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Abstract

Background: Digital technology advanced rapidly following the COVID-19 pandemic; however, older adults continue to face
significant challenges in adopting and effectively using these technologies. Mobile health applications offer a promising strategy
to enhance digital competencies and promote digital inclusion among this population.

Objective: This study aimed to evaluate the impact of a lifestyle-oriented mobile health application on improving digital skills,
as well as to assess its usability and the level of user satisfaction among older women.

Methods: A 14-week randomized clinical trial was conducted in Ribeirão Preto, São Paulo, Brazil. Forty elderly women were
randomized into an intervention group (n = 21), who used the mobile application, and a control group (n = 19). Digital
competencies were measured before and after the intervention using a semi-structured questionnaire based on the MCDMSenior
framework, covering six domains: basic technology use, internet navigation, mobile application use, online research, digital
communication, and utilization of digital resources. Additionally, satisfaction with the educational content was evaluated using
the Suitability Assessment of Materials (SAM) and system usability was assessed using the System Usability Scale (SUS).
Qualitative data regarding participant experiences were also collected.

Results: Post-intervention analyses revealed significant differences in specific digital competencies. The intervention group
demonstrated a moderate improvement in internet navigation skills (Cohen’s d = 0.634), while gains in basic technology use and
digital communication were minimal. Conversely, the control group exhibited moderate improvement in basic technology skills
(Cohen’s d = 0.521) and lower effects in online research and digital communication. Overall, satisfaction with the educational
content was low (average SAM = 35%), and usability was rated as average (SUS = 71.5 points). Qualitative feedback
underscored persistent age-related fears and insecurities in the use of digital technologies.

Conclusions: Mobile health applications can effectively enhance certain digital competencies in older women, particularly
internet navigation, but improvements in content suitability and usability are needed. Refinements in application design and
tailored user support are essential to overcome age-related barriers and foster digital inclusion among older populations. Clinical
Trial: Brazilian Registry of Clinical Trials (ReBEC), Registration No. RBR-6wgkzs8.
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Title: Impact of a mobile health application on digital transformation: a randomized clinical trial on

strengthening digital skills in older women

Abstract
Background: Digital technology advanced rapidly following the COVID-19 pandemic; however,
older  adults  continue  to  face  significant  challenges  in  adopting  and  effectively  using  these
technologies. Mobile health applications offer a promising strategy to enhance digital competencies
and promote digital inclusion among this population. Objective: This study aimed to evaluate the
impact of a lifestyle-oriented mobile health application on improving digital  skills,  as well  as to
assess its  usability and the level of user satisfaction among older women.  Methods: A 14-week
randomized clinical trial was conducted in Ribeirão Preto, São Paulo, Brazil. Forty elderly women
were randomized into an intervention group (n = 21), who used the mobile application, and a control
group (n = 19). Digital competencies were measured before and after the intervention using a semi-
structured  questionnaire  based  on  the  MCDMSenior  framework,  covering  six  domains:  basic
technology use, internet navigation, mobile application use, online research, digital communication,
and  utilization  of  digital  resources.  Additionally,  satisfaction  with  the  educational  content  was
evaluated using the Suitability Assessment of Materials (SAM) and system usability was assessed
using the System Usability Scale (SUS). Qualitative data regarding participant experiences were also
collected.  Results: Post-intervention  analyses  revealed  significant  differences  in  specific  digital
competencies. The intervention group demonstrated a moderate improvement in internet navigation
skills (Cohen’s d = 0.634), while gains in basic technology use and digital  communication were
minimal. Conversely, the control group exhibited moderate improvement in basic technology skills
(Cohen’s  d  =  0.521)  and  lower  effects  in  online  research  and  digital  communication.  Overall,
satisfaction with the educational content was low (average SAM = 35%), and usability was rated as
average  (SUS =  71.5  points).  Qualitative  feedback  underscored  persistent  age-related  fears  and
insecurities  in  the  use  of  digital  technologies. Conclusions:  Mobile  health  applications  can
effectively enhance certain digital competencies in older women, particularly internet navigation, but
improvements in content suitability and usability are needed. Refinements in application design and
tailored user support are essential to overcome age-related barriers and foster digital inclusion among
older populations.  Trial Registration: Brazilian Registry of Clinical Trials (ReBEC), Registration
No. RBR-6wgkzs8.
Keywords: competencies, elderly people, gerontology, intervention, lifestyle habit.
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1. Introduction

The COVID-19 pandemic has accelerated the adoption of digital technologies, condensing
three years of progress into just one.1  This rapid advancement has brought significant challenges and
opportunities for the elderly population.2 Increased social isolation has increased the risk of physical
and cognitive decline among older adults,3,4 driving the integration of health technologies.5 

Evidence shows that in 2018, 10% of the population aged between 50 and 80 used health and
well-being apps, which increased to 28% in 2020.6 This increase indicates a greater acceptance of
telehealth among the elderly, highlighting the potential for expansion of these services.7 Therefore, it
is crucial to continue advancing digital integration efforts to ensure that older adults can benefit from
these services.8

Despite  these  advances,  the  elderly  population  still  faces  significant  barriers  in  adopting  digital
technologies. Studies by Fowe et al. (2023) and Tuena et al. (2020) highlight previous experience,
digital  exclusion,  cognitive and motivational barriers.9,10 Other critical  obstacles are usability and
user satisfaction, which affect digital adoption among seniors.11 Therefore, it is essential to address
these barriers with targeted interventions and support to overcome the digital divide and facilitate
older adults’ engagement with digital skills.11,12,13

Digital competencies are defined as skills, knowledge, and attitudes crucial to the effective use of
digital technologies, from basic device operation to evaluating and communicating online content,14

benefiting the health and well-being of the elderly population.15 Consequently, improved skills are
associated with increased use of telehealth, highlighting the importance of addressing disparities in
access and health outcomes by enhancing users’ digital skills and confidence.16

 Thus, this research specifically investigates how a mobile application that promotes lifestyle

habits can improve digital skills in the elderly, in addition to analyzing usability and user satisfaction.

https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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2. Method

2.1. Type of study

This project is a fragment of a larger research project, the objective of which is to develop

and  validate  a  multidisciplinary  application  to  promote  changes  in  lifestyle  habits,  with  simple

guidelines, according to the daily demands of each elderly person. The research is a randomized

clinical trial, with a 14-week intervention. Participants were randomly assigned to two groups: the

application group and the control group. The best details of the application steps can be read in an

article developed by Sobrinho and his collaborators (2024).17

This fragment of the study was developed as an exploratory research analysis of clinical trial

data and collection of qualitative data.

2.2. Location, period, and participants

The research was carried out in elderly people living in the city of Ribeirão Preto, in the

interior of the state of São Paulo, Brazil. It was carried out between July and December 2023. This

randomized clinical study followed the guidelines of the Consolidated Standards of Reporting Trials

(CONSORT).18 In Figure 1, shows the participant recruitment flowchart.

Figure 1

The inclusion criteria were elderly individuals aged 60 or over who had a mobile device that

supported the use of the application and its features. The exclusion criteria included limitations in

carrying out the assessments included in the project,  such as visual and auditory limitations and

severe cognitive impairments, assessed by the Montreal Cognitive Assessment (MoCA) instrument.19

The sample size of causes and effects with a minimum sample size of 34 people was calculated using
the G*Power 3.1 software, using ANOVA for inter-intragroup interaction with the following input
parameters: effect size of 0.25; type I error equal to 0.05; type II error equal to 0.80; and number of
groups equal  to  2 and number of  measurements  equal  to  2.  A standard correlation  between the
measurements of 0.50 and a dropout rate of 20% were also used to account for possible sample
losses, equivalent to n=27.
The use of an effect size of 0.25 was based on a similar study conducted by Lacroix et al., 20 which
investigated the effects of using a minimally supervised app in community-dwelling older adults
compared to an unsupervised model.

2.3. Research development

 At  the beginning of  the intervention,  a  detailed meeting was held to  introduce the application,
explore  its  functionalities  and  clarify  operational  doubts.  During  the  first  week,  the  researchers

https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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maintained  daily  contact  with  the  intervention  group,  offering  ongoing  support  to  facilitate
familiarization with the mobile application. The frequency of contact was adjusted to every other day
in the second week and subsequently to biweekly intervals, aiming to reduce technical difficulties
and assess independent adherence to the application interface.

This monitoring strategy was designed to overcome barriers to use due to digital limitations

and to monitor genuine participant adherence. The effectiveness of the intervention was measured

through  questionnaires  and  direct  observations,  focusing  on  changes  in  users’ digital  skills  and

satisfaction with the app’s usability and content.

2.4. Instruments

To  meet  the  objectives  of  this  study,  several  data  collection  instruments  were  used.  The
questionnaires  covered  many  aspects,  including  sociodemographic  characteristics,  digital  skills,
economic classification, material satisfaction and usability assessment.

An anamnesis script was prepared to accompany the questionnaires, aiming to obtain data on

the participants' sex, date of birth and years of education. The Brazilian Economic Classification

Criteria (CCBE) was used to categorize Brazilian families into economic classes (A, B, C, D and

E).21

A semi-structured questionnaire based on the MCDMSênior was applied to assess the impact
on  improving  the  digital  skills  of  the  participants,  separated  into  skills:  1)  basic  knowledge  of
technology, 2) internet navigation skills, 3) use of mobile applications, 4) ability to conduct online
research, 5) digital communication, and 6) use of digital resources.14

The responses were scored from 1 to 3, where: 1 indicated that the elderly person was able to
perform the skill without difficulty in handling; 2 indicated that they were able to perform the skill,
but with difficulty in handling; and 3 showed that they were unable to perform the skill. 14

Satisfaction  with  the  application  content  was  assessed  by  the  Suitability  Assessment  of
Materials  (SAM),  which  makes  it  possible  to  assess  the  target  audience's  understanding  of  the
educational material.22,23  Finally, user experience with digital health technology was assessed using
the System Usability Scale (SUS), a tool that measures elderly user usability.24,25

2.5. Ethics statement
The  study  follows  the  Declaration  of  Helsinki  Principles.  The  research  was  ethically

approved (CAAE), no. 58433922.0.0000.5659, registered in the Brazilian Registry of Clinical Trials
(ReBEC), registration RBR-6wgkzs8, and in the Research Ethics Committee of the University of São
Paulo (USP),  registration no.  5.725.081. The participants signed the Free and Informed Consent
Form (FICF), being informed about the research, its minimal risks and their rights, including the
option to withdraw without consequences.

2.6. Statistical analysis 

Data were processed and analyzed using IBM SPSS Statistics 25.0 and Microsoft Excel 2019.

For a complete view of the data, measures of central tendency and dispersion, such as mean and

standard deviation (SD),  were calculated,  as  well  as representations in  percentage values.  Initial

similarity between groups was analyzed with Student's t-test for socioeconomic variables, years of

education, and age.

https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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An intention-to-treat  analysis  was performed using  up to  5-level  multiple  imputations  to

address  missing  data  and  preserve  the  intention-to-treat  (ITT)  principle.  In  this  approach,  all

participants  will  be included as  per  their  initial  assignment  to  the study,  regardless  of  treatment

adherence or other discontinuities. Multiple imputation was used to estimate missing data, creating

up to five complete data sets.

To examine the effect of time (pre x post), group (intervention x control) and the interaction

between them (time x group) on the outcome measures, generalized linear mixed models (GLMM)

were  used.  The  data  were  adjusted  for  interference  variables,  namely  age,  sex,  education  and

socioeconomic status.

Model fit was assessed using the Akaike information criterion (AIC), considering four types

of covariance matrices. The model with the best fit, according to the AIC, was selected based on the

diagonal  covariance  matrix.  Analyses  were  conducted  with  95% confidence  intervals  and a  5%

significance level. For multiple comparisons, the Bonferroni post-hoc test was used, and Cohen's

effect size was calculated to provide a clinical interpretation of the results: small (d = 0.2), medium

(d = 0.5), large (d = 0.8), and very large (d > 1.0).

3. Results
This  study involved a sample of 40 elderly women, aged between 59 and 69 years.  The

application group included 21 participants, while the control group was composed of 19 individuals.

The sociodemographic variables of both groups presented a balanced distribution.

Regarding  the  mean  age,  Student's  t-test  indicated  no  significant

difference between the application group (63.95 ± 3.15) and the control group

(64.32 ± 2.64), as represented by the statistical equation, T(38) = −0.392; p =

0.697. Student's t-test also showed that the mean years of  schooling of  the

application group (11.65 ± 2.96) and the control group (12.16 ± 2.69) is not

significant, as demonstrated by the statistical equation T(37) = −0.559; p =

0.579.

Student's  t-test revealed that the mean economic classification for  the

application group (29.43 ± 9.75) does not differ significantly from the mean

economic classification points of the control group (34.11 ± 11.48), represented

by the statistical equation T(38) = −1.392; p = 0.172. Despite the difference in

https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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the mean points, both groups (application and control) are classified in category

A, being A2 and A1 respectively.

Digital  competencies  were  assessed  using  a  semi-structured  questionnaire  based  on  the
MCDMSenior, administered before and after the intervention in the application and control groups.
Detailed results are presented in Table 1.
Table 1

https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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Significant differences were observed between the intervention and control groups
after the application use period. Specifically, skill 2 showed a significant effect of time (F =
7.329, p = 0.010) and time*group interaction (F = 4.897, p = 0.033), while skill 3 exhibited a
significant effect of time (F = 5.002, p = 0.031).
Regarding effect sizes, the intervention group demonstrated a moderate effect on competence
2 (Cohen’s d = 0.634), and low effects on competences 1 and 5 (Cohen’s d = 0.219 and
Cohen’s d = 0.239), respectively. On the other hand, the control group showed a moderate
effect  on  competence  1  (Cohen’s  d  =  0.521),  and  low  effects  on  competences  4  and  5
(Cohen’s d = 0.429 and Cohen’s d = 0.316), in that order.

The Suitability Assessment of Materials (SAM) instrument and its Content Validation

Index (CVI) were used to measure participants’ satisfaction with the application. The average

obtained in  the  evaluation  was 35%, and the  (CVI)  presented  an  average  value  of  0.66.

Consequently, the application elements were categorized as “inadequate or unacceptable”,

according to the established criteria.

Usability was measured separately using the System Usability Scale (SUS), together

with the Consistency Value Index (CVI), which seeks to evaluate the user experience with

digital health technologies. The average measured by the instrument was 71.5 points, and the

CVI showed 0.70 as the average value obtained. Therefore,  the usability and CVI of the

application  were  described  as  “average”,  according  to  the  criteria  established  by  the

instrument.

4. Discussion

The study reveals an initial uniformity in the sociodemographic characteristics of the

groups analyzed,  demonstrating the robustness of  the research.  The observed consistency

reflects effective randomization of participants, which is crucial for validating the results,

minimizing potential biases and strengthening the credibility of the findings. Consistency in

these  attributes  is  essential  to  ensure  that  any  observed  effects  are  attributable  to  the

interventions and not to external factors.26,27 

The findings show that participants were predominantly from economic class A, and

had, on average, 12 years of schooling. It is observed that elderly people with higher incomes

have a greater understanding of digital skills,28 and greater propensity to adopt technologies

and perceive them as useful.29 Furthermore, elderly people with higher levels of education are

more likely to use smartphones and health apps, corroborating the results of this research.30,31

Therefore, the results of this study offer a comprehensive analysis of the digital skills

assessed  in  the  sample  of  elderly  people,  revealing  specific  areas  for  continuous

7https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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improvement.

In  competence  2,  which  assesses  Internet  navigation  skills,  the  moderate  effect  size  of
Cohen’s d in the intervention group (0.634) suggests that the application contributed to the
development  of  this  skill.  Studies  show a  positive  association  between  Internet  use  and
cognitive  performance  among  older  adults,32 highlighting  the  need  for  personalized
technology training for older adults with varied cognitive abilities and experiences.33

In  competence  1,  focused on the  use  of  basic  technologies,  a  moderate  effect  of

Cohen’s d was observed in both the intervention group (0.219) and the control group (0.521).

This indicates that participants in both groups improved fundamental skills, such as turning

on and off the cell phone and installing mobile applications. These skills not only facilitate

social interaction and access to health and well-being services, but also significantly promote

autonomy and digital inclusion.2,34

In competence 5, which assesses digital communication, showed a small Cohen’s d effect in
both  groups  (0.239,  0.316),  recommending  a  low  impact  on  this  specific  aspect  of
participants’ digital skills. This underscores the complexity of digital communication among
older  adults  and highlights the continued need for tailored interventions to overcome the
specific barriers faced by this age group.34

Regarding competence 4, which measures the ability to conduct online research, a

small Cohen effect was observed in the control group (0.429), while in the intervention group

there was no significant difference (0.087). However, a more detailed analysis of the raw data

revealed  a  reception  about  the  participants'  practices  regarding  Internet  research.  Some

research  suggests  that  older  adults  who  seek  health  information  online  may  risk  stress,

excessive anxiety, and emotional distress.35

Thus,  this  skill  increases  independence  in  seeking  health  information,  reduces

misinformation, and improves the ability to make one’s own decisions.36 Digital interventions

aimed at educating individuals on selecting reliable online health information have shown

significant  improvements  in  participants  ability  to  assess  the  credibility  of  information,

emphasizing the value of this training in combating misinformation during events such as the

COVID-19 pandemic.37

Regarding the satisfaction findings, carried out by the SAM instrument, they indicated

that, despite offering meetings to familiarize themselves with the use of the application, the

educational  materials  provided  in  the  application  were  considered  “inadequate  or

unacceptable” for the participants. This suggests that the content may be too complex, and

not well adapted to the needs of the users, or not presented in a clear and accessible way.22

8https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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However,  the  difficulty  in  satisfying  the  elderly  regarding  the  use  of  mobile

applications is not limited to the complexity of the content. Recent studies indicate that lack

of familiarity with technology, fear, and insecurity when handling electronic devices, as well

as visual, motor and memory difficulties, are significant barriers for this population.38,39

Phrases from participants who used the app, highlighting that, although the app was
easy to use, they still faced fears and difficulties, showing the presence of barriers related to
ageism: “While the support is great, and I appreciate that they thought of me, I do worry
about appearing incapable in front of younger people.”… “I understand how to use the app,
but I still feel like I’m doing something wrong. The younger people seem to do everything so
quickly, while I’m still learning.”

Other  phrases  emphasize  the  difficulty  in  asking  for  help,  especially  for  family
members or younger people: “Although the app is highly recommended, I prefer to use it
when I go for walks with new friends so as not to bother my family. My grandchildren are
good  with  technology,  but  I  feel  like  I'm  taking  time  away  from  other  more  important
activities,  and  they  always  complain  and  look  sullen.”  …  “The  app  is  great  for  its
practicality, but I'm afraid of seeming like a burden. I often feel insecure and prefer to ask for
help only when I'm with the girls, who also don't know how, and we end up laughing about
it.”

The SUS questionnaire assessed the usability of a system, while the IVC measured the

quality of the content. Both revealed “average” results.38 A complementary study highlights

that effective usability involves the integration of design and functionality, ensuring that users

can not only operate the application, but also absorb and apply the information provided.39

Therefore, it is crucial that developers and educators work together to create content

that is both informative and easily digestible for older adults. Integrating user feedback into

the design and iterative testing phase can be an effective strategy to achieve this goal. This

approach is essential to improving the user experience, ensuring that digital products not only

meet functional needs but also promote intuitive and enriching interaction.40

Despite  the  significant  results,  this  project  has  some  limitations  that  must  be

considered.  First,  the  sample  size  was  small.  The  complexity  of  the  guidance  and

technological and technical support during the implementation of the intervention justifies the

recommendation of reduced samples for this type of study. Larger samples could make the

quality of the support offered unfeasible. Even so, this reduced sample may have limited the

generalization of some study outcomes. 

Another  limitation  highlighted  is  the  short  intervention  period  used  in  the  study.

Short-term interventions may not fully capture the long-term effects of mobile app use on

9https://preprints.jmir.org/preprint/76725 [unpublished, non-peer-reviewed preprint]
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older adults’ digital skills. It is therefore suggested that future studies include longer follow-

up periods to better assess the sustainability and lasting impact of digital interventions.

Finally, an important recommendation is to apply the results in other scenarios and contexts
beyond the one studied. Replicating the study in different settings, such as urban and rural
communities, different socioeconomic and cultural levels, can provide additional insights into
the effectiveness of the mobile application in different elderly populations.

5. Conclusion
This study analyzed the impact of a mobile application on promoting digital skills among
older adults. The results show that the application significantly contributes to improving these
skills, including basic technology use, internet navigation, and online research. Furthermore,
it  is essential to understand the difficulties encountered by this group when using mobile
applications and to promote continuous improvements through qualitative studies. Usability
and  user  satisfaction  are  essential  to  ensure  the  acceptance  and  effectiveness  of  mobile
applications,  especially  in  supporting  the  health  needs  of  older  adults.  Therefore,  the
development of technologies adapted to this target audience should be a priority, aiming at
digital inclusion and the promotion of health and well-being.
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