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Abstract

Objective: To evaluate the quality and inspect the usability of the Home and
School Food Consumption (CADE) application. Methods: This was a cross-
sectional study conducted with an online tool developed for mobile devices
(smartphones and tablets) to assess the food intake of schoolchildren. Five
specialists in Human-Computer Interaction (HCI) performed the heuristic
evaluation of the application, also evaluating the degree of severity of the prob-
lems found. Five health professionals evaluated the quality of the application
and answered a questionnaire, which included 21 questions. The frequency of
heuristic violations, the most reported problems, and the average severity of the
heuristics were estimated. Results: A total of 74 usability problems were iden-
tified, of which 17.8% violated the heuristic of flexibility and efficiency of use.
Conclusion: The use of the application was considered easy to learn how to
use by health professionals, who made several suggestions for improving the
application.
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1. Introduction

The development and use of technologies to collect dietary data in childhood has

been widespread in the last decade, but is still scarce in low- and middle-income
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countries, such as Brazil. Some examples are web-based software and mobile phone
applications [1]. These tools offer advantages in standardizing and streamlining
data collection time, reducing participants’ workload, increasing estimates’ accuracy,
and curbing research costs [2].

In this sense, the Home and School Food Consumption (CADE) application
was developed considering the scarcity of available tools that assess the food con-
sumption of Brazilian schoolchildren. It is an online tool created for mobile de-
vices (smartphones and tablets) that assesses the food intake of Brazilian schoolchil-
dren in all their food environments, emphasizing home and school environments
[3].

However, when developing a new technology, it must be evaluated for its usabil-
ity. The ISO 9241 standard defines usability as “the extent to which specific users
can use a system, product, or service to achieve specific goals such as effectiveness,
efficiency, and satisfaction in a specific context of use” [4]. This is an essential step
in the development of technology, as it allows identifying problems and errors that,
when corrected, increase the effectiveness and efficiency of the client’s use of the tech-
nology, avoiding inconsistencies, reducing the learning time for use, and increasing
client satisfaction with the tool [5].

One of the methods for evaluating the usability of software is usability inspec-
tion, which can be applied at any stage of application development. Heuristic Eval-
uation (HE) is the most widely used [6] among the existing inspection methods. In
this assessment, a small group of Human-Computer Interaction (HCI) experts, usu-
ally three to seven experts, analyze the interfaces and judge their characteristics based
on recognized principles called heuristics to identify possible design errors that com-
promise the system’s usability [7]. This method also indicates the level of severity
and possible solutions for the observed problems [8].

The system’s overall quality in terms of usability can also be analyzed through
questionnaires with users who are not HCI experts. In this case, the evaluation is
called a survey evaluation. It aims to identify qualitative aspects considered necessary
for the system’s context and estimate the overall satisfaction of the system’s users [9].
Thus, this study aimed to evaluate the quality and inspect the usability of the Home
and School Food Consumption (CADE) application.

2. Methods
2.1. Study Design and Population

This cross-sectional study selected a convenience sample of 10 usability experts,
indicated by the research group of the interactive web and multimedia systems
laboratory of the Institute of Mathematical and Computer Sciences of the Univer-
sity of Sao Paulo, to evaluate the application’s usability inspection, of which five
agreed to participate in the test. All professionals had a doctorate in the field and
HCI experience. We also adopted a convenience sample of 13 health professionals
with experience in food consumption assessment or knowledge of the use of tech-

nologies applied in dietary assessment. Participants were selected by searching for
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CVs on the Lattes platform or studies published in the established fields. Five of
these professionals agreed to participate in the test.

According to Nielsen [10], the creator of heuristic evaluation, the participation
of five information technology professionals—preferably usability experts—is suf-
ficient to identify approximately 75% to 80% of the usability issues. Furthermore,
the author suggests that usability studies involving end users, such as the one con-
ducted with nutritionists in the present research, can also achieve reliable results

with just five participants [11].

2.2. CADE Application—Home and School Food Consumption

The CADE application—Home and School Food Consumption (INPI-BR512021
001151-1)—is an online tool developed for mobile devices, such as smartphones
and tablets, to assess the food intake of Brazilian schoolchildren aged 4 to 9. It is
the only Brazilian technology that quantitatively and qualitatively assesses food
consumption in all the children’s food environments. The CADE application has
three user interfaces: school, home, and the interface for entering data previously
collected on paper or in another tool. The school environment records what the
child eats at school through a food record. The home environment includes the
child’s food intake inside and outside the home, which must be recorded by the per-
son responsible for the child at home who knows the child’s diet on the previous
day through a 24-hour multi-step recall combined with a Food Propensity Question-
naire (FPQ).

2.3. Data Collection

The tests were conducted in two stages: first, the application was inspected by five
HCI experts using the Heuristic Evaluation (HE) method. Before the evaluation,
each expert received an email with instructions on how to access the mobile ap-
plication (available only for the Android operating system), with the link to down-
load the application, login, password, and three codes for a fictitious child to ac-
cess the three interfaces of the application: school, home, and data previously col-
lected on paper.

Since the heuristics developed by Nielsen are intended for desktop systems, that
is, they do not involve the evaluation of mobile devices, these heuristics have un-
dergone several revisions and have been adapted for new technologies, such as mo-
bile devices and tablets [10], over the years. In this context, Gresse von Wangenheim
[12], based on a systematic review, adapted Nielsen’s traditional usability heuris-
tics for touchscreen mobile applications through a structured three-step process.
First, the set of heuristics was decomposed into a collection of measurement items
representing the abstract quality construct of usability. These items were then oper-
ationalized into a questionnaire (referred to as a checklist), grounded in device-spe-
cific interpretations and common usability problems. Finally, the checklist was val-
idated through an empirical study, in which the results of 247 heuristic evaluations

were statistically analyzed using Item Response Theory (IRT).
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Therefore, a set of 10 principles and guidelines that represent the heuristics adapted
for the context of Touchscreen cell phones and validated by Gresse von Wangenheim
[12] was proposed based on the 10 heuristics proposed by Nielsen [10].

The heuristics were unified in a checklist and available in the cloud via a Google
spreadsheet. Besides the proposed heuristics, the checklist allowed the evaluator
to add more heuristics if they identified any problems or errors during the evaluation.
The evaluators received an email link to the checklist to inspect the entire system,
comparing the application interfaces with the heuristics to identify possible inter-
face errors.

Thus, each expert recorded the problem(s) found in the application, the violated
heuristic, the location where the problem was found, how the problem was identi-
fied, and its level of severity, which was divided under the scale proposed by Niel-
sen: 1) Not a usability problem; 2) Cosmetic problem (lower severity); 3) Minor
problem; 4) Major problem; 5) Catastrophic problem (greater severity) [10]. Sug-
gestions for improvement were also collected. The test was conducted remotely from
April 12 to June 12, 2023.

Then, five healthcare professionals evaluated the application. Before the evalu-
ation, each professional received an email with instructions for accessing the mobile
application (available only for the Android operating system), including a link to
download the application, login, password, and codes for the fictitious child related
to the school and home environments. The email also contained a video demon-
strating each application interface and an instruction manual for accessing the ap-
plication.

After accessing the application, the professionals evaluated the quality of the CADE
application. Then, they completed an electronic questionnaire made available via
the Google Forms platform, consisting of eight blocks of questions regarding the
application’s functionalities and food items in the school and home interfaces, total-

ing 21 questions. The test was run remotely from June to August.

2.4. Data Analyses

The usability problems found were categorized by problem type identified and
violated heuristic type. The frequencies of the problems mentioned, the heuristics
violated, and the mean severity of the most reported problems by each heuristic

principle were estimated, and the problems identified were described.

3. Results

A total of 88 usability problems were found in the evaluation carried out by HCI
professionals. Four of these did not fit into any heuristic and referred to the abrupt
termination of the application for unidentified reasons. After grouping the reported
problems based on similarity, 74 distinct problems were identified, which violated
the heuristic principles 135 times, and 43 problems violated more than one heuris-
tic. An evaluator identified a new heuristic besides the previously proposed heuris-

tics, which he called “error prevention” (Table 1).
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Table 1. Frequency of heuristic violations (%) and the mean severity of problems found by

each heuristic principle.

Frequency of heuristic

Heuristics violations Mean severity score
(minimum - maximum)
n %
Flexibility and usage efficiency 24 17.8 39(2-5)
System status visibility 21 15.6 43(2-5)
System control and freedom 21 15.6 43(2-5)
Consistency and patterns 19 14.0 34(2-5)
Correspondence between the system 1 81 4(2-5)
and the real world
Recognition instead of remembrance 9 6.6 4.5(3-5)
Little human/device interaction 8 6.0 43(3-5)
Readability and layout 8 6.0 2.8(2-4)
Aesthetics and minimalist design 7 5.1 4(2-5)
Physical interaction and ergonomics 5 3.7 4.1(3-5)
Error prevention 2 1.5 5(-)
Total 135 100

The most violated heuristics were “flexibility and usage efficiency” with 17.8%
(n = 24), “system status visibility” with 15.6% (n = 21), and “system control and
freedom” with 15.6% (n = 21). On the other hand, the heuristics “error prevention”
1.5% (n = 2), “physical interaction and ergonomics” 3.7% (n = 5), and “aesthetics
and minimalist design” 5.1% (n = 7) were the least violated (Table 1).

Most heuristics were violated by severe or catastrophic usability problems (mean >
4), with the highest mean severity found for problems associated with the heuris-
tics “error prevention” (mean 5), “recognition instead of remembrance” (mean 4.5),
“system status visibility” (mean 4.3), “system control and freedom” (mean 4.3), and
“little human/device interaction” (mean 4.3). The lowest mean severity was found
for problems associated with the heuristic “readability and layout” (mean 2.8) (Ta-
ble 1).

When analyzing the nature of usability problems, the heuristic evaluation revealed
10 problems identified by more than 1 evaluator, and “unable to advance or go back
through the application screens” was the most reported (n = 4) and had the highest
level of severity. Other problems with the highest level of severity were “registered
food field appeared blank after registration”, “unable to modify registered child data”,
and “food information presented on different screens” (Table 2).

In the quality assessment conducted by healthcare professionals, the CADE app
was considered easy to learn and use. However, some of the feedback provided by

these professionals corroborates issues previously identified by HCI experts. These
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similarities are evident, for instance, when healthcare professionals reported that
the mobile app interface did not effectively support the process of completing the
required information—40% (n = 2) (Table 3)—and that the questions regarding
commonly forgotten foods were perceived as repetitive and tiring—60% (n = 3)

(Table 4).

Table 2. Usability problems most reported by evaluators by severity classification.

Severity
Most reported usability Number of
Mean
problems evaluators Cosmetic X . Catastrophe K
i Minor Major i severity
(minor) (major)
score

Unable to advance or go
back through the 4 0 0 0 4 5
application screens

Registered food field
appeared blank after 2 0 0 0 2 5
registration
Unable to modify
. . 2 0 0 0 2 5
registered child data
Food information
presented on different 2 0 0 0 2 5
screens
Record of commonly
forgotten foods and 3 0 1 0 2 4.3
drinks
Buttons do not reflect the 3 0 0 ) ) 43
tasks when clicked
Time field 3 0 1 1 1 4
Long waiting time for
login and password to 3 0 1 1 1 4
appear
The system does not save
, 2 0 2 0 0 3
login data
Screen colors 3 1 2 0 0 2.7
Total 24 2 10 5 15

Regarding the section of questions related to completing the 24-hour recall in
the home environment, only one professional reported the absence of a field to
specify the reported day or noted a missing item among the selection options (Ta-
ble 4). In the section addressing the detailed description of food items in both
school and home settings, the majority of professionals (60%, n = 3) experienced

difficulties accurately detailing food items, selecting appropriate food portion pho-
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tographs, or uploading meal images. Additionally, 40% (n = 2) recommended mod-

ifications to the question concerning repeated foods and reported challenges doc-

umenting food leftovers (Table 4). With respect to the application overall, 60% of

healthcare professionals characterized their initial impression of the app as average,
while 40% rated it as good.

Table 3. Frequency of responses from healthcare professionals in assessing the quality of the Home and School Food Consumption

(CADE) application.

Question blocks about the application

Yes

Comments

%
General questions about the application
Difficult to learn how to use the application 0
“The back-and-forth buttons on the phone itself were confused with
The mobile application interface did not assist in the buttons on the app.”
the development of the steps for filling in the 40 “Keyboard covering the green buttons (next, finish).”
requested information “It’s hard to go back and correct things.”
“It takes too many clicks to perform actions.”
Some application functionality takes longer to 30 “Filling in the food consumption at home.”
respond “The Food Propensity Questionnaire part.”
S feat fusi “For YOGURT, the picture did not appear when I clicked
ome app features are confusing or
PP . . 8 40 ‘children’s bowl, see picture’. This also happened with other foods.”
inappropriate «
Some foods were not easy to find.
Step on general information about the child
S field di 1 infa tion about
ofme Tields regarcing gerera Tnormation abou 20 “A field to enter the child’s date of birth.”

the child are missing

Table 4. Frequency of healthcare professionals’ responses (%) about the interfaces and the Home and School Food Consumption

(CADE) application’s functionalities.

Question blocks about the application’s interfaces and ~ Yes
Comments
features
n %
Assessment of the home environment interface
There was a missing field to include on the reported day 1 20 “Daily water consumption.”
Some item(s) is (are) missing in the fields that have selection 20 “Review the list of supplement frequencies. Adapt them to the
options recommendations of the Ministry of Health.”
Repotting of food items (school and home environment)
“Difficulty finding the food item on the list.”
Difficult to report a food item 2 40 “The app’s ‘Continue’ button is below the keyboard.”
“Restricted list of food items.”
Questions about commonly forgotten foods (school and
home environment)
There was a question missing in the commonly forgotten 0
foods stage
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Continued
Questions about commonly forgotten foods are tiresome or - “The question about fluid intake.”
repetitive “Having to answer when a food item is forgotten.”
Detailing of food items (school or home environment)
“I couldn’t see the pictures of the children’s cups because they
Difficulty in detailing food items 3 60 didn’t open.”

“The photo took a long time to load (more than 1 minute), and
I gave up.”
“The photo didn’t appear; it took a long time to load (more

Difficulty selecting a picture of the food portion 3 than 1 minute), and I gave up.”

“The truth is that the items are in alphabetical order, which

There is a missing field for completing information about
& pleting 40 doesn’t make much sense, e.g., when you search for ‘meat’ the

the details of food it
¢ cetalls of food ftems first thing that appears is mashed meat, for example.”

“It ends up influencing someone to repeat a food that has
Suggested any changes to the question about repeating foods 2 40 already been reported. So, it doesn’t make sense to ask whether
someone ate the food when they have already reported it.”

You disagreed with how the question was asked about the

origin of the food consumed by the child in a school 0 0
environment
“The program crashes, and I can’t cancel it after waiting 7
Difficulty in taking a picture of the meal 3 60 minutes.”
“My camera didn’t open.”
“I didn’t get there.”

Difficulty recording leftovers of a food item 2 40

Rl & “I didn’t find that option.”

Assessment of the home environment interface

I would add/remove some options in the field regarding
meal consumption locations

I would include some other selection options in the question
about doing activities while the child ate

4. Discussion

The CADE application was considered easy to learn and use by professionals with
experience in food consumption assessment. However, IT professionals identified
74 distinct usability problems, of which more than half were considered to be of a
higher level of severity.

The “flexibility and usage efficiency” heuristic was one of the most violated and
associated with problems most reported by experts. One of the problems that vi-
olated this heuristic was found in the screens referring to questions about frequently
forgotten foods, in which the expert described that when answering “yes” to an item
forgotten to be reported, the entire flow starts again, not returning to where the user
left off. The violation of this heuristic indicated that the application interface needs
to meet the needs of lay and experienced users, allowing users to interact quickly
as they become familiar with the interface.

The most frequently reported issues also violated the “system control and free-

dom” heuristic. HCI experts pointed out that it was impossible to return to previous
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steps depending on when the form was completed, which prevented users from
changing the child’s data in the application. Healthcare professionals have also re-
ported this same issue, suggesting that it is a severe problem that should be fixed
as a priority. As an improvement, experts suggested that the app allow users to go
back to previous steps using a back button.

The comparison of this study’s results with current academic literature is limited,
considering that no national or international study evaluating usability inspection
using the heuristic evaluation method in a technological tool applied primarily for
dietary assessment was found. The studies are mainly international and emphasize
usability inspection of technologies used for health purposes. However, we identi-
fied studies that performed usability tests of technologies applied in the children’s
dietary assessment, but with their end users, which is different from the present
study’s analysis that investigated the usability inspection by an HCI expert. Thus,
the comparison presented here was made considering similar studies.

Among the Brazilian studies found, we can mention the work by Ruggeri et al [13],
who tested the usability of a Health and Food Monitoring System—School Nutri-
tion (NUTRISIM), a computerized system for data collection, assessment, and mon-
itoring of the schoolchildren’s health and nutritional status. In this study, 17 IT pro-
fessionals evaluated the tool’s usability via the Systems Usability Questionnaire to
express their opinions regarding six metrics (ease of learning and recall, error con-
trol, efficiency, effectiveness, and satisfaction). Like the present study, the authors
observed that the system was easy to understand and use.

The “aesthetics and minimalist design” heuristic was one of the least violated
heuristics in the present study, in contrast to the study in the United States by Fu et
al. [14], who found more violations for this heuristic when evaluating the usability
inspection of four applications developed to assist in the treatment of diabetes. Re-
garding the severity of all problems found, the values obtained by the authors were
similar to ours: the authors categorized more than half of the problems as significant
usability and catastrophic and a smaller number of cosmetic problems.

Although heuristic evaluation is an inspection method remarkably capable of find-
ing usability problems, it is recommended to associate heuristic evaluation with other
usability evaluation methods, such as user testing [15]. The two usability evaluation
methods complement each other, as heuristic evaluation involves experts interact-
ing with the interface to identify issues, while user testing employs questionnaires
or interviews to gather users’ opinions and experiences [16] [17].

One of the results found in the present study by health professionals was the ease
of learning how to use the application. A similar result was found in the study con-
ducted by Davies et al. [18], which aimed to report the discussions of focus groups
held with nutritionists about the Food Consumption and Physical Activity of School-
children (CAAFE) questionnaire, a tool for online monitoring of food intake of
schoolchildren aged 7 to 10 years. One of the results found by the authors was the
ease of use of the instrument’s online version.

Also, in the study by Contreras-Guillén ef al [19], which aimed to develop an
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automated open-access tool (MAR 24) for collecting 24 hR using the multi-step
method for adults in Argentina, seven nutritionists performed a qualitative and
quantitative evaluation of the tool, and 71.4% of the professionals reported that the
tool is easy to use.

In the present study, the CADE app was considered easy to learn and use by
professionals experienced in dietary intake assessment. Moreover, it was observed
that the issues identified by HCI specialists closely matched those reported by
healthcare professionals. A common problem noted by both groups was difficulty
navigating forward and backward within the app screens, which impeded the cor-
rection of reported information. Both groups also indicated that the section for re-
cording commonly forgotten foods and beverages was repetitive and tiresome, and
that certain app buttons were confusing and did not function as expected.

One limitation of the present study is the lack of evaluation of one of the CADE
application interfaces. This interface was developed to allow the entry of dietary
data previously collected in the traditional dietary assessment format (paper). Alt-
hough this interface had been instructed to be tested, HCI experts did not test it,
and healthcare professionals made no comments. However, this interface is similar
to the home environment interface tested. Therefore, we consider that the prob-
lems identified for the home environment are relevant to the interface that was not

tested.

5. Conclusions

This study was not conducted to identify all the CADE application’s usability prob-
lems. However, it demonstrated that heuristic evaluation with a few experts can iden-
tify many usability problems and improve the application. In this sense, considering
the problems reported in the heuristic evaluation is vital for improving the applica-
tion’s overall usability, product quality, and user satisfaction.

The evaluation of the CADE app’s interfaces and functionalities by healthcare
professionals was valuable, as the findings of this study will enable the improvement
of the tool and contribute to future usability studies involving technologies that as-
sess dietary intake, particularly in childhood. It is important to highlight that this
study was the first to conduct a usability inspection using the heuristic evaluation
method on a technology designed to assess the dietary intake of school-aged children,
thus providing a foundation for subsequent research on this topic.

The results of this study will improve the CADE application and be useful for
computing and health experts interested in bettering the usability of mobile device
applications. Therefore, the application’s refinements should focus on the most se-
vere problems and those most reported in tests, such as not being able to advance or
go back through the application’s screens, the registered food field appearing blank
after registration, unable to modify the registered child data; food information pre-
sented on different screens; difficulty in detailing food items, registering a photo of
the meal, and selecting a photo of the food portion, and record of commonly forgot-

ten foods and drinks.
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