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Abstract 

Sedentary behaviour (SB) has been linked to many health problems (e.g., type 2 diabetes, 

heart disease). Interventions aimed at office workers, overweight and obese individuals have 

proven successful in reducing SB; however, no studies have examined university students. 

Text message-based interventions have succeeded to aid in smoking cessation and increase 

both physical activity and healthy eating, but have not been shown to reduce SB. Eighty-two 

university students were randomized into intervention (SB related text messages) or control  

(text messages unrelated to SB) groups. Participants received daily text messages and 

reported various SBs (i.e., breaks from sitting, standing, light and moderate intensity physical 

activity) at four time points (baseline, 2, 4 and 6 weeks). Small to moderate effects that either 

approached or did not reach significance were found that consistently favored the 

intervention group for all SB measures. Findings suggest text messages have the potential to 

reduce SB in university students. 
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1 Introduction 

1.1 Sedentary Behaviour 

Sedentary behaviour such as screen viewing, reading, and riding in an automobile, can be 

defined as any waking activity at an energy expenditure of  <1.5 METs (metabolic 

equivalents) while in a sitting or reclining posture (Canadian Society for Exercise 

Physiology, 2014). A MET is a unit that represents the metabolic equivalent of an activity 

expressed in multiples of resting rate of oxygen consumption, with one MET 

corresponding to resting metabolic rate (Tremblay, Colley, Saunders, Healy, & Owen, 

2010). The World Health Organization recommends adults to get 150 minutes a week of 

moderate to vigorous Physical Activity (PA) in order to prevent poor health (World 

Health Organization, 2010). In reality, very few adults meet this recommendation, and of 

those that do, many are still subject to the health risks that have been attributed to sitting 

for long periods of time. Key findings have supported the notion that sedentary behaviour 

is separate from physical inactivity. Physical inactivity is a lack of being physically active 

(i.e., not meeting physical activity guidelines every day), whereas sedentary behaviour is 

the act of prolonged sitting during day-to-day life (Owen, Healy, Matthews, & Dunstan, 

2010). Both physical inactivity and sedentary behaviour have overlapping health risks, 

but sedentary behaviour also has some distinct health risks and thus should be looked at 

as separate from physical inactivity (Chastin, & Granat, 2009). 

1.2 Health Risks 

In a large study of 4935 Canadian adults, Carson and colleagues (2014) found that the 

average time spent sitting per day was 10.8 hours. This indicates that adults today spend 

more time sitting than sleeping.  This raises the question: does prolonged sitting pose 

serious health consequences? Researchers have found that prolonged sitting (typically in 

bouts of 20 minutes or more) can cause higher levels of fasting insulin, and can increase 

an individual’s chance of getting type 2 diabetes by up to 120% (Helmerhorst, Wijndaele, 

Brage, Wareham, & Ekelund, 2009; Grøntved, & Hu, 2011; Healy, Matthews, Dunstan, 

Winkler, & Owen, 2011; Thorp, Owen, Neuhaus, & Dunstan, 2011; Wilmot et al., 2012). 
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Other cardiometabolic biomarkers have also been shown to be affected by prolonged 

sitting such as increased waist circumference, lower levels of HDL-cholesterol, increased 

levels of C-reactive protein, higher levels of triglycerides and raised 2-h plasma glucose 

(Henson et al., 2013; Edwardson et al., 2012; Shuval et al., 2014; Healy et al., 2007, 

2008b, 2011; Carson et al., 2014; Ekelund, Griffin, & Wareham, 2007; Grontved et al., 

2011; Ford, & Caspersen, 2012). All of these cardiometabolic biomarkers are risk factors 

for metabolic syndrome (Edwardson et al., 2012), and when increased waist 

circumference is combined with any other two factors, the risk of fatal cardiovascular 

disease and all-cause mortality are increased significantly (Grontved et al., 2011; 

Edwardson et al., 2012, Wilmot et al., 2012; Ford et al., 2012). Another large study 

examined all-cause mortality rates and sitting time for 222,497 adults. The study found 

that compared to those who sat for less than 4 hours per day, those who sat for 4-8 hours 

had a 2% increase (95% CI [0.95-1.09]) in all-cause mortality, those who sat for 8-11 

hours per day had a 15% increase (95% CI [1.06-1.25]), and those who sat for more than 

11 hours per day had a 40% increase (95% CI [1.27-1.55]) (van der Ploeg, Chey, Korda, 

Banks, & Bauman, 2012). A possible explanation for the relationship between some of 

these health risks and prolonged sitting is that when a subject is engaged in sedentary 

behaviours, the subsequent loss in muscle contraction reduces glucose uptake, and 

suppresses the activity of skeletal muscle lipoprotein lipase (LPL). This LPL activity is 

necessary for the production of high-density cholesterol and triglyceride uptake (Bey, & 

Hamilton, 2003; Hamilton, Hamilton, & Zderic, 2004; Tremblay, Colley, Saunders, 

Healy, & Owen, 2010).  

Aside from cardiometabolic risk factors and an increased risk of all-cause mortality, there 

is evidence that sedentary behaviour is related to cancer risks. A meta-analysis completed 

by Schmid and Leitzmann (2014), found an increased risk in colon, endometrial, and lung 

cancer associated with extended sedentary time. A total of 68,936 cancer cases were 

analyzed through 43 studies and Schmid and colleagues concluded that compared to the 

lowest level of sedentary time, high levels were related to average relative risks of 1.24 

for colon cancer (Chow, Dosemeci, & Zheng, 1993; Boyle, Fritschi, & Heyworth, 2011; 

Gerhardsson, Norell, Kiviranta, Pedersen, & Ahlbom, 1986; Weiderpass et al., 2003; 

Simons et al., 2013; Dosemeci et al., 1993; Howard et al., 2008; Arbman, Axelson, 
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Fredriksson, Nilsson, & Sjodahl, 1993), 1.32 for endometrial cancer (Shu, Hatch, Zheng, 

Gao, & Brinton, 1993; Friedenreich, Cook, Magliocco, Duggan, & Courneya, 2010; Patel 

et al., 2008; Arem et al., 2011; Gierach et al., 2009; Friberg, Mantzoros, & Wolk, 2006), 

and 1.21 for lung cancer (Lam et al., 2013; Dosemeci et al., 1993; Ukawa et al., 2013). 

They also found that for every 2 extra hours of sedentary time per day, there was a 10% 

increased risk of endometrial cancer, and an 8% risk of colon cancer (Schmid, & 

Leitzmann, 2014).  

There are also studies, which have examined the increased risk of other health issues due 

to prolonged sitting. Researchers looked at depressive symptoms and sitting time in 8962 

women and found that those who sat for 4 or more hours per day were 1.5 times more 

likely to have depressive symptoms than those who sat for less than 4 hours per day (95% 

CI [1.05, 1.32], & 95% CI [1.29, 1.67] respectively) (van Uffelen et al., 2013). Another 

study looked at telomere length in blood cells, which has been linked to longevity, in 

relation to sitting time in older adults who were taking part in a physical activity 

intervention. They discovered that the intervention group had more telomere lengthening 

which was associated with the reduced amount of sitting time in this group (p=0.02) 

(Sjögren et al., 2014). 

The above health risks have been shown to relate to sedentary behaviour irrespective of 

whether or not individuals were reaching moderate-to-vigorous physical activity 

recommendations (Grontved et al., 2011; Healy et al., 2011; Helmerhorst et al., 2009; 

Schmid et al., 2014; Thorp et al., 2011; van der Ploeg et al., 2012; van Uffelen et al., 

2013).  Affectionately labeled, “the active couch potato,” an individual can engage in 

prolonged television or computer screen viewing but still be considered active by meeting 

public health guidelines (Owen et al., 2010).  

 The reason that meeting moderate-to-vigorous physical activity (MVPA) guidelines does 

not attenuate these health risks is largely due to the fact that MVPA is unrelated to time 

spent sitting; however, light-intensity physical activity is almost perfectly inversely 

related to sitting time (Healy et al., 2011). This suggests that any prolonged sitting time is 

being displaced from light intensity physical activity, causing an increase in waist 
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circumference, and overall weight gain, which is related to metabolic syndrome, type 2 

diabetes, as well as cancer (Lynch, 2010; McCullough et al., 2011; Kushi et al., 2012; 

Schmid, & Leitzmann, 2013). 

1.3 Breaking up sitting time 

With all of the poor health outcomes associated with sedentary behaviour, it is important 

to learn how to reduce these risks. While there are currently no recommendations of how 

long adults should spend sitting, or how often to break up prolonged sitting, many 

researchers have examined how to prevent some of the known health risks. A study 

carried out by Healy and colleagues (2008) looked at the number of breaks from sitting in 

relation to several biological markers of metabolic risk in 168 adults. They found that 

those who took the most breaks from sitting had a smaller waist circumference (= -0.16, 

95% CI [-0.31, -0.02]), lower body mass index (= -0.19, 95% CI [-0.35, -0.02]), lower 

levels of triglycerides (= -0.18, 95% CI [-0.34, -0.02]), and lower 2-h plasma glucose 

levels (= -0.18, 95% CI [-0.34, -0.02]) compared to those who took the least amount of 

breaks from sitting (Healy et al., 2008). A later study by Healy and colleagues (2011) 

found an association between breaks from sitting and waist circumference, C-reactive 

protein, and fasting plasma glucose, irrespective of total sitting time (Healy, Matthews, 

Dunstan, Winkler, & Owen, 2011).  

Researchers have looked into what constitutes an effective break from sitting, and have 

found that although standing is better than sitting, light intensity physical activity is the 

most beneficial. A study by Bailey and Locke (2014) found that breaking up sitting with 

standing did not improve postprandial glucose levels, however light-intensity walking did 

(p<0.001). Dunstan and colleagues (2012) also found a decrease in glucose levels 

following both a light-intensity break from sitting (5.2 mmol/L, 95% CI [4.1, 6.6]) and 

moderate intensity break from sitting (4.9 mmol/L, 95% CI [3.8, 6.1]) compared to 

uninterrupted sitting (6.9 mmol/L, 95% CI [5.5-8.7], p<0.001). They also found reduced 

levels of insulin after both light and moderate intensity breaks (633.6 pmol/L, 95% CI 

[552.4, 727.1], 737.6 pmol/L, 95% CI [555.5, 731.9], respectively), compared to 

uninterrupted sitting (828.6 pmol/L, 95% CI [722.0, 950.9], p<0.0001) (Dunstan et al., 
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2012). Howard and colleagues (2013) found that interrupting sitting with a 2-minute bout 

of light-intensity walking every 20 minutes decreased plasma fibrinogen by 0.17 gL-1 

(95% CI [0.01, 0.32], p<0.05) compared to uninterrupted sitting. They also found that 

both moderate and light intensity breaks attenuated the reduced plasma volume and 

increased hematocrit, hemoglobin and red blood cell count found in uninterrupted sitting 

(Howard et al., 2013). Another study examining breaks from sitting found that 

interrupting 8 hours of sitting with hourly 8-minute moderate-intensity cycling bouts 

reduced levels of C-peptide compared to uninterrupted sitting (p<0.017) (Altenburg, 

Rotteveel, Dunstan, Salmon, & Chinapaw, 2012). 

Beneficial breaks from sitting in the above studies were typically 2-4 minutes in length, 

for every 20 minutes of sitting, which could lead to future guidelines recommending 

these types of breaks. As for total amount of time sitting, one study found that reducing 

sitting to less than 3 hours per day could result in a 2-year gain in life expectancy 

(Katzmarzyk, & Lee, 2012) As previously mentioned, women who sat for less than 4 

hours per day had a much lower prevalence of depressive symptoms (van Uffelen, 2013), 

and adults who sat for less than 4 hours, regardless of gender, had a reduction in all-cause 

mortality (van der Ploeg et al., 2012). Although there are no official recommendations, 

early evidence suggest that sitting for 4 hours or less per day may prevent many of the 

aforementioned health risks. 

1.4 Interventions in the workplace 

There have been many interventions aimed at decreasing sedentary behaviour and they 

have been met with varying levels of success. Since a large portion of an adult’s day is 

spent at work, and many adults work desk jobs, numerous studies have explored reducing 

sedentary time in office workers. Alkhajah and colleagues (2012) gave 18 office-workers 

sit-stand workstations and were able to reduce sitting time by 143 minutes/workday (95% 

CI [-184, -102], p<0.001) compared to controls after 1 week. These findings were 

maintained at a 3-month follow-up. They also looked at HDL cholesterol and found an 

increase of 0.26mmol/L (95% CI [0.10, 0.42], p<0.003) compared to controls (Alkhajah 

et al., 2012). Another study added a multi-component aspect to the sit-stand workstations 
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and included a group that received e-mails, face-to-face coaching and phone calls from 

management, on top of receiving the new workstations (Neuhaus, Healy, Dunstan, Owen, 

& Eakin, 2014). After 3 months, the multi-component group decreased sitting by 89 

minutes per workday (95% CI [130, 47]), whereas the workstations-only group only 

decreased their sitting by 33 minutes (95% CI [74, 7]) (Neuhaus et al., 2014). A third 

study using sit-stand devices was able to reduce sitting time by 66 minutes per day in 7 

weeks (p=0.03) (Pronk, Katz, Lowry, & Rodmyre Payfer, 2012). They also found the 

devices helped with musculoskeletal pain by reducing upper back and neck pain by 54% 

(p=0.008) and once the sit-stand devices were removed, all of the observed effects went 

back to baseline levels within 2 weeks (p=0.027) (Pronk et al., 2012). Healy and 

colleagues (2013) installed the same sit-stand workstations and emphasized three 

messages to the intervention group; “Stand Up, Sit Less, & Move More”. After 4 weeks, 

the intervention group reduced their sitting time by 125 minutes (95% CI [-161, -89]) and 

increased standing time by 127 minutes (95% CI [92, 162]) (Healy et al., 2013). Sitting 

was exclusively replaced by standing, which does have some benefits; however, the 

“Move More” message was not adopted, which would offer the most health benefits. 

A major obstacle that is encountered when attempting to encourage office workers to 

move more during the workday is the fact that they cannot leave their desk without losing 

productivity. When sit-stand workstations were installed in the workplace, several 

researchers were able to reduce sitting and replace it with standing; however, none of the 

above studies succeeded in increasing light or moderate physical activity. Carr and 

colleagues (2013) used portable pedal machines in an effort to have office workers 

replace passive sitting with active sitting. The intervention group reduced daily sedentary 

time by 58.7 minutes per day (95% CI [-118, 0.99]) compared to controls whom 

increased sedentary time by 55.5 minutes per day (95% CI [2.8, 108.1]; Carr, Karvinen, 

Peavler, Smith, & Cangelosi, 2013). The intervention group used the pedal machines 

37.7% of the days they had access to them, and for an average of 31.1 minutes on the 

days they used them (Carr et al., 2013). Another method of increasing light intensity 

physical activity amongst office workers is by introducing treadmill desks into the work 

place. A study by John and colleagues (2011) used treadmill desks in an intervention to 

reduce sitting time and increase steps. They found a reduction of sitting time from 1238 
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to 1150 minutes per day, an increase in standing from 146 to 203 minutes per day and an 

increase in stepping time from 52 to 90 minutes per day after 9 months (p < 0.05) (John 

et al., 2011). A second study also introduced treadmill desks and found a decrease from 

1,020 minutes of sedentary time per day to 978 minutes after 1 year (p < 0.001). They 

also found an increase in walking from 70 minutes per day at baseline, to 109 minutes 

after 1 year (p < 0.001) (Koepp et al., 2013). These results are promising for office 

workers who want to replace sedentary time with light intensity physical activity, rather 

than just standing. Another encouraging finding with workplace interventions is that 

several studies looked into the effect they had on productivity and found that none of the 

interventions decreased productivity, and that one study actually found an increase in 

productivity (Davis et al., 2009; Ebara et al., 2008; Husemann et al., 2009; Nerhood and 

Thompson, 1994). This evidence could help to encourage companies to include various 

interventions in the work place to reduce sedentary behaviour in their employees without 

impinging on productivity. 

1.5 Interventions with specific populations 

Several interventions have been aimed at overweight and obese populations in order to 

reduce their risk of developing type 2 diabetes or cardiovascular disease, since these 

individuals are typically at a greater risk of developing these diseases. One study 

combined face-to-face meetings and personalized e-mails to set goals for reducing 

sedentary behaviour (SB) and increasing steps in obese women (Adams, Davis, & Gill, 

2013). Self-reported SB of the intervention group dropped significantly from 57.9 hours 

per week to 45.9 hours after 6 weeks (p = 0.004) whereas waitlisted-controls had an 

insignificant drop from 45.2 to 40.3 hours per week  (Adams et al., 2013). Bond and 

colleagues (2014) used a Smartphone-based intervention to reduce sedentary behaviour in 

overweight/obese individuals with an application that prompted the participants to get up 

after a bout of prolonged sitting. The participants completed 3 different conditions in a 

counter-balanced order which were: a reminder to get up for 3 minutes for every 30 

minutes spent sitting, 6 minutes for every 60 minutes sitting or 12 minutes for every 120 

minutes sitting (Bond et al., 2014). All conditions decreased SB and increased light 

intensity physical activity (LIPA), with the 3-min condition reducing sitting the most 
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with 47.2 minutes per day (95% CI [-66.3, -28.2]) and increasing LIPA by 31 minutes per 

day (95% CI [15.8, 46.2]) (Bond et al., 2014).  

Overweight and obese individuals who have already been diagnosed with type 2 diabetes 

have been shown to benefit from an increase in physical activity levels through various 

PA programs; however, these interventions often have high drop-out rates, are expensive 

and time consuming, and maintaining physical activity long-term has rarely been 

successful (Ecclestone, Myers, & Paterson, 1998; Dunn et al., 1999; Tudor-Locke et al., 

2004). Rather than enroll patients into exercise programs, which have a high rate of 

failure, a shift towards lifestyle interventions has found more success (Richardson et al., 

2007). Decreasing sedentary behaviour has been shown to reduce the same health risks as 

PA; however, changes in sedentary behaviour can be done in small increments 

throughout the day and participants are able to conveniently implement healthy 

behaviours into their everyday life, instead of having to follow a structured program 

(Dunn et al., 1999). De Greef and colleagues (2010) combined a pedometer-based 

lifestyle intervention with telephone support to reduce sedentary behaviour and increase 

steps in obese patients with type 2 diabetes. Those in the intervention group increased 

their daily steps by 2744 after 24 weeks and maintained an increase of 1872 steps after 1 

year (p < 0.001). Controls on the other hand reduced their daily steps by 1256 at 24 

weeks and 1275 after 1 year (p < 0.001). The researchers also found a significant 

difference in the results between the two groups with regards to changes in sedentary 

time. The intervention group decreased their sedentary time by 12 minutes per day, and 

the control group increased their sedentary time by 48 minutes per day (p < 0.001) (De 

Greef et al., 2010). 

1.6 Summary of Intervention work 

The vast majority of sedentary behaviour interventions have been aimed at office 

workers, and overweight/obese adults; however very few, if any, target university 

students specifically (Deliens, Deforche, Bourdeauhuij, & Clarys, 2015). Students are an 

inherently sedentary population as they spend a great deal of their time either in class or 

studying. Studies have shown that weight gain often occurs during young adulthood 

(Venn et al., 2007; Deliens et al., 2015), and those who led a sedentary lifestyle in college 
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remained sedentary 5 or 10 years later (Sparling, & Snow, 2002; Keating, Guan, Castro 

Piñero, & Bridges, 2005). Aiming interventions at this population are therefore worth 

implementing when attempting to prevent high levels of sedentary behaviour and reduce 

overweight/obesity rates in adults. A study investigating the feasibility of reducing 

sedentary behaviour in libraries installed portable pedal machines (Maeda, Quartiroli, 

Vos, Carr, & Mahar, 2014). They found a mean cumulative pedal time of 95.5 minutes 

per day, and that 7% of students who used the library used the pedal machines at least 

once (Maeda et al., 2014). This is promising as a way to reduce sedentary behaviour in 

public spaces such as universities; however, interventions aimed at individual students 

may be more effective. 

1.7 Text message interventions 

Although there have been successful interventions developed to reduce sedentary 

behaviour, very few utilize screen-based technology. Modern society is largely based 

around the use of devices that make our lives easier and more efficient. One of the more 

common of such devices is arguably the cell phone. Cell phones are used for a wide 

variety of tasks, from communication, to gaming, to online banking and shopping. Cell 

phone users are typically sitting when using their phones and the ease of using a cell 

phone often replaces the need to get up and move. Many studies have utilized cell phones 

to create health behaviour interventions through the use of text messages (Brendryen, & 

Kraft, 2008; Head, Noar, Iannarino, & Harrington, 2013; Obermayer, Riley, Asif, & 

Jean-Mary, 2014). Text messages allow researchers to conveniently reach a large 

population, either locally or globally, relatively inexpensively and without consuming a 

great deal of time by either the researchers or the participants. Some of the health 

behaviours targeted by this method include improving diet, smoking cessation, diabetes 

management and increasing physical activity levels. A meta-analysis conducted by Head 

and colleagues (2013) looked at the efficacy of these text-message based interventions as 

a means for health promotion. They found that the interventions aimed at smoking 

cessation and increasing physical activity were the most successful; however, other 

interventions were still effective and were favourably comparable to other types of health 

promotion interventions (Head, Noar, Iannarino, & Harrington, 2013). The interventions 
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that were analyzed differed in the types of messages that were delivered, the frequency 

and the timing of messages, the ability to reply to texts and by the length of the 

interventions. The meta-analysis broke down various moderators of the interventions to 

determine if any were more effective than others. They found that there was no 

significant difference between studies that combined text messages with other 

components (i.e., websites, print materials or contact with counselors) and those who 

used text messages only. They also found no difference between studies who gave 

participants the ability to text back to the researcher and those who only used one-way 

communication. However, they did find a significant difference in the results based on 

the frequency of text messages, and found that the studies which decreased the frequency 

of messages over time, and the studies which allowed the participants to individualize the 

timing of messages were most effective (Head et al., 2013). 

A closer examination of the smoking cessation studies demonstrated that texts that were 

typically sent during high stress times, at times that individuals would usually crave a 

cigarette, or if the individuals could text the researchers for encouragement and tips 

during these times the participant was able to overcome the craving. A study done by 

Brendryen and Kraft (2008) used e-mails, web-pages, and text messages along with 

nicotine-replacement therapy to help young adults quit smoking. The intervention group 

had greater success with a 22.3% abstinence rate, whereas the control group only had a 

13.1% abstinence rate (Brendryen, & Kraft, 2008). In another study, completed after the 

meta-analysis, a 6-week follow-up revealed 43% of participants had made at least one 24-

hour attempt to quit, and 22% had abstained for a least a week (Obermayer et al., 2014). 

This is encouraging for the use of text messages to aid in smoking cessation research, and 

the results of the studies focusing on physical activity are producing hopeful results as 

well.  

Fjeldseo and colleagues (2010) aimed to increase exercise frequency in postnatal women 

using text messages. They sent 3-5 texts per week, plus 2 texts to a social support person 

(i.e., a partner or friend) and were able to increase physical activity frequency by 1.82 

days per week after 13 weeks (p=0.038) (Fjeldsoe, Miller, & Marshall, 2010). A study by 

Prestwich and colleagues (2009) used implementation intentions paired with text 
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messages to improve exercise frequency and found those in the implementation 

intentions group who also received text messages increased their exercise frequency 

significantly more than implementation intentions or text messages alone (Prestwich, 

Perugini, & Hurling, 2009). Some studies have focused on increasing steps and walking 

time rather than increasing moderate-vigorous physical activity which would be 

consistent with an intervention aimed at reducing sitting time, since light intensity 

physical activity most often replaces sedentary time. Another study by Prestwich and 

colleagues (2010) used implementation intention combined with text messages that either 

served as plan reminders or as goal reminders to increase brisk-walking time. Both 

intervention groups received text messages over 4 weeks and significantly increased the 

number of days they spent brisk walking for 30 minutes or more compared to the control 

group (whom didn’t receive any text messages) (p<0.05). The study found that 42% of 

the goal reminder group, 45% of the plan reminder group and only 22% of the control 

group increased their walking by at least 2 days per week (Prestwich, Perugini, & 

Hurling, 2010). Fukuoka and colleagues (2010) used a text messaging intervention to 

increase daily steps in sedentary women. After one week of measuring their steps, 

participants were asked through text to increase their steps by 20% compared to their 

previous weeks’. At the end of 3 weeks they increased their daily steps by an average of 

816, from 5394 to 6210 (95% CI [5379, 7041], p < 0.001) (Fukuoka, Vittinghoff, Jong, & 

Haskell, 2010).  

The above studies were conducted with adult populations and have proven to be 

efficacious, but studies using text messages to increase any form of health behaviour have 

not focused on students specifically. A large study found that 96% of American 

undergraduate students owned a cell phone (Pew Internet and American Life Project, 

2011) which indicates that any text messaged-based intervention that is aimed at 

university students should be accessible by the vast majority of this population. It has 

also been shown that those who use their cell phones most frequently, use them more for 

sedentary activities such as gaming, texting, surfing the web, compared to those who use 

them less frequently as they appeared to use their phones for meeting up with friends to 

participate in some form of physical activity together (Lepp, Barkley, Sanders, Rebold, & 
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Gates 2013). These findings show potential for cell phones being used as a way to reduce 

sedentary behaviour in students specifically. 

1.8 Message framing and the current intervention 

From the previously mentioned meta-analysis by Head and colleagues (2013), we know 

that text message-based health interventions can be effective, and we know several 

components that make these interventions most successful. An important component of 

an intervention using text messages is the design of the actual messages themselves. It is 

important to differentiate if the effectiveness of text messages is solely due to receiving 

attention from the researcher/study, or if it is the actual content of the message that is 

causing the effect. Most of the previous studies that have used text messages have not 

given groups equal contact; some studies have texted the intervention group daily, and 

texted the control groups either not at all or somewhere between 1-2 times over 2 weeks.  

This makes it hard to determine if receiving a text is acting as a prompt to move, or if it is 

the information inside the text that is being utilized. Therefore, using equal contact with 

different message content could provide more insight into the actual mechanism behind 

the interventions. The current intervention will ensure each treatment condition is 

receiving different text messages throughout the entire trial. 

Message framing has been studied from a health promotion point of view and there have 

been some findings that are relevant to designing a text message-based intervention. 

Latimer and colleagues (2011) did a review of the most efficacious types of messages 

that have been used in physical activity interventions and found gain-framed rather than 

loss-framed messages. This means that the messages need to focus on what individuals 

will gain by doing some behavior, rather than telling them what they will lose if they 

don’t do the behaviour. An example of a gain-framed message is: “achieving 150 minutes 

of MVPA every week will reduce your risk of type 2 diabetes”, whereas a loss-framed 

version of the same fact would be: “not achieving 150 minutes of MVPA every week will 

increase your risk of developing type 2 diabetes” (Latimer et al,. 2011). The review also 

stated that messages that are tailored and targeted to the recipient were most effective. 

Tailoring and targeting are important for the individuals to find the messages relevant to 
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themselves and their current lifestyles and for them to feel as though the messages are 

being personalized to them (i.e., by using their name).    

1.9 Self-efficacy 

Self-efficacy, defined by Bandura (1997) as one’s belief in one’s ability to perform a 

behaviour successfully, is often looked at in relation to health behaviours. Bandura has 

stated that self-efficacy affects health behaviours through goals, outcome expectations, 

and socio-structural factors, as well as affecting these behaviours directly. It has been 

shown that perceived self-efficacy is related to adopting new health behaviours through 

the search and adoption of new health knowledge (Bandura, 2004; Rimal, 2000, 2001). 

This indicates that one’s preexisting self-efficacy has a large influence on the likelihood 

of adopting a behaviour. However it is also possible to increase one’s self-efficacy 

through an outside source, and thus increasing the likelihood of adopting change. Those 

with high self-efficacy for a certain behaviour will typically perform harder to achieve 

goals, especially in the face of barriers.  

Self-efficacy as a determinant of physical activity has been studied frequently, and results 

show that those with higher self-efficacy for physical activity will spend more time being 

physically active (Sallis, & Hovell 1990; Marcus, & Simkin, 1993; Dishman, 1994; Nigg, 

& Courneya, 1998). Specifically in university students, it has been shown that self-

efficacy is an essential factor for physical activity behaviours and those who had a higher 

self-efficacy for physical activity had higher levels of exercise participation (Wallace, 

Buckworth, Kirby, & Sherman, 2000; Wallace, & Buckworth, 2003; Keating et al., 

2005). They also found that self-efficacy was one of the highest contributing factors to 

exercise behaviour change among female students, which is key for getting non-

exercisers to begin exercising. Another study found a positive relationship between VO2 

max (a common measure of one’s fitness level) with self-efficacy for physical activity 

(β=0.26, p = 0.049; Lepp 2013).  

Maibach and colleagues (1991) found that a health campaign focusing on healthy eating 

and regular exercise was able to increase participants’ self-efficacy thus increasing the 

adoption of those healthy habits (Maibach, Flora, & Nass, 1991). It would then follow 
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that by educating people about the benefits of sitting less, and by providing ways to break 

up sitting and to reduce overall sedentary behaviour, their self-efficacy would increase, 

and they would then be more likely to achieve these target behaviours. Presently, there is 

a shortage of research that examines self-efficacy for reducing sedentary behaviour. If 

one does not believe they can successfully break up their sitting more often, or reduce 

their overall sitting, they will be less likely to attempt doing so. Sitting less is a daunting 

task because sitting, in many situations, is an automatic behaviour. We sit at school, at 

work, at home, in the car, and in many public spaces. If there is a chair in the room or if 

others are sitting, we usually take that as a cue to sit, and sitting is seen as the norm in 

society. 

Owen and colleagues (2011) have shown that using self-monitoring (i.e., tracking the 

amount of time spent sitting) and setting realistic and measurable goals (i.e., using TV 

commercials as times to get up and move around)—two methods to bolster self-

efficacy—can reduce sedentary behaviour (Owen et al., 2011). Having participants in the 

present study fill out the amount of time they spend sitting in a day may serve as means 

of self-monitoring. Similarly, the text messages themselves will not only give reminders 

to move around, but will also give small goals for participants to work towards each 

week. Therefore, using text messages to increase self-efficacy for reducing sedentary 

behaviour seems plausible.  

Theoretically, the differences between types of self-efficacy are important for gaining a 

complete understanding of the relationship between self-efficacy and sedentary 

behaviour. McAuley and Mihalko (1998) suggest that self-efficacy measures generally 

represent one of two broad categories or components of the self-efficacy construct; 

namely, a task component or a regulatory component. The task component, refers to 

beliefs an individual has about his or her simple motor skills or ability to perform a 

specific behaviour.  The regulatory component, which is the primary focus of this work, 

refers to an individual’s belief that they can consistently execute the targeted behaviour in 

different situations or domains. It is important that sedentary behaviour efficacy measures 

correspond with the targeted sedentary behaviours (Bandura, 2006). For instance, there is 

good correspondence between efficacious beliefs to take frequent breaks from prolonged 



15 

 

sitting and the number of sitting breaks one takes, whereas there is poor correspondence 

between efficacious beliefs to take frequent breaks and how much light intensity physical 

activity one does. 
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Purpose 

The primary purpose of the current study was to determine whether a text message 

intervention would increase break frequency and length of break from sitting, time spent 

standing, and time spent in light and moderate intensity physical activity in university 

students. 

A secondary purpose was to determine whether the intervention would increase self-

efficacious beliefs regarding break frequency and length of break from sitting and total 

sitting time. 

Another secondary purpose was to determine if self-efficacious beliefs towards length 

and frequency of breaks and if self-efficacious beliefs towards sitting less would be 

related to actual break behaviour, time spent standing, and time spent in light and 

moderate intensity physical activity. 

Hypothesis 

H1. It was hypothesized that those in the intervention group (who received text messages 

with tips, reminders, facts and goals to sit less) would report a greater decrease in time 

between breaks, a greater increase in length of breaks, as well as a greater increase in 

time spent standing and in light and moderate intensity physical activity compared to 

controls (who received text messages unrelated to sitting less).  

H2. It was also hypothesized that those in the intervention group would report a greater 

increase in self-efficacy for breaks and sitting less compared to their control counterparts. 

H3. Relationships would be found between self-efficacious beliefs regarding break 

frequency, length of break from sitting and sitting less, and their corresponding behaviour 

(e.g., self-efficacy towards break frequency and frequency of breaks taken; self-efficacy 

towards break length and the length of breaks from sitting taken; and self-efficacy 

towards sitting less and time spent standing, and in LIPA and MIPA). 
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2 The Current Study 

The subsequent methods are reported in accordance with CONSORT principles 

(www.consort-statement.org). The conduct of this study adhered to the guidelines 

outlined in the Declaration of Helsinki (World Medical Association, 2013) and the 

Handbook for Good Clinical Research Practice (WHO, 2002). Ethical approval was 

granted from Western University’s Health Sciences Research Ethics Board (#105615; 

Appendix A). All participants were given the Letter of Information (Appendix A) and 

gave implied consent by filling out the first questionnaire. 

2.1 Methods 

Design 

 This research study used a 6-week parallel two-arm randomized equal contact 

control trial with randomization being done using a computer-generated 0 or 1 allocation. 

Sample Size Calculation 

Due to the novelty and exploratory nature of this study, there was a dearth of 

evidence available from which to base a sample size power calculation. 

Participants 

 Inclusion criteria: (1) 18-64 years of age, (2) be able to read and write in English, 

(3) own and be able to operate a cell phone that has texting capabilities and a plan with 

unlimited incoming text messages, (4) be a student at Western University. Eighty-two 

participants (Mean age 21.43 years, SD 5.16, Males = 21) who satisfied all criteria 

completed the baseline measurements and were randomized into one of two conditions: 

the intervention arm (sedentary behaviour centered text messages), or the control arm 

(text messages unrelated to sedentary behaviour). 

Primary Outcome Measures 



18 

 

 Frequency of breaks.  The frequency of breaks taken from sitting was measured 

by the following question “I currently take a break to get up and move around every _ 

minutes I spend sitting”. The options the participants could choose from were; every 30 

minutes or less, 45 minutes, 60 minutes, 75 minutes, 90 minutes, 120 minutes, 180 

minutes or 240 minutes or more.  

 Length of breaks. Length of breaks taken from sitting was measured by the 

following question: “Currently, which number best represents the length of your breaks 

you usually take from sitting?” The answers included 30 seconds or less, 1-minute, 2 

minutes, 3 minutes, 4 minutes, 5 minutes, 10 minutes or 15 minutes. 

 Standing and light intensity physical activity. Time spent standing and time 

spent doing light intensity physical activity (LIPA) were measured using items 2, 4, 9, 10, 

12, 19 and items 3, 7, 8, 11, 13, 14, respectively, of the Sedentary and Light Intensity 

Physical Activity Questionnaire. The SLIPA measures time spent doing typical daily 

sedentary or light intensity physical activities. The SLIPA has been validated against 

ActiGraph GTX3 accelerometers and the cut off points for sedentary behaviour and light 

intensity physical activity, were anything under 100 counts per minute and 100-1951 

counts per minute, respectively. The SLIPA is typically used as a 7-day log; however, to 

ease participant burden, the current study asked participants to fill out the items based on 

a typical weekday and a typical weekend day. Internal consistency Cronbach alphas for 

the scale constructs were acceptable (see Table 2). Although the SLIPA provides a 

measure of sedentary behaviour, the goal of this text intervention was to directly target 

and positively change standing and light intensity physical activity. After careful 

examination of the sedentary behaviour items (items 1, 5, 6, 15, 16, 17 and 18), it became 

evident that some items were not relevant to the text intervention (e.g., driving a car) or 

overlapped with each other (e.g., sitting-studying, writing, desk work, typing vs. sitting-

using a computer) causing many overestimated data points. For these reasons, this sitting 

measure was not calculated and used in subsequent analyses.  

Physical Activity. The short form of the Seven-Day Physical Activity Recall 

Questionnaire was used to measure current levels of physical activity (PAR; Sallis et al., 
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1985). The questionnaire measures (1) moderate, (2) hard, and (3) very hard physical 

activity. Participants were asked to estimate the number of minutes they spent doing each 

during the last 7 days. Participants were also asked to determine how many days in the 

past week they acquired 30 minutes or more of (1) hard or very hard activity, and (2) 

moderate, hard or very hard activity. In order to determine if these numbers represented 

their typical weeks, a final question was asked that compared their physical activity levels 

over the last 7 days with the previous three months. Moderate intensity was being 

targeted by some of the texts in the intervention (i.e. “Your challenge for tomorrow is to 

do 30 squats for every episode of TV you watch”), whereas hard and very hard were not 

specifically targeted, and thus only moderate intensity was analyzed in the results. 

Secondary Outcome Measures 

 Self-Efficacy. To measure self-efficacy, a purpose-built questionnaire was 

designed. This questionnaire was comprised of 3 questions, each with several statements. 

The first being “I am __% confident I can decrease the amount of time I sit every day by 

20 minutes”, with possible answers ranging from 0-100 in intervals of 5%. The question 

was repeated with 30, 45, 60, 75 and 90 minutes. The second question was “I am __% 

confident I can take a break from sitting every 240 minutes” which was repeated for 180, 

120, 90, 75, 60, 45 and 30 minutes or less. The third question was “I am __% confident I 

can increase the length of my breaks from sitting by 30 seconds”, and was also repeated 

for 1, 2, 3, 4, 5, 10 and 15 minutes. All questions had the same possible answers. The 

self-efficacy scales demonstrated acceptable internal consistency (see Table 2). 

Other Measures 

 Demographics. The following demographic information was obtained: name, 

age, phone number, gender, ethnicity, level of education (undergraduate, graduate or 

other), number of hours in class per week, number of hours at work per week, as well as 

height and weight in order to calculate Body Mass Index. 

Intervention 
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Figure 8: Confidence in taking longer breaks from sitting at each time point. 

Error bars represent standard error. 
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Table 10: Means, Standard Deviations, and 95% Confidence Intervals for Self-

Efficacy of Decreasing Daily Sitting Time at Each Time Point. M (%) 

 

 

Time 

Intervention Group Control Group 

M SD 95% CI M SD 95% CI 

Baseline 67.42 21.93 [60.42, 74.26] 64.61 21.26 [57.90, 71.32] 

2 weeks 67.07 23.58 [59.63, 74.52] 69.11 17.03 [63.73, 74.48] 

4 weeks 73.19 21.19 [66.50, 79.88] 69.57 18.12 [63.85, 75.29] 

6 weeks 78.86 20.75 [72.31, 85.41] 70.92 18.12 [65.20, 76.64] 
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Figure 9: Confidence in reducing daily sitting time at each time point. Error 

bars represent standard error. 
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Table 11: Correlation between self-efficacy and target behaviours at baseline 

 

 SE-

BFreq. 

SE-

BLength 

SE-

SitLess 

Break 

Freq. 

Break 

Length 

Stand LIPA MIPA 

SE-

BFreq. 

- .374** .347** -.576** .130 .198 .174 .204 

SE-

BLength 

 - .487** -.091 .329** .130 .258* .032 

SE-

SitLess 

  - -.093 .147 .125 .137 .123 

Break 

Freq. 

   - -.114 .079 .161 .064 

Break 

Length 

    - -.073 -.100 -.208 

Stand      - .665** .251* 

LIPA       - .195 

MIPA        - 

**p < 0.001, * p < 0.005 Note: SE-BFreq. = self-efficacy for break frequency, SE-

BLength = self-efficacy for break length, SE-SL = self-efficacy for sitting less 
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Table 12: Correlation between self-efficacy and target behaviours at 6 weeks 

 

 SE-

BFreq. 

SE-

BLength 

SE-

SitLess 

Break 

Freq. 

Break 

Length 

Stand LIPA MIPA 

SE-

BFreq. 

- .478** .585** -.408** .310** .171 .157 .172 

SE-

BLength 

 - .637** -.367** .560** .163 .260* .251* 

SE-

SitLess 

  - -.398** .347** .219* .318** .336** 

Break 

Freq 

   - -.241* -.128 -.180 -.146 

Break 

Length 

    - -.089 .194 .323** 

Stand      - .693** .305** 

LIPA       - .396**  

MIPA        - 

**p < 0.001, * p < 0.005 Note: SE-BFreq. = self-efficacy for break frequency, SE-

BLength = self-efficacy for break length, SE-SL = self-efficacy for sitting less 
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3 Discussion 

The present study aimed to use text messages to increase (a) the frequency and length of 

breaks from sitting, (b) the amount of time spent standing, and (c) and the amount of time 

engaged in light and moderate intensity physical activity. The study also aimed to 

increase self-efficacy for breaks and for reducing overall sitting time. The study included 

an intervention group and a control group. The intervention group received text messages 

twice a day for 6 weeks that offered tips, reminders, facts and challenges to decrease 

sitting and increase light and moderate physical activity. The control group received daily 

text messages, which consisted of random health facts. Both groups filled out 

questionnaires at baseline, 2, 4, and 6 weeks. The questionnaires collected information on 

sitting time as well as standing, light intensity physical activity, moderate intensity 

physical activity, frequency and length of breaks from sitting, as well as three self-

efficacy measures. Overall small to moderate effects that either approached or did not 

reach significance were found that consistently favored the text intervention group for all 

primary outcome behaviours. Irrespective of behaviour, the largest difference between 

treatment groups occurred at 6 weeks. Moderate to large effects that either approached or 

reached significance were also found consistently favoring the text intervention group for 

all self-efficacy constructs measured. Again, irrespective of self-efficacy measure, the 

largest difference between treatment conditions occurred at 6 weeks. Finally, significant 

relations were found when correspondence was high between the self-efficacious 

constructs and the primary outcome behaviours. Beyond these general observations the 

following specific issues warrant commentary. 

Break Frequency and Length of Break from Sitting 

Frequency of break from sitting increased by 23.05 minutes for the intervention group 

and only 8.41 minutes for the control group. This leaves a net difference of 14.64 minutes 

between groups, favouring the intervention group. Although this difference is not 

statistically significant, it could still be clinically meaningful as the intervention group is 

getting up to move around more frequently. Previous studies (Healy et al., 2008; Healy et 

al., 2011) often used objective measures to count number of breaks, rather than frequency 

of breaks; however, asking participants how many times they get up in a day would have 
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been too difficult to track. Asking participants how long they typically sit before taking a 

break, represents a meaningful yet manageable estimate to make. Furthermore, measuring 

break frequency in this manner is in line with recommendations of getting people up and 

moving around every 30 to 60 minutes (Altenburg, et al., 2012; Healy et al., 2008).  

Length of break from sitting increased by .78 minutes for the intervention group and by 

0.19 minutes for the control group. This small non-significant increase is not surprising 

because the intervention was aiming at taking 3-6 minutes for every 30 minutes or 6-10 

minutes every hour from sitting. The intervention group was above 6 minutes every hour, 

and thus behaving consistently with recommendations of previous research (Healy et al., 

2008, Altenburg, et al., 2012). 

 

Standing, Light and Moderate Physical Activity  

The intervention group increased standing time by 18.25 minutes per day and the controls 

decreased standing by 6.05 minutes per day. This resulted in a non-significant net 

difference of 24.3 minutes per day favoring the intervention condition. The main focus of 

the text messages were replacing sitting with light to moderate physical activity rather 

than standing. Perhaps if more text messages had focused on increased standing per se, a 

larger net difference would have been shown. Time spent doing LIPA increased by 50.07 

minutes/day for the intervention group and decreased by 24.27 minutes/day for the 

controls. This resulted in a net difference of 74.34 minutes per day that approached 

significance. With respect to time spent in moderate intensity physical activity, the 

intervention group had a larger increase with 91.22 minutes per week (13.03 minutes per 

day) compared to the control group who only increased by 21.44 minutes per week (3.06 

minutes per day). This resulted in a net difference if 9.97 minutes per day favoring the 

intervention condition.  

Previous studies have shown a range of increased standing time from 57 minutes per day 

(John et al., 2011), to 127 minutes per day (Healy et al., 2013). The current study only 

increased standing by 18.25 minutes/day. Studies which focused on increasing LIPA 

were successful in increasing it by 31 minutes/day after 4 weeks (Bond et al., 2014), 21 
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minutes/day after 6 months (De Greef, et al., 2011), and 39 minutes per day after 1 year 

(Koepp et al., 2013). The current study was able to increase LIPA by 50.07 minutes/day. 

One study that looked at standing and LIPA increase standing by 57 minutes/day and 

LIPA by 38 minutes/day for a total increase of 95 minutes after 9 months (John et al., 

2011). The change seen in the current intervention had a combined increase in standing 

and PA of 81 minutes per day. Most studies focused on standing or LIPA; however, the 

study by Carr et al. (2013) also measured moderate intensity physical activity and found 

an increase of 8.8 minutes per day, a 2.2 minute increase in vigorous, along with an 

increase of 6.4 minutes of LIPA per day. The current study observed an increase of 13.03 

minutes per day of moderate physical activity. Taken together, our findings provide 

evidence that text messaging as a way to increase standing, LIPA and MVPA is, for the 

most part, in line with other interventions. Failure for the net differences highlighted 

above to reach statistical significance is likely due to the variances of responses being 

widely dispersed around the means, and with the current sample size, left the analyses 

underpowered.  

Taking more frequent and longer breaks from sitting means there should be an increase in 

non-sitting behaviours, and this is evident through the increase in time spent standing, 

and in light and moderate physical activity. To illustrate, during an 8-hour period of 

sitting, both groups would spend 39 minutes in breaks from sitting at baseline. At 6 

weeks, the intervention group would spend an average of 60 minutes in breaks and the 

control group would spend an average of 45 minutes in breaks. The increase in frequency 

and length of time spent in breaks along with the increase in standing, LIPA and MIPA 

throughout the day may help explain what participants in this study are doing during their 

breaks. However the small and non-significant correlations found between breaks 

(frequency and length) and behaviour (standing and LIPA) suggest that there is not a 

direct 1:1 displacement occurring here. A moderate size and significant correlation was 

only found between break length and engagement in MIPA. This discrepancy of 

displacement may be due to participants choosing to spend more time in LIPA and MIPA 

outside of breaks from sitting, possibly instead of sitting at all, and thus their breaks may 

not have increased by as much as their physical activity levels.  
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Self-efficacy 

Confidence to sit less increased by 11.44% in the intervention group and by 6.31% in the 

control group. This net difference of 5.13% reached statistical significance. Confidence to 

take more frequent breaks increased in the intervention group by 7.74% and 4.34% in the 

control group. This net difference of 3.4% approached statistical significance. Confidence 

to increase length of breaks from sitting increased by 0.90% in the intervention group and 

decreased in the control group by 1.37%. This net difference 2.27% approached statistical 

significance. Overall, the net differences were small and favored the intervention group.  

The interaction effects were either significant or approaching significance and could be 

due to the variances of responses being tightly centered around the mean, and thus any 

change, regardless of how small, is being picked up as significant. 

At baseline and at 6 weeks, confidence to take more frequent breaks predicted significant 

amounts of variance in reported breaks. Also, confidence to take longer breaks predicted 

significant amounts of variance in reported break length. Efficacy towards increasing 

frequency and length of breaks was able to explain less variance in reported standing, 

LIPA and MIPA. These findings underscore the importance of scale correspondence 

between the cognition matching the targeted behaviour. Confidence to sit less was 

unrelated to breaks, standing, LIPA, and MIPA at baseline. However at 6 weeks, 

significant relationship emerged among these variables. This suggests that those who are 

more confident in being able to sit less will take longer and more frequent breaks, and 

spend more time standing, in LIPA and MIPA. It also could mean that those demonstrate 

these behaviours are more confident in sitting less. Future work should shed light on 

whether efficacious beliefs towards breaks and sitting less are antecedents or 

consequences of sitting less behaviours. Future work might also focus on developing 

scales that measure efficacious beliefs towards standing as well as using existing scales 

that measure efficacious beliefs towards LIPA and MIPA (Dishman, 1994; Marcus, & 

Simkin, 1993; Nigg, & Courneya, 1998; Sallis, & Hovell 1990). 

Strengths and Limitations 
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The current study had several strengths, one being the use of a randomized control trial, 

which allowed for any observed effects in the intervention group to be compared to a 

control group. Another strength was using an equal contact design where both groups 

received text messages daily, to determine whether it was the content of the text or if it 

was simply receiving a text/attention from the researcher that caused any change in 

behaviours. A third strength was that this study provided a novel use of text messages for 

targeting sedentary behaviour, as they have been used for many other health behaviours 

in the past but not for specifically reducing sitting time. A further strength was the use of 

targeted and tailored text messages for the intervention group, based on the findings of 

studies looking at the most effective construction of messages. Another strength was 

measuring breaks in terms of frequency (i.e., every 60 minutes) rather than in numbers 

(i.e., 20/day), which makes it possible to directly compare the results with current 

recommendations for breaks.  

As for limitations, the main one was the use of a subjective self-report measure of 

sedentary behaviour. Although the Sedentary and Light Intensity Physical Activity 

Questionnaire has been shown to be a valid and reliable measure in the past, and received 

acceptable reliability in the current study, it was problematic. Many people over-

estimated how much time they spend doing various activities (which was shown when 

their days would add up to many more than 24 hours). This caused many data points to be 

extreme outliers and necessitated trimming them to a more reasonable value. The use of 

an objective measurement tool, such as an accelerometer, would allow for more accurate 

data as well as more valuable data. If the accelerometer was worn throughout the study, it 

would give an exact amount of time that was displaced from inactivity to other 

behaviours. It would also allow for the researchers to observe if the participants were 

actually utilizing the prompts from the texts by checking the data at the time the texts 

were received. If a text was sent that told them to get up and move around for 5 minutes, 

the researchers could examine the accelerometer data at that time and see if the 

participant did indeed move around for 5 minutes right away, if they were delayed, or if 

they did not move at all. As with most studies, it is hard to generalize the findings to 

populations outside of the one studied. Since the current study used students, it is 

unknown whether the same intervention could be used for other populations. 
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Another limitation was the study being advertised as a way to reduce sedentary 

behaviour, and thus participants in both groups self-selected into the study because they 

were highly motivated to change their behaviours. This may partially explain why large 

net differences were not found between intervention and control group participants.  

A limitation for data analysis is the small sample size and therefore large variances 

(especially for the primary outcome variables) in the populations. Effects that may have 

been significant were washed out due to very high standard deviations around means, and 

these would be reduced with a larger sample size. In short, the study was underpowered 

for many of the positive effects favoring the intervention to reach statistical significance. 

A further limitation is the length of the study. Text message studies for health behaviours 

have varied in length from 4 weeks to 1 year, with varying success for each length of 

study. The current study was 6 weeks in length, which may have limited the significance 

of the results, especially since the greatest differences between groups occurred at 6 

weeks for all of the measures. If the study was longer there may have been stronger 

effects and findings may have become significant. 

A final limitation is due to the design of the study. Each assessment time point was fairly 

long and likely contributed to participant loss due to the burden of filling out 

questionnaires every two weeks. The feedback collected at the end of the 6 weeks 

included many comments on the difficulty of estimating the time spent doing various 

activities throughout the day, which is an issue that would also be removed with the use 

of an accelerometer.  

Future Directions 

This study was conducted using a sample of university students, however it could easily 

be replicated using many other populations. Since cell phones are so common, anyone 

who uses one daily could benefit from this type of intervention. It could be adapted to 

specific groups, such as office workers, by having messages scheduled during their lunch 

breaks, or in the evenings, to remind them to get up and move around, rather than just sit 

in front of their computer or T.V. It could also be used for retired adults, to keep them 

active once they no longer have the daily routines that they had during the years they 
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spent working. Another use of this type of intervention could be with those who have 

been hospitalized for accidents or illnesses that cause them to become sedentary during 

their medical care. Once these patients are well enough to start being mobile again, they 

could possibly benefit from text reminders to help motivate them to move, and return to 

active habits. Any future replications of the present study may want to add a 2nd control 

group that receives no messages as both groups seemed to perform similarly, which may 

have been due to both groups receiving texts. A group that received no attention would 

help identify if the effect was due to receiving a text or the content of the messages. 

Using messages similar to those from this intervention could be combined with existing 

technology to create other interventions that utilize fitness trackers, or smart-phone 

applications. 

Conclusion 

The present study provides evidence that facts, tips, reminders and challenges delivered 

in the form of text messages have potential to decrease sedentary behaviour in university 

students. It also shows cognitions on sedentary behaviour can be improved over time, 

which has potential implications for health behaviour change. Future research should be 

conducted using a larger sample size and objective measures to provide more robust 

evidence for the effectiveness of text messages in changing these targeted behaviours and 

cognitions. 
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Sedentary and Light Intensity Physical Activity Questionnaire 

Please fill out how many minutes you spend doing the following things for a 

typical weekday. If you don’t spend any time doing an activity, please put 0. 

1. Sitting- studying, writing, desk work, typing? __ minutes 

2. Standing at school or work – miscellaneous? __ minutes 

3. Walking at school, (between class, or on campus) very slow? __ minutes 

4. Standing – light work (filing, talking, assembling)? __ minutes 

5. Riding in a car or bus? __ minutes 

6. Driving a car (sitting)? __ minutes 

7. Walking from house to car or bus, from car or bus to go places? __ minutes 

8. Light cleaning? __ minutes 

9. Wash dishes – standing? __ minutes 

10. Standing at home – miscellaneous? __ minutes 

11. Cooking or food preparation? __ minutes 
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12. Standing quietly (standing in a line)? __ minutes 

13. Shopping? __ minutes 

14. Walking very slowly? __ minutes 

15. Lying quietly, watching television? __ minutes 

16. Reclining – writing, talking or talking on phone, reading? __ minutes 

17. Sitting – using a computer, card playing, playing board games? __ minutes 

18. Sitting quietly and watching television, listening to music, reading? __ minutes 

19. Standing – talking or talking on the phone? __ minutes 
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List of text messages sent to intervention group 

Hi Name12345, welcome to the study. You will be receiving texts with challenges, tips and  

reminders every day for the next 6 weeks. 

Each week the challenges will become more difficult in hopes of ending up closer to recommended levels of sitting and frequency of 

breaks. 

Wondering why reducing sitting time is so important? By breaking up your sitting time, you  

can reduce your risk of heart disease. 

For the next seven days, your challenge is to make sure outside of class and meetings you  

get up at least once every hour. To make it easier, try to stand up and move around every hour on the hour.  

If you've been sitting for more than an hour it is time to get up and move around! Right now!   

Keep remembering to get up every hour. Try walking around or doing some light stretching  

while standing.  

Hey Name12345, take a break from all that studying... Or TV watching. Get up and stretch  

your legs.  

On top of getting up every hour, your challenge for today is to replace 20 minutes of sitting  

with walking. Walk to school instead of bussing. Or take a walk through campus after class. 

Have you gone for a walk yet today? It's not too late if you haven't!   

Just because it's the weekend doesn't mean it's time to be totally lazy. Keep breaking up  

your sitting every hour and try to replace an hour of usual sitting time with walking this weekend. Split it up into 30 mins each day, or go on one nice long walk. Your choice! 

Are you watching TV? Be sure to take a break between episodes to get up and  

move around!   

Make sure to get that walk in today and to avoid sitting for more than an hour at a  

time. You got this!   

Your challenge for tomorrow is to do 30 squats for every episode of TV you watch.  

Choose your shows wisely!   

Hey Name12345, make sure you are keeping track of any TV you watch today so you  

get enough squats in.  

Tomorrow be sure to replace 20 minutes of sitting with walking again. If it's easier,  
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you can break it up into smaller amounts. 

Are those legs sore from all the squats yesterday? Stretching is a great way to fix that! 

 Get up and stretch or walk around every hour. 

Need a tip to sit less? Try walking to school or the store if you live close enough, or if  

you drive, park further away from where you are going. It'll add some steps to your day and give you some nice fresh air!  

Here is another reason to sit less: taking a break from sitting to walk around or do some 

 light stretching can help strengthen your bones. 

Your 7 day callenge is to get up for at least 3 minutes every hour. Start a timer, put on  

a 3 minute song or if you are really bored,  count to 240 slowly before sitting down again. By the end of the day you should know what 3 mins feels like without any timer! 

Good morning Name12345, make sure you are getting up every hour and staying up for  

3 minutes today!   

It's almost the weekend. To celebrate, go for a nice, long, 40 minute walk tomorrow.  

It'll help you destress from the week!   

TGIF, am I right? Keep getting up every hour for 3 mins today, and don't forget about  

that walk! It'll be good for you.  

This weekend aim to replace an hour and a half of sitting time with walking or exercise.  

That's only 45 minutes a day! Easy!  

Have you been spending a long time on the computer today? For every hour you spend  

online, try to go for a 20 minute walk. Or skip the computer time completely and just go for a nice long walk today! 

Time to get up, especially if you've been sitting for a while! Go run up and down some  

stairs or do some jumping jacks for a few minutes! 

Don't forget about that 45 minutes of exercise today. Maybe some fresh air will help clear  

your mind for the upcoming week.  

Continue breaking up your sitting every hour with at least a 3 minute break for the next  

few days. Squats, lunges and jumping jacks are all great ways to kill 3 mins! Try a minute of each and see how many you can do. 

It's been 2 weeks! Check your e-mail for the next questionnaire, it should only take 20   
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minutes. Why not do it standing up? 

Tomorrow, try to replace as many sedentary activities with active ones! Text or e-mail  

standing up, take the stairs instead of elevator, stand up on the bus, walk to school, just keep moving! 

Reminder to complete the 2 week questionnaire if you have not done so yet!   

Hey Name12345, hope you were able to make a lot of active choices today! Keep it up  

and soon they will become great healthy habits! 

You’re going to want to stand up to read this one! Studies show we sit for an average of  

7.7 hours/day, with some of us sitting for up to  

15 hours in one day! Keep breaking up your sitting time to stay below that average and try to throw in an extra long walk this 

weekend. 

For the next 7 days aim to get up every 45 minutes outside of class time and stay up for  

4 minutes.   

Keep up with those 4 min breaks every 45 minutes and on top of that try to replace 60  

minutes of sitting a day with exercise. An hour workout would be a great replacement to sitting! Sit less and get fit? Sounds great! 

Hey Name12345, are you starting to feel groggy or tired? Try taking a short walk to wake up.  

If working out isn't for you and you still need ideas to sit less, try some pick up sports at  

the gym, doing yoga or even just going for a walk, it'll make you feel so much better to know you are being active! 

Get up! Do some jumping jacks, walk around or stretch. Your body will thank you.  

For every 45 mins you spend studying (or watching TV) this week, give your brain a break 

 and do some light exercise or walk around. 

As Bob Marley says, "Get up, Stand up, Stand up for your health". Okay those aren't quite 

 the lyrics, but you get it. Stand up! 

Next time you finish reading a page in your textbook, or next commerical take a break to 

 walk around.  

If you ever find yourself sitting for a long time during class or a meeting, consider making 

 up for it by sitting less, later.   

Those who sit for 3 hours or more per day watching TV are 64% more likely to die from  

heart disease. This includes watching TV online!  
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