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REAL-TIME EMOTIONAL MONITORING: DEVELOPMENT REAL-TIME EMOTIONAL MONITORING: DEVELOPMENT 
AND USABILITY OF A DIGITAL TOOL FOR ADHERENCE IN AND USABILITY OF A DIGITAL TOOL FOR ADHERENCE IN 
PSYCHOTHERAPYPSYCHOTHERAPY

Monitorización emocional en tiempo real: desarrollo y usabilidad de 
una herramienta digital para la adherencia en psicoterapia

Abstract 

This exploratory pilot study developed and validated 
a digital platform integrating Ecological Momentary 
Assessment (EMA) to support therapeutic follow-
up and patient adherence in psychotherapy. Using 
an exploratory-descriptive mixed-methods design, 
the project followed four stages: analysis, design, 
development, and pilot validation. The resulting 
ecosystem included a mobile application for patient 
self-monitoring and a web-based clinical dashboard for 
therapists, supported by secure cloud infrastructure. 
The platform enables daily EMA logging through 
emotional and behavioral questions, guided 
grounding exercises, automated alerts for critical 
emotional indicators, and real-time visualizations 
to support clinical decision-making. Pilot validation 
involved eight volunteers, including four patients and 
four therapists. System Usability Scale (SUS) results 
indicated high perceived usability, with scores of 89.38 
(SD = 6.57) for the mobile application and 88.12 (SD 
= 11.25) for the clinical dashboard, both within the 
excellent range. Qualitative feedback highlighted the 
usefulness of emotional trend visualizations, timely 
alerts, and role-based data access. These preliminary 
findinǱs suǱǱest tȀat E·�-Ƨased diǱital platǯorms may 
enhance patient engagement and provide therapists 
with actionable information for more responsive care. 
Further longitudinal studies are needed to evaluate 
clinical effectiveness and scalability.

Resumen

Este estudio piloto exploratorio desarrolló y validó una 
plataforma digital que integra Evaluación Ecológica 
Momentánea (EMA) para apoyar el seguimiento 
terapéutico y la adherencia del paciente en psicoterapia. 
Mediante un diseño exploratorio-descriptivo con 
enfoque mixto, el proyecto siguió cuatro etapas: 
análisis, diseño, desarrollo y validación piloto. El 
ecosistema resultante incluyó una aplicación móvil para 
el automonitoreo del paciente y un panel clínico web 
para terapeutas, respaldados por una infraestructura 
segura en la nube. La plataforma permite el registro 
diario de EMA mediante preguntas emocionales y 
conductuales, ejercicios guiados de grounding, alertas 
automatizadas ante indicadores emocionales críticos 
y visualizaciones en tiempo real para apoyar la toma 
de decisiones clínicas. La validación piloto incluyó 
ocho voluntarios: cuatro pacientes y cuatro terapeutas. 
Los resultados de la Escala de Usabilidad del Sistema 
(SUS) indicaron una alta usabilidad percibida, con 
puntajes de 89.38 (DE = 6.57) para la aplicación móvil 
y 88.12 (DE = 11.25) para el panel clínico, ambos dentro 
del rango excelente. La retroalimentación cualitativa 
destacó la utilidad de las visualizaciones de tendencias 
emocionales, las alertas oportunas y el acceso a 
datos basado en roles. Estos hallazgos preliminares 
sugieren que las plataformas digitales basadas en 
EMA pueden fortalecer el compromiso del paciente y 
proporcionar a los terapeutas información accionable 
para una atención más oportuna. Se requieren estudios 
longitudinales posteriores para evaluar su efectividad 
clínica y escalabilidad.
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ܮڠ

�ntroduction

8iǱital tecȀnoloǱies Ȁave siǱnificantly transǯormed 
mental health care delivery, particularly following 
the COVID-19 pandemic (Philippe et al., 2022). In this 
context, Ecological Momentary Assessment (EMA) 
emerges as a validated methodology for recording 
emotional and behavioral states in real time within 
users’ natural environments (Stone & Shiffman, 1994), 
reducing memory bias and enhancing ecological 
validity. However, a critical gap persists between 
commercially available wellness applications and 
clinically rigorous solutions that integrate EMA with 
evidence-based therapeutic frameworks such as 
Cognitive Behavioral Therapy (CBT), robust privacy 
protections, and user-centered design principles.

In Latin America, while EMA implementation exists 
in Argentina (Meglio et al., 2022), Chile (Inostroza 
et al., 2024), and Colombia (Castillo Zárate, 2022), 
substantial barriers to digital mental health access 
remain unaddressed. In Ecuador specifically, mental 
health services face critical infrastructure challenges: 
limited availability of trained psychotherapists in 
rural and underserved communities, high-cost 

barriers to individual psychotherapy, and inadequate 
integration of technology-enabled monitoring into 
routine clinical care. Additionally, digital mental health 
solutions designed in developed-country contexts 
often lack cultural and linguistic localization relevant 
to Ecuadorian populations, creating further access 
inequities. The absence of affordable, evidence-based 
digital platforms adapted to local healthcare realities 
represents a siǱnificant unmet clinical need, particularly 
for continuous therapeutic monitoring and therapist-
patient communication in resource-limited settings. 
This gap creates a research opportunity to develop 
a scalable, culturally appropriate solution bridging 
evidence-based psychotherapeutic interventions and 
practical digital tools accessible to diverse Ecuadorian 
populations.

This investigation addresses three fundamental 
clinical and methodological questions: How can a 
digital platform systematically capture valid EMA 
data while minimizing patient burden and integrating 
assessment into daily routines? How can patient 
data be visualized to support clinically meaningful 
therapist decision-making while protecting privacy 
and maintaining assessment validity? What design 
and implementation strategies ensure the platform’s 
feasibility and acceptability for both patients and 
therapists in the Ecuadorian healthcare context?

ėȀis investiǱation is Ǳrounded in multiple scientifically 
validated theoretical frameworks. First, Ecological 
Momentary Assessment (Ebner-Priemer & Trull, 2009; 
Trull & Ebner-Priemer, 2014) captures intraindividual 
emotional variability with precision, overcoming 
memory biases inherent in retrospective assessment. 
Second, Ecological Momentary Interventions (Castilla 
et al., 2022) provide real-time therapeutic support 
through evidence-based techniques, such as sensory 
grounding exercises, that are automatically activated 
when critical emotional states are detected. Third, the 
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BIT Model (Mohr et al., 2014) and Internet Intervention 
Model (Ritterband et al., 2009) provide frameworks 
for integrating clinical objectives, behavioral change 
strateǱies, and user-adapted ˙orȩ̏o˙s into diǱital 
interventions. Fourth, therapeutic adherence research 
(Christensen et al., 2009; Wenze & Miller, 2010) 
emphasizes immediate feedback, frequent follow-
ups, and visual mechanisms as critical engagement 
facilitators. Finally, User-Centered Design principles 
(Saparamadu et al., 2021) ensure platform usability, 
accessibility, and clinical utility for both patients and 
therapists.

International evidence supports EMA-based digital 
interventions. Colombo et al. (2019) demonstrated 
through systematic review that EMA accurately captures 
emotional variability in depression with high precision. 
Ben-Zeev et al. (2015) emphasize that sustained 
adherence in mobile mental health interventions 
requires multidisciplinary design, cultural adaptability, 
and minimal user friction. Aguilera & Muench (2012) 
stress that integrating CBT into mobile applications 
requires active therapist involvement and adaptation 
to mobile modalities. Mengelkoch et al. (2023) validate 
EMA’s effectiveness for monitoring psychologically 
meaningful variables such as mood, stress, and social 
interaction, demonstrating that real-time assessment 
prevents retrospective bias.

The general objective is to develop and validate a digital 
platform integrating EMA to improve therapeutic 
follow-up and patient adherence by collecting real-
time data on emotional states and behavioral patterns. 
Specific oƧȢectives include: investiǱatinǱ E·ݼ�s 
theoretical and clinical foundations; conducting 
requirements elicitation with clinical experts and 
benchmarking existing solutions; designing a 
functional architecture incorporating usability, 
privacy, and evidence-based engagement principles; 
developing a prototype with EMA capture, therapeutic 
interventions, and clinical dashboards; and conducting 
usability validation with patients and therapists. 
Expected contributions include: a clinically meaningful 
design operationalizing EMA with minimal patient 
burden; preliminary evidence of high perceived 
usability; and a scalable, culturally relevant solution 
for Ecuador and the Andean region demonstrating the 
viability of integrating evidence-based psychotherapy, 
EMA, and user-centered design.

ܮڡ

MetȀods

This study employed an exploratory-descriptive 
mixed-methods design, combining a detailed 
characterization of the phenomenon under study 
with qualitative and quantitative data collection 
during the validation phase. The research was 
structured in four iterative phases: Analysis, 
Design, Development, and Feedback. Participants 
were recruited through purposive sampling and 
included eight volunteers (four patients and four 
therapists) selected based on availability and interest 
in participating in the pilot test. Patients were 
required to have active engagement with a mental 
health treatment, while therapists needed at least 
one year of clinical experience and familiarity with 
digital health tools. Participation was voluntary with 
informed consent, and all responses were collected 
anonymously for research and product improvement 
purposes only.

Analysis öȀase

A systematic literature review was conducted 
using PubMed and Scopus databases with search 
keywords including “ecological momentary 
assessment,ݹ ݺdiǱital psycȀotȀerapy,ݹ ݺcoǱnitive 
ƧeȀavioral tȀerapy moƧile applications,ݺ and 
 ėȀe revie˙ eˢamined ݺ.adȀerence in e-ȀealtȀݹ
foundational research establishing EMA as a 
validated real-time assessment methodology that 
reduces memory bias compared to retrospective 
reporting (Stone & Shiffman, 1994) and effectively 
captures intraindividual variations in emotional and 
behavioral states with enhanced ecological validity 
(Ebner-Priemer & Trull, 2009). This review informed 
the theoretical framework and clinical rationale for 
the platform’s design. 

A comparative analysis of existing digital mental 
ȀealtȀ applications ݥHeadspace, ŊoeƧot, ·oodfitݦ 
was conducted to identify best practices, limitations, 
and design elements relevant to EMA-based 
interventions. Applications were evaluated across 
intervention type, primary ǯunctionalities, identified 
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limitations, and design features to understand the 
current landscape and inform differentiation of the 
proposed platform.

Expert consultation was conducted with four 
clinical psychology professionals experienced in 
psychotherapy and familiar with digital health tools. 
Exploratory interviews explored clinical priorities 
for real-time patient monitoring, data visualization 
needs, ˙orȩ̏o˙ inteǱration reʇuirements, and 
privacy/security expectations. Findings from 
literature review, benchmarking analysis, and expert 
consultation were synthesized to establish the 
clinical and functional foundation for subsequent 
design and development phases.

8esign öȀase

User interface prototypes were developed following 
User-Centered Design (UCD) principles (Saparamadu 
et al., 2021) and Norman’s design heuristics 
(Norman, 1988), emphasizing system state visibility, 
consistency, user control, mental models, and 
error prevention. Visual design incorporated color 
psychology principles with warm tones (terracotta 
and orange), conveying warmth and motivation, and 
strategic alert colors (red), communicating clinical 
urgency (Kaya & Epps, 2004). Typography prioritized 
modern sans-serif fonts for mobile legibility, 
with careful color contrast selection following 
W3C inclusive design standards for accessibility. 
A friendly avatar was integrated as an interaction 
guide to humanize the experience and enhance user 
trust (Morris et al., 2018). Information architecture 
for the therapist dashboard employed hierarchical 
organization with progressive disclosure, following 
information visualization principles of “overview 
first, ˳oom and filter, tȀen details-on-demandݺ 
(Shneiderman, 2025) to facilitate clinical decision-
making with large volumes of data.

8esiǱn specifications incorporated clinical priorities 
identified durinǱ eˢpert consultation: real-time E·� 
data capture with minimal patient burden, accessible 
visualizations supporting therapist interpretation 
of emotional patterns, and transparent role-
based data access. Evidence-based engagement 
mechanisms, including motivational feedback, 
progress visualization (streaks and graphs), and 
guided therapeutic exercises, were integrated to 

support treatment adherence (Christensen et al., 
2009; Wenze & Miller, 2010). The design emphasized 
security and privacy protection of sensitive mental 
health information through explicit access controls 
and data confidentiality measures ݥ·oȀr et al., 2013ݦ.

8eveloʁɃent öȀase

The platform was developed using agile 
methodologies with iterative cycles to ensure 
continuous quality improvement (Mendoza, 2020). 
A mobile application was created to enable patients 
to register, authenticate, respond to daily EMA 
questionnaires, view personalized emotional trend 
graphs, access self-reported statistics, and engage 
in guided grounding exercises. A web-based clinical 
dashboard was designed for therapists to securely 
access patient information through role-based 
authentication, visualize individual patient EMA 
responses and emotional patterns over time, review 
automatically generated clinical alerts based on 
concerning emotional indicators, manage patient 
caseloads ˙itȀ filterinǱ and searcȀ ǯunctionality, 
and export data for clinical record-keeping. Both 
applications are integrated with cloud-based backend 
services to ensure data persistence, real-time 
synchronization, automated alert generation based 
on clinical thresholds, and secure authentication 
mechanisms. The platform prioritized user 
experience, data security, and clinical utility 
throughout development. Technical implementation 
details and code repositories are available upon 
request or through open-access documentation.

keedbacȩ öȀase

This pilot validation study was conducted according 
to ethical principles for research with human 
suƧȢects, includinǱ respect ǯor persons, Ƨeneficence, 
and justice (Belmont Report principles). All 
participants provided written informed consent 
prior to participation, with a clear explanation 
of: study purpose and procedures, data collection 
methods, voluntary nature of participation, right 
to withdraw at any time without penalty, data 
confidentiality and storaǱe practices, and intended 
uses oǯ findinǱs. ėȀe study protocol ˙as revie˙ed 
and approved by institutional ethics oversight to 
ensure protection of vulnerable populations (patients 
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receiving mental health treatment). All participants 
were assured that their clinical care would not be 
affected by participation decisions or responses 
provided. Compensation was offered to participants 
to acknowledge the time investment required for 
pilot testing.

Pilot validation employed a mixed-methods 
methodological approach with a structured 
evaluation protocol combining quantitative and 
qualitative data collection. Participants were 
intentionally selected according to the role they 
evaluated within the platform. The patient-side 
mobile application was assessed by psychology 
students from Universidad del Azuay, whose 
academic background allowed them to interact 
with the EMA-based self-monitoring functions 
from a psychologically informed user perspective. 
The therapist dashboard was evaluated by clinical 
psychologists affiliated with UDA Salud, who 
provided feedback based on their professional 
experience in clinical assessment, patient follow-up, 
and therapeutic decision-making. This participant 
profile was considered relevant for interpreting 
score variability, since students and practicing 
clinicians may differ in prior exposure to digital 
health tools, clinical experience, expectations 
regarding usability, and familiarity with therapeutic 
monitoring processes.

Data collection instruments included: (1) the 
System Usability Scale (SUS), a validated ten-
item ʇuestionnaire ˙itȀ five-point §iȩert scale 
(1=strongly disagree; 5=strongly agree) measuring 
perceived usability, utility, engagement, and clinical 
impact (Bangor, 2009); and (2) open-ended interview 
questions capturing qualitative feedback on design 
strengths, usability friction points, improvement 
suggestions, clinical visualization utility, and user 
experience. Prior to assessment, each participant 
completed a standardized set of guided tasks to 
ensure comparable minimal platform familiarity. 
ėȀerapist tasȩs included: filterinǱ patient data 
by date ranges, reviewing mood versus stress 
visualizations, reviewing clinical alerts, exporting 
clinical data, and linking new patients. Patient tasks 
included: account registration and authentication, 
completing daily EMA questionnaires, viewing 
personalized emotional trend graphs and statistics, 
adȢustinǱ temporal filters, and enǱaǱinǱ in Ǳuided 
grounding exercises.

SUS scoring followed the standard validated 
procedure: subtracting 1 from odd-numbered items, 
calculatinǱ ߵ 5ݥ responseݦ ǯor even-numƧered 
items, summing the ten values (range 0–40), and 
multiplying by 2.5 to obtain a total score (0–100). 
Interpretation referenced established SUS guidelines 
 ߸ Eˢcellentܱ 68–80.2 ߸ noodܱ 55–67.9 ߸ 80.3߼ݥ
�cceptaƧleܱ 45–54.9 ߸ öoorܱ 8 ߸ 45߻eficientݦ, ˙itȀ 
68 as the reference usability benchmark (Bangor, 
2009). Quantitative data were analyzed descriptively 
through mean, standard deviation, and 95% 
confidence intervals to cȀaracteri˳e perceived 
usaƧility. Item-level analysis identified patterns in 
ease of learning, perceived consistency, integration 
oǯ ǯunctionality, and user confidence. üualitative 
data from open-ended responses were analyzed 
through inductive thematic coding to identify 
recurrent themes related to usability strengths, 
design limitations, clinical utility perceptions, and 
recommended improvements. The integration of 
quantitative usability scores and qualitative thematic 
findinǱs allo˙ed ǯor a complementary interpretation 
of platform performance and user experience. 
Data analysis was conducted using spreadsheet 
software for quantitative summary and qualitative 
syntȀesis. �ll personal identifiers ˙ere removed 
from data during storage and analysis; participants 
are identified only Ƨy role ݥpatient/tȀerapistݦ and 
numerical identifiers. 8ata is maintained in secure 
storage with restricted access.

ܮڢ
þesults

oɃʁarative Analysis and %encȀɃarȩing- ڠܮڢ

A benchmarking analysis of digital mental health 
applications ݥHeadspace, ŊoeƧot, ·oodfitݦ ˙as 
conducted to identify best practices, limitations, and 
differentiating elements. The analysis revealed that 
while commercial applications offer psychoeducational 
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resources and support, they lack real-time emotional state registration, personalized clinical feedback, and 
immediate reinforcement mechanisms, limiting long-term adherence. In contrast, the proposed MindBloom 
platform integrates daily EMA recording, a specialized therapist dashboard, automatic feedback, and a grounding 
module, enaƧlinǱ unified patient selǯ-assessment and clinical supervision ˙itȀin a sinǱle ecosystem.

ėable ڠ

Benchmarking of Digital Mental Health Applications. Comparison of functionalities, limitations, and differentiating 
elements between existing applications (Headspace, Woebot, Moodfit) and the proposed MindBloom platform.

Aʁʁlication ėyʁe of �ntervention Main kunctionalities Detected 
LiɃitations

Inspiring Elements 
for ėȀis þesearcȀ

Headspace Meditation and 
mindfulness

Guided meditations, 
sleep routines, 
reminders

Does not integrate 
EMA registration or 
clinical feedback

M o t i v a t i o n a l 
n o t i f i c a t i o n s , 
attractive design

Woebot Chatbot based on 
CBT

A u t o m a t i c 
c o n v e r s a t i o n s , 
psychoeducation

Does not register 
emotional states in 
real time

Accessible language, 
digitalized CBT 
techniques

·oodfit Mood state 
monitoring

Mood scales, 
breathing exercises, 
recommendations

Limited feedback, no 
therapist integration

Progress graphs and 
self-tracking

Proposed EMA 
Platform

Clinical monitoring + 
EMA

Daily EMA 
registration, therapist 
dashboard, alerts, and 
grounding

In pilot validation
Validated EMA + 
clinical feedback + 
Ǳamification

kunctional þeʇuireɃentsݘkunctional and ½on ڡܮڢ

Through exploratory consultations with clinical psychology experts (n=4), functional and non-functional 
reʇuirements ˙ere identified and prioriti˳ed usinǱ tȀe ·oSCoŊ ǯrame˙orȩ ݥ·ust/SȀould/Could/Ŋonݼtݦ. kor tȀe 
patient application, critical requirements included EMA questionnaire capture with low friction, visual progress 
feedback (graphs and streaks), appointment reminders, secure linking with a therapist by code, and grounding 
exercise modules. For the therapist dashboard, essential requirements included patient management, visualization 
of EMA responses by patient and time period, automatic clinical alerts based on risk patterns, and data export to 
CSV. Non-functional requirements across both components emphasized usability (SUS greater than or equal to 68), 
accessibility (W3C standards), performance (sub-second response times), and security (role-based access control, 
encryption, and immutable audit trails).



175Universidad Verdad, nº 88. 2026 / Revista Científica de Ciencias Sociales y Humanas
Enero–Junio 2026   / ISSN impreso: 1390-2849 ISSN online: 2600-5786.

ėable ڡ

Functional and Non-Functional Requirements - Patient Application. Priority levels (Must/Should/Could/Won’t) for 
EMA capture, progress visualization, reminders, security, and gamification elements.

ID ėyʁe ĊtateɃent ̇ݥ Ȁat Ƀust 
be fulfilledݦ öriority Acceʁtance -riterion

APP-01 F
The app allows 
registration and login 
with email/password.

High The user creates an account, logs 
in and can log out without errors.

APP-02 F
Patients can complete 
daily EMA with 
predefined items.

High
When sending, response is saved 
with userId and timestamp; 
confirmation is displayed.

APP-03 F
App shows Mood vs 
Stress, streak and 
averages with date range.

High Changing date range, updates 
graphs and KPIs instantly.

APP-04 F Linking with a therapist 
through a 6-digit code. High Entering valid code creates visible 

patientࠩtȀerapist relationsȀip.

APP-05 F ConfiǱuraƧle reminders 
for EMA and grounding. Medium

Set time ࠣ notification is 
reǱistered and sent at defined 
time.

APP-06 F
Guided grounding 
session (5-4-3-2-1) with 
text/voice.

Medium Complete ̏o˙ marȩs ރsession 
completedރ and records duration.

APP-07 F Patient data editing 
(email, password, name). Low Users can edit password, email 

and name without errors.

APP-08 NF (Usability) Low learning curve; SUS 
score 68 ߼ in pilot. High �veraǱe SģS 68 ߼ ˙itȀ pilot 

participants.

APP-09 NF (Security)
Authentication/role and 
access only to own user 
data.

High Attempt to access another user's 
data is blocked.

APP-10 N F 
(Performance)

Initial load ߽ 3 s on a 
typical 4G network. Medium 5 consecutive measurements 

˙itȀ ėėI ߽ 3 s.

APP-11 N F 
(Accessibility)

AA contrast and 
appropriate tactile 
objectives.

Medium Review with AA checklist passes 
on key screens.
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ėable ڢ

Functional and Non-Functional Requirements - Therapist Dashboard. Priority levels (Must/Should/Could/Won’t) for 
patient management, EMA visualization, alerts, and data export functionality.

ID ėyʁe ĊtateɃent ̇ݥ Ȁat Ƀust 
be fulfilledݦ öriority Acceʁtance -riterion

DASH-01 F Login with therapist role 
control. High

User with role=therapist accesses 
˙itȀout errorsܱ otȀers see ރaccess 
deniedރ.

DASH-02 F List of linked patients 
˙itȀ searcȀ and filters. High Filter by name/date returns 

correct results.

DASH-03 F

Clinical view: recent 
EMA, Mood vs Stress and 
weekly averages with 
date range.

High nrapȀs cȀanǱe ˙itȀ filter and 
match data.

DASH-04 F Alerts by theme (high 
stress, panic, etc). Medium Alert table with type, severity, 

timestamp and status.

DASH-06 F Link patients by code. High Upon acceptance, patient status 
cȀanǱes to ރ§inȩedރ.

DASH-07 F Export CSV of responses 
and metrics. Low CSV downloads with standardized 

columns and dates.

DASH-08 NF (Usability) SģS oƧȢective 68 ߼ in pilot 
with therapists. High �veraǱe SģS 68 ߼ in evaluation.

DASH-09 N F 
(Performance)

öanel load ߽ 3 s ˙itȀ 
typical dataset. Medium 5 measurements with TTI < 3 s.

DASH-10 NF (Privacy)
Exports without PII 
( a n o n y m i z a t i o n /
pseudonymization).

High CSV without names/emails; only 
IDs and dates.

DASH-11 N F 
(Accessibility)

Keyboard navigation and 
visible focus on tables/
graphs.

Medium AA checklist passes on key 
components.

DASH-12 NF (Audit Trail) Event log: linking, alerts, 
exports. Medium Record with userId, action, 

timestamp and result.

˙ĊysteɃ ArcȀitecture and 8ata klo ڢܮڢ

The system was architected as client-server, cloud-native, serverless, and event-driven, organized as a monorepo 
integrating the mobile application (Flutter/Dart), web dashboard (Next.js/React/TypeScript), and Firebase backend 
services. The architecture enforces separation of concerns: patients interact with the mobile app to authenticate, 
respond to daily EMA questionnaires, and view personalized progress statistics; therapists access the web 
dashboard to manage assigned patients, visualize EMA response patterns, and monitor automatically generated 
clinical alerts. Patient-therapist links are established via secure code-based linking and enforced through role-
based Firestore security rules, implementing the principle of least privilege and mutual data visibility restrictions.
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kigure ڠ

C4 Context Diagram of MindBloom System. Illustrates the system boundary, human actors (Patient, Therapist), external 
dependencies (Firebase BaaS/FaaS), and high-level interaction flows. Format: JPG/TIFF, 20cmx30cm, 300 dpi.
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kigure ڡ

C4 Container Diagram of MindBloom System. Details executable components: mobile app, web dashboard, Firebase 
services (Auth, Firestore, Cloud Functions, App Check), and their interactions. Format: JPG/TIFF, 20cmx30cm, 300 dpi.

8atabase 8esign and 8ata Model ڣܮڢ

The database was designed as a NoSQL document model in Cloud Firestore, organizing information around users 
and clinical E·�/ǱroundinǱ records usinǱ root collections and suƧcollections rȅectinǱ o˙nersȀip and clinical 
supervision relationsȀips. ėȀe core users/ݧuidݨ collection identifies eacȀ user ݥpatient or tȀerapistݦ ˙itȀ role 
assignment. Three owner-only subcollections store: responses (EMA response history), sessions (daily streaks 
with dayKey and createdAt), and groundings (grounding session metadata). At the root level, ema_responses 
concentrates system-˙ide E·� data ̇ itȀ minimal fields ǯor analysis and linȩinǱ ݥpatientId, tȀerapistId, ʇuestionId, 
question, rating 0-10, createdAt), optimizing therapist dashboard queries and exports. Security and audit integrity 
are maintained through: role-based Firestore rules restricting read/write by role and patient-therapist link; 
immutaƧility oǯ records once created ݥno client-side updatesܱݦ audit fields ݥcreated�t, updated�t, created%yݦ on all 
documentsܱ and server-maintained fields ݥsessionݠcount, currentݠstreaȩ, lastݠresponseݠdateݦ updated eˢclusively 
via Cloud Functions with Admin SDK.
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kigure ڢ

Firestore NoSQL Document Data Model. Shows root collections (users, ema_responses, ema_questions, messages, 
therapists) and subcollections with field types, cardinality (1:N relationships), audit fields, and server-maintained fields. 
Format: JPG/TIFF, 20cmx30cm, 300 dpi, or EPS/AI diagram.

ģser �nterface and Hˢʁerience 8esign ڤܮڢ

HiǱȀ-fidelity prototypes ̇ ere developed in kiǱma ǯollo˙inǱ ģser-Centered 8esiǱn ݥģC8ݦ principles and Normanݼs 
design heuristics. Visual design incorporated color psychology: soft, warm tones (terracotta and orange) to 
convey warmth, trust, and motivation; bright, alert colors (red) for clinical risks. Typography prioritized modern 
sans-serif (Roboto) for mobile legibility and accessibility. A friendly, gradient-based avatar was integrated as an 
interaction guide to humanize the experience. The patient application presents screens for user registration/login, 
daily E·� ʇuestionnaire ̏o˙ ˙itȀ lo˙ coǱnitive load, real-time proǱress visuali˳ation ݥǱrapȀs, streaȩs, averaǱesݦ, 
and interactive grounding sessions. The therapist dashboard employs hierarchical information organization with 
progressive disclosure following information visualization best practices, featuring patient management, EMA 
response cȀarts ˙itȀ temporal and patient-level filters, automatic clinical alerts, and CSń eˢport ǯunctionality.
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kigure ڣ

Patient Mobile Application UI Screens (Figma Prototypes). Key screens: (a) Welcome/Login, (b) Therapist linking code, 
(c) Daily EMA questionnaire, (d) Progress graphs, (e) Grounding session, (f) User profile with statistics. Format: JPG/TIFF 
composite, 20cmx30cm, 300 dpi.
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kigure ڤ 

Therapist Dashboard Web UI (Figma Prototypes). Key screens: (a) Therapist login, (b) Patient management panel, (c) 
Overview dashboard with EMA charts and alerts, (d) Patient-specific detail view with filters, (e) Alert panel, (f) CSV 
export preview. Format: JPG/TIFF composite, 20cmx30cm, 300 dpi.

�ɃʁleɃentation þesults and ĊysteɃ �ntegration ڥܮڢ

The development phase produced a fully functional ecosystem in the development environment: the patient 
mobile application (Flutter/Dart) achieved an executable APK for Android testing; the therapist web dashboard 
(Next.js/React/TypeScript) operated in local development mode with live Firebase integration. Key implemented 
functionalities include: patient registration and authentication with role-based access; therapist dashboard access 
˙itȀ role verification and patient assiǱnment Ƨy secure 6-diǱit codeܱ daily E·� ʇuestionnaire capture ˙itȀ real-
time persistence to Firestore and automatic trigger-based alert generation; visual progress display (graphs, daily 
streaȩs, period averaǱesܱݦ interactive ǱroundinǱ eˢercise modulesܱ user profile manaǱementܱ and data eˢport to 
CSń ǯormat. Security implementation verified: role-Ƨased kirestore rules enǯorcinǱ patient-tȀerapist relationsȀipsܱ 
immutable client-side data (no edit/delete post-creation); server-maintained metrics (streaks, session counts) 
updated exclusively via Cloud Functions; Firebase App Check restricting interactions to legitimate applications. 
The monorepo structure facilitated code reuse, consistent styling, and synchronized backend integration.
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kigure ڥ 

Patient Application Implementation Screenshots. Development environment evidence showing: (a) User registration/
login, (b) Therapist code linking, (c) Daily EMA questionnaire, (d) Progress dashboard with graphs, (e) Grounding session, 
(f) User statistics panel. Format: JPG/TIFF, screen resolution or higher.
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kigure ڦ

Therapist Dashboard Implementation Screenshots. Development environment evidence showing: (a) Therapist login, 
(b) Patient management panel, (c) Overview dashboard with EMA visualizations, (d) Patient-specific detail view with 
filters, (e) Clinical alerts panel, (f) CSV export functionality. Format: JPG/TIFF, screen resolution or higher.

kigure ڧ 

Firebase Development Console. Shows Cloud Firestore collections, Cloud Functions deployment, authentication user 
records, and security rules configuration. Demonstrates backend infrastructure supporting the MindBloom ecosystem. 
Format: JPG/TIFF screenshot.
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 ĊysteɃ ģsability Ċcale ݘ öilot ńalidation þesults ڦܮڢ
ݦĊģĊݥ

The pilot validation was conducted with eight volunteer 
participants (n=4 patients, n=4 therapists). For the 
patient application, the mean SUS score was 89.38 
(SD=6.57; 95% CI=[82.93, 95.82]), placing the app in 
tȀe ݹEˢcellentݺ cateǱory ݥǱreater tȀan or eʇual to 80.3ݦ 
and well above the reference usability average of 68. 
ėȀe narro˙ confidence interval indicates consistent 
positive perceptions across the sample. For the therapist 

dashboard, the mean SUS score was 88.12 (SD=11.25; 
 ݺEˢcellentݹ also ˙itȀin tȀe ,ݦݪ99.15 ,77.10ݩ߸CI ࠍ95
category. Both scores provide preliminary evidence 
of high perceived usability. Descriptive analysis of 
individual SģS items identified particular strenǱtȀs in 
consistency of interface language and integration of 
core functions. Score variation in the therapist group 
rȅects ȀeteroǱeneous prior tecȀnoloǱy eˢperience, 
expected in clinical populations.

ėable ڣ

System Usability Scale (SUS) Results - Patient Application (n=4). Individual respondent scores, descriptive statistics 
(Mean, SD, 95% CI), and SUS category rating (Excellent). Format: Excel or JPG/TIFF at 300 dpi.

n Mean
SUS Ċė 95%

-� lo˙er
95%

-� uʁʁer
AdȢective 

rating

4 89.38 6.57 82.93 95.82 Excellent (A)

ėable ڤ 

System Usability Scale (SUS) Results - Therapist Dashboard (n=4). Individual respondent scores, descriptive statistics 
(Mean, SD, 95% CI), and SUS category rating (Excellent). Format: Excel or JPG/TIFF at 300 dpi.

n Mean
SUS Ċė 95%

-� lo˙er
95%

-� uʁʁer
AdȢective 

rating

4 88,12 11,25 77,10 99,15 Excellent (A)

-üualitative keedbacȩ and ģser Hˢʁerience ėȀe ڧܮڢ
mes

Qualitative analysis of open-ended responses revealed 
consistent tȀemes. StrenǱtȀs identified Ƨy patients 
included: clarity and directness of EMA design, rapid 
completion with low cognitive load, comprehensible 
therapist linking code, and intuitive access to statistics 
supportinǱ selǯ-rȅection. kriction points ̇ ere minimal 
and included: initial uncertainty about EMA scale 
interpretation, desire for explicit onboarding guidance, 

and preǯerence ǯor more visiƧle confirmation messaǱes 
upon task completion. For the therapist dashboard, 
strengths included: clear hierarchical organization 
facilitating exploration from overview to details, effective 
filterinǱ, and tȀe utility oǯ CSń eˢport. kriction points 
included: initial uncertainty about the recommended 
˙orȩ̏o˙ and some nomenclature misaliǱnment ˙itȀ 
clinical language conventions. Both groups suggested: 
brief onboarding content, preset date ranges (7/14/30 
daysݦ to reduce filterinǱ steps, and standardi˳ed CSń 
headers for easier downstream analysis.
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ĊuɃɃary of �ey kindings ڨܮڢ

The results demonstrate that the MindBloom platform 
successfully operationalizes Ecological Momentary 
Assessment (EMA) with integrated clinical supervision, 
responsive user interface design, and robust security 
arcȀitecture. %encȀmarȩinǱ analysis confirmed 
a market gap addressed by the proposed solution: 
combining validated EMA methodology with therapist 
oversight and real-time feedback mechanisms. The 
reʇuirements analysis identified critical ǯunctionalities 
for patient adherence and therapist decision-making. 
The technical architecture—cloud-native, serverless, 
and event-driven—provides scalability and operational 
eǯficiency ˙Ȁile maintaininǱ strict data confidentiality 
through role-based access control and immutable 
audit trails. öilot validation via SģS confirms ȀiǱȀ 
perceived usability (Patient App: 89.38/100, Therapist 
Dashboard: 88.12/100), indicating that design decisions 
effectively integrate psychological principles, 
information visualization best practices, and clinical 
˙orȩ̏o˙ reʇuirements. üualitative ǯeedƧacȩ 
highlights alignment with users’ mental models and 
identifies tarǱeted areas ǯor improvement ݥonƧoardinǱ, 
terminoloǱy, preset filtersݦ ǯor ǯuture iterations. ŊȀile 
results are preliminary (small sample, development 
environment), they provide evidence that the proposed 
platform approach is technically viable and meets user 
expectations for both patient and clinical populations.

ܮڣ

8iscussion and -onclusions

8iscussion ڠܮڣ

Usability assessment via System Usability Scale (SUS) 
revealed high scores for both the patient application 
(89.38) and therapist dashboard (88.12), with n=4 
per role. These values substantially exceed the 

historical average benchmark of approximately 68 
and ǯall ˙itȀin tȀe ݹEˢcellentݺ cateǱory accordinǱ to 
standard SUS interpretive frameworks (Bangor, 2009), 
providing a robust comparative context for pilot-phase 
user perception. From a substantive perspective, the 
convergence of ease of learning, perceived consistency, 
and lo˙ ǯriction in critical ˙orȩ̏o˙s ݥloǱin, E·� 
registration, trend visualization for patients; code-
Ƨased linȩinǱ, filterinǱ, and eˢport ǯor tȀerapistsݦ 
suggests that design decisions grounded in User-
Centered Design (UCD) (Saparamadu et al., 2021), 
Norman’s heuristics (Norman, 1988), and hierarchical 
information organization were successfully translated 
into interactions aligned with project expectations, 
˙itȀout implyinǱ clinical eǯficacy.

ėȀe ȀiǱȀ usaƧility findinǱ is consistent ˙itȀ tȀe 
literature on digital mental health interventions and 
information visualization. Frameworks such as the 
BIT Model (Behavioral Intervention Technology) 
structure the “why, how, what, how-technical, 
and ˙Ȁenݺ dimensions oǯ interventions, reducinǱ 
perceived complexity and coordinating components 
 to minimi˳e coǱnitive ݦnotifications, records, ǯeedƧacȩݥ
load during task completion (Mohr et al., 2014). 
Complementarily, the Internet Intervention Model 
emphasizes usability, visual design, personalization, 
and reinforcement as facilitators of therapeutic 
adherence and effective module progression 
(Ritterband et al., 2009). In the MindBloom platform, 
dasȀƧoard panels, filters, and microinteractions 
sucȀ as tȀe avatar ݥ·orris et al., 2018ݦ, confirmation 
messages, and real-time feedback align with these 
recommendations, evidencing a system functionally 
coherent with psychological therapy principles. 
However, causal impact on clinical outcomes requires 
evaluation in larger samples with longitudinal designs.

Regarding Ecological Momentary Assessment, the 
convergence between strong usability metrics and 
in-situ, real-time sampling aligns with extensively 
documented metȀodoloǱical Ƨenefits: reduced 
memory bias, enhanced ecological validity, and 
increased sensitivity to intraindividual variability 
(Stone & Shiffman, 1994; Ebner-Priemer & Trull, 2009). 
The literature on Experience Sampling Method (ESM)/
EMA in mobile health indicates that smartphones are 
optimal platforms for integrating brief self-reports, 
sensors, and contextual information, enabling capture 
of daily dynamics clinically relevant for reasoning and 
decision-making (van Os et al., 2017). Furthermore, 
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the validity of EMA for monitoring psychologically 
meaningful variables—including mood, stress, 
energy, mindfulness, and social interaction—has been 
demonstrated in diverse populations (Mengelkoch 
et al., 2023). The combination of brief prompts, 
trend visualizations, and lightweight reinforcement 
mechanics in MindBloom aligns with these guidelines, 
suggesting substantial potential for real-world 
effectiveness post-launch.

External evidence further supports the interaction 
design choices adopted. Reviews and mHealth studies 
emphasize that modular content delivery, brief and 
frequent interactions, reminders, and immediate 
feedback align better with natural usage patterns 
than traditional session-based formats (Muñoz, 2010). 
Positive effects have been reported across diverse 
technological approaches—for instance, virtual reality 
as a complementary tool in specific conteˢts ݥnarcia-
Palacios et al., 2015)—suggesting an integrative horizon 
for future platform iterations combining passive 
monitoring (EMA) with active intervention (Ecological 
Momentary Interventions; Castilla et al., 2022), while 
maintaining ethical and privacy standards essential to 
clinical environments (Mohr et al., 2013). Ben-Zeev et al. 
(2015) underscore the importance of multidisciplinary 
design, cultural adaptability, and low friction for 
sustained mobile intervention adherence, all addressed 
in the present platform. Additionally, adherence to 
therapeutic digital interventions is strengthened by 
immediate feedback, visual reinforcement (graphs, 
streaks), and engagement mechanisms (Christensen 
et al., 2009; Wenze & Miller, 2010), all integrated in the 
MindBloom design.

However, critical limitations must be acknowledged. 
First, the reduced sample size (n=4 per role) mandates 
caution when extrapolating SUS scores and broadens 
estimation uncertainty; although observed values 
are high, their precision is limited. Second, testing 
occurred in a development environment rather than 
production, excluding assessment of realistic load 
conditions, device heterogeneity, network latencies, 
and longitudinal adherence patterns. Third, SUS is 
a global perception measure that does not pinpoint 
specific ǯriction sources ݥmicrocopy, latencies, 
affordances), suggesting the need for complementary 
metrics such as task completion times, error rates, 
success frequencies, user experience scales, and 
task-level analysis. Colombo et al. (2019) note that 
such limitations are not atypical in mental health 

technology pilots, where measurement reactivity is 
lo˙ Ƨut not neǱliǱiƧle and reʇuires conteˢt-specific 
monitoring. Additionally, generalization to diverse 
clinical populations necessitates designs addressing 
accessibility, cultural and linguistic localization, and 
clinical support (Mohr et al., 2013), as emphasized 
in regional studies exploring EMA viability in Latin 
America (Meglio et al., 2022; Inostroza et al., 2024; 
Castillo Zárate, 2022).

In addition, one relevant consideration arising from the 
pilot validation concerns the interpretive uncertainty 
oǯ E·� scores and tȀe need ǯor ǯurtȀer refinement 
of clinical terminology within the platform. Since 
the current version uses preliminary emotional 
and behavioral indicators, EMA responses should 
be understood as self-reported signals that support 
therapeutic follow-up rather than as diagnostic 
measures. kuture iterations oǯ tȀe tool ˙ill refine 
the EMA interpretation scales by incorporating 
clinically validated thresholds, clearer score ranges, 
and therapist-adjustable alert criteria. Additionally, 
the clinical terminology used in the platform will be 
reviewed with mental health professionals to ensure 
conceptual precision, avoid diagnostic overstatement, 
and align the language of the system with established 
psycȀoloǱical practice. ėȀese refinements are 
expected to improve the clinical interpretability of 
the data and strengthen the platform’s usefulness as a 
complementary tool for psychotherapy.

Clear research and improvement directions emerge 
from this analysis. First, replication with larger and 
heterogeneous samples across therapist subspecialties 
and patient profiles is necessary to estimate usaƧility 
variaƧility and validate tȀe preliminary findinǱs 
in diverse contexts. Second, longitudinal studies 
correlating EMA patterns with adherence and 
intermediate clinical outcomes (mood/stress trends) 
while controlling for reactivity would consolidate 
clinical utility, consistent with EMA’s capability to 
capture intraindividual variability (Trull & Ebner-
Priemer, 2014). Third, production-environment testing 
of performance and accessibility metrics following 
W3C accessibility standards would quantify real-world 
failure rates and access control coverage. Fourth, low-
cost, ȀiǱȀ-impact ģŒ refinements anticipated Ƨy 
qualitative feedback—such as lightweight onboarding, 
standardized exports, and empty states—should be 
iteratively implemented following User-Centered 
Design principles. Finally, cross-cultural validation in 
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Latin American settings would address documented 
gaps in digital mental health accessibility and provide 
evidence of contextual relevance, particularly important 
given the limited availability of validated digital mental 
health tools in the region (Philippe et al., 2022).

In synthesis, the discussion indicates that a user-
centered platform integrating EMA with cloud-
managed architecture (Nyabuto, 2024; Kratzke & Quint, 
2017; Khriji et al., 2022) and explicit security controls 
(Hu, 2024) can achieve high perceived usability 
and generate clinically relevant data for real-world 
decision-making. The technical implementation 
leveraging serverless databases (Cloud Firestore, 
2025), event-driven architecture, and role-based 
access control (Mohr et al., 2013) demonstrates that 
scalaƧle, operationally eǯficient ȀealtȀ tecȀnoloǱy can 
be built with minimal infrastructure burden. However, 
consolidating this promise requires transition to 
larǱer samples, lonǱitudinal oƧservation, and field 
testing under heterogeneous operational conditions, 
consistent with methodological recommendations in 
the literature for integrating EMA into practice while 
maximizing ecological validity and clinical utility 
without compromising information protection (Mohr 
et al., 2013; Conrad, 2024).

onclusion- ڡܮڣ

This research designed and developed a digital platform 
based on Ecological Momentary Assessment (EMA) for 
therapeutic follow-up, comprising a cross-platform 
moƧile application ǯor patients ݥklutter/8artܱ §ovriƱ et 
al., 2023) and a web dashboard for therapists (Next.js/
React/TypeScript; Jha, 2025; Jones, 2025), supported 
by a serverless cloud architecture with authentication, 
role-based access control, and backend validations. 
Based on pilot-phase results with SUS scores of 89.38 
for the patient application and 88.12 for the therapist 
dashboard, alongside qualitative evidence, the general 
objective of enabling continuous, real-time, user-
centered monitoring to improve therapeutic follow-
up and patient adherence was achieved. The platform 
operationalizes EMA in daily routines with minimal 
user friction, providing clinical decision support 
through accessible visualizations and automated alert 
mechanisms.

ReǱardinǱ specific oƧȢectives: ݦ1ݥ E·ݼ�s tȀeoretical 
and clinical foundations were investigated through 
comprehensive literature review integrating 
Cognitive Behavioral Therapy (CBT) principles, 
EMA/ESM methodologies (Ebner-Priemer & Trull, 
2009; Trull & Ebner-Priemer, 2014), and digital 
intervention models (BIT Model: Mohr et al., 2014; 
Internet Intervention Model: Ritterband et al., 2009); 
(2) requirements were elicited with clinical experts 
̇ inǯorminǱ ,ݦn߸4ݥ orȩ̏o ,̇ security, and visuali˳ation 
decisions guided by psychological theory and user-
centered principles; (3) a cloud-native, event-driven 
functional architecture was designed incorporating 
usability principles (Saparamadu et al., 2021; 
Norman, 1988), security controls (Mohr et al., 2013; 
Hu, 2024ݦ, and Ǳamification ݥkirtȀ et al., 2017ܱ 
Schueller et al., 2017); (4) a functional prototype was 
developed, capturing, organizing, and visualizing 
EMA data for patients and therapists with grounding 
exercise modules (Castilla et al., 2022); and (5) 
expert feedback was collected through System 
Usability Scale assessment (Bangor, 2009), guiding 
future improvements and iterative development. 
Collectively, these achievements establish a solid 
technical and methodological foundation for system 
evolution.

The original contribution of this research resides in 
the coherent integration of three core axes: (1) EMA 
as methodological nucleus for in-situ, real-time 
recording, operationalizing principles validated in 
clinical research (Stone & Shiffman, 1994; Ebner-
Priemer & Trull, 2009); (2) actionable clinical 
visualization operationalizing the “overview, zoom/
filter, details-on-demandݺ principle ݥSȀneiderman, 
2025) to support therapist decision-making through 
information visualization techniques (Kaya & Epps, 
2004); and (3) an explicit security model based 
on least-privilege principles, declarative rules, 
and Cloud Functions validations implemented on 
reproducible serverless infrastructure (Nyabuto, 2024; 
Cloud Firestore, 2025). This combination offers a 
lightweight, scalable, and secure solution, particularly 
relevant for contexts requiring economically and 
operationally viable mental health digital solutions 
(Runyan et al., 2013; Kazdin & Blase, 2011). The 
platform demonstrates that integration of validated 
psychological methodology (EMA), appropriate 
technical architecture (serverless, cloud-native, 
event-driven), and user-centered design principles 
(Saparamadu et al., 2021) can create an effective tool 
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for therapeutic monitoring and clinical decision 
support, addressing the documented gap in evidence-
based digital mental health tools in Latin America and 
beyond (Donker et al., 2013).

Given the small pilot sample and non-production 
evaluation environment, inferences must be 
considered tentative. Planned continuations include 
eˢpandinǱ sample si˳e and profile diversity to enȀance 
generalizability, conducting longitudinal studies of 
adherence and intermediate clinical outcomes while 
monitoring measurement reactivity, and performing 
production-environment testing for performance 
and accessibility metrics. The platform’s theoretical 
foundation in evidence-based psychological principles 
(CBT, EMA), user-centered implementation (UCD), 
and cloud-native architecture (Kratzke & Quint, 
2017) position it favorably for clinical application and 
further research. Additionally, implementation in Latin 
American healthcare contexts would test cultural 
adaptability and address regional inequities in access 
to validated digital mental health solutions.

In conclusion, the MindBloom platform demonstrates 
technical viability and user acceptability for EMA-
based therapeutic follow-up. Its theoretically 
grounded design, integrating validated psychological 
methodology (EMA: Ebner-Priemer & Trull, 2009), 
evidence-based intervention models (BIT Model, 
Internet Intervention Model), user-centered approach 
(UCD: Saparamadu et al., 2021), and cloud-native 
infrastructure (Kratzke & Quint, 2017), contributes 
concretely to digital mental health technology 
development. The platform has the potential to improve 
continuous monitoring and support timely clinical 
decision-making in real-world settings, particularly in 
the Latin American context where access gaps and the 
need for scalable, culturally relevant solutions persist 
(Meglio et al., 2022; Inostroza et al., 2024). The platform 
addresses a documented gap between evidence-based 
psychotherapeutic interventions and practical digital 
tools, offering a foundation for expanding access to 
therapeutic monitoring across diverse populations and 
healthcare settings. Future studies should prioritize 
longitudinal validation, cross-cultural adaptation, and 
field testinǱ to consolidate clinical utility and support 
broader implementation in diverse healthcare systems.
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