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Chapter I 

Introduction 

Background 

 It is recommended that each adult accumulate 150 minutes per week of moderate-intensity 

physical activity (PA) or 75 minutes per week of vigorous-intensity PA in bouts of 10 minutes or 

more (69).  One way moderate-intensity PA can be defined is in terms of metabolic equivalents 

(METs, the metabolic cost of PA relative to resting levels) as any PA with a MET demand between 

3.0-5.9 METs, whereas any activity that produces a MET ≥ 6.0 would be considered vigorous-

intensity. These recommendations were put in place because participation in regular PA has been 

shown to play a role in the prevention of major chronic diseases such as cardiovascular disease, 

type II diabetes, obesity, and some types of cancer (6). Despite the overwhelming evidence that 

regular participation in moderate-intensity to vigorous-intensity PA (MVPA) provides numerous 

health benefits and a preventative role in chronic disease, PA is not the sole contributor in the 

reduction of disease and illness.  

 Sedentary behavior (SB) and the accumulation of SB have been shown to be a health risk 

independently of PA and exercise participation (26). SB can be defined as any activity with a MET 

requirement of 1.0-1.5, which typically includes activities such as sitting, lying, driving, watching 

television, and working on the computer (46). Greer et al. found that men classified with middle  

(> 12 to < 19 hours/week) and high (> 19 hour/week) SB had 65-76% higher risk of developing 

metabolic syndrome independently of PA levels compared to individuals who were classified as 

having low level of SB (26). Additional health risks associated with SB include but are not limited 

to increased insulin resistance, increased fasting triglycerides, decreased daily caloric 
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expenditures, and increased incidences of hypertension (43, 44, 53). Moreover, Matthews et al. 

showed that the amount of time spent in SB was positively associated with mortality after adjusting 

for covariates, such as age, sex, education, smoking, diet, race, and MVPA (44).  

In addition to accumulated SB, the duration of bouts in SB has also been shown to increase 

health risks in conjunction with total accumulated SB. Therefore, total time spent in SB can be 

considered alongside bouts of SB, with both posing as a potential health risks to individuals. Cliff 

at al. found that children who spend longer time in bouts of SB have lower HDL cholesterol than 

those in shorter duration bouts of SB (14). These finding were consistent with adult studies which 

indicate that limiting bouts of SB to ˂ 30 minutes have beneficial effects on cardio-metabolic 

outcomes (57).  

Breaks in SB go hand-in-hand with the duration of bouts spend in SB.  Increased breaks in 

SB have also been shown to decrease health risks involved with too much sitting time. Frequent 

interruptions (breaks) to SB are commonly defined as the transition from sedentary to an active 

state for ≥1 min (30). Breaks in sedentary time have beneficial associations with waist 

circumference, body mass index, triglyceride levels, and 2-hour glucose levels that are independent 

of total SB and MVPA time (30).  Dunstan et al. found that interrupting sitting time with short 

bouts of light- or moderate-intensity walking lowers postprandial glucose and insulin levels in 

overweight/obese adults (20). Furthermore, increasing interrupted SB has been shown to reduce 

resting blood pressure in overweight/obese adults (38). Current evidence suggests that breaking 

up SB may provide beneficial metabolic effects in addition to the beneficial effects of reducing 

total SB and increasing time spent in MVPA.  
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Population-based studies have shown that more than half of an average person’s waking 

day is spent in SB (17, 43). Coupled with the amount of time the average person spends in SB and 

the lack of participation in moderate or vigorous PA, there is a need for individuals to increase 

time spent participating in PA and to decrease time spent in SB.  

 Currently, consumer-based PA monitor sales are on the rise. In 2014, an estimated 70.2 

million consumer-based PA monitors were purchased in the U.S., Europe, and Asia (1).  With 

respect to Jawbone monitors, approximately 500,000 were sold in the United States alone, in 2014 

(1). Consumer-based PA monitors are designed to measure and store the amount of PA performed 

by an individual on a day-to-day basis. They also provide direct feedback to the individual user on 

the progress to, and completion of, daily PA goals. Additionally, some devices such as the Jawbone 

monitor have settings that can cause vibrations when the consumer has been sedentary for too long. 

This vibration from the monitor itself provides a haptic feedback sensation that the individual has 

been engaged in SB for an extended period of time (e.g., 60 minutes). The use of these PA monitors 

may directly influence the behaviors of the individual which could translate into decreased SB and 

increased PA.  A meta-analysis completed in 2007 found that the use of pedometers over an 18 

week period increased PA in adults by an average of 2491 steps per day (9). These improvements 

may be related back to the feedback provided by the pedometers. Consumer-based PA monitors, 

which are similar to their output to pedometers, may have the same potential to promote behavioral 

change (13, 77).  

 Theories such as self-determination theory and stimulus-response theory may explain why 

haptic feedback could potentially influence behavior change, and motivational techniques 

including goal-setting and prompting may also help elicit behavior change (40). To date, there has 

been limited research done with regards to if haptic feedback from PA monitors can create actual 
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behavioral changes. However, there are studies that have shown how haptic feedback and 

prompting can promote behavioral adaptations (5, 48, 67). Swartz et al. utilized two different 

prompting techniques to determine if haptic feedback could decrease SB (67). Both intervention 

groups significantly reduced duration of average sitting bouts (Stand group, by 16%; Step group, 

by 19%) and the number of sitting bouts of 60 minutes or more (67). Therefore, it may be that 

similar results can be seen in other devices that offer cues or prompts to cause a behavioral change. 

Purpose  

 Most research on PA monitors focused on the reliability and validity. However, less is 

known about whether or not these devices can assist in behavioral modification in the individuals 

using them. Therefore, the purpose of this study was to evaluate the effectiveness of Jawbone 

monitors in decreasing SB in adults aged 18-85 from Muncie, Indiana. 

Aims and Hypotheses   

 Aim 1: To determine if wearing the Jawbone and receiving haptic feedback is related to 

differing time spent in SB, bouts of SB, and number of breaks in SB than when the monitor is 

worn but no haptic feedback is provided.  

 Hypothesis 1a:  The use of the Jawbone monitor with haptic 

feedback will be related to individuals spending less total time in SB compared to 

wearing the monitor and not receiving haptic feedback.  

 

 Hypothesis 1b:  The use of the Jawbone monitor with haptic feedback will be 

related to individuals spending less time in bouts of SB compared to wearing the 

monitor and not receiving haptic feedback.  
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 Hypothesis 1c: The use of the Jawbone monitor with haptic feedback will be 

related to individuals increasing breaks in SB compared to wearing the monitor and 

not receiving haptic feedback.  

  Aim 2: To determine if wearing the Jawbone and receiving haptic feedback is related to 

acquiring differing steps, caloric expenditure, and activity time per day compared to wearing the 

monitor and not receiving feedback.  

 Hypothesis 2a: The use of the Jawbone monitor with haptic feedback will be 

related to individuals acquiring more steps per day compared to wearing the 

monitor and not receiving haptic feedback.   

 Hypothesis 2b: The use of the Jawbone monitor with haptic feedback will be 

related to increased caloric expenditure compared to wearing the monitor and not 

receiving haptic feedback.  

 Hypothesis 2c: The use of the Jawbone monitor with haptic feedback will be 

related to increased activity time per day compared to wearing the monitor and not 

receiving haptic feedback.  

Delimitations  

 The study could be delimited by the following factors: 

1. This study utilized male and female adults from Muncie, Indiana, ages 18-75.  

2. The use of the Jawbone UP24 PA monitor was used because of its unique vibrating feature. 

Other consumer-based PA monitors were not tested in this study. 

3. The number of steps, kcals, and active time per day were measured by the Jawbone 

accelerometers. 
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4. activPAL accelerometers were used to detect changes in SB and PA as well as generate a 

criterion measure for steps, breaks in SB, and time spent in SB, standing and stepping. 

5. Each participant wore both the Jawbone UP and activPAL monitors for two sessions of 7 

days. The only difference between sessions is that for half the participants, haptic feedback 

from the monitor was provided during the second session when the individual was inactive 

for a bout of >60 minutes. Individuals did not have access to real-time data from the PA 

monitor. 

Definitions 

1. Physical Activity: any bodily movement produced by the contraction of skeletal muscles 

that result in a substantial increase in caloric requirements over resting energy expenditure 

(12).  

2. Metabolic Equivalent (MET): a term used to represent resting metabolism and is taken, by 

convention, to be 3.5 ml/kg/min. This is called 1 MET (11).  

3. Moderate Intensity PA: an activity with a metabolic demand between 3.0 – 5.9 METs.  

4. Vigorous Intensity PA: an activity with a metabolic demand ≥ 6.0 METs.  

5. Reliability: the extent to which an experiment, test, or measurement procedure yields the 

same results on repeated trials.   

6. Validity: the quality of being real or correct.  
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Chapter II 

Literature Review 

 

Part 1: Physical Activity  

Physical Activity and Health  

 Physical activity (PA) is known to be a primary modifiable risk factor in the 

prevention/attenuation of chronic disease such as cardiovascular and metabolic disease in addition 

to all-cause mortality (29, 33, 58, 81). To date, there have been numerous epidemiological studies 

that have demonstrated the important role that PA has on health (7, 29, 33, 54, 58, 59, 81). PA has 

such an influential positive role on chronic disease because of its accumulated effects on 

cardiovascular and other chronic disease risk factors (29, 59).  It is estimated that world population 

inactivity causes 30% of ischemic heart disease and 27% of Type II diabetes mellitus (1). In 

addition, PA has been shown to be beneficial in a dose-response relationship, meaning that some 

PA can produce substantial health benefits, but higher levels of PA can produce these benefits to 

a higher degree (56). From a public health perspective, physical inactivity is associated with major 

economic burden on healthcare, which can be recognized in the United States where healthcare 

costs are staggering. In 2009, the economic costs of CVD and stroke were estimated at $475.3 

billion and in 2007, medical costs attributed to diabetes was estimated at $86 billion (39).  For the 

reasons stated above, the American College of Sports Medicine (ACSM), World Health 

Organization (WHO), and the Centers for Disease Control (CDC) have published 

recommendations outlining the importance of PA, the minimum level of PA for health related 

benefits, and strategies to achieve these levels of PA.  
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PA Guidelines  

 In an effort to communicate the health benefits of regular PA and risks of physical 

inactivity, the first United States government-sanctioned guidelines for PA, the 2008 Physical 

Activity Guidelines for Americans (PAG) were established (63). These guidelines recommend that 

all Americans should participate in a minimum of 150 minutes per week of moderate intensity 

aerobic PA, or 75 minutes per week of vigorous intensity aerobic PA, or a combination of both 

which can be obtained in bouts of 10 minutes or more (63). Moderate and vigorous intensity PA 

are often defined in terms of energy expenditure (EE), percent of age-predicted heart rate 

maximum, and rating of perceived exertion (RPE), as described in the next section. While these 

guidelines outlines the minimum threshold of PA necessary to gain health benefits, the PAG also 

specifies that PA exceeding this is likely to lead to obtaining additional health benefits.  

 The prevalence of American adults meeting the recommended level of aerobic PA in the 

U.S. is low, estimated to be between 3% and 52% depending on the method of PA assessment used 

(62). Considering the potential benefits that PA can have on the individual and the general 

population, it is important for individuals, practitioners, and researchers to understand how to 

interpret and apply PA guidelines. This is especially true in the assessment of PA data, specifically, 

how to quantify PA and how to rate the value of PA.  

Quantity and Quality of PA  

 As stated in the previous section, the PAG prescribes a minimum volume of PA to attain 

health benefits, which intrinsically contains parameters of frequency, duration, and intensity. For 

example, the 2008 PAG recommends attaining 150 minutes of moderate intensity PA weekly, 

ideally during sessions spread across most days of the week (76). Quantity (i.e., 150 minutes) is 
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relatively easy to calculate from frequency and duration (i.e. 30 minutes, 5 days/week). Quality, 

or the intensity of PA, can be more much difficult to assess.  

 Intensity of PA is often broken down into three separate categories; light, moderate, and 

vigorous intensity. There are several ways to estimate intensity relative to heart rate, oxygen 

consumption (VO2), maximal exercise capacity, and RPE (25). Absolute exercise intensity is often 

gauged by EE, which can be expressed through caloric expenditure or METs (69). Typically, 

moderate PA corresponds to an oxygen demand of 3.0-5.9 METs and vigorous PA corresponds to 

an oxygen demand of ≥ 6.0 METs (25). “Active time”, or moderate-to-vigorous intensity PA 

(MVPA), is a frequently tracked PA variable, which is time accumulated at an intensity of ≥ 3.0 

METs (at or above moderate intensity PA). Similar to the PAG, the ACSM recommends 30 

minutes daily of MVPA on most days of the week with a total caloric expenditure of ˃ 

1000kcals/week or volume of 500-1000 MET-min/week (25).   

 An indirect way to gauge quantity of PA is through knowing how many steps an individual 

takes per day. Tudor Locke et al. developed the most common way to classify overall PA: 

sedentary ˂5000 steps/day; low active 5000-7499 steps/day; somewhat active 7500-9999 

steps/day; active ≥ 10000-12499 steps/day; and very active ≥ 12500 steps/day (74). Together, 

steps, EE, and active time are practical methods of comparing PA levels to the PA guidelines.  

Part 2: Sedentary Behavior  

Sedentary Behavior and Health 

 While the health benefits of PA are fairly well-established, the health risks of SB are 

becoming more recognized and understood (19, 21, 27, 28, 31, 35, 65). Since 2005, there has been 

an increase in research demonstrating the health hazards of prolonged time spent in SB (e.g., 
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sitting, watching television, using a computer, desk work, etc.) (69). Recent epidemiologic 

evidence suggests that the metabolic and long-term health consequences of habitual SB (too much 

sitting) are distinct from those associated with a lack of PA (too little exercise) (19, 28, 31, 35, 65) 

That is, SB can be associated with health risks such as increased insulin resistance, increased 

fasting triglycerides, increased incidences of hypertension, decreased EE, and excess weight gain, 

independent of PA levels. SB can be defined on an acute level with total accumulated SB on a 

daily basis (hours), in bouts of SB, and breaks in SB (30, 31, 50). SB can also be defined as any 

activity with a MET requirement of 1.0-1.5, which typically included the activities listed above 

(26). While it is common to hear individuals not meeting PA guidelines described as “sedentary”, 

this should not be confused with SB.  SB lies on a spectrum of activity intensities, with SB being 

the lowest (1.0-1.5 METs) intensity and MVPA being at the other end of the intensity spectrum 

(≥3.0 METs).  Between SB and MVPA is light-intensity PA, which has an EE of 1.6-2.9 METs.  

It is possible to have high amounts of SB and high MVPA if time in light-intensity PA is low; 

Owen et al. call individuals with high SB and high MVPA “active couch potatoes” (52).  

Data suggests that individuals who have high SB have a 30% higher risk of all-cause 

mortality compared to those with low SB (8). Matthews et al. recently reported that American 

adults spend an average of 55% of their waking day in SB. Additionally, objective data from the 

Matthews et al. study suggests that 1 in 4 white American adults spend ˃ 70% of their waking 

hours sitting (43).  

 Greer et al. found that men classified with middle and high SB had 65-76% higher risk of 

developing metabolic syndrome independently of MVPA levels compared to individuals who were 

classified as having a low level of SB (26). Additional health risks associated with SB include but 

are not limited to increased insulin resistance, increased fasting triglycerides, decreased daily 



18 
 

caloric expenditures, and increased incidences of hypertension (53). Moreover, Matthews et al. 

showed that the amount of time spent in SB was positively correlated with mortality after adjusting 

for variables, such as age, weight, BMI, and gender (43, 44). 

 Although PA and exercise can reduce the negative side effects of SB, as Katzmarzyk et al. 

illustrated, active individuals who spend significant amounts of time in SB outside of PA still have 

increased risk for mortality and the development of cardiovascular and metabolic risk factors (35). 

Therefore, it has been suggested that new PA guidelines be established to promote PA, but also 

reduce time spent in SB (28).  

Accumulation of SB 

 Recent evidence indicates that total time spent in SB is associated with health. Owen et al. 

divided SB into four quartiles, the first representing ≤ 6 hours of SB (associated with the lowest 

health risk), whereas the fourth quartile representing ≥ 10.2 hours of SB (associated with the 

highest health risk). Furthermore, the second and third quartile, 7.7 hours and 8.8 hours, 

respectively have greater health risks compared to the lowest quartile of ≤ 6 hours of SB (53). 

Greer et al. found that men classified with middle (˃12 to ≤19 hours/week) and high (˃ 19 

hours/week) SB had 65-76% higher risk of developing metabolic syndrome independently of PA 

levels compared to individuals who were classified as having low level (≤ 12 hours/week) of SB 

(26) The Greer et al. study did include sleep time with the above classification groups. Additional 

studies have verified the same findings as Owen and Greer that the more time spent in SB 

throughout the day leads to significantly higher risk of developing cardiovascular and metabolic 

risk factors/diseases (21, 24, 31, 57, 70). Furthermore, several studies have shown a dose-response 

relationship such that greater amounts of total time spent sitting resulted in increased risk of 

disease. For instance, a large cohort of women demonstrated that, for each 2-hour/day increase in 
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time spent watching television, there was a 23% increase in risk for obesity and a 14% increase in 

the risk for T2DM (32). 

Bouts of SB 

 It has been shown that not only does accumulated SB time throughout the day increase 

health risk, but also the number and duration of bouts of SB (4, 30). Cliff et al. studied the patterns 

of SB in adolescent children. They found that those children who participated in SB bouts ≥ 30 -

minutes had lower HDL cholesterol than those who participated in SB bouts ˂ 10 minutes (14). 

These finding were consistent with adult studies which indicate that limiting bouts of SB to ˂ 30 

minutes have beneficial effects on cardio-metabolic outcomes (57). Furthermore, Owen et al. 

recommended a 5-minute break every hour, and  Ryan et al. suggested that office workers can 

achieve this goal  (51, 61). Thomas et al. tested 3 conditions presented in a randomized 

counterbalanced order involving smartphone-based prompts for walking breaks of (a) 3 min after 

30 SB minutes, (b) 6 minutes after 60 SB minutes, and (c) 12 minutes after 120 SB minutes. The 

3- and 6-minute conditions resulted in more walking breaks, the best adherence to prompts, the 

greatest amount of daily time spent in walking breaks, and fastest adherence to prompts (P < .01) 

(68).This suggests that individuals whom receive prompts to promote behavioral change are more 

likely to adhere to the behavioral change shorter bouts of MVPA after 30-60 minute bouts of SB 

compared to longer bouts of MVPA after longer bouts of SB.  Overall, the individuals who are 

chronically participating in SB of bouts of ≥ 60 min is particularly alarming because our current 

daily habits and activities are conducive to prolonged SB, rather than short bouts, contributing 

more so to the overall total time being sedentary. 
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Breaks in SB 

 Increased breaks in SB have been shown to decrease health risks involved with too much 

sitting time. Frequent interruptions (breaks) to SB are commonly defined as the transition from 

sedentary to an active state for ≥1 min (30). Breaks in sedentary time have beneficial associations 

with waist circumference, body mass index, triglyceride levels, and two-hour glucose levels that 

are independent of total SB and MVPA time (30).  Dunstan et al. found that interrupting sitting 

time with short bouts of light- or moderate-intensity walking lowers postprandial glucose and 

insulin levels in overweight/obese adults (20). Furthermore, increasing interrupted SB has been 

shown to reduce resting blood pressure in overweight/obese adults (38). One possible positive 

outcome of increased breaks in SB occurs because of the added EE obtained from reducing 

prolonged bouts of SB without interruption. Even activities such as standing to interrupt SB has 

been shown to increased overall daily EE compared to sitting (30). Current evidence suggests that 

breaking up SB may provide beneficial metabolic effects in addition to the beneficial effects of 

reducing total SB and potentially increasing time spent in MVPA.  

Part 3: PA and SB Assessment  

 There are numerous PA recommendations that have been broken down into specific 

volumes, intensities, and times. Therefore, researchers and individuals in the general population 

need methods of assessing these components of PA and SB. Many types of PA assessment methods 

are available for field-based research, ranging from subjective methods (e.g., questionnaires) to 

objective methods (e.g., monitoring devices). Currently, there is no true “gold standard” for 

assessing PA or SB in field-based settings; however there are several methods that have varying 

validity, feasibility, and cost in personal use and research grade assessments.  
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Subjective Methods  

 Subjective assessments of PA and SB include questionnaires, diaries, logs, and interviews. 

Historically, PA has been assessed through subjective questionnaires. Epidemiological research 

interested in PA, SB, and health was based on self-reported data (33, 37, 54). A unique advantage 

of questionnaires is their ability to be easily administered to large samples due to low cost and low 

participant burden. An example of a PA questionnaire study was the Harvard Alumni study which 

resulted in large samples to analyze PA relationships to health outcomes (i.e., all-cause mortality) 

(54, 55). However, though questionnaires are inexpensive and easily administered to large cohorts, 

these subjective assessments are often limited by poor memory and recall bias (80). For example, 

PA levels in the U.S. assessed by questionnaires estimate that 50% of people meet PA guidelines 

(CDC). However, these estimates are found to be much lower (˂5%) when assessed using objective 

methods, which eliminates recall bias and issues with memory (71).  

Objective Methods  

 Objective methods, such as PA monitors, indirect calorimetry, and doubly-labeled water, 

avoid the disadvantages of subjective PA measurements. While indirect calorimetry and doubly-

labeled water are extremely accurate for the measurement of EE, they are unable to collect 

information about PA patterns and types, and, are expensive to administer; additionally, indirect 

calorimetry is not feasible for tracking EE outside of research settings (80). PA monitors, including 

pedometers, accelerometers, and consumer-based PA monitors offer the ability to objectively track 

PA and SB variables more easily than the above-mentioned methods (80). The section below 

describes key characteristics, advantages, and limitations of pedometers, accelerometers, and 

consumer-based PA monitors.  
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Pedometers  

 Mechanical pedometers are objective PA monitors which have been around since the 

1960’s, although the idea of counting steps is much older. Early pedometers were prone to large 

measurement error, with technology advancement, they have become popular instruments used for 

studying and tracking PA (73). Pedometers are small, electronic, and unobtrusive devices that are 

worn on the waist. The waist location is important due to ambulatory movement translating thought 

movement of the hip; this allows quantification of the movement, or steps. In this way, pedometers 

are easy to understand and interpret, and their real-time feedback can be useful for promoting 

behavior change (73).  

 Pedometers are a commonly used PA monitor for promoting PA behavioral change. 

However, pedometers do have notable limitations. Pedometers are mainly limited in that they only 

pick up ambulatory motions. Also, they can only provide an accumulated total of steps taken, 

meaning that they can only detect total volume of daily walking PA. They are less accurate for 

measuring other forms of PA, such as cycling, rowing, or household activities (75). Pedometers 

are also limited in that they cannot determine the intensity of steps taken or the frequency or 

duration of PA bouts (73). Additionally, pedometers do not measure accumulated SB, bouts of SB, 

nor breaks in SB. Despite these limitations, pedometers remain a popular and effective too for PA 

assessment and PA intervention.  

Accelerometers  

 Accelerometers are one of the most-commonly used methods for assessing PA and SB in 

PA and SB research (80). These devices are similar to pedometers in that they are small and are 

worn attached to a specific site on the body. Accelerometers measure raw acceleration and 
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deceleration of the body segment to which they are attached to. In general, accelerometers provide 

valid and objective information regarding PA and SB levels (80). Additionally, accelerometers 

offer a greater amount of information than pedometers. Accelerometers can track PA variables 

over long periods of time, in some cases up to a month due to their ability to store data long-term 

(80). Although these data require special expertise to evaluate, accelerometers can provide 

valuable information regarding step counts, EE, active time, SB, bouts in SB, and breaks in SB.  

 The activPAL accelerometer, which was utilized in this study, provides information 

regarding standing time, stepping time, number of steps per day, sitting time, breaks in SB, and 

bouts of SB.  The activPAL step count function demonstrated very high concurrent validity 

(r = 0.96, p<0.01) with the ActiGraph step count function. Levels of agreement for sitting, standing, 

and stepping between direct observation and the activPAL were 100%, 98.1%, 99.2% (18) 

Furthermore, Aminian et al. found that there were high correlations between the activPAL and 

video observations in the total number of sit-to-stand transitions (r=0.99) and between step counts 

and direct observation (0.88) (2). Due to its high validity for PA assessment, the activPAL 

accelerometer served as the criterion measure of PA and SB in this study. 

Consumer-Based PA Monitors   

 Although accelerometers are highly utilized in field-based research, their technical 

specifications and cost have kept them from gaining popularity in the general public. Over the last 

several years, a new type of PA monitor, the consumer-based PA monitors, has emerged within 

the consumer sector. Consumer-based PA monitors are gaining popularity in the general public 

with their ability to estimate PA variables that the consumer can understand (i.e. steps, active 

minutes, and kcals) and with the new and improving technology associated with the monitors. 

Additionally, there are several brands, accessories, and models that are out on the market that offer 
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unique settings such as the Jawbone UP24 which can vibrate when the user has been sedentary for 

a pre-determined amount of time. Besides the Jawbone models, there are Fitbits, Garmins, Polar 

monitors, Apple Watches, and many more. Furthermore, each brand, such as the Jawbone, have 

several different models (i.e. UP24, UPmove, and UP4).   

 Consumer-based PA monitors offer numerous advantages over research-grade 

accelerometers making them desirable for personal PA tracking. For example, most consumer-

based PA cost approximately $75-150 per unit, whereas research-grade accelerometers cost 

approximately $200-600 per unit. Additionally, consumer-based PA monitors utilize user-friendly 

applications to easily display steps, active minutes, caloric expenditure, and goal progression, 

which eliminates the need for complicated software for analysis or interpretation. One of the most 

appealing aspects of these monitors is that they provide real-time feedback. They do this by 

instantly updating the above parameters via screens on a smartphone or monitor display. Similar 

to pedometers, users can use consumer-based PA monitors to track acute events, such as an 

exercise bout, or track daily progression towards goals, such as reaching the recommended 10,000 

steps per day.  

 Another appealing and valuable aspect of consumer-based PA monitors that is utilized in 

the current study, is the real-time feedback aspect of the monitor to “alert” the user to certain PA 

variables. For instance, the Fitbit Flex has five light indicators (each corresponding to 2,000 steps) 

that light up as the user takes steps throughout the day to encourage the users to accumulate 10,000 

steps. For the current study, we are interested in the Jawbone UP24 alert applications that vibrates 

to alert the user that they have been sedentary for a predetermined period of time (e.g., 60 minutes), 

which may encourage  the user to get up and move around to break up their prolonged SB. 

Furthermore, several consumer-based PA monitors track additional appealing variables such as 
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quantity and quality of sleep, dietary logging, water consumption, and track weight loss. All of 

these features make consumer-based PA monitors novel and desirable devices to increase PA and 

SB awareness for the consumer.   

PA Monitor Market  

 In 2013, “wearable fitness technology” sales were estimated at $330 million worldwide, 

with 72% ($238 million) of sales coming from “personal fitness trackers” (47). Furthermore, 

Generator Research estimates that by 2018, that “wearable fitness technology” sales will reach 

$101.2 billion (36). From January 2013 to January 2014, the Fitbit, Jawbone, and Nike brands 

accounted for approximately 97% of the sales in the U.S., with only 3% of the market being other 

brands (16). These numbers indicate that a large portion of the U.S. does, and will continue to be 

utilizing personal tracking technology.  

 With increasing awareness of the benefits of PA, individuals are noting the value of 

tracking not only exercise, but daily steps, active minutes, EE, and SB through activities of daily 

living. In 2013, Consumer Electronic Agency (CEA) conducted an internet survey of 1,006 

individuals and 41 one-on-one interviews of online consumers. The CEA reported that the most 

frequent cited reasons for owning a personal PA monitor was for motivation (52%), monitoring of 

fitness-related goals and progress towards those goals (47%) and monitoring of PA level or 

intensity (46%) (47). The same survey reports that 63% of individuals who use wearable PA 

monitors classify themselves as in excellent or good physical condition; 50% of responders 

reported meeting the moderate, and 40% reported meeting the vigorous American Heart 

Association PA guidelines, respectively (47). This suggests that those who could benefit the most 

from increased PA, PA and SB intervention, and decreased SB may be less likely to be using these 

devices. The wide-spread use of consumer-based PA monitors and the integration of their 
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technology into future devices suggest that these monitors could have a significant impact on PA 

and SB prevalence and health.  

Part 4: Consumer-Based PA Monitors and Behavior Change  

 Because PA monitors provide real-time feedback regarding PA variables, they can be used 

to objectively compare PA levels to common PA guidelines throughout the day, as well as track 

SB habits (30). Consumer-based PA monitors are unique in that the user can set specific and 

individual goals: steps per day, EE, active time, and SB to help meet PA guidelines and to reduce 

total SB (34, 74). In 2014, Lyons et.al examined 13 electronic personal PA monitors and their 

associated software application, including the Fitbit Force and Jawbone UP24, regarding their 

ability for PA behavior change (41). All monitors examined provided self-monitoring, feedback 

mechanisms, goal-setting and comparisons between current and goal behavior as major behavior 

change techniques. Some monitors were also able to help the user develop action plans, used past 

successes to potentially increase self-efficacy, and provided SB reminders. Lyons et al. described 

that these capabilities of consumer-based PA monitors closely integrate with recommendations 

from the social cognitive theory and may be effectively used in public health and rehabilitation 

environments.  

Goal Setting  

 Goal setting is an effective strategy for improving PA and reducing SB (10, 64). Goal 

setting provides direction, determines the level of effort to be expended, fosters persistence, and 

supports the search for strategies. Goals should be challenging but realistic in order to promote 

confidence and maintain motivation pertaining to accomplishing the task. Psychologists have 

studied goal setting as a motivational technique looking at whether specific, difficult goals 
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improves performances more than setting no goals. Researchers have also examined the 

relationship between various types of goals (i.e. specific or general, long-term or short-term, 

difficult or easy) and PA with results indicating that goals both short and long-term were indeed 

associated with behavior changes (79). Overall, goal setting has been shown to be an excellent 

motivational tool to help positivity change PA behavior which can help inactive individuals adhere 

to long-term PA and reduction of SB. Therefore, individuals who utilize consumer-based PA 

monitors (i.e. Jawbone UP24) as a goal setting device to reduce SB via the vibration mechanism, 

are theoretically more likely to accomplish their goals with the help of the monitor and goal setting 

strategies.  

Self-Determination Theory  

 The self-determination theory (SDT) was originally designed to better explain effective, 

cognitive, and behavioral responses within an achievement environment (i.e. academics) and is 

currently applied and utilized in the field of exercise psychology to better explain exercise 

adherence.  The SDT assumes that individuals possess three primary psychological needs: 1) a 

need for self-determination or autonomy, 2) a need to demonstrate competence, and 3) a need for 

relatedness (40). Thus, individuals seek challenges that serve to satisfy one or more of these needs. 

The SDT also includes a conceptual continuum from extrinsic motivation to intrinsic motivation 

(40). To that end, external regulation refers to the least autonomous type of external motivation 

while identified regulation refers to the most autonomous type of external motivation prior to one 

progressing to intrinsic motivation. According to Ryan et al., the SDT has be associated with 

positive behavioral changes such as smoking cessation and dietary regulation and could be applied 

to behavioral changes in regards to PA and SB (60).  Therefore, the SDT can be applied to the use 

of monitors providing stimuli (i.e. vibrations) to the user in which the individual performs certain 
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behaviors (i.e. SB ≥ 60 min) and feels competent and autonomous as, and related to, others in the 

meanwhile.  

Stimulus – Response Theory  

 The Stimulus-Response Theory (SRT) suggests an explanation of how people learn new 

behaviors. Although a behavior can be learned through repeated pairings of that behavior with 

antecedent cues or consequent reinforces, consequences have a greater impact on behavior than do 

antecedent cues (40). The SRT identifies events that can follow a behavior and the effects these 

events will have on future behavior. According to the SRT, four types of events – positive 

reinforcement, negative reinforcement, punishment, and extinction – can follow a behavior and 

will alter the likelihood of that behavior occurring again in the future (40). The primary focus of 

the SRT in regards to behavior changes via the Jawbone UP24 monitors occurs around positive 

reinforcement and punishment response theories.  

A positive reinforcement is an enjoyable or pleasant outcome that makes an individual feel 

good and that strengthens a particular behavior. Within the context of PA, a positive reinforcement 

is any intrinsic or extrinsic reward that increases the likelihood of an individual participating in 

PA in the future. Intrinsic reinforces are rewards that come from within the self, such as feeling 

good about one’s body or feeling a sense of accomplishment at the end of a bout of PA. Extrinsic 

reinforcements are rewards that come from other people, such as a verbal praise from a fitness 

instructor. According to the principles of SRT, when individuals receive positive reinforcement 

after PA, they will be more likely to participate in PA again in the future (40). According to Maki 

et al., positive reinforcement has been associated with increased exercise participation in 

individuals with acquired brain injury with non-degenerative damage to brain tissue (42). Positive 

reinforcement can also be applied to the reduction of SB. For example, an individual who stands 
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up and walks around for 2-5 minutes after receiving the vibration stimulus from the Jawbone UP24, 

may feel better about themselves participating in more PA and less SB. Therefore, the concept of 

positive reinforcement may be a plausible consideration when applied to behavior changes 

regarding consumer-based PA monitors. 

Punishment usually involves an unpleasant or uncomfortable stimulus after a behavior in 

order to decrease the probability of that behavior happening in the future (40). Individuals 

generally think of pain as being utilized as punishment, which is not always the case. For example, 

some women report that they don’t want to exercise because they don’t like the feeling of being 

sweaty. For these women, sweat is the punishment - an uncomfortable consequence of exercise 

that actually deters them from being physically active (40). Therefore, the vibration stimulus from 

the Jawbone UP24 monitor after SB could be considered a punishment for being inactive (≥ 60 

min) similar to Miller and Kraeling finding that electrical stimuli (i.e. punishment) was an effective 

stimulus for rats to avoid being shocked while trying to gain access to food (45). Consequently, 

the way punishment is effective with rats may also be effective with humans. Indeed, the vibration 

from a PA monitor that are associated with SB may help decrease SB from a SRT standpoint and 

this is important to consider.  

Prompts and Behavioral Change  

 To date, there been little research done regarding to how well the haptic feedback from the 

PA monitors is at creating behavioral changes. However, there are studies that have shown how 

haptic feedback and prompting from other types of devices can promote behavioral adaptations (5, 

48, 67). A meta-analysis completed in 2015 by Bellicha et al. found that the use of simple prompts 

such as signs can cause behavioral modifications (5). In worksites (25 studies) and public settings 

(35 studies), an increase in stair climbing was found during the intervention period, using prompts, 
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in 64% and 76% of studies, respectively (5). Furthermore, Swartz et al. utilized two different 

prompting techniques to determine if haptic feedback could decrease SB (67). The first prompt 

was in the form of an audible “beep” from a wrist-worn monitor that provided the feedback every 

hour. The second prompt utilized was an audible pop-up message on the computer screen every 

60 minutes which said “Hello, please get out of your chair”. Each intervention group received both 

the wrist-worn feedback and the computer pop-up messages. However, the first intervention group 

was not given any directions on what to do when they received the feedback and the second 

intervention group was asked to walk 100 steps each time feedback was given. Both groups 

significantly reduced duration of average sitting bouts (Stand group, by 16%; Step group, by 19%) 

and the number of sitting bouts of 60 minutes or more (67). Therefore, one can argue that devices 

that offer cues or prompts may cause a behavioral change.  

Summary of Current Research  

 In summary, there are numerous studies that show that total accumulated SB, bouts of SB, 

and breaks in SB are associated with cardiovascular and metabolic risk factors, as well as mortality 

rates. Currently, there are several consumer-based PA monitors, smartphones, and mobile 

applications on the market with unique haptic feedback characteristics that may be targeted to 

reduce SB. Despite the large market for consumer-based PA monitors and the promising tracking 

utilities and haptic feedback that they provide, there is very limited research examining the 

effectiveness of these devices in causing behavioral change.  
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CHAPTER III 

Methodology 

Participants 

 Participants for this study included 26 individuals who were either 1) members of Ball 

State University’s Adult Physical Fitness Program (APFP) 2) employees at Ball State University 

or 3) students at Ball State University in Muncie, Indiana. Individuals 18-75 years of age were 

eligible to participate in this study. Individuals with an acute illness, any limiting orthopedic issues, 

or pregnant women were excluded for safety. Prior to participation, potential participants gave 

written informed consent form which was approved by Ball State University’s Institutional Review 

Board.  

Equipment 

 This study utilized the Jawbone UP24 activity monitor as well as the activPAL (AP) 

accelerometer to collect data on SB, breaks in SB, time standing and stepping, total steps taken, 

kilocalories (kcals), and active minutes per day. The Jawbone UP24 monitor was used because of 

its unique vibrating feature that was set to occur when the individual had been engaged in SB for 

a certain amount of time. The UP24 can be set to vibrate when sedentary starting as low as 15 

minutes and continuing on from there in bouts of 15 minute increments up to 120 minutes. In this 

study, the vibration setting was set to activate when the user had been sedentary for 60 minutes 

due to the health risks associated with prolonged SB.  Additional measurements from the Jawbone 

monitor include steps per day, Calories (kcals), and active minutes. The AP accelerometer 

(criterion measure) was used to track and compare SB, time spent standing and stepping, step 

counts, and breaks in SB to the Jawbone UP24 monitor. A digital weight scale and stadiometer 
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was used in the Human Performance Laboratory (HPL) at Ball State University to collect height 

and weight measurements on each participant during the first visit.  

 The AP accelerometer was utilized as the criterion method to track PA and SB. Dowd et 

al. found that the AP was 99.1% accurate when measuring sitting, standing, and slow walking 

compared to direct observation (18). The AP accelerometer was taped onto the participant’s skin 

of the midline on the anterior aspect of the right thigh for the duration of the intervention (using 

hypoallergenic Tegaderm adhesive). It should be noted that the AP accelerometer was not part of 

the intervention of this study, but was utilized to track any changes in SB and PA that occurred 

from the intervention (Jawbone UP24 monitor with haptic feedback).  

Procedures 

 All participants reported to the HPL for four separate visits. The initial visit to the lab 

started with an explanation of the study and signing of the informed consent. Next, the researcher 

collected anthropometric characteristics of each participant which included height, weight, date of 

birth, and handedness. Additionally, each participant was educated on the characteristics and 

settings of the Jawbone UP24 monitor. Given that the monitor can be placed into sleep mode by 

holding a certain button. There was a brief discussion on how and when to activate the sleep mode, 

since the involuntary activation of sleep mode could reduce the quality of data collected. Also, 

there was a brief discussion on the vibration aspect of the monitor. Each participant was provided 

with an explanation on why the Jawbone UP24 may vibrate after a given period of time (i.e. if you 

are sedentary/inactive for ≥ 60 min there may be a vibration of the device). Participants were 

encouraged to stand up and move for a brief period of time (e.g. 1-2 minutes) if they felt a vibration 

from the Jawbone. No further information was disclosed on the health aspects associated with SB.  
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Following the participant education/discussion portion the participants were informed 

about the daily tracking involved with the use of a PA monitor. Each participant was asked to 

record the day the monitor is worn, when the monitor was put on and taken off, and any exercise 

the participant participated in on a PA log sheet provided by the research staff.  

 Participant height, weight, age, and idle alert specifications were then entered by the 

research staff into the Jawbone UP24 application (on an iPod device). Idle alert specifications 

included time until vibration occurs in respect to SB (60 minutes) and automatic deactivation of 

vibration features from 10:00 PM until 8:00 AM so that vibration setting did not interfere with 

normal sleeping habits. Finally, each participant received an AP accelerometer and Jawbone UP24 

monitor, which was placed on the participant by the researcher. AP placement was discussed 

earlier (middle portion of the anterior surface of the thigh) and the Jawbone Up monitor was placed 

on the participant’s non-dominant wrist.  

For the initial visit, the vibration characteristic on the Jawbone monitors were disengaged 

for every participant, and the week of data collection was considered the control condition. Each 

participant wore the monitors for 8 days, 6 of which were for the entire 24 hours. Trost et al. found 

that for adults, between 3 and 5 days of monitoring is required to reliably estimate the outcome 

variables reported in accelerometer studies (72, 78). Furthermore, Ward et al. found that what 

constitutes as a “day” can be defined as wearing the monitor for 600 minutes during a 24 hour 

period (78). Participants were instructed to remove monitors for activities such as showering, 

swimming, and water aerobics and record any time the monitor was not worn on the PA log. The 

PA log was used to determine compliance with wearing the PA monitors.  

The initial visit to HPL took place beginning on a Monday between 11:00 AM and 6:00 

PM. The visit took approximately 30 minutes. However, 60-minute block times were scheduled to 
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account for any additional questions or unforeseen issues. The second visit to the HPL occurred 

on the Monday morning (7:00 to 11:00 AM) following the first visit. Participants returned their 

monitors at the second visit, the research staff collected the previous week of data and recharged 

the monitors so that the participants could come in for their third visit later the same day so that 

the PA monitors could be placed back on the participant for an additional week of wear time. Each 

participant was fitted with the same monitors, and the Jawbone vibration feature was activated on 

half of the participants, whom were randomly assigned (intervention condition). The participants 

were not informed about what has been changed nor why. The second week of wearing the 

monitors took place from Monday afternoon (third visit), until the following Monday morning 

(fourth and final visit), 7:00-11:00 AM. This encompassed 6 additional full days of wear time for 

the second and final week of the intervention. Total wear time for the monitors included 12 full 

days and 4 partial days.  

 For the fourth and final visit, the participant returned the Jawbone UP24 monitor, the AP-

accelerometer, and the PA log sheet. The participant then had an opportunity to ask any follow-up 

questions regarding the study. Additionally, contact information was verified so that the results of 

the study can be released to each participant if they so choose.  

Visit Outline Summary 

Visit 1: 

Participants reported to the HPL at a prearranged time between 11-6 PM on Monday afternoon. 

Each participant was given a Jawbone UP24, AP monitor, and PA log with directions on how and 

when to wear each monitor and how to complete the PA log.  
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Visit 2:  

Participants reported to the HPL at a prearranged time between 7-11 AM on the following Monday 

morning.  Then each participant returned the monitors and PA log for several hours while the 

research staff collected data and recharged each device.  

Visit 3:  

Participants reported to the HPL at a prearranged time between 11-6 PM on the same Monday as 

Visit 2. They were given both monitors again and a PA log, and the Jawbone vibration setting was 

activated for half of the participants which was randomly assigned.  

Visit 4 (final visit):  

Participants reported to the HPL at a prearranged time between 7-11 AM the Monday morning 

following Visits 2 and 3. PA monitors and the log sheet were returned to the research assistant. 

Any follow-up questions from the participants were addressed at this time.  

ANALYSIS  

 SPSS version 23 (SPSS Inc. Chicago, IL) was utilized to analyze the results of this study. 

The variables that were assessed included total time in SB, total standing time, total stepping time, 

breaks in SB, steps per day, kcals, and active minutes. The change in each variable from week 1 

to week 2 (both absolute change and %change) was computed separately for each group.  Each of 

these measurements were compared for intervention group (vibration setting on during second 

week) and the control group (vibration setting off both weeks). Each of these variables were 

compared with independent-samples T-Tests. The statistical significance level was set at α < 0.05. 
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Effect size was utilized to measure the meaningfulness of between-group differences in 

conjunction with significance levels.  
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CHAPTER IV 

 Journal Manuscript  

 

ABSTRACT: The Effectiveness of Jawbone Monitors in Decreasing Sedentary Behavior in 

Adults.  

BACKGROUND: Despite the overwhelming evidence that regular PA provides numerous health 

benefits and a preventative role in chronic disease, SB has been shown to be an independent risk 

factor for the development of chronic diseases. Currently, there are attempts to try to reduce 

population-based SB. Consumer-based PA monitors may have potential to help individuals reduce 

SB and increase PA. PURPOSE: This study aimed to determine if time spent in PA, SB, and 

number of breaks in SB was different if wearing the Jawbone UP24 and receiving haptic feedback 

compared to when no haptic feedback was provided. METHODS: Adult males (N=13) and 

females (N=13) wore the UP24 and activPAL monitor (criterion measure) over a two week period. 

For one week, the haptic feedback was turned off for all participants. For the second week, half of 

the participants had the haptic feedback activated so that the monitor would vibrate when the 

individual was sedentary ≥ 60 minutes. Differences in sitting time, standing time, stepping time, 

steps, upright events, and active minutes were compared between the control group and 

intervention group. RESULTS: The mean total times spent sitting, standing, stepping recorded by 

the activPAL accelerometer was non-significantly different, in the intervention group, with -25 

minutes (p=0.253), +24 minutes (p=0.160), and +1.0 minute (p=0.454), respectively. The mean 

total steps were non-significantly different at +604 steps in the intervention group (p=0.900). The 

mean total upright events, were significantly higher by +9 upright events the intervention group 

(p=0.030). The mean total steps recorded by the Jawbone UP24 PA monitor were non-significantly 
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different at +796 steps in the intervention group (p=0.412). The mean total time spent during active 

time was non-significantly higher by +7 minutes in the intervention group (p=0.057). 

CONCLUSIONS: This study showed statistically significant improvements in breaks in SB 

(upright events), as well as non-significant changes in the positive direction for other PA and SB 

variables. Haptic feedback from the UP24 monitor in the form of vibrations appeared to elicit 

short-term, positive behavioral modifications.  
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INTRODUCTION 

 It is recommended that adults accumulate 150 minutes per week of moderate-intensity 

physical activity (PA) or 75 minutes per week of vigorous-intensity PA in bouts of 10 minutes or 

more (69).  These recommendations were put in place because participation in regular PA has been 

shown to play a role in the prevention of major chronic diseases such as cardiovascular disease, 

type II diabetes, obesity, and some types of cancer (6). Despite the overwhelming evidence that 

regular participation in moderate-intensity or vigorous-intensity PA (MVPA) provides numerous 

health benefits and a preventative role in chronic disease, SB has been shown to be an independent 

risk factor for the development of chronic diseases. 

 Sedentary behavior (SB) and the accumulation of SB have been shown to negatively 

influence health independently of PA and exercise participation (26). Health risks associated with 

SB include increased insulin resistance, increased fasting triglycerides, decreased daily caloric 

expenditures, and increased incidences of hypertension (53). Greer et al. found that men classified 

with middle (> 12 to < 19 hour/week) and high (> 19 hour/week) SB had 65-76% higher risk of 

developing metabolic syndrome independently of MVPA levels compared to individuals who were 

classified as having low level of SB (26). Moreover, Matthews et al. showed that the amount of 

time spent in SB was positively correlated with mortality after adjusting for covariates, such as 

age, weight, BMI, and gender (43, 44).  

In addition to accumulated SB, the duration of bouts in SB has also been shown to increase 

health risks in addition to total accumulated SB. Cliff at al. found that children who spent longer 

time in bouts of SB had lower HDL cholesterol than those in shorter duration bout of SB (14). 

These findings were consistent with adult studies which indicate that limiting the duration of bouts 

of SB to ˂ 30 minutes has beneficial effects on cardio-metabolic outcomes (57). Breaks in SB go 
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hand-in-hand with the duration of bouts spent in SB.  Increased breaks in SB have been shown to 

decrease health risks involved with the accumulation of total SB. Breaks in SB have beneficial 

associations with waist circumference, body mass index, triglyceride levels, and 2-hour glucose 

levels that are independent of total SB and MVPA time (30).  Dunstan et al. found that interrupting 

SB with short bouts of light- or moderate-intensity walking lowers postprandial glucose and insulin 

levels in overweight/obese adults (20). Therefore, current evidence suggests that breaking up SB 

may provide beneficial metabolic effects in addition to the beneficial effects of reducing total SB 

and increasing time spent in MVPA. 

 Recently, consumer-based PA monitors have become popular tools for individuals and 

researchers interested in tracking PA and SB. In 2014, an estimated 70.2 million consumer-based 

PA monitor devices were purchased in the U.S., Europe, and Asia (16).  Over 500,000 Jawbone 

monitors were sold in the United States in 2014 and comprised roughly of 10% of the wearable 

activity tracker market in 2013 (1). The Jawbone UP monitor and other others such as the Apple 

Watch have settings that can cause vibrations when the wearer has been sedentary for too long. 

Vibration or haptic feedback is a type of prompting, which is a commonly used behavioral 

technique employed to elicit behavior change. Swartz et al. utilized two different prompting 

techniques (sound alerts and messages from a computer) to determine if haptic feedback could 

decrease SB (67). The standing group was asked to stand with no time constraint; whereas the 

stepping group was asked to walk 100 steps when prompted. Both intervention groups significantly 

reduced duration of average sitting bouts (Stand group, by 16%; Stepping group, by 19%) and the 

number of sitting bouts of 60 minutes or more (67). Despite this preliminary evidence that 

prompting may elicit behavior change, it is not known if consumer-based PA monitors utilizing 

haptic feedback are an effective tool for promoting higher PA levels and/or lower SB levels.  



41 
 

Therefore, the purpose of this study was to assess if wearing a Jawbone UP24 monitor which gives 

haptic feedback results in changes in SB.  

METHODS  

Participants  

Participants for this study included 26 individuals who were either 1) members of Ball 

State University’s Adult Physical Fitness Program 2) employees at Ball State University or 3) 

students at Ball State University in Muncie, Indiana. Participants 18-85 years of age were eligible 

to participate in this study. Individuals with an acute illness, any limiting orthopedic issues, or 

pregnant women were excluded from this study. Prior to participation, all participants gave written 

informed consent which was approved by Ball State University’s Institutional Review Board. 

Equipment  

 Study participants wore two PA monitors for a total duration of two weeks. A description 

of the equipment used follows.  

Jawbone UP24 (AliphCom Inc., San Francisco, CA). The Jawbone is a wrist-worn, accelerometer-

based PA monitor which tracks PA variables including energy expenditure (EE; Calories), steps, 

and active time (MVPA). The monitor has a rechargeable battery and synchronizes to a smartphone 

via Wi-Fi network and Jawbone application and can be downloaded via USB linking to a computer. 

The Jawbone’s vibration feedback was used as the primary intervention tool in this study.  

activPAL Accelerometer (PAL Technologies Ltd) The activPAL is an accelerometer that is 

adhered to the participant’s skin of the midline on the anterior aspect of the right thigh. The 

activPAL tracks standing time, sitting time, stepping time, steps, and upright events (breaks in 
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SB). The monitor has a rechargeable battery and can be downloaded via USB linking to a 

computer. The activPAL was initialized according to manufacturer instructions at the beginning 

of the first and third visits. The activPAL was used solely as a criterion measure of PA and SB in 

this study and not as part of the intervention strategy (18). 

Protocol  

 Each participant reported to the Clinical Exercise Physiology Laboratory at Ball State 

University for each of the four visits. The initial visit to lab took place beginning on a Monday 

between 11:00 AM and 6:00 PM. The visit took approximately 30 minutes per participant. The 

initial visit to the lab began with an explanation and signing of the informed consent. Next, the 

researcher collected anthropometric characteristics of each participant which included height, 

weight, date of birth, and handedness via a scale, stadiometer, and a handedness questionnaire 

(49). Each participant was provided with an explanation on why the Jawbone UP24 may vibrate 

after a given period of time (i.e. if you are sedentary/inactive for ≥ 60 min there may be a vibration 

of the device). Participants were encouraged to stand up and move for a brief period of time (e.g., 

1-2 minutes) if they felt a vibration from the Jawbone. No further information was disclosed on 

the health aspects associated with SB. For the first visit, the haptic feedback on the Jawbone 

monitors was disengaged for every participant for a baseline week of data collection. 

 Following the participant education/discussion portion the participants were then informed 

about the daily tracking involved with the use of a PA monitor. Each participant was provided with 

a PA log and was asked to record the day the monitor was worn, when the monitor was put on and 

taken off each day, and any exercise the participant participated in to determine if and for how 

long the monitor was taken off. Participants were instructed to remove the Jawbone for activities 



43 
 

such as showering, swimming, and water aerobics but were instructed to wear the monitors while 

sleeping. The activPAL was to be worn at all times.  

 Participant’s sex, height, weight, and age were then entered by the research staff into the 

Jawbone UP24 application (on an iPod device). Finally, each participant was fitted with the 

activPAL accelerometer and Jawbone UP24 monitor by the research staff. activPAL placement 

was discussed earlier (middle portion of the anterior surface of the thigh) and the Jawbone monitor 

was placed on the participant’s non-dominant wrist. Participants were then instructed to go about 

their normal lifestyle habits for one week. 

The second visit took place one week after the initial visit, on a Monday between 7:00 AM 

to 11:00 AM. For the second visit, the research staff removed both PA monitors for charging and 

data collection and collected the PA log.  Additionally, in half of the sample (intervention group) 

the haptic feedback was initialized on the Jawbone monitor to vibrate anytime between 8:00 AM 

to 10:00 when the participant was sedentary for ≥60 consecutive minutes.  For the other half of the 

sample (control group) the haptic feedback was not initialized on the Jawbone monitor. The third 

visit was later the same day as the second visit, and participants were fitted with both PA monitors 

for an additional week of wear and given a second PA log. The fourth visit followed the third visit 

by one week, and for the fourth visit participants returned both PA monitors and the PA log. Also, 

the participant had an opportunity to ask any follow-up questions regarding the study. Contact 

information was verified so that the results of the study can be released to each participant if they 

so choose. Total wear time for the monitors included 12 full days and three partial days.  
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Data Analysis  

 In order for a participant’s data to be included for analysis, both PA monitors had to be 

worn for ≥600 minutes/day on four days of both weeks/weekends of data collection.  Non-wear 

time was assessed using the PA log, and data from the periods of the day in which the PA monitors 

were not worn were excluded from analysis. For the activPAL accelerometer, sleep time was not 

separated from SB.  Therefore, the SB time output from the activPAL included both SB and sleep 

time since the monitors record sleep as SB. 

activPAL variables (sitting time [SB], standing time, stepping time, steps, and upright 

events [breaks in SB]) were analyzed as change scores (week 2 - week 1) for each participant. 

Similarly, Jawbone UP24 activities (steps, calories, and active time) were analyzed as change 

scores. Change scores for all variables were compared between the control and intervention groups 

using independent samples t-tests. Additionally, effect sizes of the change scores were computed. 

Analyses were conducted using SPSS version 23 (IBM Inc., Armonk, NY) and Microsoft Excel 

(Microsoft Inc., Redmond, WA). 

RESULTS  

 Descriptive characteristics of the participant population are displayed in Table 1. The 

majority of the sample (22 of the 26 participants) were right-hand dominant. All 26 participants 

had sufficient data collected by both PA monitors to be included in analyses. However, analyses 

were analyzed using sample sizes with the available data, which was not always the full sample 

size due to occasional errors in monitor synchronization. The average wear-time for the activPAL 

monitor was 1425.04 minutes (23.1 hours). However, due to limited participant feedback, average 

wear-time for the Jawbone monitor could not be determined. Synchronization errors with the 
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Jawbone monitors resulted in data loss for four participants for step counts and six participants for 

active minutes. 

activPAL Results  

activPAL Sitting: Figure 1 shows the mean total time spent sitting recorded by the 

activPAL accelerometer. The intervention group decreased sitting time by -23.0 ± 52.2 minutes in 

week 2 compared to week 1, and the control group increased sitting time by 1.9 ± 91.8 minutes; 

however despite -24.9 minutes change in sitting in the intervention group compared to the control 

group, these differences were not statistically significant (p=0.406). Table 3 shows a small effect 

size (0.33) for change in time spent sitting according to the activPAL. Additionally, 10/13 

participants in the intervention group decreased sitting time in week 2 compared to week 1, 

whereas only 7/13 participants in the control group decreased sitting time. 

activPAL Standing: Figure 1 shows the mean total time spent standing recorded by the 

activPAL accelerometer. The intervention group increased standing time by 4.1 ± 29.2 minutes in 

week 2 compared to week 1, and the control group decreased standing time by -19.8 ± 50.5 

minutes; however despite +23.9 minutes change in standing in the intervention group, these 

differences were not statistically significant (p=0.160). Table 3 shows a moderate effect size (0.56) 

for change in time spent standing according to the activPAL. Additionally, 9/13 participants in the 

intervention group increased standing time in week 2 compared to week 1, whereas only 7/13 

participants in the control group increased standing time. 

activPAL Stepping: Figure 1 shows the mean total time spent stepping recorded by the 

activPAL accelerometer. The intervention group increased stepping time by 2.7 ± 25.6 minutes in 

week 2 compared to week 1 and the control group increased stepping time by 1.7 ± 35.6 minutes; 
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however despite +1.0 minute change in stepping in the intervention group, these differences were 

not statistically significant (p=0.454). Table 3 shows very small effect size (0.03) for change in 

time spent stepping according to the activPAL. Additionally, 10/13 participants in the intervention 

group increased stepping time in week 2 compared to week 1, whereas only 7/13 participants in 

the control group increased stepping time. 

activPAL Steps: Figure 1 shows the mean total steps recorded by the activPAL 

accelerometer. The intervention group increased steps by 86 ± 1561 in week 2 compared to week 

1 and the control group decreased steps by -517 ± 2583.0; however despite +603 steps change in 

steps taken in the intervention group, these differences were not statistically significant (p=0.900). 

Table 3 shows a moderate effect size (0.49) for change in time spent sitting according to the 

activPAL. Additionally, 8/13 participants in the intervention group increased steps in week 2 

compared to week 1, whereas only 7/13 participants in the control group increased steps. 

activPAL upright events: Table 2 shows the mean total upright events recorded by the 

activPAL accelerometer. The intervention group increased upright events by 7.55 ± 8.0 events per 

day in week 2 compared to week 1 and the control group decreased upright events by -1.5 ± 10.9 

events, resulting in a significant mean difference of +9.1 upright events the intervention group 

compared to the control group (p=0.030). Table 3 shows a large effect size (0.87) for change in 

upright events according to the activPAL. Additionally, 10/13 participants in the intervention 

group increased upright events in week 2 compared to week 1, whereas 7/13 participants in the 

control group increased upright events. 
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Jawbone UP24 Results  

 Jawbone Steps: Figure 2 shows the mean total steps recorded by the Jawbone UP24 PA 

monitor. The intervention group increased steps by 351 ± 2139 in week 2 compared to week 1 and 

the control group decreased steps by -445 ± 2313; however despite +795.8 change in steps in the 

intervention group, these differences were not statistically significant (p=0.412). Table 3 shows a 

moderate effect size (0.53) for change in steps according to the Jawbone PA monitor. Additionally, 

7/11participants in the intervention group increased steps in week 2 compared to week 1, whereas 

only 6/11 participants in the control group increased steps. 

 Jawbone Active Minutes: Figure 2 shows the mean total time spent standing recorded by 

the activPAL accelerometer. The intervention group increased active minutes by 5.3 ± 7.2 minutes 

in week 2 compared to week 1 and the control group decreased active minutes by -1.5 ± 7.5; 

however despite +6.8 minutes change in active minutes in the intervention group, these differences 

were not statistically significant  (p=0.057). Table 3 shows a large effect size (0.85) for change in 

active minutes according to the Jawbone PA monitor. Additionally, 8/11 participants in the 

intervention group increased active minutes in week 2 compared to week 1, whereas only 4/9 

participants in the control group increased active minutes. 

DISCUSSION  

 The aim of this study was to determine if wearing the Jawbone UP24 and receiving haptic 

feedback was related to changes in PA and SB. The findings of this study indicated that, in general, 

the Jawbone monitors did elicit statistically significant changes in behavior with regard to 

increased breaks in SB (upright events) shown from the activPAL. Several other variables also 

trended in the beneficial direction but the differences between the intervention and control groups 
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were not statistically significant, due in part to the small sample size. Effect sizes were utilized to 

measure the meaningfulness of between-group differences in conjunction with significance levels, 

which yielded meaningful (medium or high) effect sizes for several variables including standing 

time, number of steps taken, upright events (breaks in SB), and active minutes in studies using 

prompting or activity trackers for behavior change with moderate effect sizes in the activPAL 

standing and Jawbone steps taken data as well as high effect sizes in the activPAL upright events 

and Jawbone active minutes data (15). The results from this study were expected and are in 

agreement with previous research (Swartz and Wang) regarding decreased sitting time, increased 

breaks in SB, steps taken, and active minutes (67, 77). Swartz at el. found that prompts to disrupt 

sitting time significantly reduced total sitting time by 18.0 minutes, whereas this study showed a 

mean reduction of 23.0 minutes in the intervention group in the intervention week compared to 

baseline. Furthermore, Swartz et al. found that the number of sitting bouts of 60 minutes or more 

decreased by 54% (from 1.1 bout to 0.4 bouts) whereas this study found that the mean total of 

upright events taken significantly increased by 8 events per day in the intervention group (67). 

Similarly, Wang et al. found that wearable sensor/device prompts significantly increased steps per 

day by 1,266 and increased active time by 17.8 minutes per day in the intervention group which 

consisted of three text prompts throughout the day; the current study found that the non-

significantly mean difference of change between the control group and the intervention group for 

steps taken was +795.8 steps/day and was +6.8 minutes/day for active minutes, according to the 

Jawbone monitor (77). These findings indicate that feedback in the form of prompts may be 

effective for eliciting short-term changes in both PA and SB, at least in some individuals. 

 A novel aspect of this study was that we were able to examine the effects of haptic feedback 

from a popular consumer-based PA monitor, rather than using prompts from other sources (e.g., 
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computers, posted signs). Previous studies have primarily examined at the health risks associated 

with SB and how to reduce SB in regards to prompts (such as text message alerts) or standing desk 

stations or walking stations (35, 67). The prompts from Swartz et al. study included messages from 

the computer and alert sounds (beeps) from a PA monitor. Both of these prompts could be 

disruptive during the work-week and may not be as applicable as a silent vibration from a Jawbone 

or other consumer-based PA monitor. Additionally, the prompts in the Swartz et al. study were 

programmed to occur every 60 minutes regardless of behavior, whereas the Jawbone prompts did 

not occur unless the monitor recorded prolonged SB which may be less disruptive than prompts 

that occur consistently without regard to behavior.  Additionally, prompts appear to be more 

effective when they occur in close proximity to the point where individuals perform the unwanted 

behavior, such as the vibration from the Jawbone when the individual is sedentary for too long. 

Prompts should also be obtrusive and thus noticeable to elicit behavioral modifications (3). 

Therefore, the behavior-specific prompts from the Jawbone are more likely to influence behavior 

than standard prompts that occur regardless of behavior according the significant upright events 

taken from the intervention group. Other intervention approaches, such as standing desk stations 

and/or treadmill walking stations can be expensive, whereas consumer-based PA monitors could 

be considered a low-burden intervention and are relatively inexpensive.  Additionally, 

workstations are not portable, thereby restricting their prompting to only times when an individual 

is at his/her desk and does not take into account evenings and weekends in which individuals may 

spend large amounts of time in SB.  Conversely, the Jawbone can provide prompts anywhere as 

long as the individual is wearing it, allowing for behavior tracking and prompting outside of work 

hours (e.g., evenings and weekends). Consumer-based PA monitors also require little assembly 

and no renovations to the office or home.  
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Prior to the current study, there has been little research done regarding to how well the 

haptic feedback from the PA monitors is at creating behavioral changes. However, there are studies 

that have shown how haptic feedback and prompting from other types of devices may promote 

behavioral adaptations (5, 48, 67). Swartz et al. utilized two different prompting techniques to 

determine if haptic feedback could decrease SB (67). The first prompt was in the form of an audible 

“beep” from a wrist-worn monitor that provided the feedback every hour. The second prompt 

utilized was an audible pop-up message on the computer screen every 60 minutes which said 

“Hello, please get out of your chair”. Each intervention group received both the wrist-worn 

feedback and the computer pop-up messages. However, the first intervention group was not given 

any directions on what to do when they received the feedback and the second intervention group 

was asked to walk 100 steps each time feedback was given. Both groups significantly reduced 

duration of average sitting bouts (Stand group, by 16%; Step group, by 19%) and the number of 

sitting bouts of 60 minutes or more (67). Therefore, there is evidence that devices that offer cues 

or prompts may cause a behavioral change. This aligns with the findings from the current study 

where participants did elicit behavior modifications (increased upright events) from the vibration 

prompt via the Jawbone UP24 PA monitor.  

 Furthermore, there are several psychological theories that exist that could 

potentially explain behavioral modifications in regards to prompts. Goal setting may be an 

effective strategy for improving PA and reducing SB (10, 64). Goal setting provides direction, 

determines the level of effort to be expended, fosters persistence, and supports the search for 

strategies. Psychologists have studied goal setting as a motivational technique looking at whether 

specific, difficult goals improves performances more than setting no goals. Researchers have also 

examined the relationship between various types of goals (i.e. specific or general, long-term or 
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short-term, difficult or easy) and PA with results indicating that goals both short and long-term 

were indeed associated with behavior changes (79). Overall, goal setting has been shown to be an 

excellent motivational tool to help positivity change PA behavior which may help inactive 

individuals adhere to long-term PA and reduction of SB. While the current study examined short-

term effects of behavioral modification, there is evidence that goal setting (such as decreased SB 

via Jawbone UP24) may have positive behavioral modifications for individuals who utilize PA 

monitors. Also, the Stimulus-Response Theory (SRT) suggests an explanation of how people learn 

new behaviors. Although a behavior can be learned through repeated pairings of that behavior with 

antecedent cues or consequent reinforces, consequences have a greater impact on behavior than do 

antecedent cues (40). Punishment usually involves an unpleasant or uncomfortable stimulus after 

a behavior in order to decrease the probability of that behavior happening in the future (40). For 

the current study, the haptic feedback provided from the Jawbone UP24 monitor could be 

considered a punishment/consequence from spending too much time in SB. Therefore, the haptic 

feedback in the form of a vibration acted as a punishment of prolonged SB which may have elicited 

short-term behavioral modification in the experimental group in part due to the theory of the SRT.  

 In regards to the upright events category, the intervention group increased upright events 

by 7.6 ± 8.0 events per day in week 2 compared to week 1 and the control group decreased upright 

events by -1.5 ± 10.9 events, resulting in a significant mean difference of 9.1 upright events the 

intervention group. Given how little the sitting, stepping, and standing time changed in the 

intervention group in this study, it appears that the additional upright events that intervention 

participants took were mainly in the form of very short periods of standing.  While not as beneficial 

to health as if these periods were higher-intensity PA, even standing breaks in SB have beneficial 

health effects (18).  Stamatakis et al. found an independent beneficial effect of standing on 
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mortality (3 % decrease in risk per hour of standing), and this association was present in both those 

who met and did not meet the PA recommendations. Furthermore, Stamatakis’ study suggests a 

dose-response relationship where replacing three hours of sitting per day with standing may be 

associated with a cumulative decrease of 12-18% in all-cause mortality risk (66). Ekblom-Bak et 

al. found that replacing SB with PA of any intensity and of as little as one minute were associated 

with significantly lower metabolic syndrome prevalence (23). The positive change in breaks in SB 

in our study provides support that a low-burden intervention such as wearing the Jawbone monitor 

and responding to prompts to break up SB may elicit favorable behavior adaptions that, in the 

long-term, could significantly reduce health risks (20).   

 While the protocol of this study utilized the Jawbone UP24 PA monitor to promote acute 

behavioral adaptations, the intent of this study was to understand the changes that may occur from 

receiving haptic feedback from any PA monitor or wearable technology. Several PA monitors on 

the market utilize haptic feedback to elicit behavioral modifications; examples include the Apple 

Watch, Fitbit Charge, and Garmin Vivosmart. Additionally, push notifications (vibrations or 

beeps) are ubiquitous in smartphone technology, and research supports that ‘momentary 

assessment’, or behavior-specific prompts, may encourage better adherence to medication use and 

other lifestyle habits (22). Together, these studies indicate the prompting in the form of haptic 

feedback from a PA monitor may encourage short-term behavior change. 

Despite positive short-term behavioral changes found in the current study and previous 

research, further research is needed to determine if these modifications continue long-term, with 

or without the continued use of a consumer-based PA monitor. Interestingly, the research staff in 

the current study received anecdotal evidence from several participants who reported that they had 

a better understanding of what it meant to be sedentary for an hour and that they could begin to 
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predict when the Jawbone would deliver its vibration. Such gains in awareness of behaviors are 

promising that suggests and suggests the participants may have been learning positive behavior 

adaptations even during a short intervention timeframe. This possibility should be explored more 

in future research. 

The current study was not without limitations. Most notably, this study included sleep time 

while assessing the changes seen in total sitting time. The activPAL software records both sitting 

and lying down as “sitting time”, and the software is unable to differentiate between the two. Sleep 

is not considered SB, and if sleep time was captured and excluded from the data analysis, the 

results may have shown larger changes in total time spent in SB between groups. Sample size was 

also a study limitation, with only 26 participants (13 in each group). More participants would have 

given the results better generalizability, and the research team may have found more of the 

observed changes to be statistically significant with a larger sample. Finally, the research team 

only assessed behavioral adaptations over a two-week period, showing that behavioral adaptations 

are possible but not yielding data to assess the potential for long-term behavioral change.  

In conclusion, the current study showed significant improvements in breaks in SB, as well 

as non-significant improvements in other SB and PA variables for participants receiving behavior-

specific prompts to encourage breaking up long periods of SB. This haptic feedback from the 

Jawbone UP24 monitor appears capable of eliciting short-term behavioral modifications. 

Consumer-based PA monitors and other devices offering haptic feedback may provide a 

convenient, low-cost intervention tool for the general population to alter PA and SB levels. 
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Figure 1. Mean differences between control group and intervention group for time  

(minutes) in sitting, standing, and stepping time.                                                              

Average mean differences between control and intervention groups.  
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Figure 2. Mean differences between the control group and intervention group for  

number of steps taken.                                                                                                        

                              
Average mean difference between control and intervention group.  
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Table 1. Participant descriptive characteristics.  

 Total  

(N=26) 

Control  

(N=13) 

Intervention 

(N=13) 

Age (yrs.) 43.9 ± 20.7 51.9 ± 22.4 35.8 ± 15.9 

Height (in) 67.0 ± 3.6 66.4 ± 3.5 67.5 ± 3.8 

Weight (kg) 76.1 ± 18.5 75.2 ± 16.7 77.0 ± 20.7 

BMI (kg/m2) 26.0 ± 4.7 25.2 ± 6.1 26.9 ± 5.6 

Values displayed as mean ± standard deviation (SD).  
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Table 2. Mean and SD of average upright events in the control group compared  

to the intervention group.                                                                                                    

 Control Intervention 

Average events in week 1 59.1 ± 5.9 60.1 ± 5.4 

Average events in week 2 57.6 ± 5.4 67.6 ± 4.1* 

Values displayed as mean ± standard deviation (SD). * indicates mean is significantly different 

from control at p ˂ 0.05.  
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Table 3. Effect size for each variable assessed in both the activPAL and Jawbone 

 monitors.                                                                                                                            

 Effect Size 

activPAL Sitting 0.33 

activPAL Standing 0.56 

activPAL Stepping 0.03 

activPAL Steps 0.49 

activPAL Upright 

Events 

0.87 

Jawbone Steps 0.53 

Jawbone Active 

Minutes 

0.85 

Data are displayed as effect size.  
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CHAPTER V: Summary and Conclusions 

This study addressed if wearing the Jawbone UP24 and receiving haptic feedback was 

related to positive changes in PA and SB compared to when the monitor was worn but no haptic 

feedback was provided. This was accomplished by assessing PA and SB in participants for two 

weeks with both the Jawbone UP24 monitor and the activPAL accelerometer during free-living 

conditions. 

In brief summary, we hypothesized that wearing the Jawbone UP24 monitor and receiving 

haptic feedback would be related to decreased time spent in SB, time spent in bouts of SB, and 

increased breaks in SB. Furthermore, we hypothesized that wearing the Jawbone UP24 monitor 

and receiving haptic feedback would be related to increased number of steps taken, caloric 

expenditure, and active minutes.  

Our major findings were that consumer-based PA monitors that provide haptic feedback, 

such as the Jawbone UP24, tended to elicit acute behavioral adaptations in the favorable direction 

(e.g., decreased SB, increased breaks in SB). The haptic feedback was related to increased breaks 

in SB by approximately nine times more per day in the intervention group from week 1 to week 2. 

Furthermore, the feedback increased the number of steps taken per day by 351 according to the 

Jawbone UP24 application in the intervention group. Finally, the haptic feedback increased 

standing time with a mean difference of change between weeks 1 of week 2 in the intervention 

group of 23.9 minutes. While only the change in breaks in SB was statistically significant, a large 

sample size likely would have resulted in significant differences in the other variables in the 

expected directions.  
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In conclusion, our findings indicate that consumer-based PA monitors that provide haptic 

feedback may help elicit acute behavioral adaptations. However, more research is needed to 

determine if these monitors can sustain behavioral change or if the consumers revert to old habits 

after the novelty of the feedback has dissipated. In addition to the haptic feedback provided from 

these monitors, consumer-based PA monitors also provide the user with important PA data such 

as number of steps take, EE, and active minutes in addition to other features such as tracking 

nutritional habits, goal settings, and physiological measurements such as heart rate. This real-time 

feedback was not evaluated in this study but may also help to elicit or sustain behavioral changes 

In addition, the other variables measured in this study did not elicit significant changes 

hypothesized by the author. This could partially be explained by the small sampled size utilized 

for data collection, the differences in age groups in the control verses intervention group, and most 

notably; the inclusion of sleep time into total sitting time.   

Recommendations for Future Study  

Consumer-based PA monitors with haptic feedback should be further evaluated over longer 

duration periods. The current study consisted of two weeks of monitor wear time for each 

participant, with only one week of control and one week for the intervention in half of the 

individuals. Further research should look how these changes are similar, or different during a long-

term intervention (e.g., 30-90+ days) to determine if the behavioral adaptations seen in this study 

are sustainable.  

Although our study was primarily conducted in participants whom were already physically 

active, future research should determine if the effects seen from this study could be applied to 

individuals who are not physically active and spend large amounts of time in SB. It could by 
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hypothesized that individuals with higher SB and lower PA would see even greater behavioral 

adaptations than the current group of participants. 

Due to time restraints, the current study was only able to utilize a sample size of 26 

participants. Therefore, it was difficult to find statistically significant differences between the 

groups. Future studies should examine the effects of similar interventions in much larger cohorts. 

Finally, our study only examined the effects of the haptic feedback from one consumer-based PA 

monitor, the Jawbone UP24. While it may be assumed that similar feedback from other monitors 

would elicit the same behavioral adaptations, there should be further research on whether or not 

other devices (Apple Watch) find similar results. These future directions will assist our 

understanding of consumer-based PA monitors, both for researchers and individuals wishing to 

track various aspects of PA, SB, and health.  
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