adaptive intervention

Note: v = Fully addressed; Partial = Partially addressed; X =
Not addressed.

III. SYNAPSE FLORA SYSTEM DESIGN

A. System overview
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Synapse Flora is proposed as an adaptive intelligent
biophilic environmental intervention system designed to
promote digital well-being during prolonged digital activities.
The proposed system integrates physiological monitoring,
behavioral analysis, environmental sensing, artificial
intelligence (Al), and adaptive biophilic interventions into a
unified conceptual architecture.

Unlike conventional digital well-being solutions that
primarily rely on software-based recommendations, Synapse
Flora extends intervention toward the physical environment
through an intelligent smart planter capable of monitoring
environmental conditions and executing adaptive interventions
according to the user's estimated well-being state. The proposed
system is intended for university students, remote workers, and
professionals who spend extended periods interacting with
digital devices.

B. Overall architecture

The proposed architecture follows a modular engineering
approach composed of five functional modules: (1) User
Monitoring, (2) Environmental Monitoring, (3) Adaptive
Biophilic Decision Engine (ABDE), (4) Environmental
Intervention, and (5) Adaptive Learning.

Physiological information is collected through wearable
devices, behavioral information is obtained from a companion
mobile application, and environmental variables are acquired
through the smart planter. These multimodal data are integrated
and processed by the ABDE, which estimates the user's context
and determines the most appropriate intervention while
considering user preferences and predefined safety criteria. The
overall architecture of Synapse Flora is illustrated in Figure 1.

3. Adaptive Biophilic Decision Engine
(ABDE)

‘ Model Update

Fig 1. Overall Architecture of Synapse Flora.

C. Functional modules
C.1 User monitoring module

The user monitoring module is responsible for acquiring
physiological and behavioral information associated with the
user's digital well-being. Physiological indicators are obtained
from commercially available wearable devices, while
behavioral information is collected through the companion

mobile application. Together, these data provide a
comprehensive  representation of the user's current
physiological and behavioral state.

The module considers variables including heart rate (HR),
heart rate variability (HRV), sleep quality, physical activity,
screen time, and application usage patterns. These indicators
constitute the primary input for estimating the user's current
condition and are continuously transmitted to the ABDE [3]-

[4].

C.2 Environmental monitoring module

The environmental monitoring module continuously
acquires information regarding both the indoor environment
and the condition of the plant. Environmental sensing allows
the system to determine whether environmental interventions
are feasible while simultaneously ensuring that the plant
remains within its recommended growing conditions.

The monitored variables include ambient temperature,
relative humidity, illumination level, soil moisture, and water
reservoir level. Together, these parameters define the
environmental context in which personalized interventions are
performed [5], [12], [13].

C.3 Adaptive biophilic decision engine (ABDE)

The ABDE constitutes the core intelligence module of
Synapse Flora. Its primary function is to integrate the
physiological, behavioral, and environmental information
provided by the monitoring modules in order to estimate the
user's current well-being state and determine the most
appropriate intervention strategy.

Rather than relying on predefined timers or static
intervention schedules, the ABDE follows a context-aware
decision process that considers physiological indicators, digital
behavior, environmental conditions, user preferences, and
predefined safety constraints [3], [6], [8].

The intervention strategy follows a hierarchical approach.
Initially, the system prioritizes low-intrusion recommendations,
including hydration reminders, breathing exercises, posture
correction, or active breaks. If prolonged digital activity persists
or physiological indicators suggest increasing stress levels, the
engine progressively enables adaptive environmental
interventions intended to improve comfort while preserving
user productivity [6], [8].

C.4 Environmental intervention module

The environmental intervention module executes the
actions selected by the adaptive biophilic decision engine.
Unlike conventional digital well-being applications that depend
primarily on notifications, this module modifies the
surrounding environment through adaptive interventions
designed to complement users' activities without disrupting
their workflow.

The intervention platform is centered on the intelligent
planter, which integrates automatic irrigation, environmental
monitoring, and an optional hydrosol-based intervention

6™ LACCEI International Multiconference on Entrepreneurship, Innovation and Regional Development - LEIRD 2026. “Capability-Based
Entrepreneurship: Artificial Intelligence and Innovation for Scaling into the New Global Economy ” - Virtual Edition, December 1 — 3, 2026 3



mechanism. During system initialization, users register the
plant species incorporated into the device. Based on this
information, the system loads species-specific environmental
parameters that guide irrigation scheduling and environmental
management according to the biological requirements of each
plant.

Consequently, both plant care and environmental
intervention are continuously adapted according to the
estimated user condition, environmental context, and the
selected plant species [5], [13].

C.5 Adaptive learning module

The adaptive learning module records user interactions,
previous intervention outcomes, and behavioral patterns to
progressively improve future decision-making. Although
presented as a conceptual component within the proposed
architecture, this module establishes the foundation for future
implementations capable of refining intervention strategies
through continuous user feedback.

Over time, the accumulated interaction history enables the
system to personalize intervention timing, prioritize preferred
recommendations, and reduce unnecessary  actions,
contributing to a more individualized digital well-being
experience.

D. Operational workflow

Fig 2. Operational Workflow of Synapse Flora.

IV. ENGINEERING DESIGN
A. Physical system design

The conceptual architecture proposed in Synapse Flora is
physically implemented through a modular smart planter
designed to integrate plant care, environmental sensing, and
adaptive environmental intervention within a single platform.
The engineering design emphasizes modularity and operational
reliability while ensuring suitable conditions for plant growth
and electronic protection.

Unlike conventional smart planters that mainly automate
irrigation tasks, the proposed prototype incorporates multiple
independent functional compartments that separate the
biological, hydraulic, and electronic subsystems. This structural

organization minimizes the risk of moisture-related failures,
simplifies maintenance procedures, and enables individual
component replacement without requiring complete system
disassembly.

The prototype is conceived as a vertical modular structure
in which each compartment performs a dedicated engineering
function. Waterproof internal partitions isolate water reservoirs,
electronic components, and the plant substrate, reducing
interference among subsystems and improving long-term
operational stability. This design philosophy facilitates future
upgrades and supports scalable implementations based on the
proposed conceptual architecture [14].

SYNAPSE FLORA
. »_PHYISICA].‘PR’OTOTYVPEV(?’ONC_EPT e

1. SENSIORS ) 5. AMBIENT LED LIGHTING

6. FOREST WELLNESS CARTRIDGE

2. CONTROL UNIT e

"

7. PLANT MODULE

3. CONNECTIVITY

4. POWER SYSTEM . 8.AIR OU‘T“LET

9. MOBILE APPLICATION

10. SYSTEM ECOSYSTEM

Fig 3. Conceptual Physical Architecture of Synapse Flora.

B. Modular physical architecture

The physical prototype is organized into five independent
modules that collectively implement the proposed adaptive
environmental intervention system. Each module performs a
specific function while remaining mechanically isolated from
adjacent compartments through waterproof barriers, thereby
protecting sensitive electronic components and facilitating
maintenance.

Plant compartment

The upper module accommodates the indoor plant and its
organic substrate. This compartment provides adequate space
for root development while incorporating a capacitive soil
moisture sensor [5], [13] to continuously monitor substrate
conditions. Water supplied by the irrigation system is
distributed directly to this compartment through dedicated
irrigation channels.

Drainage module

Immediately below the substrate compartment, a drainage
layer prevents excessive water accumulation around the roots.
A perforated support tray combined with a geotextile mesh
allows surplus water to flow toward the irrigation reservoir
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while preventing substrate particles from obstructing the
pumping system.

Water reservoir module

The third compartment contains the irrigation reservoir
together with the miniature water pump and the water-level
monitoring mechanism [5], [13]. The reservoir supplies water
automatically whenever soil moisture measurements indicate
that irrigation is required. Additionally, the water-level sensor
allows the mobile application to notify users when reservoir
refilling becomes necessary.

Environmental intervention module

A dedicated compartment houses a replaceable hydrosol
cartridge intended for optional environmental intervention. The
cartridge stores plant-compatible hydrosol formulations that
may be released through a controlled microfan-based diffusion
mechanism whenever the Adaptive Biophilic Decision Engine
determines that environmental intervention is appropriate and
user preferences allow this functionality.

Electronics module

The lower compartment contains the electronic subsystem
responsible for coordinating all sensing, communication, and
control functions. This compartment includes the ESP32 [5],
[13] microcontroller, wireless communication interfaces,
actuator controllers, battery, and power management circuitry.
The electronics are enclosed within a sealed housing to
minimize exposure to humidity generated by the irrigation
system.

C. Hardware components

The proposed prototype employs commercially available
electronic components selected according to criteria including
reliability, compatibility, low energy consumption, ease of
programming, and widespread availability. Table 1I
summarizes the principal hardware components considered for

the conceptual implementation.
TABLE IT
PROPOSED HARDWARE COMPONENTS FOR SYNAPSE FLORA

Component Proposed Hardware Function

Coordinates sensors, actuators,

Microcontroller ESP32 . e
processing and communication.

Monitors soil moisture for

Soil Moisture Sensor S %
automatic irrigation.

Capacitive soil moisture sensor

‘Temperature and
Humidity Sensor

Digital temperature and
humidity sensor

Measures ambient temperature
and relative humidity.
Measures illumination conditions.

Light Sensor Ambient light sensor

Monitors irrigation reservoir

Water-level sensor & i
and enables refill notifications.

Water-Level Sensor

Supplies water to the plant

Wate:
Water Pump when needed.

Miniature water pump

Controls diffusion of plant-compatible

Diffusion Actuator Microfan
hydrosol.

Stores the formulation for

Hydrosol Cartridge J ; 3
environmental interventions.

Replaceable hydrosol reservoir

Wi-Fi / Bluetooth
(ESP32 integrated)
Battery and power-management

circuitry |

Enables communication with

Wireless Communication : :
. mobile app and connected devices.

Power System Provides and regulates electrical power.

D. Sustainable engineering design
Sustainability —constitutes one of the fundamental
engineering principles considered during the conceptual

development of Synapse Flora. The proposed design follows
the Design for Sustainability [14] (DfS) approach by
incorporating environmentally responsible materials, modular
construction, and maintenance strategies intended to extend
product lifespan while reducing electronic waste.

The external housing is proposed to be manufactured using
post-consumer recycled polyethylene terephthalate (rPET).
This material was selected because of its favorable mechanical
properties, moisture resistance, low weight, and compatibility
with additive manufacturing and injection molding processes.
Additionally, using recycled PET [14] contributes to reducing
virgin plastic consumption and supports circular economy
initiatives through material reuse.

The modular architecture enables independent replacement
of sensors, electronic components, batteries, irrigation modules,
and environmental intervention cartridges without requiring
disposal of the entire product. Consequently, maintenance
becomes simpler, repair costs decrease, and the operational
lifetime of the prototype can be extended significantly.

Finally, the proposed product life cycle incorporates
recycled material utilization, modular maintenance, component
replacement, and end-of-life material recovery. These
considerations position sustainability as an integral engineering
criterion throughout the conceptual design process rather than
as a secondary product characteristic.

1. Recycled Material
Utilization

Use of post-consumer
recycled PET (rPET) for
the external housing.

~

2. Modular Design
and Manufacturing

6. End-of-Life
Recovery

Disassembly and recovery
of materials and

Modular architecture allows
independent modules and
electronic components for

case of assembly
reuse or recycling.

Circular Design

Strategy
Extending product lifetime
and reducing electronic

waste through circular

5. Component
Replacement
Replacement of specific
components extends product
lifetime and reduces

principles.

3. Product Use
(Extended Service Life)

Efficient and reliable operation
of the system, extending
the product lifetime.

maintenance costs.

4. Maintenance

and Repair

Independent maintenance
of modules (sensors, batteries,
irrigation system, cartridges,
electronics, etc.).

Fig 4. Circular Design Strategy of Synapse Flora

V. DESIGN METHODOLOGY

This research adopts an evidence-informed engineering
design methodology to develop Synapse Flora, an adaptive
biophilic environmental intervention system aimed at
promoting digital well-being among university students and
remote knowledge workers during prolonged digital activities.
These populations were selected because they are consistently
exposed to extended periods of screen-based work and study,
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making them particularly vulnerable to digital stress, cognitive
fatigue, and technostress [1].

Rather than proposing an isolated technological solution,
the system architecture was derived from scientific evidence on
digital well-being, physiological stress detection, Internet of
Things (IoT), intelligent plant monitoring, biophilic design, and
sustainable product engineering [1], [3], [5], [6], [13], [14]. The
methodological process consisted of four stages: (A) Problem
Identification and Target Population, (B) Evidence-Based
Literature Review, (C) Engineering Design of the Proposed
System, and (D) Design Constraints.

A. Problem identification and target population

The first stage focused on identifying the research problem and
defining the target population. Synapse Flora is intended for
users engaged in study and/or work activities involving
prolonged interaction with digital devices. Previous research
identifies prolonged digital exposure as a relevant factor
associated with cognitive fatigue, mental overload, reduced
concentration, and stress [1]-[2].

To assess the perceived relevance of the identified problem, an
exploratory anonymous online survey was conducted with 36
participants. Participants were contacted directly and were
informed about the academic purpose of the survey before
responding. The questionnaire addressed participants'
demographic profile, work and study modality, perceived
fatigue after prolonged screen exposure, digital well-being
habits, and perceptions of the proposed Synapse Flora concept.
Among respondents, 44.4% reported experiencing mental
fatigue, difficulty concentrating, or mental saturation
frequently, 16.7% always, and 27.8% sometimes. Thus, 61.1%
reported these symptoms frequently or always, while 88.9%
reported experiencing them at least sometimes. Reported
consequences included mental exhaustion, visual fatigue,
headaches, and difficulty maintaining concentration.
Regarding the proposed concept, Synapse Flora obtained a
mean attractiveness score of 4.69/5, with 91.7% of participants
rating it 4 or 5. Open-ended responses identified scientific
evidence, verifiable results, system operation, sensor
information, data privacy and security, ease of use,
maintenance, and cost as relevant factors for trusting the
proposed solution. Participants also suggested personalized
recommendations, different intervention intensities, improved
usability, and adaptation to different study or work
environments.

These findings provide preliminary user-centered evidence
regarding the perceived relevance of the problem and the
attractiveness of the proposed concept. However, the survey
was exploratory and does not demonstrate the effectiveness of
Synapse Flora in reducing mental fatigue.

The survey findings were considered alongside previous
research on digital well-being and technostress. Existing
solutions include mobile applications, timers, and notification-
based recommendations, while previous research suggests that
excessive notifications may contribute to alert fatigue and

reduce long-term user adherence [8]. This context informed the
design of Synapse Flora as an adaptive environmental
intervention system that extends support beyond exclusively
digital notifications.

B. Evidence-based literature review

The engineering decisions adopted during the development
of Synapse Flora were supported by three complementary
research domains identified through the literature review.

The first research domain concerns physiological stress
detection using wearable technologies. Recent review studies
identify heart Rate (HR), heart Rate Variability (HRV),
Electrocardiography (ECG), Photoplethysmography (PPG),
Electroencephalography (EEG), and Galvanic Skin Response
(GSR) as reliable physiological indicators for stress estimation
when combined with artificial intelligence and machine
learning techniques. These investigations also highlight the
importance of continuous physiological monitoring to enable
personalized well-being systems [3].

The second research domain focuses on IoT-based
monitoring systems for indoor plants and smart environments.
Previous studies consistently employ environmental variables
such as soil moisture, ambient temperature, relative humidity,
light intensity, and water reservoir level to monitor plant health
and automate irrigation processes. These works demonstrate the
feasibility of integrating low-cost sensors, embedded
controllers, and wireless communication technologies into
intelligent environmental monitoring systems [5], [12], [13].

The third research domain corresponds to biophilic design
and intelligent environmental interventions. Recent research
consistently demonstrates that incorporating biophilic elements
into workspaces contributes not only to psychological well-
being but also to increased productivity, job satisfaction, and
cognitive performance. Studies conducted in corporate
environments report that natural elements such as vegetation,
daylight, and organic materials improve users' perception of
comfort while reducing stress during prolonged working
activities [6], [7], [11].

More recent research extends these principles toward
intelligent environments through the Positive Computing
paradigm. Rather than introducing static natural elements,
adaptive biophilic interventions supported by Al can
personalize environmental conditions according to users'
physiological and contextual information, promoting well-
being without compromising task performance [6], [10].

Furthermore, experimental studies combining
physiological sensing with biophilic virtual environments
demonstrate that artificial intelligence can successfully classify
stress levels using multimodal physiological data while
simultaneously evaluating the effectiveness of biophilic
interventions. These findings provide evidence supporting the
feasibility of combining physiological monitoring with the
evaluation of biophilic environmental interventions [9].

Together, these three research domains established the
conceptual foundation of Synapse Flora by integrating
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physiological monitoring, environmental sensing, artificial
intelligence, and adaptive biophilic interventions into a unified
engineering architecture [3], [5], [6].

C. Engineering design of the proposed system

The architecture of Synapse Flora was designed following
principles of modularity, interoperability, scalability,
maintainability, and user-centered adaptation. Every hardware
component was selected based on evidence reported in previous
research rather than solely on implementation convenience.

Environmental monitoring is performed through sensors
measuring soil moisture, ambient temperature, relative
humidity, illumination, and water reservoir level. These
variables were selected because previous loT-based smart plant
systems identify them as the primary environmental parameters
required to maintain healthy indoor vegetation while enabling
autonomous irrigation and environmental management [5],
[12], [13].

Data acquisition and wireless communication are managed
through an ESP32 microcontroller, selected due to its integrated
Wi-Fi and Bluetooth connectivity, low power consumption,
processing capability, and compatibility with multiple sensing
modules. Similar architectures have been successfully
implemented in embedded IoT systems for environmental
monitoring and intelligent irrigation [5], [13].

Physiological information is obtained from wearable
devices capable of monitoring heart Rate (HR), heart Rate
Variability (HRV), sleep quality, and physical activity. The
selection of these variables is supported by systematic reviews
that recognize HR and HRV as among the most reliable
physiological biomarkers for stress detection using artificial
intelligence, while sleep quality and physical activity provide
complementary information regarding user recovery and
behavioral patterns [3]-[4].

In addition to physiological monitoring, the proposed
architecture incorporates behavioral indicators collected
through a companion mobile application, including screen time,
study duration, work sessions, user interaction patterns, and
adherence to previous recommendations. Combining
physiological, behavioral, and environmental information
provides a broader contextual representation of user status,
enabling more informed adaptive interventions.

A distinctive characteristic of Synapse Flora is its species-
aware adaptive configuration. During the initial setup, users
select the plant integrated into the system, allowing the platform
to automatically load species-specific environmental
requirements, including irrigation frequency, soil moisture
thresholds, optimal temperature ranges, humidity conditions,
and illumination levels. Instead of applying identical
maintenance strategies to every plant, the system dynamically
adjusts environmental management according to the biological
requirements of each species while simultaneously adapting
user-oriented interventions.

This decision was inspired by intelligent plant monitoring
systems demonstrating that different plant species require

distinct environmental conditions and that personalized
environmental control improves automation performance and
plant health [5], [12].

D. Design constraints

Privacy, safety, and sustainability were considered
throughout the engineering design process.

From a privacy perspective, Synapse Flora follows a
Privacy by Design approach by collecting only the information
required to personalize environmental interventions. Wearable
integration is optional, and physiological information is
intended exclusively to support well-being rather than medical
diagnosis.

Regarding safety, environmental interventions are
designed as complementary well-being strategies rather than
therapeutic treatments. The proposed low-intensity diffusion
module employs natural formulations and can be completely
disabled for users with respiratory conditions, allergies, or
personal preferences against aromatic interventions.

Finally, sustainability principles were incorporated from
the earliest design stages. The proposed physical structure
employs recycled PET, while sensors, electronic modules, and
refillable cartridges follow a modular architecture that
facilitates maintenance, repair, component replacement, and
future upgrades. These engineering decisions are aligned with
circular economy principles by extending product lifetime,
reducing electronic waste, and promoting responsible material
utilization [14].

Wearables
Connacted Devices —<
loT

UX Risk

Aert Fatigue

SYNAPSE FLORA

Existing Research Forest Bathing

Nature & Wellness.

Aromatherapy

Digital & Intelligence

< Dightal Apps
A

Fig 5. Evidence-Informed Engineering Design Methodology

VI. DISCUSSION

A. Engineering contributions

The exploratory survey provides preliminary user-centered
evidence supporting the relevance of the problem addressed by
Synapse Flora. Among the 36 participants, 61.1% reported
experiencing mental fatigue, difficulty concentrating, or mental
saturation frequently or always after prolonged screen
exposure, while 88.9% reported experiencing these symptoms
at least sometimes. The proposed concept also obtained a mean
attractiveness score of 4.69/5, with 91.7% of participants rating
it 4 or 5. These findings indicate perceived relevance of the
problem and initial attractiveness of the proposed concept, but
they should not be interpreted as evidence of intervention
effectiveness.

6™ LACCEI International Multiconference on Entrepreneurship, Innovation and Regional Development - LEIRD 2026. “Capability-Based
Entrepreneurship: Artificial Intelligence and Innovation for Scaling into the New Global Economy ” - Virtual Edition, December 1 — 3, 2026 7



From an engineering perspective, Synapse Flora addresses
the identified gap by proposing an integrated conceptual
architecture that combines multimodal sensing, adaptive
decision-making, and environmental intervention within a
single system. The Adaptive Biophilic Decision Engine
(ABDE) coordinates  physiological, behavioral, and
environmental information while considering user preferences
and predefined safety constraints.

Additionally, the integration of sustainability principles
through modular design and recycled materials broadens the
contribution beyond digital health by incorporating
environmentally responsible engineering practices.

B. Comparison with existing approaches

Compared with existing digital well-being solutions,
Synapse Flora adopts a broader systems engineering
perspective. Most current approaches focus primarily on
monitoring physiological variables or encouraging behavioral
changes through reminders, mobile applications, or wearable
devices [3], [8]. Similarly, biophilic interventions are
commonly implemented as static environmental resources [6],

[7], [11] that remain unchanged regardless of users'
physiological or behavioral conditions.
The proposed architecture differs by integrating

physiological sensing, behavioral monitoring, environmental
information, and adaptive environmental intervention within a
unified decision-making framework. Rather than considering
plants solely as decorative elements, Synapse Flora
incorporates living vegetation as an active component of an
intelligent cyber-physical environment capable of dynamically
supporting personalized digital well-being.

Furthermore, the proposed modular architecture facilitates
scalability, maintainability, and future technological upgrades,
characteristics that are not typically addressed simultaneously
in existing digital well-being systems.

C. Limitations

Despite the proposed contributions, several limitations
should be acknowledged. First, Synapse Flora is currently
presented as a conceptual engineering architecture and has not
yet been implemented as a fully functional prototype.
Consequently, the effectiveness of the Adaptive Biophilic
Decision Engine and the proposed intervention strategies has
not been experimentally validated.

Second, the accuracy of future implementations will
depend on the reliability of wearable devices, environmental
sensors, and physiological signal quality. Variability among
commercial sensing devices may influence system performance
and intervention accuracy.

Finally, user acceptance, long-term adherence, perceived
usefulness, and the effectiveness of adaptive environmental
interventions remain open research questions that require
controlled experimental studies involving representative user
populations.

D. Future work

Future research will focus on the physical implementation
and experimental validation of Synapse Flora. A functional
prototype will be developed to evaluate the performance of the
proposed architecture under real operating conditions involving
university students and remote workers.

Subsequent studies should evaluate adaptive biophilic
interventions using physiological, behavioral, environmental,
and user-centered measures. Physiological measures may
include HR, HRV, and electrodermal activity; behavioral
measures may include screen exposure, session duration, and
break adherence; environmental measures may include
temperature, humidity, illumination, and soil moisture; and
user-centered measures may include perceived stress, perceived
well-being, task completion time, and error rate. These
measures would enable the evaluation of intervention
effectiveness while assessing whether the system can support
digital well-being without compromising task performance.

Finally, future developments may incorporate additional
physiological sensors, cloud-based data processing, energy
optimization  strategies, and expanded environmental
intervention capabilities, supporting the evolution of Synapse
Flora toward a more adaptive and scalable intelligent biophilic
environment.

VII. CONCLUSIONS

This study provided preliminary user-centered evidence
regarding prolonged screen-related fatigue and the perceived
attractiveness of Synapse Flora. In the exploratory survey of 36
participants, 61.1% reported experiencing mental fatigue,
difficulty concentrating, or mental saturation frequently or
always after prolonged screen exposure, while 88.9% reported
these symptoms at least sometimes. The proposed concept
obtained a mean attractiveness score of 4.69/5, with 91.7% of
participants rating it 4 or 5. These findings support the
relevance of the problem and the initial perception of the
proposed concept, but do not demonstrate its effectiveness.

A key contribution of this work is the introduction of the
Adaptive Biophilic Decision Engine (ABDE), which
conceptually  coordinates multimodal information to
recommend context-aware interventions while considering user
preferences and predefined safety constraints. Additionally, the
proposed Evidence-Informed Engineering Design methodology
demonstrates how scientific evidence from digital well-being,
wearable technologies, artificial intelligence, biophilic design,
IoT, and sustainability can be systematically integrated into the
conceptual development of intelligent health-support systems.
The incorporation of modular architecture and circular
economy principles further reinforces the feasibility of
designing adaptive systems that are not only intelligent but also
sustainable and scalable.

Although Synapse Flora has been presented as a conceptual
architecture, it establishes a robust engineering foundation for
future implementation and experimental validation. Future
work will focus on developing a functional prototype,
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implementing the proposed decision-making algorithms,
evaluating  physiological and environmental sensing
performance, validating user acceptance and intervention
effectiveness through controlled studies, and exploring
advanced personalization strategies to support healthier and
more sustainable digital environments in educational and
occupational contexts.

ACKNOWLEDGMENT

This paper was made possible thanks to the support of the Latin
American and Caribbean Consortium of Engineering
Institutions (LACCEI) and the organizers of the LACCEI
bootcamp. We express our sincere gratitude to Karen Villalba,
Bootcamp Coordinator, whose support and guidance were a
cornerstone for the realization of this paper. Finally, we
acknowledge the dedication, effort, and collaborative spirit of
every member of the research team.

REFERENCES

[1] P. Sanjeeva Kumar, “Technostress: A comprehensive literature review on
dimensions, impacts, and management strategies,” Computers in Human
Behavior Reports, vol. 16, Art. no. 100475, 2024, doi:
10.1016/j.chbr.2024.100475.

R. Bottaro, K. De Giovanni, and P. Faraci, "The Extent to Which

Technostress Is Related to Employees’ Work-Life Fit: A Multilevel Meta-

Analysis," Workplace Health & Safety, vol. 72, no. 10, pp. 421-430, 2024,

doi:10.1177/21650799241264317.

[3] M. Razavi, S. Ziyadidegan, A. Mahmoudzadeh, S. Kazeminasab, E.
Baharlouei, V. Janfaza, R. Jahromi, and F. Sasangohar, "Machine Learning,
Deep Learning, and Data Preprocessing Techniques for Detecting,
Predicting, and Monitoring Stress and Stress-Related Mental Disorders:
Scoping Review," JMIR Mental Health, vol. 11, Art. no. e53714, 2024, doi:
10.2196/53714.

[4] R. Rodriguez-Gémez, "Internet de las cosas, salud publica y pandemias,"
Salud Uninorte, vol. 38, no. 1, pp. 240-253, 2022, doi:
10.14482/sun.38.1.614.4.

[5] G. Guerrero-Ulloa, A. Méndez-Garcia, V. Torres-Lindao, V. Zamora-
Mecias, C. Rodriguez-Dominguez, and M. J. Hornos, "Internet of Things
(IoT)-Based Indoor Plant Care System," Journal of Ambient Intelligence
and Smart Environments, vol. 15, no. 1, pp. 47-62,2023, doi: 10.3233/AIS-
220483.

[6] M. L. Rios-Rodriguez, M. Testa Moreno, and P. Moreno-Jiménez, "Nature

in the Office: A Systematic Review of Nature Elements and Their Effects

on Worker Stress Response," Healthcare, vol. 11, no. 21, Art. no. 2838,

2023, doi: 10.3390/healthcare1 1212838.

L. Fan and M. R. Baharum, "The Effects of Digital Nature and Actual

Nature on Stress Reduction: A Meta-Analysis and Systematic Review,"

Internet Interventions, vol. 38, Art. no. 100772, 2024, doi:

10.1016/j.invent.2024.100772.

B. I. Indra, V. Palmasutra, and F. A. Setyawan, “Effectiveness of Digital

Interventions in Reducing Occupational Stress: A Systematic Review,”

Portuguese Journal of Public Health, vol. 42, no. 3, pp. 252-265, 2024, doi:

10.1159/000540748.

[9] A. D. Souchet, M. L. Diallo, and D. Lourdeaux, “Acute Stress
Classification with a Stroop Task and In-Office Biophilic Relaxation in
Virtual Reality Based on Behavioral and Physiological Data,” in 2023
IEEE International Symposium on Mixed and Augmented Reality Adjunct
(ISMAR-Adjunct), Sydney, Australia, 2023, pp. 537-542, doi:
10.1109/ISMAR-Adjunct60411.2023.00115.

[10] M. Gattullo, E. Laviola, L. Marangelli, and S. Romano, “Presenting
BIOXRE: Project on BlOphilic Design of Extended Reality Working
Environments,” in 2025 IEEE Conference on Virtual Reality and 3D User
Interfaces Abstracts and Workshops (VRW), Saint-Malo, France, 2025, pp.
763-766, doi: 10.1109/VRW66409.2025.00154.

2

—

[7

—

(8

—

[11] M. Yadav and B. Siddiqui, "Do Biophilic Design Elements Impact Human
Resource Productivity in a Corporate Environment?" in 2024 ASU
International Conference on Emerging Technologies for Sustainability and
Intelligent Systems (ICETSIS), Manama, Bahrain, 2024, pp. 1560-1565,
doi: 10.1109/ICETSIS61505.2024.10459437.

[12] A. Zuniga, N. H. Motlagh, H. Flores, and P. Nurmi, “Smart Plants: Low-
Cost Solution for Monitoring Indoor Environments,” IEEE Internet of
Things Journal, vol. 9, no. 22, pp. 23252-23259, Nov. 2022, doi:
10.1109/J10T.2022.3188475.

[13]J. D. Rojas-Rengifo, L. B. Fernandez-Mozombite, L. G. Callacna-Ponce,
and D. Diaz-Delgado, “Sistema de maceta inteligente basado en IoT para
la monitorizacion automatizada de parametros de crecimiento en plantas de
interior,” Revista Amazonia Digital, vol. 4, no. 2, Art. €374, 2025, doi:
10.55873/rad.v4i2.374.

[14] K. A. Schumacher and M. L. Green, "Circular Economy in a High-Tech
World," Circular Economy and Sustainability, vol. 3, no. 2, pp. 619—642,
2023, doi: 10.1007/s43615-022-00220-7.

6™ LACCEI International Multiconference on Entrepreneurship, Innovation and Regional Development - LEIRD 2026. “Capability-Based
Entrepreneurship: Artificial Intelligence and Innovation for Scaling into the New Global Economy ” - Virtual Edition, December 1 — 3, 2026 9



	I.  Introduction
	II. RELATED WORK
	III. SYNAPSE FLORA SYSTEM DESIGN
	IV. ENGINEERING DESIGN
	V. DESIGN METHODOLOGY


