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Abstract
Background: Successful eHealth applications require careful assessment to ensure their ease of use, usefulness, and user
satisfaction. Responsive web applications are eHealth tools that operate on any internet-enabled device across all browsers.
Psychometrically valid assessment tools are essential for effectively evaluating these applications, yet no validated eHealth
questionnaire exists for assessing their usability and user satisfaction in Mexico.
Objective: The objective of this study is to adapt the mHealth App Usability Questionnaire (MAUQ) for responsive web
application assessment in Mexico and validate adapted Mx-MAUQ content, construct validity, internal consistency, and its
ability to distinguish between patient subgroups.
Methods: We conducted a psychometric validation study of Mx-MAUQ with women aged 20 to 75 diagnosed with stage I-III
breast cancer who had begun neoadjuvant or adjuvant treatment within the last six weeks and used the responsive “OncoMama
App” for 1 month. The study excluded women with stage IV breast cancer, illiterate women, and those with blindness,
cognitive disability, or severe depression. Participants were recruited from oncology services at 4 hospitals belonging to the
Mexican Institute of Social Security between August 2023 and November 2024. The study involved translating and adapting
the MAUQ while evaluating its content through expert panels and cognitive interviews with women. The Mx-MAUQ construct
was assessed through exploratory factor analysis (EFA), internal consistency via Cronbach α, and Mx-MAUQ’s capacity to
distinguish between subgroups of patients with breast cancer using the Wilcoxon rank sum test.
Results: A total of 210 women participated, with 75.2% (n=158) aged 60 or younger and 64.3% (n=135) having high school
education. The expert panel granted all Mx-MAUQ items a content validity index (CVI) above 0.7. Experts have found that the
MAUQ questions are general enough to be relevant not only to mobile apps or specific medical conditions but also to a variety
of digital platforms, including responsive web applications and different health conditions. The cognitive interviews revealed
3 unclear terms in the questionnaire; consequently, we defined “application interface” and changed “social settings” to “social
environments” and “manage my health” to “take care of my health.” EFA identified 2 factors explaining 91.6% of the variance
and retaining all items. The first factor, “Ease of Use,” consists of 9 items and has a Cronbach α of .94. The second factor,
“Satisfaction, Usefulness, and System Information Arrangement,” includes 12 items and has a Cronbach α of .97. Women with
higher education levels scored significantly higher for both factors, as well as the overall Mx-MAUQ score, than those with
lower educational attainment.
Conclusions: Mx-MAUQ showed satisfactory psychometric properties based on EFA, internal consistency, and discriminant
analysis, making it a suitable tool for a comprehensive assessment of the usability of interactive web-based eHealth applica-
tions for women with breast cancer in Mexico.
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Introduction
Over the past three decades, the integration of digital
technologies in health services has offered significant
opportunities to address health care systems challenges,
enhancing access to and quality of care through person-cen-
tered digital interventions [1].

The successful integration of digital or eHealth interven-
tions in health practice depends on their rigorous develop-
ment, implementation, and assessment [2]. These processes
should guarantee that a digital system allows users to perform
tasks easily, safely, and effectively, while getting a satisfac-
tory experience [3]. Consequently, having psychometrically
valid tools to assess the usability of digital health applications
is an essential requirement.

In Mexico, the federal government acknowledges the
importance of eHealth strategies to improve access, coverage,
and quality of health services nationwide, yet research and
implementation of eHealth in the country is limited.

Breast cancer is the leading cause of morbidity and
mortality from malignant diseases among Mexican women
[4]. Many women in public hospitals report unmet supportive
care needs and care quality issues [5,6]. To address these
challenges, we developed an eHealth intervention featuring
a responsive web application (named “OncoMama App”) for
tracking symptoms and supportive care needs, along with
proactive follow-up by nurses [7]. Responsive web applica-
tions are web-based eHealth tools that work on any device
with Internet access and can be opened in any browser. Users
can access them via a URL, which eliminates the need for
app store downloads. Additionally, they are generally cheaper
to develop and easier to update than mobile apps [8]. The
“OncoMama App” is an interactive responsive web applica-
tion for patients with breast cancer. It captures personal and
clinical data, tracks symptoms, and supportive care needs.
The application includes tools to assess quality of life, links to
resources from breast cancer organizations in Mexico, and the
ability to automatically send emails with non-pharmacologi-
cal recommendations for patients with breast cancer and with
mild symptoms. For individuals experiencing and registering
moderate to severe symptoms, instant automated notifications
are sent to nurses to follow them up via phone [7,9].

The comprehensive evaluation of web-based eHealth
applications requires appropriate tools. In Mexico, the System
Usability Scale (SUS) was previously adapted and validated
[10,11]. This questionnaire aims to assess the usability of
general electronic systems, with a primary focus on ease of
use; however, it overlooks elements such as system useful-
ness, system information arrangement, and user satisfaction.
Additionally, the Computer Systems Usability Questionnaire
(CSUQ) has been validated [12]. However, this question-
naire also lacks questions related to usefulness. Furthermore,

neither of these questionnaires was developed specifically for
eHealth applications.

The mHealth App Usability Questionnaire (MAUQ) is a
comprehensive, psychometrically validated tool designed to
assess the usability of mobile health (mHealth) apps [13].
Developed in English in the United States, MAUQ has 4
versions; each version is tailored to the type of app interac-
tion—standalone or interactive—and the user—patients or
providers. MAUQ measures ease of use and satisfaction,
system information arrangement, and usefulness of mobile
apps. The patient versions of the MAUQ have been translated
and validated for various countries, populations, and types
of mHealth apps, including the Enable app for patients with
cancer in Germany [14], the DIGICOG-MS app for individ-
uals with multiple sclerosis in Italy [15], the LactApp for
breastfeeding women in Spain [16], the “Good Doctor” and
“Left-handed Doctor” mHealth apps in China [17,18], and the
MyFitnessPal app in Malaysia [19]. Nonetheless, it has not
yet been validated in Mexico, even its comprehensive nature
and emphasis on eHealth, unlike the SUS and CSUQ, which
do not possess these features. Therefore, the objective of this
study was to translate the interactive version of the MAUQ
for patients into Mexican Spanish, adapt it for the responsive
web application, and perform psychometric validation of the
translated and adapted questionnaire.

Methods
We conducted the psychometric validation study of MAUQ
as part of a broader research project designing and evalu-
ating an eHealth intervention that combines a responsive
web application registry to capture symptoms and supportive
care needs of women with breast cancer and their proac-
tive follow-up by nurses. The design, implementation, and
evaluation protocol of this intervention have been published
elsewhere [7].
Study Population and Eligibility Criteria
The study population included women between 20 and 75
years diagnosed with stage I-III breast cancer who have
started neoadjuvant or adjuvant treatment with chemotherapy
or radiotherapy within the past 6 weeks; have access to the
internet via mobile phone, computer, or tablet; and provided
written informed consent. The study excluded women with
stage IV breast cancer, illiterate women, and those with
blindness or low vision not corrected with glasses, cognitive
disability (eg, Alzheimer disease, other dementias, or other
mental illness with intellectual disability), or severe depres-
sion (≥12 points on the Hospital Anxiety and Depression
Scale).

Participants received training from the study nurse on
using the “OncoMama App” in their cellphones before its use.
They were advised to use it for registering cancer symptoms
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or adverse treatment effects or to record the absence of
symptoms weekly.

Study Location
Participants were recruited from oncology services at 4
hospitals belonging to the Mexican Institute of Social
Security (IMSS) (three in Mexico City and one in Puebla)
between August 2023 and November 2024. IMSS is the
largest public health service in Mexico, delivering health care
to more than 70 million individuals (57% of the popula-
tion), primarily workers in the formal labor market and their
families. The hospitals chosen for the study were selected
based on convenience, encompassing all facilities in Mexico
City and Puebla that provide care for women with breast
cancer.

Study Variables
The primary study variable was the usability of a responsive
web application. To measure this variable, we performed
translation, adaptation, and psychometric validation of the
interactive version of MAUQ for patients. This questionnaire
measures the ease of use, satisfaction, system information
arrangement, and usefulness of the digital app. It has 21
items measured on a 7-point Likert-type scale (from strongly
disagree to strongly agree) and grouped in three domains: (1)
ease of use and satisfaction (8 items); (2) system information
arrangement (6 items); and (3) usefulness (7 items). The
overall score is obtained by adding the scores of all items
and dividing it by the total number of items.

Information was also collected on the demographic and
clinical characteristics of patients. These variables included
age (<60 y or ≥60 y), education level (secondary school or
lower, or high school and above), cancer stage (I, II, or III),
type of treatment (radiation therapy or chemotherapy), and
the presence of chronic diseases prior to the cancer diagnosis
(yes or no).
MAUQ Validation Process
The validation of the MX-MAUQ was conducted in two
stages: (1) translating the MAUQ and adapting and evaluat-
ing content validity, considering the web-based nature of the
application, and (2) assessing its construct validity, internal
consistency, and subgroup differentiation abilities.

Stage 1
The MAUQ translation followed the recommendations of the
World Health Organization to ensure quality and consistency
with the original questionnaire [20]. A bilingual transla-
tor translated it into Mexican Spanish, and another trans-
lator performed a back-translation into English. Following
this, a review was conducted to verify the consistency of
the back-translated version with the original questionnaire,
leading to the creation of the final translation (Multimedia
Appendix 1). No significant changes were made to the
wording of the original MAUQ during the translation process.
A panel of experts comprising 3 oncologists, 1 radiation
oncologist, 2 oncology nurses, a psychologist, and a health
services researcher conducted the content validation of the

Mx-MAUQ. Due to the “OncoMama App” focusing on
patients with breast cancer, the expert group consisted of
individuals who provide care for these patients at IMSS
and have experience using mobile and web applications and
questionnaire validation. The number of experts was based
on Lynn’s suggestion, recommending at least 5 and no more
than 10 to ensure adequate control of random agreement [21].
Prior to the validation of the MAUQ content, the expert group
had access to the “OncoMama App” and engaged with it for
3 weeks to become acquainted with its features. Following
this interaction with the application, the experts assessed the
relevance of each Mx-MAUQ item to evaluate the usability
of the studied responsive web application and the appropri-
ateness of its language. Each item was rated as follows:
1=“not relevant,” 2=“useful but not relevant or not feasible,”
or 3=“relevant” to assess the usability of the responsive web
application. The experts’ responses were compiled, and the
content validity index (CVI) was calculated using the formula
(ne-N/2)/(N/2), where “ne” is the number of experts who
deemed the item relevant, and “N” is the total number of
experts [22].

After the expert group’s validation of the questionnaire,
we conducted 2 rounds of cognitive interviews [23], each
with 9 patients with breast cancer, to assess the clarity,
comprehension, and relevance of the content of Mx-MAUQ
perceived by women. To achieve saturation, we followed
Willis et al.’s recommendation of conducting 1-3 rounds
of 8-12 interviews each [24]. The expert group reviewed
the interviews, identifying and modifying terms that were
misunderstood or irrelevant to the women interviewed.

Stage 2
Construct validity was conducted by exploratory factor
analysis (EFA). The sample size for construct validity was
estimated at around 10 patients per question of the question-
naire to obtain adequate stability of the factorial structure
during the validation process [25], with a minimum required
sample of 210 patients. For this analysis, we used responses
from patients with breast cancer participating in the eHealth
intervention with a web application registry, who completed
the Mx-MAUQ during the first assessment after 1 month of
application use. The questionnaire was self-administered, and
the data were collected through a web application.

The exploratory factor analysis used the principal axis
factorization method based on a polychoric correlation matrix
[26], due to the asymmetric distribution of most items of
the questionnaire. The Promax oblique rotation was used
based on the assumption that the factors are related to each
other. The relevance of this analysis was confirmed by
the Kaiser-Meyer-Olkin (KMO) sampling adequacy measure
greater than 0.5 and Bartlett’s sphericity test, which proved
that the observed correlation matrix was different from the
identity matrix [27]. The number of factors was determined
by (1) the number of eigenvalues greater than 1.0 and (2) the
sedimentation graph, considering the cut-off point where the
graph curve becomes horizontal. Factor loadings ≥0.4 were
considered significant, so items with lower factor loadings
and those items associated with more than 1 factor should be
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eliminated from the analysis [28]. In addition, the percentage
of variance explained by each factor and the communality of
each item were calculated.

The questionnaire’s reliability was assessed using
Cronbach α, which helped evaluate the internal consistency
of items within the same category, with values greater than
0.7 deemed acceptable [29].

The Mx-MAUQ’s ability to differentiate between
subgroups of women with breast cancer was evaluated
through the Wilcoxon rank sum test, which compared the
median Mx-MAUQ scores (by factor and total score) of
women from different subgroups considering characteristics
such as age, educational attainment, chronic comorbidity,
cancer stage, and treatment type. We hypothesized that
patients aged 60 and older, with secondary education or
less, chronic diseases, advanced cancer (stage III), and those
undergoing radiation therapy would report lower usability of
responsive web applications compared to their counterparts.

In addition, a descriptive analysis was performed to
describe the women’s demographic and clinical characteris-
tics, as well as to examine the distribution of responses to
each item of the Mx-MAUQ using frequencies and percen-
tages of the categorical variables and median with interquar-
tile range of the numerical variables, due to their non-normal
distribution.

Stata V.17.0 (Stata) was used for the analysis and a P
value of≤.05 was considered statistically significant.
Ethical Considerations
The study was authorized by the National Research and
Ethics Committees of the Mexican Institute of Social Security
(R-2021-785-059). It was conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki.
Participants signed an informed consent form prior to joining
the study. The researchers ensured the privacy and confiden-
tiality of the participants' data and identities. All electronic
data were stored on password-protected computers, and only

deidentified data are reported in this paper and the supple-
mentary material. Participants in the study did not receive any
compensation for their involvement.

Results
Content Validation and Cognitive
Interviews
During content validation, all items received a CVI above
0.7 from the expert panel (see Multimedia Appendix 2),
eliminating the need for any removals. However, some items
were reordered within domains for better flow of questions.
Furthermore, the first round of cognitive interviews identi-
fied several unclear terms, including “application interface,”
“social settings,” and “manage my health.” To make these
terms clear, we incorporated the definition of the term
“application interface,” describing it as “the visual way
in which the contents and images of the application are
presented” (item 2). Similarly, we modified the terms “social
settings” to “social environments” (item 5) and “manage my
health” to “take care of my health” (item 17). The second
round of interviews confirmed clarity and understanding of
the revised items.
Descriptive Analysis
Table 1 presents the demographic and clinical characteristics
of 210 patients with breast cancer who were included in the
construct validation phase of the questionnaire and comple-
ted the 1-month evaluation of the “OncoMama App.” These
patients included 50 women from the pilot test of the clinical
trial and 160 women from the actual clinical trial. The data
reflects the responses of those who completed the 1-month
assessment first. The median age of the women was 51 years,
with 75.2% (n=158) being 60 or younger. Over half had a
high school education or higher (n=135, 64.3%), and about
one-third had a chronic condition before cancer diagnosis;
42.4% (n=89) were at clinical stage III, and 88.1% (n=185)
received chemotherapy.

Table 1. Women demographic and clinical characteristics (N=210).
Women characteristics Values
Age (years), median (quartile 1, 3) 51 (42-59)
Age group, n (%)
  <60 years 158 (75.2)
  ≥60 years 52 (24.8)
Educational attainment, n (%)
  Secondary school or lower 75 (35.7)
  High school or higher 135 (64.3)
Cancer stage, n (%)
  I-II 121 (57.6)
  III 89 (42.4)
Treatment type, n (%)
  Radiation therapy 25 (11.9)
  Chemotherapy 185 (88.1)
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Women characteristics Values
Chronic comorbidity, n (%)
  No 141 (67.1)
  Yes 69 (32.9)

There were no missing responses on Mx-MAUQ question-
naire items. Respondents tended to agree or strongly agree
with the items in the Mx-MAUQ instrument. The most
endorsed items were: “I felt comfortable communicating
with my health care provider using the app” (n=124, 59.1%
strongly agree and n=59, 28.1% agree); “The app made
it convenient for me to communicate with my health care
provider” ( n=119, 56.7% and n=67, 31.9%); “The app would

be useful for my health and well-being” (n=116, 55.2% and
n=71, 33.8%); and “Overall, I am satisfied with this app”
(n=115, 54.8% and n=67, 31.9%). The items that showed
the lowest percentage of “strongly agree” responses were
“Whenever I made a mistake using the app, I could recover
easily and quickly” (n=77, 36.7%) and “This app has all the
functions and capabilities I expect it to have” (n=83, 39.5%)
(as shown in Table 2).

Table 2. Descriptive statistics of the Mexican version of the interactive mHealth App Usability Questionnaire (Mx-MAUQ) (N=210).

Items

Strongly
disagree,
n (%)

Disagree,
n (%)

Some-what
disagree,
n (%)

Neither agree
nor disagree,
n (%)

Some-what agree,
n (%)

Agree,
n (%)

Strongly
agree,
n (%)

Q1: It was easy for
me to learn to use the
app.

3 (1.4) 9 (4.3) 16 (7.6) 22 (10.5) 18 (8.6) 51 (24.3) 91 (43.3)

Q2: I like the
interface of the app.

3 (1.4) 1 (0.5) 2 (0.9) 13 (6.2) 14 (6.7) 79 (37.6) 98 (46.7)

Q3: The app was
easy to use.

4 (1.9) 4 (1.9) 15 (7.1) 25 (11.9) 16 (7.6) 57 (27.1) 89 (42.4)

Q4: The information
in the app was well
organized, so I could
easily find the
information I needed.

2 (0.9) 3 (1.4) 9 (4.3) 15 (7.1) 17 (8.1) 66 (31.4) 98 (46.7)

Q5: I feel
comfortable using
this app in social
settings.

2 (0.9) 2 (0.9) 5 (2.4) 19 (9.1) 22 (10.5) 60 (28.6) 100 (47.6)

Q6: The amount of
time involved in
using this app has
been fitting for me.

3 (1.4) 4 (1.9) 7 (3.3) 17 (8.1) 17 (8.1) 67 (31.9) 95 (45.2)

Q7: I would use this
app again.

1 (0.5) 1 (0.5) 2 (0.9) 14 (6.7) 15 (7.1) 63 (30.0) 114 (54.3)

Q8: Overall, I am
satisfied with this
app.

1 (0.5) 2 (0.9) 1 (0.5) 10 (4.8) 14 (6.7) 67 (31.9) 115 (54.8)

Q9: This mHealth
app provided an
acceptable way to
receive health care
services.

1 (0.5) 1 (0.5) 2 (0.9) 14 (6.7) 9 (4.3) 70 (33.3) 113 (53.8)

Q10: The app
adequately
acknowledged and
provided information
to let me know the
progress of my
action.

1 (0.5) 1 (0.5) 2 (0.9) 17 (8.1) 14 (6.7) 70 (33.3) 105 (50.0)

Q11: The navigation
was consistent when
moving between
screens.

3 (1.4) 1 (0.5) 4 (1.9) 22 (10.5) 20 (9.5) 67 (31.9) 93 (44.3)
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Items

Strongly
disagree,
n (%)

Disagree,
n (%)

Some-what
disagree,
n (%)

Neither agree
nor disagree,
n (%)

Some-what agree,
n (%)

Agree,
n (%)

Strongly
agree,
n (%)

Q12: The interface of
the app allowed me
to use all the
functions (such as
entering information,
responding to
reminders, viewing
information) offered
by the app.

2 (0.9) 3 (1.4) 6 (2.9) 24 (11.4) 22 (10.5) 63 (30.0) 90 (42.9)

Q13: This app has all
the functions and
capabilities I expect it
to have.

2 (0.9) 1 (0.5) 10 (4.8) 20 (9.5) 20 (9.5) 74 (35.2) 83 (39.5)

Q14: Whenever I
made a mistake using
the app, I could
recover easily and
quickly.

5 (2.4) 4 (1.9) 6 (2.9) 41 (19.5) 17 (8.1) 60 (28.6) 77 (36.7)

Q15: The app would
be useful for my
health and well-
being.

1 (0.5) 2 (0.9) 1 (0.5) 9 (4.3) 10 (4.8) 71 (33.8) 116 (55.2)

Q16: The app
improved my access
to health care
services.

1 (0.5) 2 (0.9) 1 (0.5) 12 (5.7) 13 (6.2) 78 (37.1) 103 (49.1)

Q17: The app helped
me manage my health
effectively.

1 (0.5) 2 (0.9) 1 (0.5) 15 (7.1) 16 (7.6) 77 (36.7) 98 (46.7)

Q18: The app made it
convenient for me to
communicate with
my health care
provider.

1 (0.5) 2 (0.9) 1 (0.5) 13 (6.2) 7 (3.3) 67 (31.9) 119 (56.7)

Q19: Using the app, I
had many more
opportunities to
interact with my
health care provider.

2 (0.9) 1 (0.5) 2 (0.9) 18 (8.6) 15 (7.1) 65 (31.0) 107 (51.0)

Q20: I felt confident
that any information I
sent to my provider
using the app would
be received.

1 (0.5) 2 (0.9) 1 (0.5) 15 (7.1) 11 (5.2) 64 (30.5) 116 (55.2)

Q21: I felt comforta-
ble communicating
with my health care
provider using the
app.

1 (0.5) 2 (0.9) 1 (0.5) 15 (7.1) 8 (3.8) 59 (28.1) 124 (59.1)

Exploratory Factor Analysis
The construct validity of the Mx-MAUQ was assessed using
a polychoric correlation matrix, which revealed moderate
to very high positive correlations among all items, with
correlation coefficients ranging from 0.38 to 0.91 (see
Multimedia Appendix 3). The appropriateness of the factor
analysis was corroborated by a high sampling adequacy
measure (KMO=0.94) and a significant result from Bartlett’s
test of sphericity (P<.001).

Table 3 presents the results of the factor analysis,
including item loadings for the rotated factor solution, items’
communality, and the percentage of total variance explained.
The analysis identified 2 factors, with all items retained in
the final version of the Mx-MAUQ, as they had acceptable
loadings (greater than 0.40) and did not show association with
more than 1 factor. The communalities for all 21 items ranged
from 0.62 to 0.91. The 2 identified factors together explained
91.6% of the variance.
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Table 3. Factor analysis and internal consistency of the Mexican version of the interactive mHealth App Usability Questionnaire (Mx-MAUQ)
(N=210).

Items

Factor loadings

CommunalityEase of use
Satisfaction, usefulness, and
system information arrangement

Q1: It was easy for me to learn to use the app. 0.93 −0.18 0.67
Q2: I like the interface of the app. 0.53 0.39 0.71
Q3: The app was easy to use. 0.94 −0.12 0.75
Q4: The information in the app was well organized, so I could
easily find the information I needed.

0.66 0.25 0.72

Q5: I feel comfortable using this app in social settings. 0.69 0.28 0.80
Q6: The amount of time involved in using this app has been
fitting for me.

0.72 0.20 0.75

Q7: I would use this app again. 0.29 0.67 0.79
Q8: Overall, I am satisfied with this app. 0.31 0.70 0.87
Q9: This mHealth app provided an acceptable way to receive
health care services.

0.05 0.90 0.88

Q10: The app adequately acknowledged and provided
information to let me know the progress of my action.

0.12 0.81 0.80

Q11: The navigation was consistent when moving between
screens.

0.73 0.23 0.81

Q12: The interface of the app allowed me to use all the
functions (such as entering information, responding to
reminders, viewing information) offered by the app.

0.67 0.30 0.81

Q13: This app has all the functions and capabilities I expect it to
have.

0.29 0.59 0.65

Q14: Whenever I made a mistake using the app, I could recover
easily and quickly.

0.67 0.16 0.62

Q15: The app would be useful for my health and well-being. 0.12 0.85 0.87
Q16: The app improved my access to health care services. 0.11 0.82 0.80
Q17: The app helped me manage my health effectively. 0.00 0.95 0.91
Q18: The app made it convenient for me to communicate with
my health care provider.

−0.01 0.92 0.85

Q19: Using the app, I had many more opportunities to interact
with my health care provider.

−0.02 0.93 0.84

Q20: I felt confident that any information I sent to my provider
using the app would be received.

−0.03 0.88 0.74

Q21: I felt comfortable communicating with my health care
provider using the app.

0.01 0.85 0.73

Total
% of the total variance 9.1 82.5 91.6
Cronbach α .94 .97 .97

Internal Consistency
The first factor, “Ease of Use,” consists of 9 items (1-6, 11,
12, and 14) and has a Cronbach α of .94. The second factor,
“Satisfaction, Usefulness, and System Information Arrange-
ment,” includes 12 items (7-10, 13, and 15-21) and has a
Cronbach α of .97. The overall Cronbach α for all items in
the Mx-MAUQ is 0.97. The presence of only 2 factors in
MX-MAUQ is different from the original MAUQ, which has
3 factors, including “Ease of Use and Satisfaction” (items
1‐8), “System Information Arrangement” (items 9‐14) and
“Usefulness” (items 15‐21), according to the order of the
adapted Mx-MAUQ (as shown in Table 3).

Discriminant Validity
Table 4 presents the results of the analysis examining the
differentiation of Mx-MAUQ scores across subgroups. The
findings indicate that women with an education level of high
school or higher reported significantly higher scores for the 2
factors, as well as a higher total Mx-MAUQ score, compared
to women with less than a secondary education. No statisti-
cally significant differences were observed among the other
subgroups.
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Table 4. Differentiation of the Mexican version of the interactive mHealth App Usability Questionnaire (Mx-MAUQ) (N=210).

Variable Ease of use
Satisfaction, usefulness, and system
information arrangement Total score

Median Z statistica P value Median Z statistica P value Median Z statistica P value
Age group
  <60 years 6.2 1.71 .09 6.5 −0.38 .70 6.4 0.90 .36
  ≥60 years 6.0 6.5 6.0
Educational attainment
  Secondary school or more 5.9 −2.60 .009 6.2 −2.35 .02 6.0 −2.71 .006
High school or more 6.2 6.7 6.5
Chronic comorbidity
  No 6.2 1.52 .13 6.5 −0.08 .93 6.4 0.60 .54
  Yes 6.0 6.5 6.0
Cancer stage
  I-II 6.1 0.06 .95 6.7 1.23 .22 6.3 0.36 .72
  III 6.1 6.4 6.2
Treatment type
  Radiation therapy 6.3 1.16 .25 6.4 −0.86 .39 6.3 0.26 .79
  Chemotherapy 6.1 6.6 6.3

aWilcoxon rank- sum test

Discussion
Principal Findings
The MX-MAUQ, adapted and validated for a web applica-
tion for women with breast cancer in Mexico, demonstra-
ted acceptable psychometric characteristics. The MX-MAUQ
content validity was confirmed by an expert panel and
cognitive interviews with women, who suggested minor
changes for clarity. The EFA identified 2 factors explaining
91.6% of the variance and retaining all items. The “Ease of
Use” factor had 9 items, and “Satisfaction, Usefulness, and
System Information Arrangement” contained 12 items. The
reliability showed a Cronbach α above .9 for each factor
and the overall questionnaire. Women with higher education
levels scored significantly higher on the Mx-MAUQ than
those with lower educational attainment.

The results showed a strong relevance of Mx-MAUQ
content for evaluation of responsive web applications. The
content validity results in our research (CVI from 0.75 to
1.00) were consistent with the study by Zhao et al [17] in
China, where an item-level CVI varied from 0.85 to 1.00.
Experts have found that the MAUQ questions are general
enough to be relevant not only to mobile apps or specific
medical conditions but also to a variety of digital platforms
and health issues. While we did not use a face validity index
to assess how understandable the questionnaire was for users,
as was done in the study by Mustafa et al [19] in Malaysia,
the results from cognitive interviews confirmed understanda-
bility of most items and resulted in minor adjustments to the
final Mx-MAUQ. These findings are consistent with previous
validation of the MAUQ to assess multiple apps designed
for different purposes and user groups, like the “Left-handed
Doctor” mHealth app in China for medical consultations

and orientation of the general population [18], LactApp
for women in Spain to address their breastfeeding-related
concerns [16], the Enable app for cancer patients in Germany
for ePRO registration and monitoring the side effects of
treatment [14], the DIGICOG-MS app for cognitive evalua-
tion of individuals with multiple sclerosis in Italy [15], and
the MyFitnessPal app in Malaysia to determine the caloric
intake and weight goals and provide nutritional advice for
the app users [19]. In light of this evidence, the MAUQ and
Mx-MAUQ could potentially be applied to any mHealth or
eHealth app designed for different populations.

The EFA confirmed the retention of all 21 items. This
finding aligns with previous studies where no items were
discarded [17,18]. However, the items were grouped into
just 2 factors (domains): “Ease of Use” and “Satisfaction,
Usefulness, and System Information Arrangement,” which
is different from the 3 factors identified in the American
MAUQ and a Chinese adaptation [13,17]. In the current
research, the domain “System Information Arrangement”
was not maintained as an individual factor; its components
were incorporated into the “Ease of Use” domain (the first
6 items) and “Satisfaction, Usefulness, and System Infor-
mation Arrangement” Mx-MAUQ domain (the rest of the
items). Additionally, questions related to satisfaction left the
original “Ease of Use and Satisfaction” domain and passed
to the new “Satisfaction, Usefulness, and System Information
Arrangement” domain. These differences could be attributed
to characteristics of our sample, which included only women
with breast cancer. Previous studies identified that limiting
data heterogeneity can reduce the numbers of factors retained
[30].

The analysis of the polychoric correlation matrix showed
a positive correlation among all items, with values ranging
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from 0.38 to 0.91. This result aligns with the study con-
ducted by Shan et al [18], which also reported significant
positive correlations among the 21 items, ranging from 0.68
to 0.92. Additionally, similar to the studies conducted in
China [17,18], our study showed a KMO measure above 0.9,
indicating a good sample adequacy for EFA. Furthermore, we
used a cutoff value of 0.4 to determine the factor loadings for
the items, and no items displayed multiple factor loadings
exceeding this threshold. This contrasts with the original
version validated by Zhou et al [13], which used a lower
cutoff point of 0.32. In their study, some items had factor
loadings lower than 0.32 or multiple factor loadings greater
than the cutoff value; however, the authors chose to retain
those items based on their previous experience in mHealth
app usability studies. The Mx-MAUQ accounted for 91.6% of
the variability in the items, a variance value that is signifi-
cantly higher than the 63.8% reported in the validation study
by Zhao et al [17] for the 21-item scale.

We identified strong internal consistency of the Mx-
MAUQ with an overall Cronbach α of .97. The values for
Domain 1 and Domain 2 were 0.97 and 0.94, respectively.
These results are consistent with the original version of the
MAUQ, which had a Cronbach α of .93, and with other
adaptations of the same questionnaire [13,17,18].

The Mx-MAUQ demonstrated superior psychometric
characteristics compared to previously adapted and validated
usability tools in Mexico. For example, Sevilla-González et
al [10] validated the SUS for adults using a dietary website
and focused solely on the content validity and reliability of
the questionnaire, reporting a Cronbach α of .81. Hedlefs-
Aguilar et al [11,12] evaluated both the SUS and CSUQ
among university students using an educational platform. The
researchers found that EFA indicated the SUS accounted for
only 52.8% of the explained variance, with a Cronbach α
of .59, while the CSUQ explained 77.5% of the variance
and had a Cronbach α of .96. In contrast, our study ach-
ieved significantly better results, with EFA showing 91.6% of
explained variance and a Cronbach α of .97.

Most women rated the breast cancer application very
positively, achieving higher usability scores than those found
in an MAUQ validation study in China [18], where users of
the “Left-handed Doctor App” mostly answered “agree” to
usability items, while our study respondents primarily said,
“strongly agree.” This difference likely reflects the more
reserved and pragmatic nature of Chinese culture compared
to Mexican culture, resulting in more favorable evaluations of
the “OncoMama App” [31]. Given the substantial correlation
among the existing items and the consistently high scores
observed, future research is recommended to test a short form
of this questionnaire by eliminating items that convey similar
meanings.

Additionally, our analysis of Mx-MAUQ results by
subgroups revealed that women with low levels of education
experienced lower usability with mHealth apps compared
to those with higher educational attainment. These differen-
ces may be due to the challenges that individuals with less
schooling face when using digital tools, such as navigational

difficulties and those related to interpreting and analyzing
information [32]. To ensure these tools are used effectively,
digital literacy training is necessary for those with low levels
of schooling.

We expect that using the adopted and validated Mx-
MAUQ to assess responsive web applications will enable a
comprehensive evaluation of usability, usefulness, satisfac-
tion, and the organization of system information for emerg-
ing eHealth apps in Mexico. This will assist digital health
developers and researchers in refining their eHealth innova-
tions by identifying and addressing the challenges faced
by users. Additionally, policymakers can leverage insights
from this questionnaire to select and integrate innovative,
user-friendly apps into health care practice, thereby enhancing
the quality of care for both patients and providers.

Limitations
The study has several limitations. First, the validation

of the Mx-MAUQ was conducted exclusively with women
diagnosed with breast cancer at 4 IMSS hospitals in 2
Mexican cities. This could restrict the generalizability of
the results to a wider population, potentially underrepresent-
ing the varied socioeconomic backgrounds of breast cancer
patients throughout Mexico, as IMSS covers primarily those
from the formal labor market and their families, excluding
women from the informal labor sector, particularly those
living in rural areas who may lack reliable internet access.
We also excluded illiterate women or those with cognitive
disabilities. We believe these women would need a speci-
alized application that takes into account their illiteracy
and disability and is likely to center on their caregivers
to record supportive care needs and negative effects of
treatment and provide care according to the application and
nurses’ recommendations or use the voice function to register
symptoms and to provide recommendations. Therefore,
future studies could benefit from Mx-MAUQ validation in
caregivers of illiterate patients and those with visual or mental
disabilities to reach broader generalizability of the results.

Second, unlike the American and Italian versions of
the questionnaire [13,15], this study did not examine
the convergent validity of the Mx-MAUQ in relation to
other similar instruments that assess usability, which is an
important aspect of construct validation [33]. Third, we did
not conduct confirmatory factor analysis (CFA) to validate
the factor structure with an additional independent sample
because our pilot study and clinical trial of the OncoMama
app included only 50 and 205 patients, leaving us short
of the other 210 needed for CFA. Future studies should
confirm the Mx-MAUQ’s 2-domain structure using CFA with
a larger, more diverse Mexican sample that includes both
urban and rural users, as well as caregivers of illiterate and
disabled patients. Finally, we did not assess usability over an
extended period, so future research could include longitudinal
evaluations to track changes in usability perceptions.

Strengths
The study’s strengths include the absence of incomplete

data and the inclusion of a diverse sample of breast cancer
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patients regarding age, educational background, chronic
comorbidities, cancer stage, and treatment type. Additionally,
we conducted subgroup analyses that enhanced the validity of
the Mx-MAUQ assessment.
Conclusions
Mx-MAUQ showed satisfactory psychometric properties
based on EFA, internal consistency, and discriminant

analysis, making it a suitable tool for a comprehensive
assessment of the usability of interactive web-based eHealth
applications for women with breast cancer in Mexico.
Additionally, this research can be a benchmark for the
validation of the interactive version of MAUQ in other
Spanish-speaking countries, with the goal of evaluating the
usability of eHealth web and mHealth apps for patients with
cancer or individuals with other chronic diseases.
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