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Congratulations! You are severely
underweight—Exploring negative
consequences of persuasive
system design

Rikard Harr* and Linnea Ohlund

Department of Informatics, Umea University, Umea, Sweden

Personal health and wellbeing have grown as an object of study within HCI
research and many individuals undergoing weight loss journeys use persuasive
systems, such as weight loss apps, to guide them. These systems rely on various
principles to persuade users toward their health goal and have in much research
been considered having positive effects. There are however also parallel findings
indicating unwanted effects. To explore the effects of persuasive system design,
we conduct a longitudinal exploratory expert evaluation of 10 free weight loss
tracking apps by emulating drastic weight loss for an extended period of time.
The objective of the exploration is to unravel potential negative effects of using
such systems. Our findings highlight risks of negative effects as some apps take
a passive stance toward drastic weight loss, while others actively encourage it
through design. We contribute to a growing strand of health related HCI research
by mapping out the relation between design and negative consequences of
persuasive system use.

KEYWORDS

design, persuasive systems, weight loss apps, weight loss tracking apps, unintended
consequences

1. Introduction

Persuasive systems have grown in popularity and persuasive principles are commonly
found on websites, social media, games, and apps. These systems, purposefully designed to
motivate a behavior (often referred to as target behavior), have proven successful across
a range of studies (Webb et al., 2010; Cugelman et al., 2011; Orji and Moffatt, 2018)
in various domains. However, like all technologies, persuasive systems can have positive
as well as harmful effects on their users (Berdichevsky and Neuenschwander, 1999; Stibe
and Cugelman, 2016; Nystrom and Stibe, 2020). Alongside the increased occurrence of
persuasive systems, we have seen a growing interest in research regarding ways in which
persuasiveness can encourage positive alterations of human behavior. Researchers have
targeted a wide range of behaviors such as reduced energy use (Petersen et al., 2007),
improved study habits (Filippou et al., 2016) and the health domain has received its fair
share of attention. Scholars have, for example, studied how persuasive principles can help
individuals overcome addictive behaviors (Canale et al., 2015; Klein et al., 2019), manage
diseases (Schnall et al., 2015) and overcome mental health issues (Arshad et al., 2019). A large
part of this research focuses on explorations of how to use persuasive systems, principles and
technologies to improve personal wellbeing and wellness, covering target behavior such as
healthy eating, increased physical activity and weight management (Kaptein et al., 2012; Orji
and Moffatt, 2018; Espinoza and Baranauskas, 2020). In parallel, developers of commercial
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products such as health and fitness apps have turned their attention
in the same direction, looking for profit. The last decades the world
have seen increasingly noticeable effects of an unhealthy lifestyle
such as increased global occurrence of obesity and overweight
(World Health Organization, 2021), but also increased pressure on
individuals to look or weigh a certain way (Davison and Deane,
2010; McCabe et al., 2015; Eikey, 2021). This development creates
a golden opportunity for businesses and according to Grand View
Research (2023) the global weight management market size was in
2021 valued to 132.7 billion USD with an expected annual growth
rate of 9.7% until 2030.

Weight loss can be both necessary as well as dangerous and in
parallel with research targeting the potential of persuasive systems,
scholars have highlighted harmful aspects of such systems by
raising ethical concerns. Even if a researcher, designer, or developer
of persuasive systems has honorable intentions the fact still stands,
the aim is to change someone else’s behavior (Davis, 2009) and
outcomes are not always given. In 2006, Atkinson (Atkinson, 2006)
focused on unintended consequences of persuasive systems and
considered designers as being responsible for all intended and
unintended, as well as positive and negative, outcomes. Others
have followed and explored unintended and negative outcomes
of behavior interventions (Lupton, 2014; Nystrom and Stibe,
2020; Osman et al.,, 2020). In theory, unintended consequences
of persuasive systems use may seem like a marginal error, but in
reality, such consequences can cause long-term and harmful effects.

In the context of health and wellbeing, scholars have established
connections between persuasive system use, health and fitness
apps, and eating disorders (Levinson et al.,, 2017; Simpson and
Mazzeo, 2017; Honary et al., 2019; Eikey, 2021). Levinson et al.
(2017) established that out of 105 individuals, all diagnosed with
eating disorders, 73% considered a calorie tracking application as
contributing to their eating disorder. Honary et al. (2019) focused
on individuals aged between 18 to 25 and established that almost
every second individual had experienced negative behaviors and
experiences as a result of using healthy eating and fitness apps.
Eikey (2021) showed how diet and fitness apps caused unintended
and negative outcomes for their users by both triggering and
exacerbating symptoms related to eating disorders.

This paper builds upon work by researchers focusing on
unintended and negative consequences of persuasive systems
(Lupton, 2014; Stibe and Cugelman, 2016; Nystrom and Stibe,
2020) as well as research focusing on the relation between such
systems and eating disorders (Levinson et al., 2017; Simpson and
Mazzeo, 2017; Honary et al., 2019; Eikey, 2021). With a specific
focus on the persuasive system design of weight loss apps we
conduct a longitudinal exploratory expert evaluation of 10 free
weight loss tracking apps by emulating drastic weight loss. The
underlying motivation is to unravel how these applications respond
to drastic weight loss behavior. In the context of this paper, we
define drastic weight loss as losing more weight, and with a higher
pace, than what is recommended. The research question guiding
our work is: How does the persuasive design of weight loss tracking
apps respond to a drastic weight loss journey?

The paper is structured as follows: The following section
presents research on persuasive systems and negative dimensions
of system use, while the third section presents the methodological
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approach and introduces the 10 selected apps. Section four
describes our emulated, and drastic, weight loss journey and
how the apps responded to it, while section five is devoted to
contextualizing and discussing the results in relation to previous
research. Lastly, the paper is concluded and suggestions for further
research are provided.

2. Persuasive system research and use

In HCI, the question of how design can be used to influence
human behavior has been a focal concern for quite some time.
A starting point was Donald Norman’s work on how to design
products in such a way that they become usable and appreciated
by their users (Norman, 1998). Norman proposed a set of
simple rules consisting of making things visible, exploiting natural
relationships between function and control, and to constrain
available options with the ambition to cater for effortless and
positive user experiences. While Norman had the ambition to
support user decision making in design, others soon began to
explore how systems could purposefully be designed to influence
human behavior (Fogg, 1998, 1999). These efforts resulted in
various guidelines and principles for persuasion (Lockton, 2013)
and the emergence of persuasive systems (Cialdini, 2001; Harjumaa
and Oinas-Kukkonen, 2007; Filippou et al., 2016). This kind of
system was early on defined as” ... a computing system, device,
or application intentionally designed to change a person’s attitude
or behavior in a predetermined way” (Fogg, 1999) and even if
far from all systems can be considered persuasive, we should
expect to encounter persuasion whenever we use our mobile
phones and apps, visit websites or play video games. Persuasion
can be designed for in many different ways and while Fogg
(2003) suggested seven strategies of persuasion, Harjumaa and
Oinas-Kukkonen (2007) developed these strategies further into 28
principles divided into four specific types: primary task support,
dialogue support, system credibility support and social support.
Over time, these principles have been relied upon to promote a
wide range of behavior changes in a variety of domains (Petersen
et al., 2007; Filippou et al., 2016). Petersen et al. (2007) used
persuasive principles (data monitoring, feedback, and incentives)
to make dormitory residents reduce their use of energy and water,
while Filippou et al. (2016) relied on social support principles
and focused on improvement of study habits. A majority of the
attempts to apply persuasive strategies and principles are found
in the health domain (Canale et al., 2015; Schnall et al., 2015;
Arshad et al, 2019; Klein et al., 2019), often with a focus on
personal wellbeing and wellness, covering target behaviors such as
healthy eating, physical activity and weight management (Kaptein
et al., 2012; Orji and Moffatt, 2018; Espinoza and Baranauskas,
2020). Kaptein et al. (2012) for example relied on tailoring as a
persuasive principle and showed how short text messages tailored
for specific individuals had a better effect on snacking behavior than
randomized messages. Espinoza and Baranauskas (2020) developed
a socially-aware persuasive system to encourage healthy eating, a
system that relied on the persuasive principles of trustworthiness,
social facilitation, autonomy, emotional and sensorial motivation.
In an attempt to unravel just how effective persuasive systems
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FIGURE 1
The Intention-Outcome matrix (Stibe and Cugelman, 2016) describes outcomes of behavior interventions as either intended or unintended and as
causing either negative or positive outcomes.

are, Orji and Moffatt (2018) conducted a review of 85 published
studies, where persuasive systems had been used to induce health-
related behavior. The result showed that 64 studies, out of 85,
reported completely positive outcomes, while 17 studies reported
partially positive results. Among these studies, the most commonly
deployed persuasive principles were: Tracking and monitoring;
Audio, Visual and Textual Feedback; Social support, sharing and
comparison; Persuasive messages, reminder, and alert; and Reward,
points, credits.

Despite the broad application of persuasive systems in a
wide range of domains and their perceived value, parallel strands
of research points toward unintended and unwanted effects of
behavior interventions and persuasive systems.

A range of scholars have argued that persuasive strategies,
grounded in insights regarding human behavior, can be used to
influence individuals in ways that are not in their best interest (Stibe
and Cugelman, 2016; Gray et al., 2018; Maier and Harr, 2020).
Some researchers, such as Berdichevsky and Neuenschwander
(1999) and Fogg (2003), have focused on ethical dimensions
of persuasive strategies and the consequences these strategies
might have for those persuaded. Even if a researcher, or designer,
has the best of intentions, persuasive systems are as fraught
with impending ethical faults as other technologies and as the
purpose of these technologies is to change someone’s behavior,
things become even more complicated (Davis, 2009). Persuasive
systems should, according to Borgefalk and de Leon (2019),
assume responsibility for all realistically anticipated outcomes
and Berdichevsky and Neuenschwander (1999) present eight
principles for ethical design of persuasive technologies. One of
these principles is the golden rule of persuasion; “the creators of
persuasive technology should never seek to persuade a person or
persons of something they themselves would not consent to be
persuaded to do” (Berdichevsky and Neuenschwander, 1999, p. 52).
Atkinson (2006) promoted the notion of designer responsibility
for all consequences of use, including unpredicted, unintended
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and unforeseen. Recently, we have seen a growing interest in
explorations of effects, including unintended and negative effects,
of behavior interventions, encompassing persuasion that might, or
might not, rely on technology (Fishbach and Choi, 2012; Lupton,
2014; Stibe and Cugelman, 2016; Nystrom and Stibe, 2020). Stibe
and Cugelman (2016) focus on unintended outcomes of such
interventions and presented the intention-outcome matrix (see
Figure 1) to describe various kinds of outcomes, positive as well
as negative.

According to Stibe and Cugelman (2016) most behavior
interventions aim at a certain positive, target behavior, but can also
cause additional and unexpected, however still positive, surprise
behaviors. An intervention done to promote the target behavior
of quitting to smoke can for example have the surprise behavior
of less money being spent on cigarettes. Dark patterns is when an
intervention has an intended and negative outcome for users but a
positive outcome for stakeholders (Brignull, 2013). Scholars have
for example reported instances of dark patterns in game design
causing negative experiences for players without their consent
(Zagal et al, 2013; Linehan et al, 2015). An intervention can
also have backfiring effects (Stibe and Cugelman, 2016; Nystrom
and Stibe, 2020) that occurs when the target audience adopts
the opposite target behavior. This makes an intervention, at least
partially, responsible for undesirable, sometimes harmful, behavior
changes and could consist of an intervention that instead of
promoting healthier drinking habits results in increased drinking.
Or in the context of weight loss interventions, instead of weight
loss, could lead to weight gain. Stibe and Cugelman’s (2016) model
is incomplete in the way that it fails to recognize negative surprise
behaviors that are not oppositional to the intended target behavior.
One can easily imagine that an intervention done to promote the
target behavior of quitting to smoke can lead to an unwanted
increased consumption of sweets and candy. Alternatively, in the
context of health, that an intervention for weight loss could lead to
development of eating disorders.
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In the health domain, persuasive interventions often consist of
technological interventions, promoting healthier eating habits or
increased physical activity. Such technological interventions have
become a substantial component in the growing market of global
weight management, a market with an expected annual growth rate
close to 10% (Grand View Research, 2023). As indicated by Orji
and Moffatt (2018) such interventions can have both positive and
negative effects and Levinson et al. (2017) suggested a connection
between usage of persuasive systems and eating disorders. Out of
105 individuals, all diagnosed with eating disorders, almost three
out of four considered a calorie tracking application as contributing
to their condition. In a review of healthy eating and fitness apps
Honary et al. (2019) established that two-thirds of the apps allowed
reporting 50% less than the recommended daily calorie intake and
that almost a fifth of the apps allowed underweight goal setting.
This should be seen as hazardous in a world where at least 9% of
the global population are affected by eating disorders, one of the
deadliest mental illnesses worldwide (Arcelus et al., 2011), causing
one death every 52 min (Deloitte Access Economics, 2020). Eikey
(2021) focused specifically on the effect of diet and fitness apps
on eating disorder behaviors by conducting a three-step study
with 24 participants, all having suffered from eating disorders. The
study, based on surveys, a think-aloud exercise and semi-structured
interviews, showed how apps developed to support health and
wellbeing, caused unintended and negative outcomes for users. The
apps were considered to both trigger and exacerbating symptoms
related to eating disorders by focusing heavily on quantification
(also shown in Honary et al., 2019), providing certain types of
feedback and promoting overuse. Among other things, it was
concluded that app feedback and visualization, such as choice of
colors and messages, contributed to these negative effects. Many
participants described feelings of being rewarded when being
shown green progress bars and felt guilt, embarrassment and
shame, when being shown red visualizations, indicating that the
calorie budget had been exceeded.

With a foundation in previous research on persuasive systems
and their potential unintended and negative effects, but also in
research focusing on the relation between such systems and eating
disorders, we set out to explore how persuasive system design
respond to emulated drastic weight loss. More specifically, we
conduct a longitudinal exploratory expert evaluation of 10 free
weight loss tracking apps. This in order to unravel how these apps
respond to drastic weight loss and how they potentially pave the
way for unintended and negative consequences.

3. Method

Within the health domain it has become increasingly common
to survey and evaluate persuasive mobile systems to study aspects
such as engagement, functionality and perceived quality, or to
identify risks related to usage (Schoeppe et al., 2017; Honary
et al., 2019). Within the field of HCI we are no strangers for
similar practices and have for example developed practices for
evaluating systems by using them ourselves (Neustaedter and
Sengers, 2012) or by involving experts in the review (Rieman
et al., 1995; Tondello et al.,, 2016). In this paper we have used our
own skills as knowledgeable in the field of persuasive design. As
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we also wanted to focus on how the design of the selected apps
responded to an emulated and drastic weight loss journey, in terms
of overall weight loss and speed, we found it necessary to deploy a
longitudinal approach where the process could be traced over time.
Consequently, we decided to conduct a longitudinal exploratory
expert evaluation with the focus on exploring how persuasive
systems i.e., weight loss tracking apps, respond to drastic weight
loss behavior (in terms of overall weight loss and weight loss speed).
This type of longitudinal expert evaluation is not an uncommon
methodological approach in HCI and have for example, been used
by Galbraith et al. (2006), as well as Daudén Roquet and Sas
(2018).

3.1. Sampling—Choosing apps

According to Buildfire.com, 98% of global app revenue comes
from apps available for free, which indicates that only a small
proportion of the population are willing to pay for downloads.
This, in combination with the fact that eating disorders are
more common in younger age groups (Eikey, 2021), with limited
financial means, made us focus our sampling on apps free for
download. We are fully aware that such a focus might introduce
a bias in our sampling procedure, if we assume that purchased
apps would perform better, but given the reasons mentioned above
we decided to focus on apps available for free. Both authors were
in possession of android smartphones (Samsung Galaxy 9 and
Huaweii P30), from that a decision was made to select apps from
Google Play. On October 1st 2021, at a Swedish university, we
searched the google play store for “free weight loss tracker” and
sorted the results based on app popularity. While all weight loss
apps support users in losing weight, the ways in which it is done
differs. A weight loss tracker is an app that primarily focuses
on helping the user to keep track of their weight loss through
reoccurring logging of data. The kind of data that is commonly
logged/tracked throughout a weight loss journey is typically a
user’s weight and other kinds of measurements. Due to algorithmic
curation and personalization we relied on the search result from
one of the authors and further refined the selection of apps by
applying a set of selection criteria. These criteria, besides that apps
should be free for download, were as follows:

- A selected app should not require logging of meals and exercise
(often required in many weight loss apps) as this would
complicate the study quite radically by requiring identical, and
constant, entries in all apps.

An app should be possible to use given our research design (e.g.,
apps with free trial periods or that did not allow us to define a
weight goal were excluded).

- We also wanted to avoid including several apps from the same
provider as these are often very similar in terms of functions
and style.

We decided on the 10 most popular apps, matching our
selection criteria, that all had rankings between 1.0 and 4.8, had
at least been downloaded 100 000 times and had on average
been downloaded 2,510,000 times. In the Table 1, we present the
sampled apps.
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TABLE 1 App number, name of app, average score and number of
downloads on Google Play Store.

App Name of app Average Downloads
No. score

1. WeightFit 44 10million+
2. Simple Weight Tracker 44 500tn+
3. Weight Diary 4.6 Imn+

4. W-tracker 4.8 500tn-+
5. Monitor Your Weight 4.6 10mn+
6. Weight Control 1.0 100tn+
7. BMI Assistant 4.4 Imn+

8. Body Measurement Tracker 39 500tn+
9. aktiBMI 4.6 10mn—+
10. Weight and BMI 4.5 500tn-+

3.2. Procedure

We initiated our study on October 1st, 2021, by installing all
apps on our android smartphones. We created users, one man and
one woman, both given the age of 35 years and with a weight that,
given a length of 187 cm for the man and 176 cm for the woman,
would generate a BMI over 30 (105kg for the man and 95 kg for
the woman).

According to the American center of disease control (CDC,
2021) a person with a BMI over 25 is considered overweight,
while a person with a BMI over 30 is considered obese. BMI is
a well-established way to classify people based on their weight
and we defined weight goals that would bring us below a BMI
of 18 and consequently place us in the underweight range (CDC,
2021). Using BMI as classification tool for measuring peoples’
health is far from unproblematic (Humphreys, 2010; Tomiyama
et al., 2016). Humphreys (2010) argue for the dangers associated
with using a tool that fails to consider individual, age related
and racial differences as a proxy for health, while Tomiyama
et al. (2016) showed how BMI, in comparison to cardiometabolic
measurements, can lead to misclassifications of peoples health
status. Besides spending resources on treatments for people who
don’t need them, and failing to spend them on those who do, a
result of using BMI as a proxy for health can in many cases be
exacerbated suffering and stigmatization. In the context of this
paper we were however forced to use BMI as it is the measurement
used in the selected apps.

Given that both users should start with a BMI over 30, and
aim for a target BMI of 18, we ended up with the weight goals of
60 kg for the man and 55 kg for the woman. We set out to have an
initial weight loss pace of 2kg per week and thereby exceeding a
safe weekly weight loss of 0.5-1 kg as recommended by Centers for
Disease Control and Prevention (CDC) (CDC, 2022). CDC further
clarifies that a faster weight loss might cause health problems such
as gallstones, malnutrition, and make an individual feel unwell and
tired. Relying on these recommendations from CDC for deciding
what constitutes a drastic weight loss journey could be questioned,
especially if we add a more holistic perspective on health. One can
imagine a situation where an individual can benefit from a drastic
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weight loss, for a limited period of time, in order to reach positive
long-term effects, such as being allowed to undergo gastric bypass
surgery. Still, in order to explore our research question we found it
necessary to rely on these recommendations.

During the first week we set up our profiles and explored the
apps without logging any weight loss. This in order to try them out
and ensure they matched our selection criteria. We further explored
the information provided in the apps by going through sections
such as Terms of condition, FAQs, Info, Purpose of the app etc.,
to see if any weight loss recommendations, in terms of how fast and
how much weight it is healthy to loose, were provided. The first
weight loss was registered the 8th of October and every Friday until
the end of the study (24th and 31st of December as an additional
week was required for the male user). We further decided to allow
notifications from the apps every Monday, Wednesday, and Friday
at noon. Data was gathered, throughout the process, through a
structured weekly procedure consisting of taking screenshots of
every instance of use with all the apps such as when users were
created, when notifications were received, when new weight were
added and when the apps reacted to these changes in any way.

On a few occasions we provoked the apps to study their
reactions. These provocations consisted of once gaining weight
(1kg), once not reporting weight and to increase our weight loss
speed to first 4 kg/week and later to 8 kg/week.

3.3. Data analysis

Our data was analyzed through an iterative and structured
process where we continuously, every Friday, analyzed reactions
from the apps and as a consequence developed extensive knowledge
of their response to our emulated weight loss behavior. We applied
a structured procedure for the data gathering and, among other
things, focused on the following questions:

e How, and to which extent, do the apps provide feedback on a
drastic weight loss in terms of overall weight loss and weight
loss speed?

e If, and in that case how, do the apps encourage our
emulated behavior?

e If, and in that case how, do the apps dissuade our
emulated behavior?

e What persuasive principles are applied in the design and how?

In the end of the study, we ended up with 596 screenshots from
the apps. We created a Miro-board for the analysis, transferred and
structured all screenshots for a deeper analysis. A sample of the
Miro-board is provided in Figure 2.

Based upon a chronological structure of each app, shown in the
figure above, we collaboratively analyzed how the apps responded
to our weight loss journey, including how they used persuasive
principles to encourage and/or dissuade our emulated weight loss
process. In detail, we started out by familiarizing ourselves with
the data through reviewing all screenshots together, from all apps
and all dates of entry. We then carefully and systematically studied
all screenshots, from all apps, on each specific date of entry.
For this process we made use of a printed Miro-board, mark-
up pens and took notes on app reactions, identified instances of
persuasive principles used, highlighted patterns and differences.
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FIGURE 2

A sample view of the Miro-board, used in our analysis, showing the
different apps in the left column, dates for data gathering sessions in
the top row, and screenshots from each app in the center.

We focused primarily on ways through which apps persuaded,
often through persuasive principles, or dissuaded the emulated
behavior throughout the entire process.

4. Findings—A weight loss journey

We outline the findings from our longitudinal study based
upon a chronological structure and by providing descriptions
and screenshots illustrating the design of the selected weight
loss tracking apps. We use images from both our female and
male profile but have blurred certain elements in the screenshots
for integrity reasons. We further present figures to support the
reader’s understanding and not always in a completely authentic
chronological order.

4.1. Setting up and starting the weight loss
journey

After downloading the apps, we explored them to see if, and
in that case how, they provided any information regarding what
is and what is not a recommended weight loss. We searched
through sections such as Terms of condition, FAQs, Info, Purpose
of the app etc. and found that two out of 10 apps (No. 3 and 9)
presents disclaimers and advise users to consult their doctors before
starting to use the apps. Two out of 10 apps (No. 6 and 7) provide
explanations about what BMI is, how it is calculated, and what a
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certain value means. The next step consisted of us creating user
profiles including choosing gender (male and female), setting our
age (choosing 35 y/o for both profiles), defining our real height
(187 cm and 175 cm), our decided start weights (105 kg and 95 kg)
and target weight (60kg and 55kg). Two out of 10 apps offered
us to calculate an ideal weight goal (Figure 3, first image) but did
not object when we answered no and instead accepted our much
lower weight goal. We further added a target date for our weight
loss journey, a date matching a weight loss speed of 2 kg per week.
However, two out of 10 apps (No. 1 and 2) did not support such
entries, even if all supported entries of target weight. App No. 5
automatically calculated a target date that was far later than what
our planned weight loss speed implicated (Figure 3, middle image).
When changing date to a much earlier one the app did however not
object. App No. 3 (Figure 4, right image) informed us that experts
advise against losing more than 1kg per week, but after a click on
the continue button a much earlier target date was accepted without
further comments made.

In some cases we were asked to register our current activity level
or physique, when this happened we chose medium or the average
option. Two out of 10 apps (No. 3 and 8) offered us to document
our weight loss journey with pictures or to create before and after
pictures (Figure 4, left image), while two apps (No. 8 and 9) offered
us to measure our bodies in different ways (e.g., waist, neck and
shoulders). We chose not to.

Upon registering our weights most of the apps displayed our
current weight status as overweight. Four out of 10 apps (No.1, 3,
5, and 10), labeled us as belonging to the category “Obese, Class 17
and three apps (No. 1, 7, and 9) indicated our starting weight and
BMI using a color scale, similar to a speedometer (Figure 4, middle-
left image). The scale ranged from a red zone (overweight) to a
blue zone (underweight). One app (No. 10) also showed our weight
status placed in a scale of different weight classes ranging from
“Morbid Obesity” to “Extremely Underweight” and an associated
human figure mirroring the weight class in color and form. For
overweight the figure is broad and red, for extremely underweight
the figure is thin and blue, and for normal weight its green and has
its arm raised above the head. The other apps just noted our weight
without indicating what weight category we belonged to. All apps
plotted our weight in a graph with weight on the y-axis and time on
the x-axis, without referring to any weight class (Figure 4, middle-
right image). In the graphs, six out of 10 apps (No. 4, 5, 6, 7, 9,
10), also marked our target weight goal, while app No. 5 in addition
displayed our determined weight loss progress in a graph alongside
our weight loss trend.

When creating accounts, we accepted an offer of receiving
words of encouragements from the only app (No. 3) that offered
us such an opportunity (Figure 4, right image) and further decided
to receive reminders every Monday/Wednesday/Friday (at noon)
from the nine apps that offered such an opportunity (No. 5 did not).

4.2. Notifications, app reactions and
provocations

The following week we received our first notifications from
the apps. Most notifications were rather passive and just reminded
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FIGURE 3

BACK New Profile SAVE
Name John Doe
Date of Birth okt. 01,1986
Height 187 Meters
Gender Male
Body Frame Medium Remember
Start Weight 1050 kg
Start Date okt. 01,2021
Target Weight 60,0 kg
Target Date
Lifestyle Sedentary (no exercise)

1] @] <

Screenshots from the process of setting up user profiles (from app No.7, 5, 3).

Pictures

IMPORT IMAGES

No Pictures Have Been Taken

J" 35years 0z 1870cm
i Extremely underweight
" ¢ B o
’ Severely underweig
1} O <
FIGURE 4

Screenshots of app reactions when starting weight was registered. From the left, app No. 1 offers upload of images to monitor progress, app No. 10
classify the weight entry as obese on a color scale, app No. 2 plots the weight in a graph, and app No. 3 offers words of encouragement.

Words of encouragement

us to enter our weight by saying something like “It is time for
weighing” (No.4), “Weight reminder. Tap to enter” (No. 2), or
“Did you weigh yourself today?” (Figure 5, left image). App No. 3
provided messages of a more persuasive kind saying: “How can we
help you? Will it be easy? Nope. Will it be worth it? Absolutely. You
downloaded the app for a reason. Record your weight and check
the new progress.”

After 1 week we reported a weight loss of 2 kg upon which the
apps reacted in different ways. Most apps only reacted by showing
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the weight loss and the current weight without much feedback.
Three out of 10 apps (No. 1, 6, 7) showed the weight loss in green
text in a table of measured weights (Figure 5, middle-left image),
while three apps (No. 4, 5, 9) had the same list but without colors.
However, app No. 5 also showed a status bar with five filled fields
for the female user, but only four filled fields for the male, likely due
to calculations of weight loss in comparison to start weight. Eight
out of 10 apps also displayed the weight loss trend in a graph (No.
1,2,3,4,6,7,8,9) and in app No. 6 this was shown alongside the
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FIGURE 5

Screenshot of Reminders and app reactions (No. 6, 5, and 3) from weight loss entries.

That's it!
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table of measured weights. Most of these apps just plotted the new
weight to create a weight loss curve (in combination with the target
weight), but app No. 5 showed three different trends in the graph
(Figure 5, middle-right image). One with the chosen weight loss
pace and estimated target date (in red), another with our measured
weights (in blue), and yet another in green. Without being sure we
believe this green curve to represent a suggested weight loss journey
as the target date is placed later in time than what we chose from
the start. Three out of 10 apps provided positive feedback saying
“That’s it! You have lost weight” (No. 3), “CONGRATULATIONS!
You lost 2.0kg. 38.0kg left to your goal” (No. 4), and “-2 kg!
Congratulations. You were able to reduce your weight with 2kg.
Now only 38 kg is left to reach your target weight!” (No. 2). Two
of these apps provided animations such as raised hands (No. 4) or
fireworks (No. 9) with sound of cheering (Figure 5, right image)
and one of them showed a happy smiley (No. 3). The reactions
were similar the following weeks once weight loss was registered.
Once registering our weight loss, two out of 10 apps (No. 3 and 9)
offered the opportunity to share the results. This resulted in sharing
the congratulatory view as an image through the phone’s available
options for sharing material, such as when sharing any picture or
content (e.g., Messenger, Facebook, SMS).

In a later step we decided to report a weight increase of 1kg
to provoke the apps, but little happened. App No. 3 provided the
following feedback “It always seem impossible until it is done—
Nelson Mandela. You have gained weight” and displayed our new
weight. This app, that showed a happy smiley after previous weight
losses, now showed no smiley at all. Three out of 10 apps (No. 1, 9
and 10) displayed our weight gain in red text and app No. 7 used
yellow text in comparison to green text that was used when weight
was lost. App No. 5 showed a progress bar with five fields where
two were filled with orange color (instead of green for the previous
weeks with weight loss). Another app (No. 3) stated that we had
been able to increase our weight with 1kg and that only 34 kg (for
the male) and 31kg (for the female) remained until meeting our
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weight goal. The other apps just noted our weight and changed
graphs accordingly.

After a couple of weeks, we decided to increase our weight loss
to 4kg per week, four times more than the recommended weight
loss pace, to see if such a weight loss speed provoked reactions from
the apps. None of the apps reacted in ways significantly different
from when 2 kg were lost per week. App No. 5 now provided slightly
more positive feedback to the male user by showing five filled
green fields, in comparison to four shown with a lower weight loss
speed. The two apps that provided more concrete positive feedback
(No. 4 and 9), with animations and sound, reacted in the same
way as before, even if the weight loss speed had doubled. Another
week we provoked the apps by not registering any weight. This
caused no reactions from the studied apps, and we received the
same notifications as we did every other week. Another provocation
was to increase our weight loss even further, to 8kg per week.
This caused no additional reactions at all from the apps and was
displayed in the same ways as when 2 and 4kg were lost. This
weight loss speed increase swiftly brought us to the closure phase
of our study.

4.3. The end of the weight loss journey

In the 12th week the female user reached her weight goal, and
the male user went from normal weight to underweight. The male
user reached his weight goal week 13. Almost none of the apps
acted differently when we reached the underweight category, in
comparison to how they had reacted before. App No. 3 showed
a happy, but slightly less happy, smiley than the week before
(without explaining why), but on the other hand also provided
the feedback “Marvelous. You have lost weight.” App No. 5 still
showed us the completely green status bar and five out of 10 apps
(No. 3, 5, 7, 9, and 10) informed us about being underweight
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FIGURE 6
Screenshots of how app No. 10, 7, 5, and 3 react on achieved weight goals.
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(Figure 6, left image) or belonging to the category Mild thinness
(App No. 3).

Once reaching our target weight, two out of 10 apps (No.
5 and 10) informed the male he now was severely underweight
or, as presented by App No. 7, now belonging to the group
“Undernutrition and anorexia” (Figure 6, middle-left image). Five
out of 10 apps (No. 3, 4, 5, 6, 9) provided positive feedback for
reaching the target weight by stating “- 8kg. Congratulations.
You were able to reduce your weight ... You have reached your
target weight of 60 kg!” (No. 9), “You reached your target weight,
which you set yourself at the weight of 105.0kg. Keep it up )”
(No. 6), “CONGRATULATIONS! Goal achieved!” (No. 4), and
“Congratulations! You have reached your weight goal” (No. 3).
App No 5, simply said “Congratulations!” and the name of the
profile while also stating that the profile was severely underweight
(Figure 6, middle-right image). Two apps alongside the written
feedback displayed images of a medal (Figure 6, right image) and
a winner’s cup (No. 4). App No. 3 presented a surprising view
showing the BMI of the male user and offered to change the height,
without a clear explanation for why this change was suggested. The
other apps reacted the same way as they always did when a new
weight was entered with updated weights and graphs.

5. Discussion

The paper builds upon previous work focusing on unintended
and negative consequences of persuasive systems (Lupton, 2014;
Stibe and Cugelman, 2016; Nystrom and Stibe, 2020) and research
focusing on the relation between such systems and eating disorders
(Levinson et al., 2017; Simpson and Mazzeo, 2017; Honary et al.,
2019; Eikey, 2021). With a focus on the design of persuasive weight
loss apps we conducted a longitudinal expert evaluation of 10
weight loss tracking apps, through an emulated drastic weight loss
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journey, to explore the following research question: How does
the persuasive design of weight loss tracking apps respond to a
drastic weight loss journey? The study is motivated by the increased
use of persuasion in system design, the notion of unintended
consequences of using such systems and the prevalence of eating
disorders (Arcelus et al., 2011). The results clearly indicate how
the providers of the studied apps, used by more than 24 million
users in total, take little responsibility in relation to the users of
their persuasive systems and their health. This lack of responsibility
is something that could lead to negative outcomes (Osman et al.,
2020) where apps, instead of promoting reduced weight, could
promote health threatening conditions such as eating disorders.
The apps included in the study are all persuasive in nature

3

and have all been ... intentionally designed to change a person’s
attitude or behavior in a predetermined way” (Fogg, 1999). The
degree to which they are persuasive however differs. Some of the
apps show a somewhat passive approach to our weight loss journey
where designers make use of a rather limited set of persuasive
principles and apply them in rather cautious ways. These apps,
like many apps in the health domain (Orji and Moffatt, 2018)
primarily employ the principles of Tracking and monitoring and
Persuasive messages, while other apps rely on a larger repertoire
of principles. The apps applying a more active approach rely on
additional principles such as Audio, Visual and Textual Feedback,
Social support (to some extent), sharing and Comparison, and
Reward, points, credits.

Stibe and Cugelman (2016) makes a distinction between
intended and unintended outcomes of behavior interventions
in their Intention-Outcome matrix. Given the methodological
approach of this study it is hard to know for sure what design
decisions that belong to one of these categories, or the other.
However, to actively encourage, or passively accept, a weight loss
journey where too much weight is lost and too fast, fits poorly
with ethical principles for design and development of persuasive
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systems (Berdichevsky and Neuenschwander, 1999; Borgefalk and
de Leon, 2019) and can in the end lead to negative consequences
for their users (Stibe and Cugelman, 2016; Nystrom and Stibe,
2020). One such consequence could be that an individual, instead
of losing weight in a healthy manner, runs the risk of ending
up as underweight and suffering from several health-related
conditions. In the context of the Intention-Outcome matrix (Stibe
and Cugelman, 2016), that would constitute a surprise behavior, a
negative one.

In the beginning of our study, we lost 2kg per week, twice as
much as recommended (CDC, 2022). We then doubled that loss to
4 kg per week and then doubled it again to 8 kg per week. Losing
as much weight as 8 kg per week is perhaps not realistic, but our
intention with this radical increase of weight loss was to see if there
were any kind of threshold in the apps for how much weight loss
they were willing to accept. It turned out that only one of the apps
informed us that we were planning to lose too much weight per
week. Another app suggested a more distant target date, which
in practice would have reduced our weight loss speed per week.
However, none of these apps stopped us when overlooking these
suggestions and entering our weight loss. A similar omission was
noted when entering our target weights, below the recommended
BMI (CDC, 2021) where only two of the apps offered us to calculate
our ideal weight. The fact that eight apps allowed underweight
weight goals is a percentage much higher than what was found in
Honary et al. (2019) where 21% of their reviewed healthy eating and
fitness apps allowed such goals. No objections were made from the
two apps when we turned the offers down.

As mentioned above, some of the apps were perceived as
passive, while some of the apps relied on a more active approach
to encourage our unhealthy weight loss journey. Encouragement
was conveyed from the apps in different ways of which several
have previously been identified in research (e.g., Eikey, 2021). Most
apps included in our study focused heavily on quantification, for
example through the use of graphs and constant comparisons
between our current weight and target weight. This is an
approach that have been pointed out as problematic in previous
research (Honary et al., 2019) as it might create fixations on
numbers and induce negative emotions. Another example of
encouragement was the way in which positive feedback was
provided (cheers, congratulations or symbols of medals, fireworks
and trophies). Relying on positive feedback is a common approach
to encourage use of persuasive systems [72% of the apps included
in Honary et al’s (2019) review made use of positive feedback],
while providing negative feedback is a less common approach.
Encouragement was also provided in the way colors were used
to reinforce wanted, or to prevent unwanted, behavior or status.
In several cases weight loss was presented in green, while weight
gain was presented in red and when classifying our weights on
scales overweight was marked with red and underweight with the
more neutral color blue. Eikey (2021) highlight the role of color
in feedback and expressed a need for more nuanced visualizations
to avoid negative effects. This is in line with our results where the
color red was used to show overweight warnings, while blue was
used for indicating underweight. In many cases, the use of blue
is straightforward and neutral but given our specific weight loss
journey it could be deemed as problematic.
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Upon reaching our underweight target the neglect of
potential negative consequences became apparent as several apps
congratulated us on our unhealthy weight loss, while at the same
time informing us, we were now undernourished, anorectic or
severally underweight. One app also surprised us by offering us to
change our height as soon as we had reached the target weight.
We cannot say for sure why this message was shown, as a user’s
actual height hardly changes during a weight loss journey. One
possible explanation could be what Stibe and Cugelman (2016),
in their Intention-Outcome matrix, label as a dark pattern. These
patterns encourage behavior that has negative outcomes for users
but a positive outcome for the stakeholders (in the context of this
study a stakeholder would be an app provider). Without knowing
the intention of the provider we cannot say for sure, it could also be
a design flaw.

As previously mentioned, some of the apps took a more
passive approach to our unhealthy weight loss journey, while
others were more active, providing encouragement. One could
see passivity as a way to move the responsibility to the user
and several of the apps also placed the user in control of the
persuasiveness of the system. This was for example done by
allowing users to choose whether they want to get reminders or
not, choose to receive words of encouragement or not, or giving
them a choice to add before and after pictures (or various body
measures). This could be seen as a way to move control from the
company, or the designer of an app, to the user. This approach
is problematic for two reasons. First, it goes against the claim
by Borgefalk and de Leon (2019) that persuasive systems should
assume responsibility for all realistically anticipated outcome of
their use, and Atkinson’s (2006) designer centric perspective
where designers of persuasive systems are responsible for the
consequences of their use, including unforeseen and unintended
usage. But likely also against Berdichevsky and Neuenschwander’s
(1999) golden rule of persuasion. Secondly, pushing decisions of
persuasion toward a user that might develop health threatening
conditions (such as eating disorders) is perceived as a hazardous
and irresponsible decision.

The insights generated from our study clearly indicate a need
for ethics in the design of persuasive weight loss tracking systems
in order to avoid negative consequences for their users. Here a
tradeoff emerges for the providers of these systems. Should they
provide the kind of apps that users seem to demand, financially
rewarding but ethically questionable and potentially dangerous
for users, or should they provide ethical systems that restrict the
autonomy of the user and run the risk of a decreasing customer
demand and profit? Based upon the insights provided by this study
we argue for restrictions, through design, when it comes to drastic
weight loss speed and overall weight loss. When it comes to the
application of persuasive principles in weight loss tracking apps,
we suggest a two-step process. We suggest that these principles
are in a first step applied with the ambition to help users reduce
their weight, with a recommended pace, until they have reached
a recommended target weight (preferably not based upon BMI).
In a second step, the same principles are applied to maintain
that healthy stage, which would also combat the risk of weight
cycling. This two-step approach would mean that principles, e.g.,
Audio, Visual and Textual Feedback, Social support, sharing and
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Comparison, and Reward, points, credits, are the same during the
two steps, but the behavior they are designed to induce changes.
This would likely decrease the risk of negative consequences and
might also increase the longevity of these persuasive systems. The
responsibility for making this change lies not only on designers, but
also on developers and decision-makers at companies that provide
these systems. We further consider organizations that provide
access to the systems, in our case Google, as having their share of
responsibility and that legislation might be necessary.

6. Conclusions

This paper builds on research focusing on unintended and
negative consequences of behavior interventions by focusing on
the health domain, specifically the design of persuasive weight loss
apps. The research question guiding our work was: How does the
persuasive design of weight loss tracking apps respond to a drastic
weight loss journey?

To address this research question, we conducted a longitudinal
exploratory evaluative study of 10 free weight loss tracking apps,
using two different profiles starting as overweight, losing weight too
fast, and ending up as underweight. Data was gathered through a
structured process where weekly weight entries were made and the
responses from the persuasive systems were carefully documented
and analyzed through a structured process.

The results show how apps, through the way they are designed
and respond to weight loss, might cause negative consequences
for their users. The apps included in our study responded to our
process in two different ways, where some of the apps remained
passive, with a low level of persuasiveness, while other apps took a
more active stance and continuously encouraged the drastic weight
loss journey. This encouragement was primarily manifested in the
designs through reliance on display of quantitative data, textual or
symbolic feedback and the use of color and symbols. No matter if
an app was considered as passive or active, their designs did little
to prevent unintended and negative consequences to occur. In fact,
several of the apps did the opposite. This shows how the people
behind the studied persuasive systems took little responsibility to
prevent negative consequences of system use.

The findings contribute to current research by providing
empirical insights on persuasive system use and the relation
between design of these systems and potentially negative
consequences for users. The insights further contribute to our
understanding of how specific design decisions might increase the
likelihood of negative consequences to occur and how persuasive
systems should be designed to avoid it.

There are several limitations connected to the chosen
methodological approach that deserves to be mentioned. The
sample size was limited, even if it included the most popular freely
available weight loss tracking apps, and a larger sample would have
enabled us to shed even more light on the studied phenomenon.
We further decided to focus on apps that were freely available
for download due to revenue statistics, indicating that few are
willing to pay for downloads, and the fact that eating disorders
are more common in younger age groups with limited financial
means. We are fully aware that more costly alternatives, or apps
that also required logging of meals and exercise, could potentially
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mitigate negative consequences in a better way. In addition, even
if the study was longitudinal and generated a rich set of data,
none of the researchers suffered from weight problems and the
weight loss journey was entirely artificial and predetermined. This
brings that the insights provided are not those of actual users,
nor of people going through an actual weight loss journey or
suffering from eating disorders. On the other hand, this study relied
upon firsthand experiences of the design of weight loss tracking
apps, from the perspective of researchers, and how these relate to
emulated and drastic weight loss journeys. This makes this study
different from previous studies undertaken by researchers from
other disciplines, to a large extent reliant on secondary data.

To shed additional light on the phenomenon of negative
consequences of persuasive system use, and the relation between
system design and such consequences, more empirical research is
needed. Studies are needed to establish not only what persuasive
strategies that are most commonly used in occurrences of negative
consequences, but also how the implementation and design of
such strategies increases or decreases their potential effect. We also
welcome studies focusing on how purchased, and more developed,
apps respond to weight loss journeys such as ours.
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