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1. Introduction

Tuberculosis (TB) remains a significant global public 
health challenge, accounting for 1.3 million deaths among 
HIV-negative individuals and an additional 167,000 deaths 
among people living with HIV, according to the World 
Health Organization (WHO, 2023). With 10.6 million new 
cases reported in 2022, TB reflects deep structural and 
social inequalities, particularly in low- and middle-income 

countries (Tavares-Cohén et al., 2025). In Brazil, the disease 
burden remains high, with an incidence rate of 71.7 cases 
per 100,000 inhabitants, predominantly affecting socially 
vulnerable communities and urban areas characterized by 
marked socioeconomic disparities (Brasil, 2025).

Despite the availability of an effective and free treatment 
regimen provided by the Brazilian Unified Health System 
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the incremental prototyping model described by Pressman 
(2020), integrated with the TPB and the principles of User-
Centered Design. These theoretical and methodological 
foundations guided the design of the content and structure 
of the tool, with a focus on promoting self-care and fostering 
therapeutic behavioral change.

2.2. Prototype development stages

2.2.1. Team composition and requirements Gathering

Initially, a multidisciplinary team was formed, comprising 
professionals with clinical and academic experience in TB. 
The inclusion criteria were: (i) a higher education degree 
in a health-related field; (ii) direct involvement in TB 
management for a minimum of five years; and (iii) affiliation 
with academic institutions or public healthcare services. 
Participants were selected intentionally and by convenience 
sampling. Fifteen professionals were invited, of whom 
three agreed to participate (a pharmacist, a biologist, and 
a nurse). After signing the informed consent form, semi-
structured interviews were conducted via videoconference 
in January 2024, using an interview guide grounded in the 
literature on therapeutic adherence and health technologies. 
The guide was submitted for face and content validation 
by two independent reviewers. The interviews addressed 
participants’ sociodemographic characteristics, barriers 
to adherence, care strategies, and desirable features for 
a mobile application aimed at supporting TB treatment.

2.2.2. Data analysis and content development

Sociodemographic data were analyzed descriptively 
using Microsoft Excel®. Interviews were fully transcribed 
and subjected to thematic analysis as proposed by Braun 
and Clarke (2006), which involves the following steps: 
data familiarization, coding, theme identification, thematic 
review, and interpretation. The analysis was conducted 
manually by two independent researchers, followed by cross-
checking and consensus. The resulting themes guided the 
design of the application’s modules and functionalities, which 
were structured into four main axes: (i) sociodemographic 
data; (ii) tuberculosis history; (iii) therapeutic guidelines 
and clinical management; and (iv) treatment adherence. 
All interface screens were written in accessible language, 
and their content was grounded in official sources.

2.2.3. Graphic prototyping

The initial prototyping was conducted using the Canva® 
platform, with an emphasis on readability, navigability, and 
visual aesthetics. Although Canva® is not a tool specifically 
designed for user experience prototyping, its use was justified 
by its flexibility and accessibility for preliminary development 
purposes. The graphical structure was informed by principles 
of usability and digital accessibility. A systematic usability 
evaluation involving end-users will be carried out in subsequent 
phases, preferably employing specialized tools such as Figma® 
and the administration of the System Usability Scale.

2.3. Content validation

Content validation was carried out between May and 
June 2024 with the same specialists who participated in 

(SUS), treatment adherence continues to represent a 
persistent barrier. Factors such as limited health literacy, 
social stigma, barriers to healthcare access, adverse drug 
reactions, and limited understanding of therapeutic 
regimens directly undermine treatment outcomes, 
contributing to drug resistance and the perpetuation of the 
transmission chain (Cola et al., 2020; Carmo et al., 2022). 
These challenges call for innovative, patient-centered 
solutions that transcend traditional models of care.

In recent years, mobile health (mHealth) technologies 
have emerged as promising strategies for managing both 
chronic and infectious diseases. Mobile applications have 
the potential to enhance treatment adherence, facilitate real-
time communication, and broaden access to reliable health 
information—especially when designed using user-centered 
design principles and accessible language (Sholikhah et al., 
2019; Almeida et al., 2021). Systematic reviews and meta-
analyses have demonstrated that mHealth interventions, 
when aligned with users’ sociocultural contexts, can 
significantly improve adherence to TB treatment (DiStefano 
and Schmidt, 2016; Huda et al., 2024).

However, in the Brazilian context, there remains a 
critical gap in the development and rigorous validation of 
digital solutions specifically designed to support treatment 
adherence for TB within the SUS framework. Many existing 
tools lack robust theoretical foundations and do not adhere 
to standardized methodological guidelines. Moreover, 
they rarely incorporate the perspectives of patients and 
healthcare professionals in their development processes.

In this context, the Theory of Planned Behavior (TPB), 
proposed by Ajzen, offers a relevant theoretical framework 
by addressing determinants such as attitudes, subjective 
norms, and perceived behavioral control, which directly 
influence the intention to adhere to treatment (DiStefano 
and Schmidt, 2016). When combined with user-centered 
design principles, TPB enables the creation of digital 
solutions that not only inform but also engage, empower, 
and support patients throughout their therapeutic journey.

Therefore, this study aims to develop and validate the 
content of a digital prototype—Controlling the TB—designed 
to support treatment adherence among TB patients within 
the SUS. Grounded in TPB and guided by participatory 
design principles, this initiative constitutes a pioneering 
effort in Brazil. It is methodologically structured and 
anchored in real-world clinical practice. To the best of 
our knowledge, this is the first digital tool in the country 
designed for TB that integrates a theoretical framework and 
undergoes a structured methodological validation process.

2. Methods

2.1. Type of study

This is a methodological study with a descriptive 
qualitative approach, aimed at the development and 
content validation of a digital prototype designed to support 
treatment adherence among patients with TB. The study 
was conducted remotely between January and June 2024, 
involving participants working in healthcare services in the 
state of Pará, Brazil. The development process was based on 
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the requirements elicitation phase. A structured instrument 
adapted from Guimarães  et  al. (2021) was employed, 
comprising three sections: (i) general concept and visual 
aesthetics; (ii) clinical content and applicability; and (iii) 
clarity and relevance by module. Each item was rated using 
a five-point Likert scale (1 = very poor to 5 = excellent). 
Content validity was considered satisfactory when at least 
70% of the items received ratings of “good” or “excellent.” 
Data collection was conducted via Google Forms®, which 
also included open-ended fields for qualitative feedback. 
Although the Content Validity Index (CVI) was not calculated 
at this stage, this metric will be applied in future phases 
involving external reviewers and larger samples.

2.4. Ethical aspects

The study was approved by the Research Ethics 
Committee for Human Subjects of the Institute of Health 
Sciences at the Federal University of Pará (Approval number: 
69698223.4.0000.0018), in accordance with Resolution No. 
466/2012 of the Brazilian National Health Council and the 
Declaration of Helsinki. All data were handled confidentially 
and protected in compliance with the principles of the 
Brazilian General Data Protection Law (Law No. 13,709/2018).

3. Results

The content development and validation team for the 
digital prototype consisted of three female professionals with 
academic backgrounds in Pharmacy, Biology, and Nursing, all 
affiliated with public or private higher education institutions 
in the state of Pará, Brazil. The average age of participants 
was 39.1 years, with over 15 years since graduation and more 
than eight years of professional experience in TB, including 
both direct patient care and scientific research (Table 1).

Based on the semi-structured interviews conducted 
during the requirements elicitation phase, informational 
and functional needs were identified to guide the app’s 
design. The resulting prototype, entitled Controlling TB, was 
structured into four main modules: (i) sociodemographic 
data, (ii) TB history, (iii) therapeutic guidelines and clinical 

management, and (iv) treatment adherence. The clinical 
and educational content was developed based on official 
sources and national guidelines, presented in accessible 
language, and organized into thematic screens. The visual 
identity was developed with a focus on usability and 
readability, incorporating intuitive design elements. The 
interface included welcome screens with the app name and 
logo, registration and login pages, and navigable module-
specific screens, as illustrated in Figures 1 to 5.

Content validation was performed by the same three 
specialists involved in the development phase, using an 
instrument adapted from Guimarães et al. (2021), structured 
into three evaluative domains: (i) general concept and visual 
aesthetics, (ii) clinical content and applicability, and (iii) 
clarity and relevance by module. Criteria were assessed 
using a five-point Likert scale ranging from “very poor” (1) 
to “excellent” (5). A cutoff threshold of 70% of responses 
rated as “good” or “excellent” was established to indicate 
satisfactory content validity (Table 2).

Overall analysis indicated high content acceptability. 
Regarding visual aspects and color scheme, 66.6% of the 
evaluators rated them as “good” or “excellent,” while 
all participants (100%) rated the content’s suitability 
for the target population as “excellent.” Items related to 
language, information layout, and font size also received 
predominantly positive evaluations, mostly rated as 
“good.” With respect to clinical aspects of the application, 
all evaluators rated language, applicability, and proposed 
functions as “good” or “excellent,” demonstrating alignment 
with the tool’s clinical-educational objectives (Table 3).

When analyzed individually, the modules achieved 
satisfactory performance. The “Sociodemographic” module 
was unanimously deemed appropriate, with 100% of 
responses rating the language, content, applicability, and 
functionalities as “excellent.” This result reinforces the 
relevance of collecting such information for risk stratification 
and contextual analysis of TB patients.

The “TB History” module received mostly positive 
ratings: two evaluators rated all criteria as “good,” and 
one as “excellent.” Despite variation in scoring, 100% of 
responses met the predefined methodological threshold for 

Table 1. General Characteristics of the Application.

User Registration General and/or Clinical Content

Name Therapeutic Guidance and Management

Date of Birth Tuberculosis History

Sociodemographic Data Treatment Adherence

Sex Difficulties in Following the Therapeutic Regimen

Address

How many people live in your household?

How many rooms in your home receive sunlight?

Where is your residence located?

Occupation

Educational Level
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Figure 1. Application Screen and Credential Validation.

Figure 2. Application Screen and Sociodemographic Conditions.
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Figure 3. Application Screen and Disease History. 

acceptability. Qualitative comments, however, indicated a 
need to reorganize the questions and simplify the technical 
language—particularly in sections concerning family history 
and disease notification practices.

The “Therapeutic Guidelines and Clinical Management” 
module received “excellent” ratings for language and 
applicability, while content and functionalities were rated as 
“good” by all participants. This finding suggests an opportunity 
to enhance clinical details, particularly regarding proper 
medication use and self-care guidance.

The “Treatment Adherence” module achieved unanimous 
“excellent” ratings for language and applicability, highlighting 
the tool’s strong potential for practical implementation. The 
content and proposed functionalities were rated as “good” by 
all reviewers, reflecting the relevance of addressing factors 
influencing treatment continuity, such as adverse effects, use 
of alternative therapies, family support, and forgetfulness in 
medication intake.

Among the open-ended comments provided by the 
specialists, a key recommendation was to revise the technical 
language in certain modules to improve accessibility for 
users with low literacy levels. Suggestions also included 
the future incorporation of multimedia elements, such as 
explanatory videos and interactive audiovisual resources, 
to enhance content comprehension and user engagement. 
Another relevant suggestion was to integrate the application 
with public health information systems, such as e-SUS AB and 
the Notifiable Diseases Information System (SINAN), which 
could significantly expand its clinical applicability within 
the SUS.

In summary, all modules met the minimum threshold 
for content validity, indicating that the Controlling the TB 
prototype possesses a functional structure, appropriate 
language, and clinically relevant content to support the 
care of patients with TB. Despite this overall approval, 
the “TB History” module will be revised based on the 
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Figure 5. Application Screen and Treatment Adherence.

Figure 4. Application Screen and Therapeutic Management. 
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Table 2. Consultants’ Feedback on the General Characteristics of the Application.

Consultants’ Responses (n=3)

Characteristics Very Poor Poor Fair Good Excellent Total

General Concepts

Visual and Colors 1 2 3

Content in Relation to the 
Target Audience

3 3

Language 2 1 3

Content Distribution 2 1 3

Font Size 2 1 3

Item Illustration 3 3

Clinical Aspects

Language 2 1 3

Content 2 1 3

Potential for Use in Other 
Care Settings

3 3

Suggested Features 2 1 3

Table 3. Consultants’ Feedback on Sociodemographic Characteristics, TB History, Therapeutic Management, and Treatment Adherence.

Consultants’ Responses (n=3)

Characteristics Very Poor Poor Fair Good Excellent Total

Sociodemographic

Language 3 3

Content 3 3

Potential for Use in 
Other Care Settings

3 3

Suggested Features 3 3

TB History

Language 2 1 3

Content 2 1 3

Potential for Use in 
Other Care Settings

2 1 3

Suggested Features 2 1 3

Protocolo e conduta 
terapêutica

Language 3 3

Content 3 3

Potential for Use in 
Other Care Settings

3 3

Suggested Features 3 3

Adesão terapêutica

Language 3 3

Content 3 3

Potential for Use in 
Other Care Settings

3 3

Suggested Features 3 3
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feedback received, with the aim of enhancing clarity and 
standardizing terminology. It is important to note that, as 
a preliminary phase, this validation was limited to a small, 
convenience sample of experts directly involved in content 
development. Future stages will include validation by 
external reviewers and end-users, as well as usability testing 
and studies evaluating the tool’s clinical effectiveness in 
improving TB treatment adherence within the SUS.

4. Discussion

This study resulted in the development and preliminary 
content validation of the digital prototype Controlling the TB, 
designed to support care and promote treatment adherence 
for TB within the context of the SUS. The tool was developed 
based on the TPB, principles of User-Centered Design, and 
current clinical guidelines, incorporating contributions 
from a multidisciplinary team with extensive clinical and 
academic experience in TB.

The content validation phase revealed high levels of 
acceptability among expert reviewers, particularly in relation 
to language clarity, content appropriateness, and applicability 
across diverse healthcare settings. These findings align with 
the literature emphasizing the importance of functional 
design, accessible language, and patient-centered approaches 
for the success of digital health tools (Sholikhah et al., 2019; 
Silva et al., 2024).

In the “Sociodemographic” module, unanimous 
classification as appropriate underscores the tool’s 
strategic value for the structured collection of social data, 
which are essential for risk stratification and public health 
surveillance. Recent studies have highlighted that mapping 
social determinants of health—such as inadequate housing, 
low educational attainment, and informal employment—
should be systematically integrated into TB care protocols 
(Moreira et al., 2020; Brasil, 2025). By embedding these 
variables into the app’s initial module, the prototype supports 
more contextualized and vulnerability-sensitive care.

In the “TB History” module, although all criteria 
were rated as “good” or “excellent,” qualitative feedback 
suggested improvements in the organization of questions 
and simplification of technical language, especially in 
sections addressing family history and disease notification. 
This limitation is widely recognized in the literature on 
health technologies aimed at populations with low health 
literacy, which recommend the use of plain language, 
multimodal support, and explanatory visual resources 
(Hou  et  al., 2018; Oliveira  et  al., 2020). Thus, revisions 
to this module should prioritize communicative equity 
without compromising technical accuracy.

The “Therapeutic Guidelines and Clinical Management” 
module received positive evaluations regarding language 
and applicability, although suggestions were made 
to enhance the detail of the clinical content. Experts 
emphasized the importance of explicitly presenting 
therapeutic pathways and evidence-based clinical decisions, 
recommending the inclusion of interactive visual elements 
such us flowcharts and explanatory videos. The literature 
suggests that the effectiveness of mHealth interventions in 
TB care is directly linked to their ability to translate complex 

clinical information into actionable and comprehensible 
steps (Sona et al., 2022).

The “Treatment Adherence” module was widely validated, 
with particular recognition of its content relevance and 
practical applicability across multiple settings. This 
dimension is critical, considering that TB remains one of 
the infectious diseases with the highest rates of treatment 
abandonment in Brazil, particularly in the North region 
(Sousa et al., 2021; WHO, 2023). International evidence 
suggests that mHealth solutions featuring reminders, 
symptom tracking, and bidirectional communication are 
effective in mitigating treatment discontinuity in hard-to-
reach populations (Huda et al., 2024; Mudzengi et al., 2024).

From a theoretical standpoint, the app’s structure aligns 
directly with the three constructs of TPB: (i) attitude, through 
educational content reinforcing the benefits of treatment; 
(ii) subjective norms, by including motivational messages and 
reinforcing ties with the healthcare team; and (iii) perceived 
behavioral control, by offering functionalities that foster 
patient autonomy in monitoring their treatment. This 
integration provides internal coherence to the technology’s 
development and reinforces its scientific foundation.

The use of a previously validated instrument, authorized 
for adaptation, for content evaluation adds methodological 
rigor to the study, in accordance with international protocols 
for the validation of educational health technologies 
(Purves  et  al., 2019; Sousa  et  al., 2021). The content 
validity threshold of ≥70% is also consistent with similar 
methodological studies, enabling comparability of findings.

Another important aspect concerns the profile of the 
expert reviewers: all had over eight years of experience in 
TB, combining direct patient care and academic teaching. 
This profile contributed to the development of technically 
sound and educational content aligned with the realities 
of the SUS and the specificities of the Amazon region. The 
participation of professionals from different municipalities in 
the state of Pará enhanced the territorial representativeness 
of the study, incorporating sociocultural diversity as a guiding 
principle of the proposal (Silva et al., 2019; Santos et al., 2024).

Among the open-ended comments, the need to improve 
technical language in some modules was emphasized, 
in accordance with health literacy and communication 
guidelines (Cho  et  al., 2022). Additional suggestions 
included the incorporation of multimedia features and the 
integration of the app with national health information 
systems such as  e-SUS AB, the  Electronic Citizen Health 
Record, and the SINAN, which could significantly enhance 
its clinical and epidemiological utility.

A key limitation of the study lies in the small number of 
evaluators (n=3), all of whom were involved in the content 
development phase, which may introduce confirmation 
bias. Although such an approach is acceptable in exploratory 
methodological studies, generalization of the results should 
be undertaken with caution. Thus, external validation with 
independent experts, TB patients, and the application of 
formal usability scales (e.g., the System Usability Scale – 
SUS) is strongly recommended.

In conclusion, Controlling the TB emerges as a relevant 
and theoretically grounded digital innovation to support 
TB treatment adherence. Its modular structure, cultural 
adaptability, and behavioral foundation make it a promising 
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tool not only for use in the Amazon or Brazil but also in 
other low- and middle-income countries facing similar 
challenges. Future research should investigate its clinical 
efficacy and impact on continuity of care, aiming for its 
consolidation as a support tool for TB surveillance and 
control at national and international levels.

5. Conclusion

This methodological study resulted in the development 
and preliminary content validation of Controlling the TB, 
a theoretically grounded digital prototype designed to 
support TB treatment adherence within Brazil’s SUS. 
Anchored in the TPB and User-Centered Design principles, 
the prototype demonstrated high acceptability among 
expert reviewers in terms of content clarity, clinical 
coherence, and practical applicability.

Structured into thematic modules with accessible 
language and an intuitive interface, the application 
shows promising potential to enhance continuity of 
care, particularly among socially vulnerable populations. 
Although the findings are encouraging, this study phase 
was limited by a small, non-probabilistic sample composed 
exclusively of experts who were directly involved in 
content development, which may introduce confirmation 
bias. Additionally, usability testing with end-users and 
clinical trials to assess the tool’s real-world effectiveness 
remain pending.

For large-scale implementation, it will be essential 
to incorporate multimedia resources and ensure 
interoperability with public health information systems, 
such as e-SUS AB and the SINAN. At the national level, the 
tool may contribute to reducing treatment abandonment 
and strengthening TB surveillance, in alignment with 
Brazil’s National Plan to End TB. Internationally, the 
prototype represents a replicable and scalable digital 
solution for low- and middle-income countries facing 
similar challenges in therapeutic adherence and the 
monitoring of neglected diseases.

Data Availability Statement

The entire data set that supports the results of this 
study was published in the article itself.
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