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Abstract

Objective: to validate the content and usability of a mobile application
prototype aimed at the identification and selection of potential cornea
donors. Method: a methodological study based on Interaction Design,
for the development of a mobile application prototype focused on the
identification of potential cornea donors. Content and usability
validation was carried out by 14 expert judges from the health and
technology fields, using an instrument adapted from the literature and
the System Usability Scale (SUS). The Content Validity Index (CVI) was
used to analyze agreement among the judges regarding the content, as
well as to calculate the SUS scale for usability evaluation. Results: the
prototype achieved a global CVI of 0.97 among health specialists and
0.95 among technology specialists. The mean SUS score was 87.14
points, classified as “best imaginable”, with a Cronbach’s alpha of 0.86.
The judges provided specific suggestions to improve layout and
navigation flow. Conclusion: the prototype demonstrated clarity,
functionality, and high usability, showing potential to support
healthcare professionals in the identification, selection, and notification
of potential cornea donors, contributing to an increase in ocular tissue
procurement rates.

Descriptors:

Donor Selection. Corneal Transplantation. Mobile Applications.
Usability. Validation Study.

What is known about the topic?

The limited familiarity of healthcare professionals with donor selection
criteria compromises the identification and procurement of corneas.
Mobile technologies have the potential to enhance care practices,
support decision-making, and facilitate the notification of potential
donors.

What does this study add to the topic?

A mobile application prototype is presented and validated, with
evidence of content validity and high usability, aimed at supporting
decision-making in the screening of potential cornea donors,
contributing to the reduction of losses of viable ocular tissues for
transplantation.

Resumo

Objetivo: validar o contetido e a usabilidade de um protétipo de aplicativo
movel voltado a identificacido e selecio de potenciais doadores de cornea.
Meétodo: estudo metodolégico baseado no Design de Interagio, para a
elaboragio de um protétipo de aplicativo movel voltado a identificacio de
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potenciais doadores de cornea. A validagio de contevido e da usabilidade foi
realizada por 14 juizes especialistas das dreas da saiide e da tecnologia,
utilizando um instrumento adaptado da literatura e a escala System Usability
Scale (SUS). O Indice de Validade de Conteiido (IVC) foi utilizado para a
andlise da concordincia entre os juizes sobre o contetido, bem como para o
calculo da escala SUS para a avaliagio da usabilidade. Resultados: o protétipo
obteve IVC global de 0,97 entre os especialistas da satide e de 0,95 entre os da
tecnologia. A média da escala SUS foi de 87,14 pontos, classificada como
“melhor imagindvel” com Alfa de Cronbach de 0,86. Os juizes ofereceram
sugestoes pontuais para o aprimoramento do layout e da fluidez da navegagdio.
Conclusdo: o protétipo demonstrou clareza, funcionalidade e alta usabilidade,
apresentando potencial para apoiar profissionais da saiide na identificagdo,
selegdo e notificagdo de potenciais doadores de cornea, contribuindo para um
incremento nas taxas de captagio de tecidos oculares.

Descritores:

Selecdo de Doadores. Transplante de Coérnea. Aplicativos Méveis.
Usabilidade. Estudos de Validacao.

Resumen

Objetivo: validar el contenido y la usabilidad de un prototipo de aplicacion
movil para la identificacion y seleccién de potenciales donantes de cornea.
Método: estudio metodologico basado en el Disefio de Interaccion para el
desarrollo de un prototipo de aplicacion movil destinada a la identificacion de
potenciales donantes de cérnea. La validacion de contenido y usabilidad fue
realizada por 14 jueces expertos de los campos de la salud y la tecnologia,
utilizando un instrumento adaptado de la literatura y la escala System
Usability Scale (SUS). El Indice de Validez de Contenido (IVC) se utilizé para
analizar la concordancia entre los jueces sobre el contenido, asi como para
calcular la escala SUS para la evaluacion de la usabilidad. Resultados: el
prototipo obtuvo un IVC global de 0,97 entre los expertos en salud y de 0,95
entre los expertos en tecnologia. La puntuacion media en la escala SUS fue de
87,14 puntos, clasificada como "la mejor imaginable", con un alfa de Cronbach
de 0,86. Los jueces ofrecieron sugerencias especificas para mejorar el disefio y
la fluidez de la navegacion. Conclusién: el prototipo demostré claridad,
funcionalidad vy alta usabilidad, mostrando potencial para ayudar a los
profesionales de la salud a identificar, seleccionar y notificar a posibles
donantes de cornea, contribuyendo asi a un aumento en las tasas de obtencion
de tejido ocular.

Descriptores:

Seleccién de Donantes. Trasplante de Cérnea. Aplicaciones Moviles.
Usabilidad. Estudio de Validacién.

INTRODUCTION

Vision loss resulting from diseases affecting the cornea is among the three leading causes of
blindness worldwide, making this condition a global concern(2). Blindness caused by corneal disorders is
considered reversible, and visual rehabilitation can be achieved through corneal transplantation, with the
corneal graft originating from donors diagnosed with brain death or after cardiorespiratory arrest. -5

In Brazil, the most recent data indicate that more than 12,000 corneal transplants were performed
from January to September 2024.) Despite this significant number, the corneal transplant rate was
approximately 23.4% lower than the estimated need in the country during this period.© Globally, it is
estimated that there is only one available cornea for every 70 individuals awaiting a corneal graft.?

Although it is considered the most commonly performed type of transplant worldwide, achieving
good success rates, the shortage of donors still represents a significant global challenge for transplant
systems.(3589) It is worth noting that the process of searching for and selecting Potential Cornea Donors
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(PD), in general, is shared among various healthcare professionals and is guided by a series of highly
specific regulations and regulatory frameworks.(8)

Among the challenges that hinder the identification of PD and the procurement of corneas for
transplantation, the low notification rate stands out, often associated with healthcare professionals” lack of
knowledge regarding the specific eligibility criteria for tissue donation and the notification
procedures.81011) This scenario reinforces the need for the development and implementation of innovative
solutions aimed at expanding the identification and notification of PD.®10)

Optimizing the PD identification process requires efforts to ensure clear communication, the
sharing of standard operating procedures among those involved, the awareness and proper training of
healthcare professionals, and investments in technology to facilitate this process.(10)

The adoption of Mobile Health (mHealth) technologies has been established as an alternative to
optimize care processes, improving communication efficiency, and facilitating decision-making.(12-14)
Mobile applications have already demonstrated a positive impact on continuing education, support for
daily work activities, and assistance in various healthcare areas, providing fast and reliable information to
professionals in real time.(14-17) However, there is still a lack of digital tools specifically designed for the
active search and selection of cornea donors by healthcare professionals, particularly in the Brazilian
context, which limits agility in the identification and notification of these cases.®18)

In corneal transplantation context, searches conducted in Brazilian mobile application stores did
not identify specific tools to assist healthcare professionals in the process of identifying and selecting PD.
In light of the above, this study aimed to validate the content and usability of a mobile application
prototype to support the identification and selection of potential cornea donors.

METHODS

This is a methodological study, conducted from November 2024 to March 2025, derived from a
section of the dissertation entitled “Desenvolvimento e validagio de um prototipo para identificacio e selegio de
potenciais doadores de tecidos oculares.” The study was conducted in accordance with the recommendations
of the Consensus-based Standards for the selection of health Measurement Instruments (COSMIN)
initiative, aligned with the guidelines of the EQUATOR network. The development of the mobile
application prototype followed the stages of Interaction Design proposed by Helen Sharp et al. (2013)(9): 1.
Identification of needs (main doubts and difficulties in identifying and selecting potential cornea donors);
2. Definition of the content, variables, and functionalities of the mobile application prototype; 3.
Construction of the application prototype (visual representation and development using hyperlinks); 4.
Validation of the prototype by judges (analysis of the content, appearance, functionalities, and usability of
the application).(9:

The stages related to the definition of content and functionalities up to the construction of the
prototype (stages 1 to 3) were carried out previously, based on the analysis of healthcare professionals’
perceptions regarding the main doubts and difficulties related to the identification and selection of
potential cornea donors. The graphical version of the prototype, including its screens and visual elements,
was developed by the authors. The prototype was created using Microsoft Excel software, employing
hyperlinks to simulate navigation, interface, and functionalities of a mobile application interactively.

Once the construction of the prototype was completed, the fourth stage of the methodological
process began (focus of this article), which consisted of validating the content, appearance, functionalities,
and usability of the technology. Validation was performed by two groups of expert judges: the first
composed of healthcare professionals with direct or indirect involvement in the ocular tissue donation
process (content judges); and the second composed of professionals from the information technology and
computer science fields with experience in application development and/or user experience (technical
judges). The selection of judges followed the criteria and scoring proposed by Melo et al. (2024)?0),
establishing as inclusion criteria a minimum score of five points for judges in the healthcare field and three
points for judges in the technology field. The search for participants was conducted through researchers’
contacts, adopting the snowball sampling strategy, in which one participant refers another.

The invitation letter was sent to the judges by email, along with the Free and Informed Consent
Term (FICT). After acceptance, a second email was sent containing the application prototype in its
simulated version developed in Microsoft Excel for download, a file with five fictitious clinical cases for
simulating the screening process of potential donors using the prototype, and the link to access the
electronic questionnaire intended for recording the evaluations.
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The questionnaire consisted of approximately 40 items, with specific versions for each group of
judges, according to their areas of expertise. Judges from the healthcare field evaluated criteria related to
the objective, structure, appearance, functionalities, and interface of the prototype (items 1 to 17). Judges
from the technology field analyzed criteria related to operability, structure, appearance, functionalities,
and interface (items 18 to 26). The items were adapted from instruments previously used by Saboia (2017),
Tavares (2018), and Perdigao (2022)®1-2) for the validation of health technologies. For usability assessment,
both groups responded to the System Usability Scale (SUS), in a version translated and validated into
Portuguese by Lourengo, Carmona, and Lopes (2022).% All items were evaluated using a five-point Likert
scale, ranging from “1 - strongly disagree” to “5 - strongly agree.”

Data analysis was performed using Jamovi software. To evaluate the judges’ responses to items
related to objective, structure, appearance, functionalities, and interface, the Content Validity Index (CVI)
was used, calculated as the proportion of positive responses (scores 4 and 5) relative to the total number of
responses. A minimum agreement of 80% among the judges was considered as the validation criterion.®
The SUS scale was analyzed according to the recommendations of its authors@2: for odd-numbered items,
1 was subtracted from the assigned score, while for even-numbered items, the score was subtracted from
5. The sum of the values was multiplied by 2.5, resulting in a final score ranging from 0 to 100. For
interpretation, the following cut-off points were adopted: up to 20.5 (worst imaginable), 21-38.5 (poor), 39-
52.5 (average), 53-73.5 (good), 74-85.5 (excellent), and 86-100 (best imaginable).?® Cronbach’s alpha
coefficient was used to estimate reliability, adopting a lower limit of 0.70 as acceptable.®)

The study was submitted to the Research Ethics Committee (REC) of the Universidade Estadual
do Ceara (UECE), in accordance with Resolution No. 466/2012 of the Brazilian National Health Council
(CNS). Data collection was initiated only after obtaining a favorable opinion (CAAE: 82532524.0.0000.5534).

RESULTS

Seven judges from the healthcare field and seven from the technology field participated in the
study. Participants’ ages ranged from 22 to 57 years, with a mean age of 40.1 years (+10.5 years). Regarding
academic background, three judges were physicians (21.4%), four were nurses (28.6%), five held degrees
in Computer Science (35.7%), and two had degrees in Information Technology (14.3%). The length of
professional experience in their area of expertise ranged from two to 29 years, with a median of 13.5 years,
including judges working in seven different states of the country.

The scores assigned to the judges, according to the criteria of Melo et al. (2024)0), ranged from five
to 14 points among participants from the healthcare field, with a median of nine points. Among the judges
from the technology field, scores ranged from three to 12 points, with a median of eight points.

Regarding the evaluation by healthcare judges of items 1 to 17, which covered aspects related to
the objective, structure, appearance (visual design), functionalities, and interface of the prototype, a
predominance of maximum scores was observed, indicating a high level of agreement among experts
(Figure 1). The global CVI analysis was 0.97, with high agreement across all statements. In the individual
item analysis, 14 items (82.3%) presented a CVI equal to 1.00 (100%), reflecting full agreement regarding
the adequacy of language, clarity, organization, quantity, and relevance of the information and content
adopted in the prototype.

Only three items (3, 7, and 17) presented an individual CVI of 0.86, related, respectively, to the
prototype’s ability to promote changes in healthcare professionals” behavior and attitudes; to the scientific
coherence of the information and concepts and the absence of language errors; and to the
comprehensiveness of the content in relation to the needs of the context of active search and selection of
PD. Evaluations classified as “neutral” were assigned by two different judges to items 3 and 17. Item 7
received one response in the “disagree” category, assigned by a third judge, suggesting a specific
perception of inadequacy regarding scientific consistency or language quality. Only one judge justified the
evaluation assigned to item 3, highlighting that:

when evaluating the aspect related to promoting changes in behavior and attitudes among
healthcare professionals, especially regarding the active search and selection of potential cornea
donors, I observed that the prototype plays a significant role in facilitating this process, but
not directly in the field of professionals” attitudes or behaviors (H6).
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Figure 1. Evaluation by healthcare judges regarding the objective, structure, presentation, functionalities,
and interface of the prototype. Fortaleza, CE, Brazil, 2025.
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Source: Prepared by the authors (2025).

Concerning the evaluation by the technology judges, a predominance of maximum scores was also
observed, reflecting high agreement regarding the clarity of the proposal, the adequacy of operability, and
the functionalities developed, as well as the appropriateness of the graphical interface (Figure 2). The
overall CVI among the technical experts was 0.95. Individual item analysis revealed maximum agreement
(CVI=1.0) in six of the nine statements analyzed. Only three statements - item 21 (ease of use of functions),
item 23 (clarity and adequacy of displayed messages), and item 25 (adequacy of the amount of information)
- received evaluations in the “neutral” or “disagree” categories by the same judge, resulting in an
individual CVI of 0.85 for these items. In the justification, the evaluator highlighted that:

Initially, I thought that the “contact” option would provide information about the research
group [...], however, it is a search by country, regions, and states, which makes navigation
confusing [...]. It would be simpler to present a clear list of states. The application has an
interesting proposal by offering information and functionalities, such as the calculation of
hemodilution. It would be useful to include an option so that, when entering the weight, the
other fields would be filled automatically. [...] (T4)

Figure 2. Evaluation by technology judges regarding the structure, presentation, functionalities, and
interface of the prototype. Fortaleza, CE, Brazil, 2025.

English | Rev. enferm. UFPL. 2026;15:e6598 | DOIL: 10.26694 / reufpi.v15i1.6598



Pessoa, ].P.S et al. Content validation and usability of an application for cornea donor selection

Item 18
Item 19
Item 20
Item 21 _
Item 22

Item 23 _

Item 24

Item 25

Item 26

0

B

20% 40% 60% 80% 100%

W Strongly agree Agree ® Neutral Disagree M Strongly disagree

Source: Prepared by the authors (2025).

The evaluation of the prototype’s usability, using the SUS scale, showed an overall mean score of
87.14 points. The total scores assigned to each judge - calculated from the weighted sum of the 10 items of
the SUS scale - ranged from 60.0 to 100.0, with a median of 90.0 points.

The analysis of the scores assigned to each of the 10 items of the scale showed values ranging from
78.6 to 91.1 (Figure 3). The highest scores were observed in items related to ease of use (items 3 and 7),
clarity of the prototype (item 2), and absence of inconsistencies (item 6). The lowest score was assigned to
item 10, which addresses the need for prior learning. These values reflect a high perceived usability of the
technology.

Figure 3. Mean scores assigned to the SUS scale items in the evaluation of the prototype’s usability by
healthcare and technology judges. Fortaleza, CE, Brazil, 2025.
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Source: Prepared by the authors (2025).

The instrument demonstrated good internal reliability (Cronbach’s alpha of 0.86), and no
statistically significant differences were observed between the healthcare and technology groups,
according to the Mann-Whitney U test (p > 0.05 for all items).

DISCUSSION

In recent decades, the literature has consolidated evidence on the importance of mHealth in
education, clinical decision support, and various aspects related to health promotion, prevention, and
care.(14153031) Mobile applications have been widely used to improve care quality, offering fast, remote, and
low-cost access to critical information, which contributes to safer and more efficient decision-making.(”

Despite advances in the field of transplantation, there is still a lack of initiatives focused on
incorporating mHealth to support the identification, selection, and notification of potential ocular tissue
donors.() This gap reinforces the relevance and innovative nature of this study. The absence of
technological tools for this purpose directly impacts one of the most critical points in the donation process:
the identification of PD. It is estimated that a significant proportion of hospital deaths correspond to
unrecognized potential donors, resulting in the loss of viable tissues for transplantation. @

The use of digital technologies can help minimize these losses, reduce screening errors, and
increase the efficiency of organ and tissue procurement processes. The prototype developed in this study
aligns with this perspective by centralizing essential information on eligibility criteria for donation,
automating relevant calculations (such as age and time since death), and offering a structured decision-
making flow, reducing ambiguities in the process of searching for and selecting potential donors.

The literature suggests that well-designed applications, with appropriate content, intuitive
interfaces, and ease of use, can enhance user engagement and reduce the occurrence of errors.(®) Therefore,
it is essential to measure the usability of digital technologies, as well as to evaluate the clarity, relevance of
content, visual design, and overall functionality of the tools, considering the needs of the target audience.

The prototype under study was positively evaluated by both healthcare and technology judges,
with global CVI values of 0.97 and 0.95, respectively. The CVI has been widely used to measure the
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proportion of judges in agreement regarding the evaluated aspects of an instrument. In general, values
equal to or greater than 0.78 are considered indicative of content validity.(?32)

Among healthcare experts, the technology was considered adequate in terms of content,
appearance, functionalities, and interface. The observed variations were related to items such as the
technology’s ability to promote changes in users’ behavior and attitudes; the scientific coherence of the
information and concepts; and the comprehensiveness of the content.

The classification of “neutral” or “disagree” may have occurred due to differences in interpretation
among judges regarding the scope of the application. For example, in the case of the statement about
behavior change, some evaluators may have considered the prototype’s potential as a driver of reflection
and reorganization of practice, while others may have interpreted this change as the practical use of the
tool at specific moments in the screening process.

Regarding comprehensiveness, the decision to include only the basic criteria for notification - such
as age, time since death, cause of death, and signs of sepsis - may have influenced the judges’ perception
of completeness. A complete clinical and social screening of PD involves a detailed investigation, with in-
depth analysis of multiple aspects, including, but not limited to: previous pathologies - specific neoplasms,
prior transplantation, infections, among others; risk behaviors - recent tattoos, incarceration, homelessness,
drug use, among other exposures, as well as ocular trauma and other relevant conditions. 419

As this is a prototype focused on the initial selection and notification of PD, the more specific
clinical and social criteria were intentionally omitted from the technology and directed to the eye bank
team during the complementary secondary screening performed after notification. This intentional
simplification of the tool may have influenced the judge’s perception regarding the partial
comprehensiveness of the content presented in the prototype.
Among the judges from the technology field, a high level of agreement was observed regarding the clarity
of the proposal, operability, functionalities, and adequacy of the interface. Full agreement in six of the nine
evaluated items with maximum scores reinforces the technical adequacy of the prototype. These results
suggest that the tool meets the fundamental principles of functional design and operability, which are
essential aspects for its future application in real-world contexts.

Only three statements did not achieve maximum scores in the opinion of a single technical judge
(items 21, 23, and 25), resulting in a CVI of 0.85 for these items, associated with specific suggestions for
improvement. The professional provided suggestions to enhance the prototype regarding the ease of use
of functions, the adequacy of displayed messages, and the amount of information. The comment
highlighted navigation difficulties on the screen that includes contact information for the State Transplant
Centers across the country. The need to click on the state of interest to display the corresponding contact
was perceived as not very intuitive. Thus, the organization of a single list of states and their respective
Transplant Center contacts was suggested as a strategy to improve the fluidity of system navigation. This
observation, although isolated, highlights sensitive aspects of the user experience and will be considered
in a future version of the technology, enhancing navigation flow and operational efficiency.

Usability is an attribute related to user acceptability of a system interface.®) This aspect is generally
tested in relation to the effectiveness and efficiency of the technical system in achieving specific objectives
and user satisfaction with the technology.(1#3% Among standardized questionnaires for its assessment, the
SUS scale stands out as a validated instrument, with quick application and reliability, which can be applied
to different sample sizes.13)

The literature suggests varying cut-off scores for SUS results.(?628) However, there is consensus that
the value of 87.1 observed in this study indicates a high level of usability, being associated with greater
confidence, a lower learning curve, and greater user engagement with the technology.(14?% The mean score
obtained by the prototype - classified as “best imaginable” - indicates that the system meets the main
usability criteria: being easy to learn, easy to use, error-tolerant, and pleasant to interact with.(13142427)

Two items of the SUS scale - item 4 (need for assistance from a person with technical knowledge
to use the system) and item 10 (need to learn new things to use the system) - showed greater dispersion in
responses, suggesting that, for a minority of judges, there may be aspects to be improved to promote greater
initial user autonomy and optimize the system familiarization curve.

The specialists provided additional feedback in the comments section about the prototype,
contributing to a deeper understanding of the user experience. Among the positive aspects, statements
highlighted the intuitive and easy-to-understand interface, the clear organization of information -
facilitating agile use in the hospital environment - and the practical applicability of the tool in accelerating
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active search and reducing the loss of potential donors. As additional suggestions for improvement, the
judges indicated, in general terms, adjustments to the visual design to improve navigation flow, as well as
greater emphasis on donor exclusion criteria, to reduce potential screening errors.

The incorporation of digital technologies in the field of ocular tissue donation is a promising
strategy to minimize issues associated with low donor notification rates and to increase the availability of
tissues for transplantation. The prototype developed in this study stands out for offering an intuitive
interface, practical functionalities, and structured information to support clinical decision-making,
representing an advance in the application of mHealth in the field of transplantation.

It is worth noting that the version analyzed is not yet available for open access, consisting of a
prototype created for the validation of content, functionalities, operability, and usability. The suggestions
for improvement obtained will be used for the subsequent development of the application in its final
version on platforms compatible with Android and IOS systems. The results obtained suggest that the
prototype has the potential to be incorporated into professional routines in an intuitive manner, reducing
barriers to its adoption and contributing to greater efficiency in the screening and notification of potential
cornea donors.

This study has some limitations that should be considered when interpreting its results. First, the
developed prototype was validated in a simulated environment, using Microsoft Excel software with
navigation via hyperlinks, which may not fully reflect the user experience in a definitive mobile
application. Although the evaluation performed by expert judges demonstrated excellent adequacy in
terms of content and usability, the absence of testing in a real clinical environment limits the generalization
of the findings regarding the practical effectiveness of the technology in everyday care settings.

Another aspect to be highlighted refers to the recruitment strategy of the professionals
participating in the needs assessment and validation stages, carried out through purposive and chain
sampling, based on previously established technical criteria. Although this approach ensured the
qualification of participants, it is acknowledged that the non-probabilistic selection may, to some extent,
limit the breadth of institutional contexts and practical experiences reflected in the study.

Furthermore, a limitation to be highlighted is the so-called “technological Tower of Babel”, which
encompasses both the diversity of operating systems, software versions, and mobile device models, as well
as the fragmentation of Brazilian hospital systems. This heterogeneity includes everything from the
coexistence of disconnected digital platforms to the persistent use of paper-based medical records in many
institutions, which currently makes it unfeasible to integrate the application with electronic health records.

Despite the identified limitations, this study contributes significantly to the field of ocular tissue
donation by providing a technology validated in terms of content and usability, aimed at supporting the
identification and selection of potential donors. Future research is recommended to advance the validation
of the application in real clinical environments, analyzing its impact on indicators such as the rate of
identification and the rate of notification of potential donors. The development of the final version of the
tool and its large-scale implementation may strengthen ocular tissue procurement strategies and,
consequently, contribute to increasing corneal donation and transplantation rates, benefiting patients
awaiting this procedure for vision restoration.

CONCLUSION

The validated mobile application prototype represents a promising technology, with the potential
to be incorporated into routine care in an intuitive and safe manner, contributing to improving initial
screening and strengthening active search strategies in ocular tissue donation, fostering an increase in the
availability of tissues for transplantation.
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