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Abstract
Background: Employees in sedentary occupations tend to spend prolonged hours physically inactive. Physical inactivity is a
main factor in the increase in the risks of a wide range of chronic diseases, including obesity, diabetes, hypertension, and heart
disease. This has drawn researchers’ attention to investigate methods of increasing the level of activity of employees during
working hours and in their daily lifestyle.
Objective: The objective of this paper is to investigate the effectiveness of using personalized messages that include user
information, user goals, daily routine, and the surrounding environment to increase the level of activity among employees. In this
study, we hypothesize that sending context-aware motivational messages to workers in sedentary occupations after sitting for 40
minutes can break sedentary behavior and increase daily active time compared to static reminder messages.
Methods: A 66-day between-group study using a mixed methods design approach was conducted with employees who are
located in Qatar and spend most of their working day sedentary. The 58 participants used 2 different interventions: The control
group (n=29, 50%) used a mobile app that only sends a static message after prolonged sitting (MotiFit Lite), and the intervention
group (n=29, 50%) used a mobile app that sends context-aware personalized messages to promote physical activity (PA; MotiFit).
Both apps log the received messages, the step count before and after the messages are sent, and the user response to the messages
to obtain an idea of the impact of the messages. The study received approval from the Qatar Biomedical Research Institute’s
institutional review board (IRB application #2019-10-037).
Results: The questionnaires showed satisfaction of the designed apps’ subjective quality and perceived impact. The quantitative
analysis showed a high level of engagement in the intervention group compared to the control group (P<.001). The results support
the original hypothesis that using context-aware motivational messages can increase PA at work compared to static messages
(P<.001). However, the analysis showed no significant impact of the message type on the overall activity level during the day
(P=.06).
Conclusions: Context-aware motivational messages motivate employees to increase their PA in the workplace. However, future
research will further develop the analysis to investigate the impact on increasing the overall activity level during the day.
(JMIR Form Res 2022;6(1):e34309) doi: 10.2196/34309
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Introduction
An inactive lifestyle is a main controllable cause of metabolic
syndrome (MetS), along with obesity and insulin resistance [1].
MetS is defined according to the International Diabetes
Federation (IDF) as the group of risk factors that raise the
likelihood of getting health complications, such as heart disease,
diabetes, and stroke [2]. These risk factors can be in the form
of traits, conditions, or habits. PA benefits health in many ways,
including the prevention of obesity, hypertension, heart disease,
stroke, type II diabetes mellitus, and hypercholesterolemia [3].
Moreover, some studies have proved that an active work style
improves creativity, self-esteem, mental health, and stress
tolerance, as well as work performance and productivity [4,5].
Studies have also shown that frequent rest breaks are successful
in reducing self-reported discomfort in the upper limb muscles
by up to 35%, while improving work productivity and speed
[6].
Mobile health coaching approaches have many benefits over
traditional face-to-face methods because they are more
accessible, scalable, cost-effective, and time-location
independent. They can also be personalized to meet the user’s
needs and preferences. This personalization makes mobile apps
getting used by more people generally and makes mobile apps
popular for motivating PAs particularly [7]. Moreover, mobile
apps use phone sensors, such as accelerometers, gyroscopes,
and the Global Positioning System (GPS). The use of an
accelerometer embedded into mobiles for measuring PAs has
been evaluated, and the results have shown accuracy and
reliability in measuring and quantifying PAs in both laboratory
and real-life settings [8].
According to the just-in-time support, following an
intervention-determined
scheme
rather
than
a
participant-determined scheme provides the right type of support
at the right time [9]. Multiple components are used to construct
the foundation to design these interventions: decision points,
intervention options, tailoring variables, and decision rules. A
decision point in just-in-time adaptive intervention (JITAI) is
the time at which an intervention decision is made [10]. An
intervention option is a set of possible actions that would be
used at a given decision point for different types, methods, and
amounts of support, delivered through a particular medium.
Tailoring variables are information concerning an individual
that is used to decide which intervention to offer and at what
time. Tailoring variables in JITAI can be attained using ongoing
assessment, passive assessment, or both. Finally, the decision
rules in JITAI systematically link the intervention options and
the tailoring variables to operationalize the adaption by
specifying which intervention option to provide, for whom, and
when [11].
Mobile apps in health care are equipped with supportive
functionalities to make them more persuasive toward behavioral
change. For example, some apps make use of the sensors
integrated into smartphones and handle the interaction through
a persuasive mobile app [12]. In a pilot study, researchers
presented an activity logger mobile app (BEN’FIT) that aims
to motivate PA by suggesting equipment-free exercises that can
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be done in the home or work environment. In another study, a
mobile app (SitCoach) was investigated for the effectiveness
of using reminders after prolonged sitting time to reduce
sedentary behavior at work [13]. Another study used
gamification to design an app based on self-determination theory
that records user steps, then converts them into points, and
allows the users to compete with each other, hence motivating
them to walk more [14].
Other studies have combined fitness tracking with context
awareness to come up with persuasive suggestions to improve
well-being. One mobile app, for example, detects active and
inactive behaviors and uses time, location, weather, and personal
information to achieve its motivational target [15]. Another
aims to encourage users to walk more by using their location
and weather information and then an outdoor detour map to
recommend walks. The results of evaluation among 8
participants showed user satisfaction with the app, especially
logging and visualization of PAs. However, some participants
highlighted that sedentary behavior alerts are frequent.
Additionally, the study revealed that the participants would
follow the recommendations only when the suggestion is easy.
Participants also suggested to use a mobile app for step count
acquisition to avoid prolonged phone-on-table periods.
In this study, we investigate the effectiveness of using
context-aware and personalized messages in breaking sedentary
behavior. We propose a mobile app, MotiFit, that is designed
to increase the level of PA among employees in sedentary
occupations by encouraging them to walk more. The approach
followed is to send personalized motivational messages to
workers after prolonged sitting to remind them to walk. The
proposed personalization takes advantage of user goals, location,
weather information, and daily routine to employ context
awareness in the generated motivational messages. The study
evaluates the effectiveness of the designed messages to advocate
positive behavior change and encourage workers to walk more,
hence maintaining a healthier lifestyle. To prove the study
hypothesis, we evaluated the MotiFit app for 66 days with a
mixed methods design. We hypothesized that sending
context-aware motivational messages to workers in sedentary
occupations after prolonged sitting can break sedentary behavior
and increase daily active time.

Methods
Overview of the Approach Followed
The study investigated the effectiveness of personalized,
context-aware motivational messages in breaking the sedentary
behavior of employees in sedentary occupations and increasing
their daily activity level compared to static reminders. First,
participants were given a prestudy online questionnaire for
collecting their demographic information (Multimedia Appendix
1) and the International Physical Activity Questionnaire (IPAQ)
to determine the level of PA before the study, hence distributing
the participants with different PA levels equally into 2 groups
[16]. Then, the participants were given the mobile app that
automatically logs their step count. Participants in the control
group received static reminders, while participants in the
intervention group received context-aware motivational
JMIR Form Res 2022 | vol. 6 | iss. 1 | e34309 | p. 2
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messages, and when the participants received them, they were
asked to rate the messages in terms of correctness and
relatability.
After the duration of the study elapsed, the participants were
given the user version of the Mobile Application Rating Scale
(uMARS) questionnaire to measure the usability of the app [17].
All the participants were invited to a semistructured interview
to obtain information about the context of use. The interview
included some questions about the overall app experience in
terms of usability, functions, and features. In addition, some
questions were directed toward the challenges that the
participants encountered and suggestions for enhancements.
The study followed the between-group design, where the
participant is only exposed to 1 condition so that they do not
learn from different task conditions. Since the participants only
need to complete tasks under 1 condition, the time it takes each
participant to complete the study is much shorter than in a
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within-group design. As a result, exhaustion and frustration can
be effectively controlled [18].
In this study, the thematic analysis approach was followed to
examine the participants’ perspectives to generate unanticipated
insights. This method involves an iterative and reflective process
to simplify the text into codes that focus on the important
characteristics of the data, then sort them into themes that bring
meaning to the data [19]. Figure 1 summarizes the overall
approach followed in the study.
We received approval from the Qatar Biomedical Research
Institute’s institutional review board for all users who
participated in this study (IRB application #2019- 10-037).
Participation was entirely voluntary, and participants were sent
an approved informed consent form, which contained all the
details about the study. All participants were assured of their
data confidentiality and security and informed that they have
the right to withdraw from the study without justifications or
penalties.

Figure 1. Study procedure. IPAQ: International Physical Activity Questionnaire; uMARS: user version of the Mobile Application Rating Scale.
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In this study, we explored the impact of context-aware
motivational messages against static reminders on the PA level
following a mixed methods research approach applied in a field
study. A causal-comparative quantitative approach was followed
to examine the effect of the independent variable on the
dependent variable within a cause-effect relationship. The
dependent variable was the inactivity intervals. The independent
variables were the possible causes of the change in the
dependent variable. The investigated causes, or what were
known as the independent variable, were the context-aware
motivational messages against static reminders.

method. Participants were selected on the basis of the following
inclusion criteria: having a predominantly sedentary job and
working at least 6 hours a day, 5 days a week; age between 23
and 39 years; having the ability to walk, since the study was
based on accelerometer data; owning an Android smartphone;
and having a level of understanding of the English language,
enough to understand the app and answer the questionnaires.
The participants were divided into a control group and an
intervention group. The intervention group consisted of 29
participants (50%: 21 [72%] within the age range of 23-30 years,
19 [66%] females). The control group consisted of 29
participants (50%: 21 [72%] within the age range of 23-30 years,
17 [59%] females).

Experimental studies should be based on a predefined
hypothesis, not driven by data [18]. Hence, it is critical to
identify the study hypotheses at an early stage as given next.

Study Duration

Study Hypotheses

Hypothesis 1
Sending context-aware motivational messages to
workers in sedentary occupations after sitting for 40
minutes can break sedentary behavior compared to
static reminder messages.
The static reminder message is a message that does not change
its content, for example, “Hey, you've been sitting for long.
How about you take a short walk?”
Sedentary behavior is defined as jobs that require sitting for
most of the working time, including computer professions [20].

Hypothesis 2
Sending context-aware motivational messages to
workers in sedentary occupations after sitting for 40
minutes can increase daily active time compared to
static reminder messages.
Active time increase is measured by the time the user spends
moving during the day.

Recruitment
In total, 58 participants, all sedentary workers in different sectors
in Qatar, were recruited following the snowballing sampling
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The participants were asked to use the mobile app for 66 days
in their daily routine. The duration choice was based on an
empirical study that investigated the time required for a
behavioral change to happen. It was conducted over the range
of 18-254 days, and it found that on average, it takes 66 days
for a repeated behavior to reach its maximum level of
automaticity [21].

App Design
The MotiFit app was designed to be easy to use in terms of the
methods to input user information and output the processed data
in a visual and textual format. The app is designed not to
consume time such that data are automatically recorded and
user interruption is minimal. The app does not require a lot of
effort physically; for example, the given tasks are easy for
various fitness levels. The messages are designed considering
the social environment and culture, so they are familiar, and
they do not go out of the norm culturally. All these elements
are considered together to ensure that the target audience is able
to effectively use the app toward achieving the behavioral
change goal. Based on this reasoning, the app was created as a
persuasive technology app that focuses on positive social,
behavioral change. Figure 2 gives an overview of the app
prototype.
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Figure 2. MotiFit app screens: (a) main dashboard, (b) motivational message, and (c) achievements.

Location

Motivational Message Design
To form new habits, we considered 2 key concepts: focusing
on 1 habit at a time and connecting the new behavior to already
existing activities [21]. Hence, MotiFit focuses only on the
walking habit, and the motivational messages are designed to
persuade walking through context awareness, considering the
surrounding environment and the user’s routine. Experts
recommended engaging the new behavior with daily activities,
such as eating and sleeping [22]; hence, MotiFit checks for
lunch breaks and the end of working hours during weekdays at
the time of sending messages to suggest activities that can fit
during the particular time frame.

Rest Duration Choice
A study concluded that microbreaks every 40 minutes help
reduce discomfort in the shoulders, wrists, and backs of the
participants, with no evidence of microbreak effect on
productivity reduction at work [23]. For this study, the app was
set to send motivational messages every 40 minutes, and the
duration of the breaks was estimated as 1-3 minutes. This
duration is equivalent to at least 67 steps to break sedentary
behavior [24].

The location information retrieved is used to find nearby
locations of different destinations, such as restaurants, gyms,
parks, or malls, depending on the situation when the message
is sent. Some locations are chosen to be reached by walking,
and for this, locations within 500 m are retrieved. Other
locations are chosen to be reached by driving; for the lunch
break, locations within 1.5 km are retrieved, while for after
working hours, locations within 6 km are retrieved.

Weather Information
Weather information helps identify the nature of the activity
that the user can do, whether indoors or outdoors. The weather
information is fetched using the Open Weather Application
Programming Interface (API), which returns 3 parameters:
temperature, humidity level, and weather forecast. Based on
these parameters, the classification of suitable and unsuitable
weather for outdoor PAs is performed. Information shows the
classification of weather information, as performed by Gupta
and Sood [25]. Since the study was conducted in Qatar during
the winter season, we adjusted the suitable temperature range,
as shown in Table 1, to 13-35C.

Table 1. Classification of weather information.
Parameter

Suitable level

Unsuitable level

Temperature, C

13-35

>35

Humidity level, %

<90

>90

Forecast

Clear skies, sunny, cloudy

Windy, rainy, thunderstorm, hailstorm
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Time Information
The decision point in JITAI is the time at which an intervention
decision is made. In this study, we used prespecified time
intervals based on the duration of inactivity [10]. The messages
are designed to be triggered 30 minutes before lunch break if
the user is inactive in order to allow the user to make lunch
plans accordingly. The motivational messages that are triggered
before the end of the working day are sent 1 hour before so that
receivers get enough time to arrange after-work plans. The same
thing applies to messages that are triggered before the end of
the day such that users get enough time to finish their daily step
goals, if possible.

Motivational Message Structure

Ismail & Al Thani
model is a subset of the Akker model, which starts with a
system-initiated trigger based on the time with an intention to
encourage walking behavior through suggestions, arguments,
and feedback. Then, the content of the message is identified,
whether it is feedback, an argument, or a follow-up on progress.
Finally, the content of the message is represented in an adaptive
textual format and sent to the user as a mobile app notification.
The structure of the motivational message consists of 2 parts:
a heading and a message body. The heading is a short, catchy
phrase, and the body of the message has the actual content. The
body of the message uses slot filling to adapt dynamic content
based on the fetched data when the message is sent, as shown
in Multimedia Appendix 2.

The motivational message model follows a modified version
of Akker et al’s [26] model, as shown in Figure 3. The modified
Figure 3. Modified model of motivational message generation.

Motivational Message Algorithm
The choice of the messages is made following a simple
decision-making flowchart, as shown in Multimedia Appendix
3. A total of 260 unique motivational messages were generated
based on the flowchart. Although the messages are divided into
15 categories, the messages within the same category consist
of 2 main types: messages targeting self-efficacy and framed
messages [27]. Messages targeting self-efficacy are those
messages that tackle an individual’s belief in their capacity to
perform some behavior. Message framing, however, can be
gain-framed, focusing on the positive outcomes, or loss-framed,
focusing on the costs and losses [28]. Our analysis further
investigated the impact of the different types of messages.
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Results
Sample Characteristics
The first set of study results were obtained for the control group,
which used the lite version of the app that always sends the
same static message (MotiFit Lite). The second set of results
was obtained for the intervention group, which used the full
version of the app that sends personalized motivational messages
(MotiFit).
Table 2 describes the demographics of the sample. A total of
58 participants were included in the study. The participants
were divided into a control group (n=29, 50%) and an
intervention group (n=29, 50%). The participants of the 2 groups
were mostly female (36/58, 62%), and they fell in the 23-30-year
age group. Most of the participants were bachelor’s degree
holders (33/58, 57%), and their current occupation was under
the office work category (30/58, 52%). With regard to the fitness
JMIR Form Res 2022 | vol. 6 | iss. 1 | e34309 | p. 6
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level, the participants had different body mass index (BMI)
levels. from underweight to obese.
The IPAQ classifies the participants’ PA level into 3 categories:
low, moderate, and high. The classification is based on the
participants’ weekly PAs based on their energy requirements
defined in metabolic equivalents (METs). METs are multiples
of the resting metabolic rate, and a MET minute (MET-min) is
computed by multiplying the MET score of the activity by the
minutes performed [29]:

where MET level=3.3 METs for walking, 4.0 METs for
moderate-intensity PA, and 8.0 METS for vigorous-intensity
PA.
According to the scoring guide of the IPAQ, a person is
classified in the low-active group if they do less than 600
MET-min/week, in the moderate-active group if they do more
than 600 MET-min/week and less than 3000 MET-min/week,
or in the high-active group if they do more than 3000
MET-min/week [29]. The IPAQ classification was used mainly
to distribute participants with different PA levels into control
and intervention groups, as shown in Figure 4. This classification
was used to eliminate bias from the recruitment process.

Table 2. Participants’ demographic information (N=58).
Characteristics

Control group (n=29, 50%)

Intervention group (n=29, 50%)

Female

19 (66)

17 (59)

Male

10 (34)

12 (41)

23-30

21 (72)

21 (72)

31-39

8 (28)

8 (28)

Underweight

1 (3)

0 (0)

Normal

12 (41)

17 (59)

Overweight

9 (31)

11 (38)

Obese

7 (24)

1 (3)

High school/diploma

8 (28)

0 (0)

Bachelor’s degree

14 (48)

19 (66)

Master’s degree

6 (21)

8 (28)

Doctorate

1 (3)

2 (7)

Academics

8 (28)

6 (21)

Engineering

0 (0)

2 (7)

Health profession

1 (3)

1 (3)

IT

3 (10)

2 (7)

Office work

16 (55)

14 (48)

Sales and services

1 (3)

4 (14)

Gender, n (%)

Age (years), n (%)

BMIa assessment, n (%)

Education, n (%)

Work status, n (%)

a

BMI: body mass index.
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Figure 4. Participants' distribution over PA categories. PA: physical activity.

User Engagement

summarized for both control and intervention groups, as shown
in Table 3.

The study took place over 66 days. However, not all participants
completed the full duration. The full duration defined here is
the duration for which each participant was enrolled in the study,
from the starting date to the ending date of using MotiFit. The
number of days for which the reminder messages were sent was
defined based on the logged data. In addition, the logs showed
the number of days for which the app was running, but no
messages were sent to the participant. This could be due to an
increase in the participant’s PA or a technical issue in the app.

We wanted to further investigate the relationship between user
engagement and the gender within the intervention group. The
results in Table 4 showed no statistically significant difference
between genders, with a chi-square test result of χ2=1.5 (P=.47).
We also investigated the relationship between user engagement
and age within the intervention group. The results showed no
statistically significant difference between the 2 age groups,
with a chi-square test result of χ2=2.7 (P=.26).

From the resulting data, we decided to follow the approach used
by Al-Ansari et al [30] to classify the participants’ engagement
into 3 categories: inactive, semiactive, and active. The
participants who used the app for 3 weeks or less were
considered inactive, those who used the app for 4-6 weeks were
considered semiactive, and those who used the app for 7 weeks
or more were considered active, as shown in Figure 5. The
distribution of participants over the engagement categories was

We also used data obtained from Google Analytics to track the
participants’ engagement on a daily basis based on the app’s
screens. Considering a significance level of .05, the average
time spent surfing the main dashboard was significantly higher
in the intervention group, with a Mann-Whitney result of W=119
(P<.001). Since the main dashboard contains all the
activity-level trackers, this can tell us that the intervention group
participants were more interested in the activity-level details
and comparison than the control group participants.

Figure 5. Participants' categorization based on their engagement in the study.

Table 3. Engagement levels of control and intervention groups (N=58).
Engagement level

Control group (n=29, 50%)

Intervention group (n=29, 50%)

Inactive, n (%)

11 (38)

1 (3)

Semiactive, n (%)

12 (41)

12 (41)

Active, n (%)

6 (21)

16 (55)

https://formative.jmir.org/2022/1/e34309

XSL• FO
RenderX

JMIR Form Res 2022 | vol. 6 | iss. 1 | e34309 | p. 8
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Ismail & Al Thani

Table 4. Engagement levels in the intervention group between gender and age (n=29).
Characteristic

Inactive participants, n (%)

Semiactive participants, n (%)

Active participants, n (%)

Male

1 (3)

5 (17)

6 (21)

Female

0 (0)

7 (24)

10 (35)

23-30

0 (0)

9 (31)

12 (41)

31-39

1 (3)

3 (10)

4 (14)

Gender

Age (years)

Logged Messages
The logged data header for the intervention group contained the
following attributes shown in Figure 6.
For the control group, the same attributes were logged, except
for the message type, category, and text, since the app always
sends the same static message: “Hey, you've been sitting for
long. How about you take a short walk?”
The message is marked with a flag that detects whether the
message was dismissed from the notifications or whether it was

viewed for less than 2 seconds. The choice of 2 seconds was
made by estimating the read time of the shortest message using
a read-o-meter tool [31]. Hence, we considered any message
that was not dismissed by the participant but viewed for less
than 2 seconds as dismissed.
From the messages that were not dismissed, the difference in
steps within 30 minutes of sending the messages was calculated
and then, a new attribute was generated to determine whether
the messages broke the sedentary behavior: if the difference in
the step count ≥67 steps, the user has broken their sedentary
behavior; otherwise, they have not.

Figure 6. Data header attributes for intervention group messages.

Table 5 shows the results after cleaning the data, which consist
of 1125 records for the control group (MotiFit Lite) and 5228
records for the intervention group (MotiFit). The results were
statistically significant, showing a chi-square test result of
χ2=12.9 (P=.001), which indicates that the intervention group
was using the app more actively compared to the control group.
To investigate the effectiveness in breaking inactivity, we
combined the information in the message and the participant’s
response to it in order to determine the impact of the message
on breaking sedentary behavior. We recorded information about
the type of message, an indication of whether the message was
dismissed, and the difference in the step count before and after
the message was received. Then, we performed the chi-square
test to investigate the relationship between the message type
and the breaking of inactivity, as shown in Table 5. The results
were statistically significant (χ2= 410.1, P<.001). Hence, MotiFit
has an impact on breaking inactivity.

We wanted to further study the impact of different categories
of the messages used in the intervention group. The categories
are gain-framed messages, loss-framed messages, and messages
targeting self-efficacy. Of the messages that were not dismissed
by the intervention group (n=5228), 3058 (58.49%) were
categorized as gain-framed, 1479 (28.29%) were categorized
as loss-framed, and 691 (13.22%) were categorized as messages
targeting self-efficacy. The results for each category with an
impact of the personalized context-aware messages on breaking
inactivity are presented in Table 6.
The chi-square test was performed to investigate the relationship
between different categories of messages with regard to breaking
inactivity in the intervention group. The results were not
statistically significant (χ2=4.2, P=.12). Hence, there is no direct
impact of the category of the message on breaking inactivity.

Table 5. Messages’ (N=6353) impact on control and intervention groups.
Type of message

Messages that did not break inactivity (n=3348, 52.69%) Messages that broke inactivity (n=3005, 47.31%)

Context-aware message, n (%)

2447 (73.09)

2781 (92.55)

Static message, n (%)

901 (26.91)

224 (7.45)
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Table 6. Different message (N=5228) categories vs breaking inactivity in the intervention group.
Characteristic

Messages that did not break inactivity (n=2447, 46.81%) Messages that broke inactivity (n=2781, 53.19%)

Gain-framed message, n (%)

1467 (60)

1591 (57.2)

Loss-framed message, n (%)

672 (27.5)

807 (29)

Messages targeting self-efficacy, n (%)

308 (13.8)

383 (13.8)

Logged Active Minutes
This set consists of the active minutes per day, which includes
all types of PAs done throughout the day. These data are
automatically recorded through the app by the end of each day
to determine the effectiveness of the app to increase daily active
time. However, since not all participants completed the full
duration of the study, we selected the 6 most engaged
participants each from the control and intervention groups and
tried to determine the maximum common period of using the
app among these participants, which was found to be 39 days.
Next, we used the multivariant Mann-Kendall trend test to
examine whether there was a monotonic trend (increasing or
decreasing) of active time over the study period. The control
group showed ZMK=0.42 (P=.67), while the intervention group
showed ZMK=0.005 (P=.99). None of the 2 groups showed a
significant monotonic trend in the daily active time. We also
performed the Mann-Whitney U test to examine whether there
was a difference in the daily active time between the intervention
group and the control group [32]. The test showed that there
was no significant difference (W=572, P=.06) in the daily active
time between the 2 groups.

Usability Results
The uMARS questionnaire was given to the participants to rate
their experience with using the app in terms of the ease of use
and the functionalities available. The questionnaire is divided
into 3 sections: app quality, app subjective quality, and perceived
impact. The rating is scored out of 5 based on the scoring criteria
given by the questionnaire developers [17].
Generally, the uMARS questionnaire rates the usability of an
app. Since both apps given to the control and intervention groups
are almost the same, we did not expect significant differences
in the scores. We performed the Mann-Whitney U test for the
3 sections (app quality, app subjective quality, and perceived
impact) of the uMARS questionnaire. The analysis results did
not show any significance for the questions in the app quality
and app subjective quality sections. This was expected, given
that the 2 apps are identical in terms of the user interface, user
experience, and content.
Moreover, the results were significant for most of the questions
in the perceived impact section. The overall perceived impact
score of the control group was significantly higher than that of
the intervention group (W=566, P=.02). The scores of the
awareness question were significantly higher for the control
group (W=435, P<.001). Similarly, for the attitude and
help-seeking questions, the scores of the control group were
significantly higher (W=556, P=.02 and W=588, P=.006,
respectively). However, for knowledge, intention to change,
and behavior change, there was no significant difference
https://formative.jmir.org/2022/1/e34309
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(W=500, P=.18; W=535, P=.06; and W=517, P=.10,
respectively).

Discussion
Principal Findings
This study designed and evaluated a mobile health app for
employees in sedentary occupations to promote walking and
engage them in PA. The mobile app aims to remind and
encourage employees to move after prolonged sitting.
Integrating the findings from quantitative and qualitative
analyses led to interferences, which described the impact of the
intervention in a comprehensive way. Overall, the results
emerged from the quantitative analysis were compatible with
those from the qualitative analysis. We found that the app is
engaging as most of the participants (16/29, 55%) were active
throughout the study period. The quantitative analysis of Google
Analytics data showed that participants were specifically
interested in viewing the main dashboard, which contains all
the activity-level trackers. Moreover, we found that the
context-aware motivation messages sent by MotiFit encouraged
users to take more breaks during their prolonged inactive time.
However, the results did not show a significant difference in
the daily active time. It can be argued that the number of records
was small and that the duration was not enough to make an
impact on the participants’ lifestyles, especially since many of
the participants did not complete the full duration of the study.
Moreover, many external factors could affect the results in a
real-life setting, especially since the study was conducted in a
period that included several holidays, which could affect the
participants’ daily routine. The qualitative analysis of usability
surveys showed no impact of MotiFit for knowledge, intention
to change, and behavior change; however, the quantitative
analysis revealed contrasting results with high engagement rates
and more success rates to break sedentary behavior in the
intervention group.
Considering the integrated findings from both analyses, we
inferred that the mobile health design with JITAI is engaging
and usable and can empower users to integrate PA in their daily
routine. The results of this study can act as propositions that
give researchers a solid starting point for future research on
persuasion and behavioral change for health promotion.

Limitations
The main limitations of the study were the small sample size,
the participants' engagement to continue the study for the entire
study period, and the type of the participant information
collected.
A larger sample size could provide more insight into the effect
of the intervention and increase the statistical test power. The
timing of the study was unfortunate since the recruitment took
JMIR Form Res 2022 | vol. 6 | iss. 1 | e34309 | p. 10
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place in December, which is a high season for holidays,
academic breaks, and annual leaves for employees. Hence,
recruitment and user engagement were challenging.
Another limitation was the type of user information fetched in
the study, which affected the personalization of the messages.
The user information was limited to gender, age, step goal, and
timing information according to the IRB committee agreement.
Therefore, the personalization of the messages was limited to
our knowledge of the participants. If the acquired information
is more inclusive such that it contains health status, calendar
information, and hobbies, then the app can generate a bigger
variety of yet precise messages.

Conclusion
This study investigated the potential of developing a mobile
health intervention to encourage people to become more active
during their working hours. The intervention was designed
specifically for workers who spend most of their day at work
sitting, yet it can be used by anyone. Previous studies have
investigated behavioral change through personalized notification
messages. However, this study additionally considered the
participant’s personal information, step goal, daily routine, and
the surrounding environment. For this investigation, a mobile
app called MotiFit was developed and evaluated to gain insights

Ismail & Al Thani
into the effectiveness of personalized electronic health
interventions to break inactivity.
The results proved that context-aware motivational messages
can effectively break sedentary behavior compared to static
reminders. However, the results showed no monotonic trend in
the daily active time over the study period among the most
engaged participants. In addition, the results did not show a
statistical significance between the message category
(gain-framed, loss-framed, targeting self-efficacy) and breaking
sedentary behavior.
Several ways of improving the study results could be followed
by obtaining more insights into the target population
characteristics and increasing the amount of data acquired.
Another approach is to increase the sample size and the duration
of the study, to make the messages more personalized, and to
enhance the mobile app interface. Future work can include
integrating social aspects such that users can share their
achievements on their social networks, compete with each other,
and track other users’ performance, which could increase user
engagement and prolong the app usage period. In addition, the
motivational messages if-else algorithm can further be enhanced
to use artificial intelligence to provide more personalized and
accurate messages.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Participants demographic information questionnaire.
[PNG File , 178 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Dynamic context attributes in motivational messages.
[DOCX File , 13 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Motivational messages decision-making flowchart.
[PNG File , 338 KB-Multimedia Appendix 3]

References
1.
2.

3.

4.

5.

National Heart, Lung, and Blood Institute (NHLBI). Metabolic Syndrome. URL: https://www.nhlbi.nih.gov/health-topics/
metabolic-syndrome [accessed 2022-01-15]
International Diabetes Federation (IDF). IDF Consensus Worldwide Definition of the Metabolic Syndrome. URL: https:/
/www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome.html
[accessed 2022-01-15]
Banday A, Want F, Alris F, Alrayes M, Alenzi M. A Cross-sectional Study on the prevalence of physical activity among
primary health care physicians in Aljouf region of Saudi Arabia. Mater Sociomed 2015 Aug;27(4):263-266 [FREE Full
text] [doi: 10.5455/msm.2015.27.263-266] [Medline: 26543420]
Airila A, Hakanen J, Punakallio A, Lusa S, Luukkonen R. Is work engagement related to work ability beyond working
conditions and lifestyle factors? Int Arch Occup Environ Health 2012 Nov 21;85(8):915-925. [doi:
10.1007/s00420-012-0732-1] [Medline: 22270385]
Damen I, Brankaert R, Megens C, Wesemael PV, Brombacher A, Vas S. Lets walk and talk: a design case to integrate an
active lifestyle in daily office life. : CHI EA 2018 Extended Abstracts of the 2018 CHI Conference on Human Factors in
Computing Systems; 2018 Presented at: CHI Conference on Human Factors in Computing Systems; 2018; Montreal
Convention Centre. [doi: 10.1145/3170427.3174353]

https://formative.jmir.org/2022/1/e34309

XSL• FO
RenderX

JMIR Form Res 2022 | vol. 6 | iss. 1 | e34309 | p. 11
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
6.
7.

8.

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.
19.
20.
21.
22.

23.
24.
25.

26.

27.

Manoharan T, Mohd Yusuff R, Zulkifli N, Perimal EK. Effect of break time on the upper extremity musculoskeletal disorder
development among intensive computer users in Malaysia. lsmb 2018;2(1):28916. [doi: 10.28916/lsmb.2.1.2018.7]
Direito A, Jiang Y, Whittaker R, Maddison R. Smartphone apps to improve fitness and increase physical activity among
young people: protocol of the Apps for IMproving FITness (AIMFIT) randomized controlled trial. BMC Public Health
2015 Jul 11;15:635 [FREE Full text] [doi: 10.1186/s12889-015-1968-y] [Medline: 26159834]
Manohar CU, McCrady SK, Fujiki Y, Pavlidis IT, Levine JA. Evaluation of the accuracy of a triaxial accelerometer
embedded into a cell phone platform for measuring physical activity. J Obes Weight Loss Ther 2011 Dec 20;1(106):3309
[FREE Full text] [doi: 10.4172/2165-7904.1000106] [Medline: 23730539]
Nahum-Shani I, Qian M, Almirall D, Pelham WE, Gnagy B, Fabiano GA, et al. Experimental design and primary data
analysis methods for comparing adaptive interventions. Psychol Methods 2012 Dec;17(4):457-477 [FREE Full text] [doi:
10.1037/a0029372] [Medline: 23025433]
Ben-Zeev D, Brenner CJ, Begale M, Duffecy J, Mohr DC, Mueser KT. Feasibility, acceptability, and preliminary efficacy
of a smartphone intervention for schizophrenia. Schizophr Bull 2014 Nov;40(6):1244-1253 [FREE Full text] [doi:
10.1093/schbul/sbu033] [Medline: 24609454]
Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et al. Just-in-time adaptive interventions
(JITAIs) in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med
2018 May 18;52(6):446-462 [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]
Oyibo K, Olagunju A, Olabenjo B, Adaji I, Deters R, Vassileva J. BENFIT: design, implementation and evaluation of a
culture-tailored fitness app. : Adjunct Publication of the 27th Conference on User Modeling, Adaptation and Personalization.
ACM; 2019 Presented at: UMAP'19 Adjunct: Adjunct Publication of the 27th Conference on User Modeling, Adaptation
and Personalization; June 9-12, 2019; Larnaca Cyprus p. 161-166. [doi: 10.1145/3314183.3323854]
van Dantzig S, Geleijnse G, van Halteren AT. Toward a persuasive mobile application to reduce sedentary behavior. Pers
Ubiquit Comput 2012 Jul 12;17(6):1237-1246. [doi: 10.1007/s00779-012-0588-0]
Haque MS, Kangas M, Jämsä T. A persuasive mHealth behavioral change intervention for promoting physical activity in
the workplace: feasibility randomized controlled trial. JMIR Form Res 2020 May 04;4(5):e15083 [FREE Full text] [doi:
10.2196/15083] [Medline: 32364506]
He Q, Agu E. On11: an activity recommendation application to mitigate sedentary lifestyle. : Association for Computing
Machinery; 2014 Presented at: WPA '14: Proceedings of the 2014 workshop on Physical Analytics; 2014; New York,
United States p. 3-8. [doi: 10.1145/2611264.2611268]
Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-1395. [doi:
10.1249/01.MSS.0000078924.61453.FB] [Medline: 12900694]
Stoyanov SR, Hides L, Kavanagh DJ, Wilson H. Development and validation of the user version of the Mobile Application
Rating Scale (uMARS). JMIR Mhealth Uhealth 2016 Jun 10;4(2):e72 [FREE Full text] [doi: 10.2196/mhealth.5849]
[Medline: 27287964]
Lazar J, Feng J, Hochheiser H. Research Methods in Human-Computer Interaction. Burlington, MA: Morgan Kaufmann;
2017.
Nowell LS, Norris JM, White DE, Moules NJ. Thematic analysis. Int J Qual Methods 2017 Oct 02;16(1):160940691773384.
[doi: 10.1177/1609406917733847]
Edwards C, Hill L, Cuff J. Sedentary occupations. In: The SAGE Encyclopedia of Cancer and Society. USA: SAGE;
2015:1040-1041.
Lally P, van Jaarsveld CHM, Potts HWW, Wardle J. How are habits formed: modelling habit formation in the real world.
Eur J Soc Psychol 2009 Jul 16;40(6):998-1009. [doi: 10.1002/ejsp.674]
Yildiz M, Hepdo?an D, Coskun A. Living better with water: identifying design considerations for products aimed at
motivating regular water intake. 2019 Presented at: International Association of Societies of Design Research Conference
2019 DESIGN REVOLUTIONS; 2019; Manchester.
Wendsche J, Lohmann-Haislah A, Jürgen J. The impact of supplementary short rest breaks on task performance: a
meta-analysis. sozialpolitik ch 2016;2:1-24. [doi: 10.18753/2297-8224-75]
Bumgardner W. What Are the Average Steps Per Minute for Different Exercises?. 2020. URL: https://www.verywellfit.com/
pedometer-step-equivalents-for-exercises-and-activities-3435742 [accessed 2020-12-01]
Gupta S, Sood S. Context aware mobile agent for reducing stress and obesity by motivating physical activity: a design
approach. 2015 Presented at: 2nd International Conference on Computing for Sustainable Global Development (INDIACom);
11-13 March 2015; New Delhi, India.
Op den Akker H, Cabrita M, Op den Akker R, Jones VM, Hermens HJ. Tailored motivational message generation: a model
and practical framework for real-time physical activity coaching. J Biomed Inform 2015 Jun;55:104-115 [FREE Full text]
[doi: 10.1016/j.jbi.2015.03.005] [Medline: 25843359]
Latimer AE, Brawley LR, Bassett RL. A systematic review of three approaches for constructing physical activity messages:
what messages work and what improvements are needed? Int J Behav Nutr Phys Act 2010 May 11;7(1):36 [FREE Full
text] [doi: 10.1186/1479-5868-7-36] [Medline: 20459779]

https://formative.jmir.org/2022/1/e34309

XSL• FO
RenderX

Ismail & Al Thani

JMIR Form Res 2022 | vol. 6 | iss. 1 | e34309 | p. 12
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
28.

29.
30.

31.
32.

Ismail & Al Thani

Michalovic E, Hall S, Duncan LR, Bassett-Gunter R, Sweet SN. Understanding the effects of message framing on physical
activity action planning: the role of risk perception and elaboration. Int J Behav Med 2018 Dec 29;25(6):626-636. [doi:
10.1007/s12529-018-9746-8] [Medline: 30159664]
Hagströmer M, Oja P, Sjöström M. The International Physical Activity Questionnaire (IPAQ): a study of concurrent and
construct validity. Public Health Nutr 2006 Sep 02;9(6):755-762. [doi: 10.1079/phn2005898] [Medline: 16925881]
Al-Ansari N, Al-Thani D, Luque L, El-Rishi M. Testing tailored weekly feedback messages for behavioral change of people
living with diabetes using a mHealth application. 2020 Nov 5 Presented at: International Conference on Behavior, Economic
and Social Computing (BESC); 5-7 Nov 2020; Bournemouth, United Kingdom. [doi: 10.1109/besc51023.2020.9348279]
Azeez T. Read-o-Meter. URL: http://niram.org/read/ [accessed 2022-01-15]
Greene J, DOliveira M. Learning to Use Statistical Tests in Psychology. United Kingdom: Open University Press; 2005.

Abbreviations
API: Application Programming Interface
BMI: body mass index
GPS: Global Positioning System
IPAQ: International Physical Activity Questionnaire
IRB: institutional review board
JITAI: just-in-time adaptive intervention
MET: metabolic equivalent
MetS: Metabolic Syndrome
PA: physical activity
uMARS: user version of the Mobile Application Rating Scale

Edited by G Eysenbach; submitted 16.10.21; peer-reviewed by S Badawy; comments to author 17.12.21; revised version received
31.12.21; accepted 31.12.21; published 26.01.22
Please cite as:
Ismail T, Al Thani D
Design and Evaluation of a Just-in-Time Adaptive Intervention (JITAI) to Reduce Sedentary Behavior at Work: Experimental Study
JMIR Form Res 2022;6(1):e34309
URL: https://formative.jmir.org/2022/1/e34309
doi: 10.2196/34309
PMID:

©Tasnim Ismail, Dena Al Thani. Originally published in JMIR Formative Research (https://formative.jmir.org), 26.01.2022. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

https://formative.jmir.org/2022/1/e34309

XSL• FO
RenderX

JMIR Form Res 2022 | vol. 6 | iss. 1 | e34309 | p. 13
(page number not for citation purposes)

