Battiato S, Caponnetto P, Leotta R, et al. Development and User Evaluation of a Food-
recognition app (FoodRec): Experimental Data and Qualitative Analysis (v2). Health
Psychology Research. doi:10.52965/001¢.70401

General

Development and User Evaluation of a Food-recognition app
(FoodRec): Experimental Data and Qualitative Analysis (v2)

Sebastiano Battiato, Pasquale Caponnetto, Roberto Leotta Giovanni Marotta Alessandro Midolo, Alessandro Ortis °,
Riccardo Polosa

Keywords: mobile app, food recognition, addiction, diet self-monitoring, mood detection, dietary inference

h ://doi.org/10.52965/001¢.70401

Health Psychology Research

Background

different studies revealed strong correlation between smoking cessation and a worsening
of the diet, whose consequence include loss of appetite, weight loss, etc.

Objective

the objective of FoodRec project is to exploit technology to monitor the dietary habits of
people during their smoke quitting process, catching relevant changes which can affect
the patient health and the success of the process. This work was an uncontrolled pre-test
post-test open pilot study in which an interdisciplinary group created an app for food
recognition (FoodRec) to monitor their mood status and dietary habits during the test
period.

Methods

participants used the FoodRec App for two consecutive weeks for usability and suitability
assessment. Tests included 149 smokers involved in a smoke quitting process, aged
between 19 and 80. For the quantitative test, data were analyzed regarding users features,
meals uploads, mood states and drink intakes. For the qualitative test, a user evaluation
test of the app has been performed with four assignments being carried out on a group of
50 participants.

Results

the App was perceived as extremely user-friendly and lightweight. It also turned out to be
useful in the perception of users’ dietary habits and helpful in relieving the stress of a
food intake reduction process.

Conclusion

this work investigated the role and impact of the FoodRec App in a large international
and multicultural context. The experience gained in the current study will be used to
modify and refine the large international RCT protocol version of the app.

INTRODUCTION

Researchers have long known that smoke quitting protocols
very often determine strict correlations with dietary habits’
changes of individuals involved in the smoking cessation
process,! which is frequently linked to weight gain, eating
and mood disorders, especially in the initial period of absti-

nence.23 Conversely, counseled changes of dietary habits
result crucial to make the smoke quitting protocols success-
ful.4

To support a clinical smoke quitting protocol applica-
tion, emerging technologies can be exploited, especially
the ones that results pervasive in the daily life of the in-
volved patients, i.e., personal mobile apps by means of
which monitoring-related data,>® under an automatic or
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user-driven paradigm, can be inputted. Collected data can
indeed represent a consistent database both for centralized
automated tools, as well as for clinicians, that will make de-
cisions and follow-ups based on the accrued data.

FoodRec’ is a food recognition mobile app which relies
on state-of-art image recognition algorithms boosted by
ultimate Artificial Intelligence techniques, aiming at pro-
viding a multidisciplinary approach to support people who
are trying to quit smoking and health personnel who help
them do it. Among all these cutting-edge technologies,
food recognition from digital images is one of the most
promising to automatically monitor food intake and dietary
changes8-10 and to draw correlations in the smoking cessa-
tion process.®’

The FoodRec app aims to favor automatic extraction of
inferred information about users’ eating habits and emerg-
ing trends from advanced analysis of images of desired and/
or eaten meals in any monitored health process, besides the
smoking cessation one, which initially started the investi-
gation that drove the design and prototyping of the techno-
logical solution detailed in this paper.

The investigation results presented hereafter refer to
users’ appreciation of the proto-typed app, based both on
standard statistical analysis of specific data required to the
test App’ users as better detailed in the next section, and on
interview specifically tailored to be filled out after the test
period.

MATERIAL AND METHODS

This study was an uncontrolled pre-test post-test open pi-
lot study in which participants tested a food recognition
app (FoodRec), created by an interdisciplinary expert
group, for two consecutive weeks to test its usability and
suitability. The pilot used a mixed methods design compris-
ing quantitative and qualitative study de-signing the app
and identifying the needs of participants. We executed us-
ability testing of the app with a purposive sample.!! The
joint effort of the multi-disciplinary group focuses both on
the replies to a semi-structured interview from three differ-
ent testing groups, aiming at highlighting strengths, open
issues, and desirable feature improvements, and on quanti-
tative collected data analysis, involving a testing group of
149 people, whose evaluation strategy leverages on well-
known statistical methodologies to confirm known behav-
ior patterns and determine unforeseen ones.

The app satisfies the software inspection criteria and se-
curity requirements of the Apple App Store and the Google
Play App Store.

ETHICAL APPROVAL

The study was approved by the IERB of the Department
of Education Sciences University of Catania and was con-
ducted in agreement with the ethical norms set by the Ital-
ian National Psychological Association. The study was per-
formed in accordance with the ethical recommendations of
the Helsinki Declaration.

APP DESIGN AND USER INTERACTION

The development of the app is the result of the collabora-
tion between computer scientists and clinician researchers
experienced in addiction, clinical psychology and dietary
changes.

The addiction cessation process could lead to severe
withdrawals, which can be associated with various negative
effects, such as irritability, weight loss or gain, eating disor-
ders. The main idea is to monitor the user’s dietary habits
and anomalies at different times during the quitting
process to assess correlations between the observed data
and known information about the cessation treatment.

All the extracted data were exploited to infer the dietary
habits, the kind and amount of taken food and how many
and at what times a user has a meal. Furthermore, some in-
ferences on user’s behavior could be carried out, i.e., mood
changes over time.

TESTING THE IMPACT OF THE APP USAGE

The FoodRec app has been tested on a group of 149 people,
aged between 19 and 80. Users had a time window of two
weeks (14-days) in which they used the app with their
smartphones, monitoring his/her dietary habits. The tests
were performed for a period of 4 months, starting on 12 Au-
gust 2020, and ending on 02 December 2020. At the end of
the test, users were asked to fill in a survey to give feedback
of their experience to improve the app features for the fu-
ture.

The extracted data were mainly used to collect user-re-
lated characteristics, such as birthdate, sex, enrollment pe-
riod, nationality, perception of weight in everyday life, and
their dietary habits, such as quantity and time of meals,
drinks intake. Special focus also on personal mood before
eating has been drawn.

The “Think-Aloud” method allows end-users to say
aloud their views, emotional state, and the comments they
make when they are testing the app.l2 Task analyses were
employed to evaluate features and the user interface of the
app.12

For the duration of the study, participants were required
to complete the tracking app daily and to attend a final on-
site visit to complete a qualitative semi-structured inter-
view with the participants to fully understand feasibility,
acceptability and how they experienced the use of the app.
The following questions were asked: “Does the app work on
your device? What challenges have you experienced using
the app? What needs to be changed before a new version?
Did the app help you? How did the app help you?”.

The interviews were conducted by two researchers and
the participants’ responses to the semi-structured inter-
view were noted during the interviews. Data was analyzed
according to the principles of qualitative description.13
Notes were summarized into key units, arranged according
to their shared content, and finally identified. A third re-
searcher reviewed the sum-ups and classes, and discrepan-
cies were fixed by dialogue.
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Table 1. User distribution by gender and age.

Gender Agerange User Percentage
count

Female <22 50 33.56%

Female 22-52 61 40.94%

Female >52 11 7.38%
Male <22 5 3.36%
Male 22-52 16 10.74%
Male >52 6 4.03%

USERS FEATURES

Table 1 shows the distribution of the 149 active smoking
users enrolled in the tests subdivided by gender and three
birthdate ranges.

In Table 2, the number of users is classified by three lev-
els of importance (“low”, “medium”, high") given by them-
selves to their weight with respect to the study and further
divided by birthdate ranges. The percentage of users has
been calculated with respect to the users’ percentage
within a certain birthdate range to provide a normalized
view of the information being examined. For each birthdate
group, the most testers are counted in the intermediate
(“medium”) range as to their perception of weight impor-
tance in every day’s life.

RESULTS
DIETARY HABITS

This subsection presents a collection of stats based on the
data automatically accrued by the app during the two-week
usage period.

During the testing phase, the involved users have per-
manently uploaded 1529 meals whose distribution is shown
in Table 3. Morning and evening snack have been intro-
duced in addition to the three traditional main meals:
breakfast, lunch, and dinner. An estimate of the average
upload daytime of meals has also been calculated as for the
five different meal categories. The average upload time is

Table 2. User distribution by weight importance and age.

skewed toward the three main meals a bit later than ex-
pected. This may suggest a certain degree of eating disorder
among the app testers, but it must be taken into account
their eating habits and some confusion in identifying the
right meal type on uploading.

The input of the user’s mood condition while uploading
the meal is another feature provided by the app. In that re-
spect, a couple of significant plots have been drawn show-
ing the distribution of the five possible conditions whose
labels have been defined as “very sad”, “sad”, “so so0”,
“happy”, “very happy” in Figure 1, corresponding to the five
mood icons in the app’s GUIL

The plot reveals that largest slice of users seems to ex-
hibit very good mood conditions while approaching food
intake, once again confirming that food is not only fuel for
the body but also for the soul.14

Another correlation shown in Figure 2 highlights that
the most favorable mood states happen at lunch time,
where the expectations from food are the highest ones, a
result that adds a new measurement to food-related emo-
tions in consumer research.!> Conversely, the bad mood
conditions are equally distributed throughout the four
meals, revealing that those conditions belong more to a
state-of-mind rather than to the meal type.

The last set of statistics are about the intakes of drinks
that the app is able to record. The histogram in Figure 3
plots the numbers of recorded intakes with respect to their
volume expressed in cl.

The histogram in Figure 4 plots the distribution of drinks
intakes throughout thirteen timeslots, where the highest
number is related to the timeslot corresponding to the
lunch’s average upload time (see Table 3).

USER EVALUATION AND USAGE WITH FEASIBILITY/
ACCEPTABILITY TESTING

The two-week (14 days) feasibility study evaluated the use
of the app in real-life settings. Participants’ attitudes to-
wards the app were examined, revealing practical and tech-
nological challenges. Adherence data, defined as at least
>75% of days (9/12) of usage, exceeded 75% of all study par-
ticipants.

Weight importance Age range User Range %
count

Low (1-3) <22 1 1.82
Low (1-3) 22-52 5 6.49
Low (1-3) >52 3 17.65
Medium (4-7) <22 33 60.00
Medium (4-7) 22-52 44 57.14
Medium (4-7) >52 10 58.82
High (8-10) <22 21 38.18
High (8-10) 22-52 28 36.36
High (8-10) >52 4 23.53
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Table 3. Meal type distribution and average upload time.

Meal type Count Percentage AVG upload time

Breakfast 373 24.40% 10:21:46

Lunch 518 33.88% 14:15:17

Dinner 366 23.94% 20:25:03

Morning Snack 45 2.94% 10:17:55

Evening snack 227 14.84% 17:31:53
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Figure 1. Mood condition while uploading meals.
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Figure 2. Mood condition, while uploading meals, by meal type.

149 participants were interviewed in person after com-
pleting the post-assessment with semi-structured ques-
tions. Participants found the app useful and declared that
it provided them with a tool of self-management support,
considering the opportunity to daily self-monitor food con-
sumption. They all reported that they would recommend
the app to family and friends. In addition, participants con-
sidered the app easy to use. However, some technical dif-
ficulties have been reported below, considering that the
feasibility testing will inform and facilitate successful app
implementation.

The detailed qualitative results of the interviews are
summarized in the following descriptive categories: App
working, App helps, Task analysis of navigating in Food Rec
App, Critical points, Changes for the new version.

APP WORKING

All participants reported to have had a good approach with
the app because it was extremely easy to use and met their
expectations. Sosme participants began to reflect on daily

nutrition, calling it “monotonous” and/or “unhealthy”, “the
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Figure 3. Drink intakes vs. intake unit quantities.
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day, something often forgotten or neglected: this could lead
to a balanced and varied diet”.

By some participants, the absence of the daily calories
calculation has been appreciated for any users suffering
from eating disorders, who may feel uncomfortable and pay
special attention to kcal. Common opinion concerns the
graphics, very pretty, with warm and bright colors that fa-
vor positive emotions.

The advice before meals and the relationship between
the emotions felt before a meal and the latter are also ap-
preciated. The reminder is also useful, although it would
prefer to be editable according to the habits of the users.

Some qualities of the app were appreciated such as the at-
tractive, streamlined and intuitive graphics of the “home”,
which allows an approach to it by an audience with a lower
mastery of the technological context. It was appreciated the
small weight that makes it easily usable on their device and
the statistical area within the app that allows easy monitor-
ing of the diet.

All participants declared that the app helped them mon-
itor their eating behavior and 86 (58%) participants re-
ported that the app helped them reduce their food con-
sumption and understand their eating behavior in a better
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Table 4. Results from task analysis.

Task assignments N Score N Score
Enter "which type of meal will be inserted” 50 3
Choose "moods that can be associated with the meal” 50 3
Carry out the image upload of the user’s meal photo 50 3
Select ingredients and add them in case the algorithm fail 40 3 10 2

way. 95 (64%) participants also reported that knowing they
had the app gave a sense of support and served as a re-
minder to regulate food intake daily.

TASK ANALYSIS OF NAVIGATING IN FOODREC APP

50 participants performed four task assignments to assess
their ability to navigate in the App. The task assignments
were performed on a smartphone used by all participants.

Each task assignment was scored by the interviewer us-
ing the codes:

3. Carries out the assignment independently,

2. Carry out the assignment with oral guidance,

1. Carry out the assignment with physical guidance,

0. Cannot do the assignment.

The results from the task analysis are printed in Table 4.

The first three task assignments: enter “which type of
meal will be inserted”, choose “moods that can be asso-
ciated with the meal”, carry out the image upload of the
user’s meal photo, were performed independently by all
participants. For the last task assignment: select ingredi-
ents and add them in case the algorithm fails, ten partici-
pant needed oral guidance.

CRITICAL POINTS

Many participants expressed the following concerns: the
function of the app is not well understood, no feedback is
provided, neither positive nor negative on the meals that
are consumed. Most think that the photograph of each meal
is time-consuming and could lead to not using the app and
often the reading of the dish does not correspond to the
dish itself, some ingredients are added, and in the dish,
instead, they are not present, and vice versa: Sometimes
the ingredients are not read. Moreover, with the absence of
some foods, it is not possible to measure the subjectivity
of users, who could consume the same meal, but with vari-
ables. Participants expressed difficulty in entering the list
of ingredients, excessively cumbersome and lacking in
terms and suggested that it would be much easier to allow
the user to enter the ingredients and food in general man-
ually.

As further critical points they suggested: the inability to
change the times at which it would be more appropriate to
receive notifications for meals, such a lack can lead the sub-
ject to forget the use at the appropriate time of the app; the
initial questionnaire presents a lack of useful data such as:
height, pathologies (mental and/or physical) that affect the
weight (hormonal decompensations etc.), any treatments,
any diet followed, intolerances and / or allergies, any ad-

dictions; Impossibility in entering the quantities relating to
the ingredients used.

CHANGES FOR THE NEW VERSION

Smoking participants, consider potentially important to
mark the count of daily cigarettes smoked to understand
how mood, food and smoking interact with each other.
Therefore, it would be useful to count the number of ciga-
rettes smoked daily, and correlate this information with all
the other data recorded by the FoodRec app. It is also im-
portant to be able to state a daily target for water consump-
tion, also creating a weekly/monthly chart. In this way, it
would be possible to trigger a scheduled notification that
reminds the user to drink according to a specific time inter-
val and target.

It would be useful to keep the mood data so that you
can look at them again later and receive feedback or up-
dates related to the food/mood association, that is, a graph
that perhaps shows the mood trend in relation to the foods
consumed. It would be interesting for women to be able to
enter data relating to menstruation, as they greatly affect
mood and choice of foods.

It is desirable to insert a graph that calculates the preva-
lence of positive or negative emotions corresponding to
the meals consumed. You could insert a recipe book, with
healthy recipes and suitable for the user.

DISCUSSION

Although the final aim of the FoodRec app is to infer corre-
lations among dietary habit changes and the smoking quit-
ting process, the presented study is focused on the degree
of appreciation of the app functionalities from a selected
group of test users. Mood status and dietary habits dur-
ing the test period were extracted by means of statistical
methodologies applied to a variety of information that the
App asked the user to input while using it and processed in
relation to test users’ features and meal types.

At the end of the study, participants’ feedback has been
collected. The majority expressed positive comments, de-
claring that it is easy to use the app and it helped them on
their daily self-monitored food consumption. Additionally,
they affirmed that they would recommend the app to family
and friends.

According to interviews, participants found the app very
useful for monitoring their daily food consumption, in par-
ticular they appreciate the absence of daily calorie kilo cal-
culation, the relation between the emotion felt before the
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meal and the meal itself, the design of the app with bright
colors that convey positive emotions and the graphics at-
traction and intuitiveness of the app’s “home”.

Efforts have been made to support and help people to
monitor their dietary habits. Lee, Ji-Eun, et al.10 developed
an app, Diet-A, that monitors dietary intake among ado-
lescents. They used a voice or text mode input to insert
each meal. Ahn, Jeong Sun, et al.1® presents a smartphone
application for dietary self-monitoring, where participants
could select food and recipe from a database and insert
their meal; nutrient intakes are evaluated, and daily statis-
tics are calculated to help the user to monitor his food con-
sumption. Both applications use a voice/text input to insert
a meal, while we chose to use the photo of the meal because
it makes the upload of it faster and more intuitive, increas-
ing the effectiveness and usability of our application.

The present study revealed some limitations. First, par-
ticipants have expressed some suggestions related to the
app usage. The app could be enriched with new function-
alities like the possibility to change the meal notification
time, improve the precision of the image recognition algo-
rithm, add the possibility to specific food, ingredients, and
increase the number of personal information that the user
can insert during the registration. In addition, it could be
possible to implement new artificial intelligence algorithms
in order to evaluate new inferences that could be useful
both for the user because he can better monitor his habits
and for us because we will be able to extract more precise
data.

CONCLUSIONS

In summary, we have preliminary tested the FoodRec App
specifically developed with the aim to visually recognize in-
gredients and related calories of eaten meals, based on pic-
tures shot and uploaded into the app by a selected group of
149 test users. App users are smokers included in a smoke
quitting process, which tested the impact of using the app
in two weeks’ time, in order to assess whether the usage of
the app would help change the dietary and smoking habits
of the participants.

The feedback suggests that the FoodRec App was per-
ceived as extremely user-friendly and lightweight. It also
turned out to be useful in the perception of users’ own di-
etary habits and helpful in relieving the stress of a food
intake reduction process that, in a considerable measure,
took place as a consequence of the app usage.

Issues related to some missing correlation between the
smoke quitting process and the food recognition approach
are to be solved with the next versions of the app, according
to the upcoming project’s phases,” which will also make
use of enhanced Artificial Intelligence techniques. Indeed,
several studies proposed to exploit Al on user taken pic-
tures and other sources for lifelogging and health appli-
cations,7-19 as well as for developing advanced tools for
large scale population survey.20

This work represents a first step towards investigating
the role and impact of the FoodRec App in a large inter-
national and multicultural context. The experience gained

in the current study will be used to modify and refine the
large international RCT protocol version of the app. More-
over, the collected data will be exploited to further inves-
tigate the relations between food images and mood,2! with
the aim to develop advanced inference tools able to moni-
tor and analyze the patient mood during the cessation pro-
gram. New data and new inferences will support our future
efforts that will be aimed to demonstrate how effective the
use of FoodRec can be in alleviating stress, irritability, and
worsening dietary eating, consequences of smoking cessa-
tion.
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