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Abstract Prolonged sitting is a potential health risk, not

only for people with an inactive lifestyle but also for those

who meet the daily physical activity recommendations.

Mobile applications that trigger people to take regular

breaks from sitting seem promising. In this paper, we

present the results of our quest to create effective persua-

sive mobile applications aimed at reducing sedentary

behavior. First, we developed SitCoach, a mobile appli-

cation to nudge office workers from their seats. SitCoach

monitors physical activity and sedentary behavior and

provides timely persuasive messages suggesting active

breaks. A user test showed that users had little awareness of

the risks of prolonged sitting and considered their ability to

take active breaks to be highly dependent on external

factors. The results from this study formed the basis for a

second experiment, which was more extensive in duration

and number of participants. In this 6-week experiment,

office workers received timely persuasive messages on

their smart phones, advising them to take an active break

whenever they were sitting behind their computer for too

long. Compared to a Control group who did not receive

these messages, a significant decrease in computer activity

was achieved. The studies show the potential and limita-

tions of using a smart phone as a platform for reducing

sedentary behavior. We conclude with recommendations to

create effective mobile applications that motivate people to

take regular breaks from sitting.

Keywords Sedentary behavior � Mobile application �
Sedentary awareness � Physical activity

1 Introduction

Most people are aware of the public health recommenda-

tion to be physically active for at least 30 min per day, in

order to reduce the risk of several diseases and health

conditions. However, many people who follow these

guidelines still spend extended periods of uninterrupted

sitting, for example, when doing office work, commuting,

or watching TV. Recent literature shows that such seden-

tary behavior may lead to adverse health consequences. For

example, Bankoski et al. [1] showed that sedentary

behavior is associated with a condition called metabolic

syndrome. People with metabolic syndrome have a higher

risk of developing health problems such as cardiovascular

disease and diabetes type II. Warren et al. [2] showed that

men who report high levels of sedentary behavior have a

significantly greater risk of dying from cardiovascular

disease. Moreover, research shows that the risk of seden-

tary behavior is independent of one’s overall physical

activity level [3]. Thus, even for people who meet the

WHO physical activity guidelines, extended sitting periods

may be harmful [4–7].

Recent studies showed that taking frequent breaks from

sitting, independent of total sitting time, is associated with

a healthier metabolism [8]. Thus, additional to increasing

physical activity, reducing sedentary behavior contributes

to a healthy lifestyle. Researchers have argued for public

health guidelines specifically aimed at reducing sitting

behavior [5]. These guidelines would be additional to the

existing physical activity recommendations.
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To implement such guidelines, mobile applications

could be useful. They could create sedentary awareness and

reduce sedentary behavior. Recently, a substantial amount

of research has been devoted to physical activity promotion

through mobile devices [9–14]. Using the accelerometer

embedded in a mobile phone or in a dedicated device, the

energy expenditure of the user can be estimated. Users

receive feedback on their physical activity level, often

expressed in minutes or burned calories. In addition, vari-

ous approaches are used to stimulate the user to be more

active. Most notably, the usage of virtual rewards [10, 11],

social support [12, 13], game elements [14], and goal set-

ting [15] are proven to be successful persuasive strategies

to establish an increased amount of physical activity.

In this paper, we describe two behavioral experiments

that both inform the design of an effective mobile appli-

cation that persuades office workers to take regular breaks

from sitting. The goal of the research is to identify future

directions for persuasive technology targeting sedentary

awareness and sedentary behavior.

For the first experiment, we created SitCoach, a smart

phone application, aimed at increasing sedentary awareness

and reducing sedentary behavior by prompting users to

take regular active breaks [16]. To the best of our knowl-

edge, SitCoach is the first prototype mobile application

aimed at reducing sedentary behavior. The experiment with

SitCoach provides insights into possibilities and barriers to

influence people’s sitting behavior using a mobile device.

In the second experiment, participants received a com-

mercial activity monitor and had a small piece of software

installed on their computer to measure computer activity.

Participants were randomly assigned to an intervention or a

control group. People in the Intervention group received a

persuasive text message with the suggestion to be more

active when a period of 30 min of almost uninterrupted

computer activity was recorded. The effect of these messages

on actual behavior was measured by comparing computer

activity and physical activity during 30 min following the

message with the 30 min previous to the message.

The outline of this paper is as follows. First, we describe

the SitCoach application and present the results of a user

evaluation to assess the usability of the application. Sec-

ond, we describe the aim, setup, and results of the seden-

tary break experiment. Based on the outcomes of both

studies, we formulate a number of recommendations for

future development of applications to reduce sedentary

behavior.

2 SitCoach

SitCoach is a mobile application, which measures physical

activity by means of the built-in accelerometer and reminds

the user to take frequent breaks from sitting. SitCoach

targets office workers, who are often also assisted by

micro-break reminder applications on their office PCs.

Such applications are developed to prevent users from

repetitive strain injuries. Although these applications show

to be successful in reducing complaints [17], they may not

always be pleasant to use [18]. Morris et al. [18] introduced

SuperBreak, which stimulates break compliance for com-

puter usage. Instead of the usual breaks offered by software

packages such as XWrits and WorkRave, SuperBreak

offers the possibility to make the break time more pro-

ductive by enabling interaction with the PC through ges-

tures. In this way, break compliance is promoted and the

productivity during the break time is increased. Although

SuperBreak may increase break compliance while doing

computer work, it is not targeted at reducing sitting time.

Moreover, neither of the current computer packages sup-

port break compliance during other sedentary time, for

example, during meetings or while reading.

To reduce sitting time and inspire people to take regular

breaks, SitCoach reminds users to take a break after a

configurable number of inactive minutes. Users can set

their own goals in terms of maximum number of consec-

utive sitting minutes and number of active minutes per day.

Reminders are given through visual, acoustic, and tactile

messages.

2.1 Identifying sitting time

Using the built-in accelerometer in the smart phone, the

user’s activity is classified in an active and inactive state.

The accelerometer measures the phone’s x, y, and z posi-

tioning at a rate of 1 s. These position values range from

-0.5 to 0.5. These three values are compared with the

previous measurement. A movement is recorded when the

difference on one of the coordinates exceeds 0.3. This

value was determined empirically: it is low enough to

detect walking behavior without getting a false positive

when the user makes small movements while remaining

seated (e.g., a turn on the chair).

To distinguish walking from other brief movements,

such as a small turn or standing up from a chair, move-

ments are monitored over a certain time interval. A value

of 5 s was empirically proven to be sufficient to obtain

reliable measurements for SitCoach. However, future work

should involve a structured analysis to determine optimal

threshold values to reliably detect different levels of

activity.

2.2 Creating sedentary awareness

The aim of this application is to motivate users to become

more active. Therefore, the application stores the number
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of active minutes per day for each user. These values are

shared with peer users, which may provide a nudge for

users to see how others are doing and to comply with the

social norm. Furthermore, it may motivate users through

social comparison. Although it was not possible to share

results on social networks such as Facebook, participants

were asked whether they would have used this option if it

had been provided.

Whenever a certain number of sedentary minutes is

recorded, SitCoach reminds the user to take a break from

sitting. The length of the interval between breaks and the

break duration can be set by the user. To remind the user of

a break, SitCoach emits a tactile (vibration) and an acoustic

(buzzing) warning. Users can disable the acoustic warning.

A visual indicator at the main screen of the application

shows when a user is moving, giving the user immediate

feedback about his/her current behavior. Figure 1 provides

a screenshot of the main screen of the SitCoach applica-

tion. The green icon of a running person indicates that the

application has detected that the user is currently moving.

When the user is active, the number of active minutes

increases. The state displayed in Fig. 1 shows that the user

will have to take an active break after nine more inactive

minutes. When the user takes an active break equal to the

preset break duration (by default 5 min), the break timer is

reset. Due to this mechanism, which is also applied in most

computer break compliance software, the user will not

receive any reminders shortly after taking a sufficiently

long break.

3 User evaluation

To assess usability and user acceptance, SitCoach was

evaluated by eight office workers. This evaluation provides

insights into participants’ sitting behavior and their

awareness of the harmfulness of sedentary behavior.

In the user evaluation, participants were provided with

an iPhone with the SitCoach application and invited to use

the application throughout 1 day at the office. At the end of

the day, a semi-structured interview was conducted to

assess experiences with SitCoach. In addition, participants

were interviewed about their current sedentary break habits

and their awareness of the importance of breaks from sit-

ting. In addition to the interview, participants completed

two questionnaires, the Attrakdiff 2 questionnaire, which

focuses on the usability of the application [19], and the

Locus of Control questionnaire, which focuses on the

perceived locus of control with respect to reducing sitting

time [20].

3.1 Participants

Eight Dutch-speaking adults (four females) participated in

the experiment during one working day. All participants

were knowledge workers with high computer dependability.

3.2 Procedure and design

All participants took part in the user evaluation on a day

they described as a typical office day, without appoint-

ments outside the office during working hours. After

arriving at the office in the morning, participants received a

fully charged iPhone 3G. SitCoach was the only applica-

tion installed, apart from the standard software. No SIM

card was installed, limiting the functionalities of the phone.

The participants were instructed not to use the phone for

other purposes than the SitCoach application. Upon

receiving the iPhone, participants were instructed about the

functionality of the application and guided through its

features and settings. By default, the application would

prompt for a 5-min break after 60 min of uninterrupted

sitting. The default activity goal for the whole day was set

to 50 min. Participants were free to change the settings

throughout the day.

Around 4 pm, participants were interviewed based on a

list of pre-defined questions on their sitting behavior, sed-

entary awareness, and the SitCoach application. InFig. 1 SitCoach main screen
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addition, they completed the Attrakdiff 2 questionnaire and

the Locus of Control questionnaire. The Attrakdiff 2

questionnaire [19] is a usability questionnaire, assessing

various qualities of SitCoach. The questionnaire contains

28 items, consisting of a seven-point rating scale with two

bipolar anchors to mark the opposing ends of the scale

(e.g., confusing—clear, ugly—beautiful). The question-

naire consists of four 7-item subscales, each measuring a

different quality of the evaluated product (see Table 1).

The combination of the four qualities determines whether

the concept is practical, meaningful, and pleasant to use.

High scores on all qualities are important for a prolonged

usage of a product.

A Locus of Control questionnaire was used to measure

the amount of perceived internal control over one’s sitting

behavior and the amount of perceived external control,

either by others or by chance. The original questionnaire,

developed by Wallton et al. [20], was adapted for sitting

behavior. The adapted questionnaire consists of 18 ques-

tions on a six point Likert scale. The complete question-

naire is provided in the ‘‘Appendix’’.

3.3 Results

All eight participants indicated that they were not aware of

the harmfulness of sedentary behavior. When taking a

break and getting up from their desk, participants usually

did so because they were aware of the adverse effects of

prolonged computer usage and the health benefits of

physical activity. Half of the participants reported to be

unhappy with the amount of sitting time during a day in the

office. Time between tasks and moments of reduced con-

centration were considered suitable moments to take a

sitting break. The time spent during such breaks was not

seen as productive.

No remarks were made about any inaccuracies of the

application. This suggests that the current implementation

is quite accurate in distinguishing sitting time from active

time.

With regard to the signaling of break reminders, par-

ticipants appreciated the vibration signal of the phone,

since it is discrete and easily ignored when necessary, for

example, during meetings. On the other hand, the auditory

(buzzing) signal was experienced to be distracting: ‘‘When

I am working, I don’t want to be disturbed’’.

The Attrakdiff2 questionnaire results show favorable

scores on the pragmatic dimension, showing that partici-

pants were generally positive about their interaction with

the SitCoach application. Overall, moderate scores were

reported on the hedonic dimensions, suggesting that the

application contributes to some degree to the development

of new skills and knowledge. Scores on Attractiveness

were predominantly low, suggesting that the application as

a whole was not very appealing (Table 2).

The Locus of Control questionnaire revealed that six out

of eight participants scored low on the internality dimen-

sion (scores below 18 on a range from 6 to 36), while the

other two scored moderate (a score between 18 and 24).

This implies that the participants generally believe that

they have little control over their sitting behavior. On the

Others Externality dimension, moderate-to-high scores

Table 1 Names, descriptions, and examples of the four subscales of the Attrakdiff2 questionnaire

Quality Description Examples

Pragmatic quality Does a product do what it’s supposed to do? Technical, human

Is it easy to understand and use the product? Complicated, simple

Do users find it easy to interact with SitCoach, and does it perform according

to their expectancies?

Hedonic stimulation Does the product help the user in developing new skills or gaining knowledge? Typical, original

Does SitCoach make people aware of their sedentary behavior and help them to

take more frequent breaks from sitting?

Easy, challenging

Hedonic identification How is the product used in a social context? Isolating, integrating

How does the product contribute to one’s identity? Cheap, valuable

What does one communicate to others by using SitCoach

Attractiveness Global appeal of the product. Ugly, beautiful

Do users find SitCoach as a whole appealing or attractive? Bad, Good

Table 2 Distribution of responses to the AttrakDiff 2 questionnaire

Quality Low Moderate High

Pragmatic quality 1 1 6

Hedonic identification 1 5 2

Hedonic stimulation 1 3 4

Attractiveness 5 3 –
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were obtained, implying that the participants have the

feeling that their sitting behavior is strongly determined by

others (colleagues, managers). On the Chance Externality

dimension, mostly low-to-moderate scores were given. The

responses to the Locus of Control questionnaire are pre-

sented in Table 3. Participants mentioned that they would

like to have final control over their sedentary breaks. A

lack of control was seen as the largest source of annoyance

with PC break applications. Only one of the participants

was using an RSI prevention program, which was installed

by default. The others had disabled it.

Some of the participants reported battery problems with

the smart phone. Although participants received a fully

charged phone, the application consumed too much power

to be run for a full working day without recharging.

The suggestion to share the activity on Facebook or

other social media was not well received. Similar to the

findings of Munson et al. [21], participants did not feel the

need to bother their social network with such details.

3.4 Conclusions on SitCoach

The user test of SitCoach showed that participants had little

awareness of the harmful effects of prolonged sitting.

Furthermore, they experienced limited internal control over

their own sedentary behavior. The SitCoach application

was seen as a helpful tool to reduce sedentary behavior,

although it was not perceived as very appealing.

4 Sedentary break experiment

Based on the lessons learned from SitCoach, a larger fol-

low-up experiment was conducted. To obtain more quan-

titative conclusions, the duration and number of

participants was increased. Because the battery limitations

of the smart phone platform inhibited a longitudinal study,

the usage of the phone as a measurement tool was aban-

doned. However, the smart phone was still used as an

intervention tool to convey persuasive messages.

Participants received a commercial activity monitor and

had a small piece of software installed on their computer to

measure computer activity by registering keyboard and

mouse activity. Participants were randomly assigned to an

intervention and a control condition. Participants in the

Intervention condition received timely persuasive messages

to reduce their sitting time. Participants in the Control

condition did not receive any messages. In the Intervention

condition, whenever 30 min of nearly uninterrupted com-

puter activity was recorded, a short text message (SMS)

containing a hyperlink was sent to the participant’s smart

phone. When participants clicked on this hyperlink, they

were shown a message persuading them to be more active.

Although all messages contained the same general advice,

this advice was phrased in various ways, using four dif-

ferent persuasive strategies. The four strategies are a subset

of the six social influence strategies defined by Cialdini

[22]. The six strategies are Authority, people tend to follow

the advice of experts or authority figures; Commitment,

people stick to their goals and plans; Consensus, people do

as others do; Liking, people are easily persuaded by people

they like; Reciprocity, people tend to return a favor; and

Scarcity, people value scarce things higher than abundant

things (Table 4).

Recent studies have explored the effectiveness of per-

suasive text messages to influence behavior across different

domains. For example, Kaptein et al. [23] studied the

effectiveness of persuasive text messages to reduce

snacking behavior. Furthermore, Kaptein and van Halteren

[24] describe the effect of tailored persuasive messages on

commitment to a physical activity promotion program. In

the current experiment, the strategies of Reciprocity and

Liking were omitted, since these require personal contact

with the persuader. Table 4 presents examples of the

remaining four types of messages.

4.1 Participants

Eighty-six participants, all healthy office workers at dif-

ferent companies in the Netherlands, were recruited by an

external recruitment agency. Participants were selected on

the basis of the following inclusion criteria: having a pre-

dominantly sedentary job (desk job); working at a

Table 3 Distribution of responses to the Locus of Control

questionnaire

Low Moderate High

Internality 6 2 –

Others Externality – 3 5

Chance Externality 3 4 1

Table 4 Examples of the four different message types

Strategy Example

Authority The World Health Organization advices to be active

on a daily basis. Being inactive for prolonged

periods is bad for your health

Commitment You have already been using the activity monitor.

Keep active in order to reach your daily goals

Consensus Get of your chair and move! 95 % of the participants

have already increased their physical activity.

Follow their example!

Scarcity Every day without physical activity is a missed

chance to reach a healthier life. Stay active!
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computer that is not also used by others; able to install

some software on their work computer; older than

30 years; in possession of a smart phone with Internet

connection; no known physical handicap or other condition

that makes moderate physical activity (walking) impossi-

ble; not participating in any other activity promotion

intervention. All participants were native Dutch speakers.

The age limit was set because earlier studies in our lab

have shown that people above 30 benefit most from an

activity promotion program. The Intervention group con-

sisted of 40 participants (average age: 44.5; SD = 7.9;

range, 30–57; 17 females). The Control group consisted of

46 participants (average age: 44.3; SD = 8.0; range,

32–63; 17 females).

4.2 Measurements

At the start of the experiment, all participants received a

commercially available activity monitoring kit, consisting

of an activity monitor, computer software, and a connect

device (USB). The activity monitor is a triaxial acceler-

ometer for movement registration. It measures

31 9 33 9 11 mm, weighs 23 g, and has a sampling rate

of 20 Hz. The monitor can be attached to clothing, put in

one’s pocket or be worn as a pendant around the neck.

Participants received an adapted version of the regular

activity upload software and were instructed to install it on

their work computer. This software enabled them to upload

data from the activity monitor through the USB device and

to view their activity patterns on a personal web page. In

addition, the software measured computer activity (key-

board strokes and mouse movements) and reported this to a

backend server at a granularity of 1 min. A minute was

marked as ‘‘active on the computer’’ if participants touched

their mouse or keyboard during that minute. The threshold

for sending an SMS was reached when in a 30-min sliding

window at least 27 min was marked as active. Computer

activity was recorded solely for research purposes, and

participants had no access to the data.

Whenever a text message was sent, the time of sending

was logged. In addition, it was logged if and when par-

ticipants opened the embedded hyperlink, in order to

determine the proportion of messages that was actually

read, and the time between sending and reading.

This setup, combining three different devices—the

activity monitor, computer, and smart phone—was quite

complex. Although it may seem more straightforward to

solely use the smart phone to measure physical activity and

provide persuasive messages, this strategy was not pre-

ferred for several reasons. First, from our research on the

mobile app, we learned that the smart phone’s battery is

drained rapidly when its accelerometer is used continu-

ously. Second, using the smart phone’s accelerometer to

assess physical activity would require users to carry their

smart phone on their body continuously. This may be

undesirable or impossible for certain users.

Using computer activity as a proxy for sedentary

behavior seemed a reasonable alternative. Even though

some moments of sedentary behavior may be missed (e.g.,

when sitting in a meeting or reading documents), it is

reasonable to assume that typical office workers spend a

major part of their sedentary time working at their

computer.

4.3 Design

The experiment started with an assessment week (7 days)

during which baseline measurements of physical activity

(PA) and computer activity (CA) were recorded. After the

assessment week, the 6-week intervention period started.

During the intervention period, participants in the Inter-

vention group received a persuasive message each time

they performed 30 min of nearly uninterrupted computer

activity (90 %). Participants in the Control group did not

receive any messages, but their computer activity and

physical activity was monitored.

Whenever the threshold was exceeded, participants in

the Intervention group received a text message with the

following message: ‘‘Hello \ First name [ , follow this

link: \ hyperlink [ for a new message! Greetings, coach

Luuk.’’ The hyperlink redirected them to a website that

displayed a persuasive message recommending physical

activity (see Table 4). Instead of presenting the message

directly in the SMS, this two-step approach was taken in

order to log whether and when participants actually read

the persuasive message. Messages were based on the fol-

lowing four persuasive strategies defined by Cialdini [22];

Authority, Scarcity, Consensus, and Commitment (see

Table 4 for examples). A set of 32 messages was created,

containing eight Authority messages, eight Scarcity mes-

sages, nine Consensus messages, and seven Commitment

messages. Messages were randomly selected from this

pool. Participants received a maximum of three messages

per day, even if they exceeded the computer activity

threshold more often. The time between messages was at

least 2 h.

4.4 Analysis and results

To assess the effect of the persuasive messages, CA and PA

after a message were compared with CA and PA before the

message. CA and PA were computed over a time window

of 30 min before and after each message. Even though no

SMSes were sent in the Control condition, we defined

‘‘virtual SMS moments,’’ using the same algorithm that was

used to determine when to send an SMS in the Intervention
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group. This allowed us to assess the effect of the SMSes,

by comparing CA and PA during the 30 min before and

after each (virtual) SMS moment in both conditions.

Participants in the Intervention condition received an

average of 43 SMS messages (SD = 18.5), of which on

average 46 % (SD = 34.6) was read.

Both in the Control group and in the Intervention group,

CA was expected to decrease after a (virtual) SMS. In the

Control condition, a decline was expected due to regression

toward the mean. After all, CA levels fluctuate throughout

the day and vary from moment to moment. Given that CA

prior to the virtual SMS moment is nearly at ceiling level

(90 %), it is more likely to be followed by a lower CA level

than a higher level due to the random fluctuations. Thus,

the average CA level after the virtual SMS is pulled toward

the mean. In the Intervention group, an additional effect

was expected of the persuasive messages, resulting in a

steeper decline than in the Control condition. In order to

test this hypothesis, a 2 9 2 ANOVA was performed, with

Time (before SMS vs. after SMS) as within-subjects factor

and Condition (Intervention vs. Control) as between-sub-

jects factor.

Results showed a main effect of Time, indicating that

CA level after the (virtual) SMS was lower (M = 20.2,

SD = 3.9) than before the (virtual) SMS (M = 28.0,

SD = 0.47), F(84,1) = 425, p \ .001. More importantly,

there was a highly significant interaction between Time and

Condition, indicating that the decline in CA was steeper in

the Intervention condition than in the Control condition,

F(84,1) = 29.5, p \ .001. This is also shown in Fig. 1,

which displays the average computer activity surrounding a

(virtual) SMS. In the Intervention condition, there was a

CA reduction of 10.0 min, compared to a reduction of

5.9 min in the Control condition (Table 5; Fig. 2).

Figure 3 shows the median of the physical activity

during a window of 50 min surrounding the moment of

sending the (virtual) SMSes. In the Intervention condition,

the SMS is followed by a sharp peak in physical activity,

indicating that participants responded to the SMS by briefly

becoming more active.

To test whether this increase was significant, a 2 9 2

ANOVA was performed on the average PA value during a

5-min interval before and after an SMS, with Time (before

SMS vs after SMS) as within-subject variable and Condi-

tion (Intervention vs Control) as between-subject variable.

Results showed that neither the factor Time, nor the

interaction between Time and Condition was significant

(Table 6).

Thus, although Fig. 3 suggests that there was an effect

of the messages on physical activity, this was not corrob-

orated by the statistical analysis. The finding that computer

activity decreased immediately after an SMS suggests that

the messages were effective in inducing breaks from

computer work. However, this finding does not shed light

on the exact cause of the effect. One could wonder whether

simply receiving a timely message is sufficient to trigger a

Table 5 Average computer activity (minutes) during 30 min before

and 30 min after receiving a (virtual) SMS

Condition Before SMS After SMS Reduction

Intervention 28.3 (0.32) 18.3 (4.0) 10.0

Control 27.7 (0.43) 21.8 (2.9) 5.9

Total 28.0 (0.47) 20.2 (3.8) 7.9

Standard deviations are within brackets

Fig. 2 Average computer activity (proportion of active minutes)

during 25 min before and after a (virtual) SMS was sent

Fig. 3 Median physical activity during 25 min before and after a

(virtual) SMS

Table 6 Physical activity before and after receiving a (virtual) SMS,

in the Intervention and Control condition

Condition Before SMS After SMS

Intervention 0.68 (0.49) 0.71 (0.41)

Control 0.42 (0.26) 0.47 (0.24)
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break from sitting, or whether the persuasive content of the

messages is crucial for the effect. To address this question,

we took advantage of the fact that the events of receiving a

message and clicking the hyperlink were stored separately

in the database. This allowed us to distinguish these two

events. For each participant, we determined how many

SMSes that person received, and how often that person

clicked on the hyperlink in the SMS to read the persuasive

message. The proportion read messages varied widely

across participants, ranging from 0 to 100 %. To explore

whether reading the message is essential for the CA

reduction, we compared participants in the Intervention

condition who read more than 50 % of the received mes-

sages (M = 77 %, SD = 16.6) with those who read less

than 50 % of the messages (M = 15 %, SD = 15). If the

persuasive content of the messages is essential, it is

expected that the effect of reducing sedentary behavior is

larger among participants who read more than 50 % of the

messages than among those who read \50 % of the mes-

sages. If, on the other hand, receiving a timely message is

sufficient to trigger a break, no difference between people

who read more or \50 % of the messages is expected

(Table 7).

A 2 9 2 ANOVA was performed, with Time (before

SMS vs After SMS) as within-subject factor and Proportion

Read (50 % or less vs More than 50 %) as between-sub-

jects factor. There was no significant effect of Proportion

Read, F(38,1) = 1.8, p [ .10, and no significant interac-

tion between Proportion Read and Time, F(38,1) = 2.0,

p [ .10, suggesting that receiving a timely message is

enough to trigger a break from computer work. Reading the

persuasive messages has no additional influence on the

reduction of computer activity.

4.5 Conclusions from sedentary break experiment

The results of the sedentary break experiment show that

timely messages can effectively reduce computer activity.

Upon receiving an SMS, people in the Intervention con-

dition reduced their computer activity with approximately

10 min, which is 4 min more than the reduction that can be

ascribed to regression toward the mean, as found in the

Control condition. In addition, in the Intervention

condition, physical activity appeared to peak immediately

after a persuasive message. Although no such peak was

visible in the Control condition, the statistical analysis

yielded no significant differences between the conditions.

Further investigation of the data showed no difference

between people who read more or less than 50 % of the

messages. This suggests that not the content of the per-

suasive messages is important, but the fact that people

receive a text message on their smart phone when they

have been sitting for too long. Receiving timely reminders

might be sufficient to create sedentary awareness and lead

to a change in behavior.

5 Conclusions and recommendations

The current study has several limitations. First, the user test

was small in terms of sample size and duration. It focused

primarily on how users experienced the SitCoach applica-

tion. A more extensive study would be required to study the

effects of prolonged use of an application targeting sed-

entary behavior. This issue was addressed in the follow-up

study. Although this study showed that persuasive mes-

sages significantly reduced computer activity, no signifi-

cant changes in physical activity were observed.

Furthermore, the wider implications of persuasive mobile

applications on aspects such as users’ health, well-being,

and work productivity were not assessed.

Despite these limitations, the two experiments provide

valuable insights on the design of future persuasive applica-

tions that contribute to a healthier lifestyle. In the following,

we reflect on our findings and provide recommendations for

the effective design of persuasive applications that raise

awareness of sedentary behavior and motivate people to

avoid prolonged sitting.

First, timely reminders are an effective means to induce

sitting breaks. The results of our study suggest that pro-

viding persuasive content might not be necessary and that

simple reminders on a smart phone are sufficient to trigger

short breaks. These reminders should be discrete and

unobtrusive. Users should be given the option to disable the

warnings in certain situations (e.g., when in a meeting).

Second, solutions should respect users’ autonomy and

give them control over their behavior. Often, break

reminder applications are considered to be annoying

because they undermine autonomy and disturb people at

untimely moments [18]. In addition, our user test showed

that people experience little internal control over their

sedentary behavior. Solutions should therefore support

people in controlling their sedentary behavior. Monitoring

sedentary behavior at an organizational level, for example,

through a smart phone or using computer activity as a

proxy, could help organizations to optimize the timing of

Table 7 Computer activity before and after receiving a (virtual) SMS

(in min) for participants who read more or less than 50 % of the

messages

Read Before SMS After SMS N

50 % or less 28.3 (0.35) 17.5 (4.8) 20

More than 50 % 28.2 (0.28) 19.2 (2.9) 20

Standard deviations are within brackets
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breaks. Timely reminders could not only be beneficial for

the health of individual employees but may also provide

productivity benefits, as reported in [25].

Furthermore, the user test revealed that the awareness of

the harmfulness of sedentary behavior is generally low.

Persuasive strategies to stimulate the user to take sedentary

breaks are likely to be more successful after having

established awareness of the adverse health effects of sit-

ting behavior. This can be done by first providing insights

on one’s sitting behavior and subsequently suggesting

opportunities to reduce sitting time.

Last, solutions should balance the tradeoff between

accurately detecting sedentary behavior and power con-

sumption. The commercial activity monitor used in our

second study has been optimized for power consumption

but was insufficiently accurate to detect significant changes

in physical activity immediately after a persuasive mes-

sage. Although the iPhone platform provides sufficient

accuracy, it forces the accelerometer to be on continuously,

even when using optimized sampling rates. As a result, the

battery is depleted in 5–6 h, which makes this option

impractical to use at this point in time. Another limitation

of using the mobile phone, as we discovered in the user

study, is that it has to be worn on the body continuously,

which may be undesirable or unpractical for some users. In

future work, solutions should be explored that provide

reliable activity measures without consuming too much

energy. One possibility might be to use the negative cor-

relation between computer activity and physical activity.

Typically, when computer activity is high, physical activity

is low. Thus, during the moments when computer activity

is recorded, these data could be used as a proxy for phys-

ical activity. Another possibility is to use a dedicated

activity monitoring that is sufficiently accurate to signal

sedentary behavior [26] and use the mobile phone as a

device for rendering persuasive messages.

Summarizing, the work presented in this paper provides

a promising approach to target sedentary behavior using

persuasive mobile technology. Applications that increase

awareness and provide timely reminders, while respecting

autonomy and supporting self-efficacy, may be effective in

reducing sedentary behavior. In doing so, they may con-

tribute to a healthier lifestyle.
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