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ABSTRACT 

 

Background: Lack of effectiveness in screen-use interventions may be due to a failure to 

focus on the mechanisms linking screens and overweight, failure to keep up-to-date with 

changes to the environment, and too large a focus on the individual.  

Aim: To assess effects of traditional and emerging screen-use behaviours on energy intake 

(EI), and describe the modern screen environment in New Zealand.  

Methods: Section one consisted of a systematic review and two laboratory studies 

comparing EI between (1) traditional screen activities (watching television [TV], 

recreational computer use, and video game (VG) play), in males aged 9-13 years (n=20), 

and (2) single-screen use (watching TV) and multi-screen use (watching TV and access to a 

tablet computer and cell phone), in male and females aged 13-18 years (n=78). Section two 

consisted of a systematic review, an online parent survey (n=230), and an online 

adolescent (n=218) survey, which investigated the home screen environment, and parental 

and adolescent attitudes towards screens. 

Results: The first review showed that screen time was associated with increased EI; 

however, research tended to focus on TV’s. In study 1, total EI was significantly greater in 

the TV versus computer condition (+136 kcal; 95% CI 4, 267; p=0.04), with a trend towards 

greater EI in the TV versus VG condition (+125 kcal; -6, +255; p=0.06); however, EI did not 

differ between the computer and VG conditions (-11 kcal; -142, +121; p=0.87). In study 2, 

total EI did not differ between the multi-screen and single-screen groups (difference +77 

kcal; -166, +320). The second systematic review found that active parent/family 

involvement may be necessary in screen-time interventions aimed at children and 

adolescents. A significant correlation between average parental screen time and average 

adolescent screen time (R2=0.726; p<0.001) was found in the surveys, and cell phone and 

computer use were the two most popular screen-based activities reported by adolescents. 

Discussion: A comprehensive, evidence-based approach to reduce screen use is proposed, 

whereby the focus of the intervention is moved from the individual child to the family unit, 

and both total screen time and specific screen-use behaviours shown to impact negatively 

health are targeted.  
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 CONTEXT CHAPTER 1.

 

1.1. CHILDHOOD OVERWEIGHT AND OBESITY 

 PREVALENCE 1.1.1

The prevalence of overweight and 

obesity in children has reached epidemic 

proportions, with its prevention and 

treatment now considered a public 

health priority. According to 2013 data, 

the worldwide prevalence of overweight 

and obesity in men and women, defined 

as a body mass index (BMI) of greater 

than or equal to 25 kg/m2, was 36.9% and 

38.0%, both up from 28.8% and 29.8%, 

respectively, in 1980 (3). Similar trends 

were also demonstrated for children and 

adolescents in developed countries, with 

prevalence data for overweight and 

obesity in boys and girls reported to be 23.8% and 22.6%, respectively, in 2013 (3).  

 TRENDS IN OVERWEIGHT AND OBESITY 1.1.2

Since the 1970s childhood obesity has increased in almost all industrialised countries and in 

several lower-income countries. In the United States of America (US), Canada, Brazil, Japan, and 

TERMINOLOGY 
The terminology used in studies 
investigating overweight and obesity 
varies considerably, with overweight 
referring to bodyweight in excess of a 
weight standard, and obesity referring to 
excess body fatness (1). Yet, 
measurements of body fat are not 
practical in population studies and there 
are no agreed upon standards for body 
fatness in children. Consequently 
although there are many debates 
surrounding the effects of excess body 
fat, in reality a measure of bodyweight 
versus body fatness is almost always 
used. More specifically, BMI, a measure 
of weight for height calculated in 
kilograms (kg) divided by the square 
height in metres (m2), is commonly 
reported (1). Regardless, international 
studies have consistently shown that, 
irrespective of the metric used, children 
and adolescents have been getting fatter 
(2). 
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Germany the prevalence of childhood obesity, as assessed by BMI, doubled or tripled between 

the 1970s and the end of the 1990s (4). In the US between 1971 and 2000, the prevalence of 

overweight children aged 2-19 years increased by 182% (5). In Europe, data from 11 countries 

indicated that annual changes in prevalence of overweight and obesity increased from below 

0.5 percentage points in the 1980s to over 1 percentage point in the late 1990s. When looking 

specifically at obesity, annual prevalence increased from below 0.1 percentage points in the 

1980s to 0.3 percentage points in the late 1990s (6). In Australia, the prevalence of overweight 

and obesity in boys increased from 9.3% and 1.4% in 1985 to 15.0% and 4.5% in 1995, 

respectively. In girls, the prevalence of overweight and obesity increased from 10.6% and 1.2% 

in 1985 to 15.8% and 5.3% in 1995, respectively (7). 

Similar trends have been identified in New Zealand (NZ). The proportion of overweight and 

obese adolescents aged 15-18 years increased from 5% in 1989 (8) to 27% in 1997 (9), while 

33% of children aged 2-14 years were classified as overweight or obese in 2012/2013 (10). The 

calculated changes in prevalence may actually be underrepresented due to the 1989 study using 

a lower BMI cut-off value to define obesity in Maori and Pacific Island participants compared 

with the 1997 study  (30 versus 32 kg/m2, respectively) (11).  

While historical data showed that the prevalence of childhood overweight and obesity 

increased in the majority of developed countries at a rate of approximately 5% per decade 

during the three decades from the 1970s (2). More recent data cast doubt on whether this 

trend is continuing or whether the prevalence of overweight and obesity is plateauing (12). 

Countries such as the US, Scotland, and Australia, have reported stabilisation during the last 5-

10 years in the prevalence of childhood overweight and obesity. In the US, data from 2007-2008 

indicated that 11.9%, 16.9% and 31.7% of children and adolescents aged 2-19 years were at or 

above the 97th, 95th and 85th percentile of BMI for age, respectively. Trend analyses further 

indicated that, except for the highest BMI cut-off (≥97th percentile) in all 6- to 19-year-old boys 
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and non-Hispanic white boys of the same age, no significant increases were observed for 

prevalence of overweight and obesity in US children between 1999-2000 and 2007-2008 (13). 

Similarly, data from Scotland showed that the prevalence of obesity in Aberdeen children 

entering primary school had decreased between 1997 and 2004 (14).  

Data from Australia indicate that although prevalence of childhood overweight and obesity 

increased between the 1970s and 2000s, in the last decade there has been a levelling off of this 

trend (12). This flattening of the trend for overweight and obesity in Australian children has 

been shown to be consistent across different age groups and within weight-status categories, 

with evidence that mean BMI has plateaued (note: social disadvantage continues to be 

associated with an increasing trend in overweight and obesity, particularly in Australia girls 

(15)). However, recent data in NZ suggests a different story. When compared with 2006/2007 

data, the rate of obesity in NZ children aged 2-14 years increased significantly from 8.4% to 

11.5% in 2012/2013 (10). It is therefore estimated that currently there are 85,000 obese 

children in this age group in NZ. Also of concern are the 2012/2013 adjusted rate ratios for 

childhood obesity (Table 1), which indicate Maori, Pacific, and most deprived children have the 

highest prevalence of obesity. 
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Table 1: Adjusted rate ratios for obese children aged 2-14 years from the Ministry of Health 

Report - NZ Health Survey: Annual Update of Key Findings 2012/2013 (10) 

Group Comparisons Adjusted rate ratio 

Maori vs non-Maori 2.20 a 

Pacific vs non-Pacific 3.17 a 

Most deprived vs least deprived 3..01 b 

a Adjusted for age and sex; b Adjusted for age, sex, and ethnicity. 

 

Although reports from a number of developed countries suggest that rates of childhood 

overweight and obesity have been stabilising during the past 5 to 10 years, these trends are 

defined by only a small number of data points. It therefore cannot be concluded with any 

degree of certainty that this is a definite trend, although it is plausible. Further, given that the 

rate of overweight and obesity increased so rapidly over recent decades, a levelling off of this 

trend might even be expected (16). Ultimately, the general consensus amongst experts in the 

area is that it is too early to confirm whether or not childhood overweight and obesity 

prevalence is levelling out. Regardless, current rates are still excessively high in developed 

countries and children are still exposed to an increasingly calorie-rich and sedentary 

environment (17). 

1.2. HEALTH CONSEQUENCES OF OVERWEIGHT/OBESITY 

 PREMATURE DEATH AND BURDEN OF DISEASE 1.2.1

High BMI has been identified as one of the leading preventable causes of death (18, 19). 

Worldwide, over 3 million deaths were attributable to a high BMI in 2010, which was up from 

approximately 2 million deaths in 1990 (20). Similar trends were also shown for global disability-

adjusted life-years attributable to high BMI, which increased from approximately 51.5 million in 
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1990 to 93.5 million in 2010. Furthermore, high BMI was ranked as number 11 in the list of top 

20 risk factors contributing to the burden of disease in 1990, but jumped to number 6 in 2010, 

and number 1 in Australasia (20). In 2006, a high BMI was reported to be the second leading risk 

to health in New Zealanders (21). 

 COMORBIDITIES 1.2.2

Obesity-related comorbidities are linked either directly or indirectly through mechanisms 

sharing a common cause, including lack of physical activity, increased sedentary behaviours, and 

poor diet, with the associated health consequences falling into two main categories: those due 

to the effects of an increased number of fat cells, and those due to the effects of increased fat 

mass (22). Consequences of an increased number of fat cells include metabolic syndrome, type 

2 diabetes mellitus, cardiovascular disease, non-alcoholic fatty liver disease, and cancer.  

The prevalence of metabolic syndrome, which includes a combination of medical disorders such 

as type 2 diabetes mellitus, high cholesterol levels, high triglyceride levels, and high blood 

pressure, is increased in overweight children. Further, metabolic syndrome prevalence increases 

with the severity of obesity, with a prevalence of approximately 50% in severely obese children 

(23). Data also suggests that increased bodyweight in childhood may be an environmental 

accelerator adding to or responsible for the recent and sustained increase in the prevalence of 

type 1 and type 2 diabetes mellitus in developed countries (24). The link between childhood 

obesity and insulin resistance is strong and, when combined with relative insulin deficiency, can 

result in the development of type 2 diabetes mellitus (25).  

Although clinical presentation of cardiovascular heart disease is almost never evident in people 

aged less than 30 years, studies show that the atherosclerotic process may actually be initiated 

during childhood (26). Microvascular and macrovascular complications of type 2 diabetes 

mellitus, including atherosclerotic cardiovascular disease, myocardial infarction, stroke, renal 

insufficiency, chronic renal failure, retinopathy, and sudden death, may be established at a 
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younger age in patients who develop the disease in childhood versus adulthood (25). In short, 

obesity in childhood and adolescence promotes insulin resistance, which consequently leads to 

type 2 diabetes mellitus and a number of associated comorbidities. Although the association 

between overweight and obesity and adverse health outcomes varies, the strongest link is with 

type 2 diabetes mellitus (27). Non-alcoholic fatty liver disease, which affects up to 53% of obese 

children and can progress to fibrosis, cirrhosis, and end-stage liver disease (28), is another 

disorder related to an increased number of fat cells. Further, there is growing acceptance that 

the risk of breast, colon, pancreatic, kidney, and endometrial cancers is increased by obesity 

(28).  

Obstructive sleep apnoea, orthopaedic conditions (such as increased risk of fractures and 

muscle sprains), and social stigmatisation are related to the effects of increased fat mass in 

obesity (29). A significant relationship between the incidence of asthma and excess bodyweight 

in children has been identified, with a disproportionate number of asthmatic children being 

obese (30). This finding is further confirmed by evidence of substantial improvement in asthma 

symptoms in obese children who lose weight. In children, orthopaedic issues related to obesity 

are generally mechanical in nature and not only include a higher incidence but also prolonged 

recovery times, and therefore increased orthopaedic morbidity following acute injury (26). 

Finally, obesity in childhood is also a risk factor for psychological morbidity, including poor self-

image, increased self-consciousness, compromised social function, and increased risk of mood 

and binge-eating disorders (26). 

Data from long-term follow-up studies demonstrate a relationship between obesity in childhood 

and adolescence, and disease in adulthood, in addition to premature death, with these delayed 

adverse health effects independent of adult weight (22, 31). Further, a systematic review of the 

literature suggests that overweight youth are at increased risk for being overweight adults, 

making prevention of obesity an important public health goal (32). 
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1.3. CAUSES OF OVERWEIGHT/OBESITY 

When looking at the causes of obesity it is important to note that the current epidemic is not 

strictly limited to any one socioeconomic, age or ethnic group. However, cultural, genetic, and 

environmental factors do play a role. Due to twin studies (33, 34), and discoveries of monogenic 

disorders related to obesity (35), obesity is now classified as a disease. Yet, given that the 

prevalence of obesity in the developed world has doubled during the past 30 years, and that the 

rate of change in the genetic pool is much slower than this, it is obvious that the current 

epidemic cannot be explained by genetics alone (36). Put simply, overweight and obesity is the 

result of an imbalance between energy intake (EI) and energy expenditure (EE) (36). EI refers to 

energy from food and drink while EE refers to energy expended by basal metabolic rate, diet-

induced thermogenesis, and physical activity. The balance between EI and EE is regulated by 

physiological mechanisms that under normal conditions are highly precise, given that even a 

small positive energy imbalance can cause obesity in the long term (30). The causes of a positive 

energy imbalance and in turn overweight and obesity are complex (Figure 1) and multifactorial, 

and both non-modifiable and modifiable risk factors have been identified (37). Genetic 

variation, intrauterine exposures, ethnicity, endocrine disease, and socioeconomic status are 

either non-modifiable or not readily modifiable (e.g. education, occupation, income) risk factors 

that may affect an individual’s propensity to gain weight (38). Lifestyle factors, such as diet, 

physical activity, sedentary behaviours, and sleep, are modifiable risk factors for obesity. In NZ 

children, age, ethnicity, socioeconomic status, breakfast consumption, sleep duration during the 

week, and level of physical activity have all been reported as potential risk factors for 

overweight and obesity (39). Ultimately, to target obesity treatment and prevention, 

programmes should focus on risk factors that are both common (with a prevalence of >10%) 

and modifiable. High levels of television (TV) viewing/computer and video game (VG) play, low 

levels of physical activity, and high levels of energy consumption are all modifiable and highly 

prevalent behaviours associated with childhood obesity (38). Sedentary behaviour, and in 
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particular screen time, increasingly dominates leisure time in NZ youth, and is the focus of this 

thesis. 

1.4. SCREEN USE AND OTHER SEDENTARY BEHAVIOURS 

 DEFINITION OF SEDENTARY BEHAVIOUR  1.4.1

Sedentary behaviour may be defined as those activities that do not increase EE significantly 

above resting levels, and thus includes activities such as sitting, watching TV, playing VGs, and 

reading a book. More specifically, activities associated with EE of ≤1.5 metabolic equivalent 

units (METs) in a sitting or reclining posture are referred to as sedentary behaviours (40). Light 

physical activity, which is distinct from sedentary behaviour, is associated with EE of 1.6 to 2.9 

METs, and includes activities such as slow walking, cooking, and washing dishes (41). Moderate 

physical activity is associated with EE of 3-5.9 METs, and includes activities such as brisk walking, 

dancing, gardening, and housework, while vigorous physical activity is associated with EE of >=6 

METs, and includes activities such as swimming, running, and bicycling (42). 
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*Hummel, 2013 

Figure 1: Model of Causes and Effects of Overweight and Obesity (37)
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 SEDENTARY BEHAVIOUR VS PHYSICAL ACTIVITY 1.4.2

Perhaps the biggest misconception associated with sedentary behaviour is that it refers to a low 

level of physical activity. It is therefore necessary to clarify the distinction between the two; 

inactivity or insufficient activity refer to not doing any or very little physical activity, while high 

levels of sedentary behaviour refers to too much sitting. The two are distinct concepts, and 

there is a growing body of evidence to support the notion that the effects of sedentary 

behaviour on health are independent of those associated with too little physical activity (43). 

Research is now focusing on the medical, physiological, and public health effects of sedentary 

behaviour. This emerging field of sedentary physiology, in contrast to exercise physiology, 

suggests that the adverse health effects associated with low levels of moderate-to-vigorous 

physical activity are different to those associated with high levels of sedentary behaviours, due 

in part to dissimilar underlying biological mechanisms (44). In contrast to the well-researched 

field of exercise physiology, relatively little is known about the acute and chronic effects of 

sedentary behaviour (45). Furthermore, many studies that have investigated the effects of 

sedentary behaviour have not differentiated it from the effects of physical inactivity (i.e. 

insufficient amounts of moderate-to-vigorous physical activity [MVPA]); therefore, it is difficult 

to ascertain whether research has assessed the health implications of sedentary behaviour or 

the health implications of too little physical activity (41). 

Although a large number of studies have investigated the effects of physical activity on health 

outcomes, much less is known about how changes in time spent in sedentary behaviours affects 

metabolic processes involved in the aetiology of metabolic-related diseases linked with 

sedentary behaviour. Furthermore, sedentary behaviour studies are almost exclusively limited 

to cross-sectional designs and little has been done to investigate the underlying biological 

mechanisms of action to establish plausible causality (44). 
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 FOUR TENETS OF SEDENTARY PHYSIOLOGY  1.4.3

Four tenets of sedentary physiology have therefore been hypothesised to guide future research 

in this area. The first tenet states that sitting may increase risk for disease independently of 

levels of MVPA (46). The second is that sedentary behaviour has different determinants and 

associated disease risks compared with physical activity. The third is that molecular and 

physiological responses associated with sedentary behaviour are not always the same as those 

associated with physical activity, and the fourth tenet is that health risks will be further 

increased by prolonged sitting in people who are insufficiently physically active (46). Sedentary 

behaviour and physical activity are therefore considered distinct classes of behaviour. 

 SEDENTARY BEHAVIOUR AND OVERWEIGHT AND OBESITY 1.4.4

In 1985, the first study was published that linked sedentary behaviour, specifically TV viewing, 

with childhood obesity (47). Since then a large number of papers have been published on the 

topic. Earlier cross-sectional studies showed a direct, independent association between TV and 

obesity; however, the associations were relatively weak due to methodological limitations, 

including the use of subjective measures of obesity and sedentary behaviour (48). A 2005 

review of longitudinal studies concluded that there was evidence for a relationship between 

sedentary behaviour and bodyweight in childhood and adolescence; however, most of the 

studies included in the review were short (less than 2 years’ follow-up) and criticised for 

inadequately differentiating between sedentary behaviour and physical inactivity (49).  

It has been found that, when compared with children who meet physical activity and sedentary 

behaviour guidelines (50), boys and girls who only meet physical activity guidelines are over 

30% more likely to be overweight (51). Further, the odds ratio for being overweight in children 

who use electronic media for greater than 2h per day has been calculated at 1.63 (95% CI 1.05, 

2.54) (52), while overweight girls are 33% more likely to use the internet for at least 1h per day 

compared with normal weight controls (53). Cross-sectional and prospective studies suggest a 
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dose-response relationship between the mean number of hours spent watching TV and the 

prevalence of childhood obesity (54-56). In one study, the odds of being overweight in children 

who watched greater than 5h/day of TV versus those who watched less than 2h/day of TV was 

4.6, with similar results found after adjusting for maternal and child aptitude test scores, 

ethnicity, socioeconomic status, household structure, previous overweight, and maternal 

overweight, leading the authors to conclude that reducing viewing time may help prevent 

overweight in children (56). Further, in a study in US children, those who watched less than 2h 

of TV per day had a significantly lower BMI compared with those who watched at least 4h of TV 

per day (54). 

In summary, there appears to be enough evidence to suggest that controlling the amount of 

time children spend in sedentary behaviour should be managed in order to help control 

overweight and obesity; however, further research is required, whereby sedentary behaviour is 

objectively measured and adequately differentiated from light activity. 

 UNDERLYING MECHANISMS LINKING SCREENS WITH OVERWEIGHT 1.4.5

Several mechanisms have been proposed to try and explain the relationship between screen 

use and overweight, including decreased resting metabolic rate (RMR) (47, 57), displacement of 

physical activity (58), and increased EI, with the most recent evidence suggesting that it is the 

effect of screens on EI that best explains the relationship between screens and overweight.  

Indeed, research has demonstrated a clear association between screen use and unhealthy 

dietary intake in children (59), although the majority of studies have used a cross-sectional 

design, with screen use and dietary behaviours measured primarily by self-report, parent 

report, and via questionnaires delivered by interviewers, which may introduce bias issues (e.g. 

recall bias, social desirability bias). Screens appear to increase EI through two mechanisms: (1) 

screen-based food advertising (60), and (2) non-advertising mechanisms (61, 62). The effects of 
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food advertising are undeniably important, and as a result have been comprehensively 

researched in recent years (63); however, there is growing interest in the non-advertising 

effects of screens, given recent changes in the screen environment that allow for greater access 

to advertising-free video content and competing screen devices that draw attention away from 

advertising (64). In light of these changes, this thesis will focus solely on the non-advertising 

effects of screens on EI. 

In order to develop a better understanding of how screens affect EI in children and adolescents, 

it is necessary to first understand the physiology of appetite and food intake in humans, and 

secondly how the external environment, including exposure to screens, may interrupt and 

override internal physiological pathways, leading to overconsumption. 

Regulatory or homeostatic control of food intake is associated with the internal environment, 

and is controlled by physiological regulations and signals (65). Under steady-state conditions, EI 

from food is balanced by EE (66). Fuel from EI is metabolised in order to maintain basic 

metabolic rate, muscle action (EE), and thermogenesis, with any excess fuels being stored as fat 

and used at a later time. In order to maintain this internal balance, a neural regulator senses the 

availability of fuel and in turns generates the appropriate signals to the neural circuits that 

control food intake and EE. This process is known as homeostatic regulation of adiposity and 

bodyweight (66).  

Food intake is controlled by two separate, but interacting, groups of molecular signals: (1) 

satiety signals, which determine the number of meals and meal size, and (2) adiposity signals, 

which circulate in proportion to body adiposity and regulate long-term energy balance (67, 68). 

Satiety signals are in proportion to what food is being consumed and work to determine meal 

size. Ultimately, satiety signals control food intake at a meal. After commencement of a meal, 

the food interacts with receptors on the tongue, oropharynx, stomach, and the duodenum, in 
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addition to the liver and other organs. This process of detection, processing, and absorption 

then generates release of the satiety signals, which provide negative feedback to the central 

nervous system, ultimately signalling the end of a meal (68). The gut peptide, cholecystokinin, is 

one of several peptides secreted during a meal that act to control food intake. Yet although 

satiety peptides have the ability to affect food intake during the course of individual meals, by 

themselves they have limited ability to affect adiposity. It is through the interaction of short-

term, meal-related satiety signals and long-term adiposity signals that the control of food intake 

is integrated into the homeostasis of fat stores (68). 

Adiposity signals, which include insulin and leptin, circulate in proportion to body adiposity and 

are involved in long-term regulation of energy balance (67). This state of energy homeostasis is 

achieved when catabolic and anabolic influences are in balance over long periods of time. 

Adiposity signals are secreted in direct proportion to the size of adipose mass. Therefore, during 

states of negative energy balance, the adipose mass decreases, resulting in decreased release of 

leptin and insulin, therefore disinhibiting anabolic pathways and suppressing catabolic 

pathways. This condition favours increased consumption of food and energy storage (68). 

Alternatively, during states of positive energy balance, the adipose mass increases, resulting in 

increased release of leptin and insulin, and thus suppression of anabolic pathways and 

disinhibition of catabolic pathways. This condition therefore favours decreased consumption of 

food and energy storage (68). In such a way, these negative feedback loops help enable stability 

of adipose mass over time.  

Despite the effects of the internal environment on eating behaviours, food intake has also been 

shown to vary greatly in response to external environmental stimuli (65). The mechanisms by 

which screens may act as an environmental stimulus to eat include distraction (69), associative 

learning (70), and impaired memory formation (71). The potential importance of each of these 

mechanisms is discussed in turn below.  
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Distraction and attention allocation: TV and other screens are highly engaging and have the 

ability to distract attention away from events happening in both the internal and external 

environment (69). When considering the effects of screens on eating behaviours, it is their 

ability to distract attention away from the internal environment which is of particular interest. 

As discussed, satiety signals control food intake by signalling the end of a meal. In particular, it 

has been proposed that TV distracts attention away from affective and interoceptive (internal) 

states, where affective states refer to physiological satiety signals, and interoceptive states refer 

to feelings and sensations of hunger and fullness, which also have the capacity to signal when 

eating should stop. Both of these states require the allocation of attention to the internal 

environment; however, TV and other screens may distract attention away from these internal 

signals, leading to overeating (69).  

Associative learning: Although distraction provides one plausible explanation for how screens 

increase food intake, other mechanisms may also be important. One such alternative 

mechanism is associative learning. As discussed above, traditional theories of food intake have 

focused on the internal environment; however, a variety of environment cues can also become 

associated with food intake through repeated experience (72). For example, repeated 

exposures to positive contexts, such as watching TV, may promote the development of 

particular food preferences and intake behaviours (70). Traditionally, TV watching has often 

been linked with the intake of highly palatable, energy-dense snack foods, such as potato chips 

and sugar-sweetened beverages. As such, TV watching may have become a cue to eat highly 

palatable snack foods. In such a way, repeated exposures to foods during TV viewing may lead 

to counterproductive associative learning.  This is highlighted by the finding that TV increases 

food intake only in those children who report regularly eating in front of the TV at home, (73). 

By becoming a conditioned cue to eat, TV and other screens may therefore act as an external 
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environmental influence on eating behaviours, resulting in overeating consumption in the acute 

setting.  

Memory impairment: Research evidence suggests that humans’ dietary intake may be 

influenced, to some extent, by their memory for what they have recently eaten, with both 

animals and humans shown to keep some sort of internal record of the amount they have 

already consumed and use this record to influence later food and drink intake  (71). As such, by 

interfering with memory formation, screens may override the critical regulatory role that 

memory plays in controlling meal initiation and termination.    

 SEDENTARY BEHAVIOUR GUIDELINES FOR CHILDREN 1.4.6

International guidelines currently recommend that children spend at least 1 hour per day 

engaged in moderate-to-vigorous physical activity (74, 75). NZ physical activity guidelines 

recommend at least 1 hour per day of moderate-to-vigorous physical activity in children and 

young people, and that children under the age of five should be active every day (76). Physical 

activity recommendations have also begun to include limits for the time children spend involved 

in screen-based sedentary behaviours. In NZ, 2007 guidelines issued by Sport and Recreation NZ 

suggest that leisure-based screen time should be limited to a maximum of 2 hours per day (77).  

However, currently there are no national guidelines or government policies for sedentary 

behaviour or screen time in NZ. Furthermore, the recommendations that do exist are tied in 

with the physical activity guidelines and therefore fail to adequately distinguish the two 

behaviours. Recently, a number of countries, including the UK, USA, Australia, and Canada, have 

introduced sedentary behaviour and/or screen-time guidelines. For example, published 

Canadian guidelines suggest that sedentary behaviours should be limited to less than 1 hour in 

2-4 year olds and no more than 2 hours in 5-17 year olds. Further, they recommend that screen-

based sedentary behaviours should be avoided in infants and toddlers (78).  
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Currently, a large number of NZ children exceed the recommendations of no more than 2h per 

day of TV (10, 79, 80). Further, according to a 2010 nationally representative NZ survey, which 

objectively assessed sedentary time and self-reported screen behaviours, the average amount 

of time children reported watching TV, sitting at a computer (not including school work), and 

playing non-active VGs was 124, 22, and 19 min per day, respectively (81). In all age groups TV 

viewing was the most frequently reported screen-based activity for both males and females, 

regardless of age, while males tended to play VGs and sit at the computer to a greater extent 

than female respondents. It is important to note, however, that this research did not investigate 

the use of newer mediums, such as cell phones and smartphones. As such, total screen time 

was likely to be even greater than that reported. According to use of time data, 40% of NZ 

children and adolescents met sedentary behaviour recommendations (defined as less than 2h 

per day), with females more likely to meet the recommendations; however, greater 

neighbourhood deprivation was associated with decreases in the proportion of children 

meeting the guideline. In participants aged 10 to 24 years, only one third engaged in screen-

based sedentary behaviours for less than 2h per day (81). Yet despite these findings, NZ still 

does not have official sedentary behaviour or screen use guidelines. The lack of official 

guidelines in NZ may be due, at least in part, to the current lack of understanding around how 

screen use and/or other sedentary behaviours are linked with negative health outcomes. 

Developments in screen-based technology have provided young people with greater 

opportunities to engage in screen-based sedentary behaviours, with these activities now 

accounting for the largest proportion of children’s sedentary time (82). According to a 2009 US 

survey conducted in 8-18 year olds, the amount of time spent engaged in media increased over 

a 5-year period from 6.21h to 7.38h per day (83). Further, use of every type of media increased 

during this time except for reading. For example, increases in media use were 24, 27 and 38 

min/day for VGs, computers and TV, respectively. Overall, TV was found to be the most 
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important contributor to total media time at 4.5 h/day, followed by audio/music, computer and 

VGs (2.5, 1.5 and 1.25 h/day, respectively). Children aged 11-14 years used media to a greater 

extent than younger and older age groups (83). Similar trends have been observed in NZ and are 

described below.  

 SCREEN USE OR SEDENTARY BEHAVIOUR? 1.4.7

As evidenced by the findings reported above, almost all research within the area of sedentary 

behaviour has used TV viewing, or the more general screen time, as proxy measures for 

sedentary behaviour (84). Indeed, recommendations to reduce sedentary behaviours in order 

to target overweight and obesity in youth have almost exclusively been informed by studies that 

measured TV viewing or screen time (85-90). Although screen use and sedentary behaviour are 

used synonymously in the vernacular, it has been shown that while self-reported screen use has 

been linked with health risks in children (91, 92), accelerometer-measured patterns of 

sedentary time, which do not distinguish between the different types of sedentary behaviour, 

are not associated with health risks in children (93). Furthermore, data from a cohort study 

conducted from 1992 to 1998 found that while sitting at home watching TV was positively 

associated with risk of obesity, other sitting activities at home, including reading and mealtime, 

was associated with a lower risk of obesity (94). A such, it is proposed that while the more 

specific ‘screen use’ may be associated with negative health impacts, activities that fall within 

the more general sedentary behaviour category, such as reading and doing homework, may be 

health neutral or even health positive  (93). Further, evidence suggests that screen time 

accounts for a large proportion of total sedentary time in both primary and high-school students 

(60% and 54%) (95). For these reasons, this thesis will focus on screen use in particular, rather 

than sedentary behaviour. 
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1.5. INTERVENING: TARGETING OVERWEIGHT THROUGH 

SCREEN-USE BEHAVIOURS 

Screen use is both a prevalent and modifiable behaviour and therefore may lend itself well as a 

target for intervention (38). Subsequently, a number of intervention studies have been 

conducted in recent years, which have attempted to decrease bodyweight through 

manipulation of screen time. However, systematic reviews that have investigated the 

effectiveness of these interventions (96-103) have consistently found that interventions, while 

somewhat effective, produce only modest effects (whether on bodyweight or sedentary/screen-

time outcomes) and tend to be unsustainable in the long-term (i.e. beyond a few months). 

Further, a recent meta-analysis of 6 randomised controlled trials (RCTs; n=708 participants), 

which aimed to reduce screen time in children, failed to demonstrate effectiveness with respect 

to either between-group BMI change from baseline (-0.10; 95% CI-0.28, 0.09) or screen time (-

0.90 h/wk; 95% CI, -3.47, 1.66) (102). 

 POTENTIAL REASONS FOR LACK OF INTERVENTION SUCCESS 1.5.1

FOCUS ON LOW LEVELS OF PHYSICAL ACTIVITY VERSUS SCREEN USE:  

Historically, the area of screen-time research largely focussed on low levels of physical activity, 

rather than high levels of sedentary behaviour/screen time. With the definition of sedentary 

behaviour now widely accepted (41), recent research has shifted focus and now acknowledges 

sedentary behaviour as a unique behaviour that can occur in unison with high levels of physical 

activity. Yet despite this paradigm shift, sedentary behaviour research continues to be 

dominated by the field of physical activity, with researchers continuing to group the two 

behaviours together, whether investigating the determinants of these behaviours (104), 

longitudinal trends (105), or correlation of these behaviours with other health behaviours and 

outcomes (106, 107). It is therefore not surprising that many trials aimed at decreasing 

sedentary/screen time have used physical activity substitution as the basis for the intervention 
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(108-110). However, it is proposed that this focus on physical activity may have undermined the 

effectiveness of interventions studies to date.  

FOCUS ON SCREEN TIME RATHER THAN THE UNDERLYING 

MECHANISMS LINKING SCREENS AND OVERWEIGHT: 

The focus of many screen interventions has been to decrease overall screen time or sedentary 

time (111-120); however, in doing so, interventions may fail to target the underlying behaviours 

that link screen use with overweight and obesity. For example, it may not be total screen time 

which is the issue, so much as the negative health behaviours that go hand-in-hand with screen 

use, such as eating in front of screens. Therefore, by focusing on decreasing screen time, 

previous interventions may have failed to appropriately target the underlying mechanisms 

linking screen use and overweight, which may have weakened their effectiveness.  

A RAPIDLY CHANGING SCREEN-USE ENVIRONMENT 

The introduction of contemporary media devices, including smartphones and tablet computers, 

has outpaced nearly all comparable technology in the leap to mainstream use (121). This 

unprecedented speed with which newer media devices have been adopted over the last decade 

has resulted in the modern screen environment, which is characterised by the spread of screen 

use into almost every conceivable environment (e.g. home, school, work, sports fields, cafes, 

bus stops e.t.c.). It is not beyond reasoning then to assume that this modern screen 

environment has been accompanied with major shifts in how we use screens, where we use 

them, what we think about them, and how environments are designed to cater for their 

ubiquitous use. Unfortunately, these rapid changes are difficult to keep pace with in the field of 

health research. For example, although there has been a large body of research dedicated to 

investigating the correlates of screen time in youth, most research is from datasets that pre-

date 2010 (83, 122-128). This may prove important when designing interventions to reduce 

screen use, as we are often relying on outdated information to inform the active components of 

the intervention, which may ultimately impact on the successfulness of the intervention. 
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 REORIENTING SCREEN-USE RESEARCH FOR INTERVENTION 1.5.2

SUCCESS 

This thesis therefore attempts to address these issues by doing three things: (1) focussing 

specifically on screen-use behaviours (not low levels of physical activity), (2) increasing our 

understanding of the mechanistic relationship between screens and EI, and (3) identifying new 

and emerging screen-use behaviours and screen-use environments. It is hoped that by 

reorienting research in this way we will be better placed to design appropriate screen-use 

interventions.  

1.6. PLACING THE RESEARCH IN CONTEXT: AN ECOLOGICAL 

PERSPECTIVE 

Before undertaking the research proposed in this thesis, it is first necessary to place it in 

context. While the research presented herein focuses on individual behaviours, and the family 

and home environments, the author acknowledges the importance of considering screen-use 

behaviours within the ecological framework of public health. Specifically, the framework states 

that aspects of the social and built environments, in addition to factors at the individual level, 

are integral in individual choice (129-131). It is anticipated that by focusing on all levels of the 

model, including the individual and the wider sociocultural and physical environments, 

researchers will be encouraged to establish the determinants of screen use at the different 

levels of the model, in addition to promoting co-ordinated efforts across sectors and disciplines 

to affect positive change in screen-use behaviours. 

For this research, the decision was made to focus on the innermost levels of the framework, as 

recent changes in the screen environment may have resulted in our understanding of factors at 

these inner levels being out of date.  Yet it is also proposed that future research and 

interventions should address other levels of the ecological framework in NZ:  
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1. Peers – Recent research suggests that screen time is an integral part of everyday life and 

facilitates opportunities for entertainment and social interaction (132). As such, future 

interventions need to acknowledge that the routinised integration of screens into daily life 

is a major barrier to reducing screen time, and therefore needs to be addressed by future 

research. 

2. School – Given the negative effects of screens on health, schools may need to introduce 

screen use education into the health curriculum (133). 

3. Primary Care – Similarly, support for reducing screen time is required from the medical 

community, and there may be scope in NZ to introduce screen education into the primary 

care setting (e.g. through the introduction of free brochures on the negative effects of 

screens and guidance for reducing screen time) (133). 

4. Policy – To date, no official guidelines exist in NZ regarding screen use. It is therefore 

proposed that the government needs to take a stance in this area and release specific 

screen-time guidelines for both the home (Ministry of Health) and school (Ministry of 

Education) settings. 

1.7. AIMS AND OBJECTIVE OF THESIS 

Screen use is a growing public health issue, with effective strategies to decrease screen use 

desperately needed. However, before more interventions are designed and implemented, there 

is a need to stop and take stock of what we do (and do not) know, and fill in any important gaps 

in the literature. The overall goal of this thesis is therefore to assess what is already known in 

this area, identify gaps in the current knowledge base, conduct research to address these 

identified gaps, and synthesise past and present findings to both single out new directions for 

research, and inform the design of future screen-use interventions in NZ. 
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This thesis has three primary aims: 

1. To increase understanding of the mechanisms linking traditional and emerging screen-

use behaviours with overweight/obesity  

2. To describe the modern screen-use environment that NZ children and adolescents are 

exposed to, including emerging behaviours, attitudes, and the physical environment 

3. To determine effective strategies to reduce screen use within the modern screen-use 

environment 

The objectives of the thesis are: 

1. To assess what is already known about the mechanisms linking screen use and EI, and 

identify gaps in the literature (Chapter 2) 

2. To add to our understanding of the mechanistic relationship between screens and EI by 

investigating the effects of traditional screen-use behaviours (Chapter 3) and emerging 

screen-use behaviours (Chapter 4) on EI 

3. To review the role of the family and home environment in interventions aimed at 

decreasing screen time in children and adolescents, and identify effective intervention 

tools (Chapter 5) 

4. To describe the modern screen environment in NZ, including emerging trends in screen-

use behaviours, the physical screen environment, and current parental and adolescent 

attitudes towards screens (Chapters 4 and 6) 

5. To synthesise findings from the current literature and the research presented in 

Chapters 2-6 to identify new directions for screen-time research, and inform the design 

of future screen-use interventions within the modern screen environment (Chapter 7) 
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1.8. STRUCTURE OF THE THESIS  

The thesis is separated into two main sections, with each of the sections consisting of a 

systematic review and two studies. Section 1 consists of Chapter 2 (a Systematic Review), 

Chapter 3 (the first Laboratory Study), and Chapter 4 (the second Laboratory Study). Chapter 2 

provides the literature review, background, and rationale for conducting the two laboratory 

studies presented in Chapters 3 and 4. Section 2 of the thesis consists of Chapter 5 (a Systematic 

Review) and Chapter 6 (two Web-based Surveys), with the systematic review providing the 

rationale and background for the two surveys. Chapters presenting the research studies 

(Chapters 3, 4, and 6) each provide a review of the relevant literature specific to the research 

question being addressed by each study, a description of the methods used, presentation of the 

results, and a discussion of the findings. Chapter 7 reviews the key findings from the thesis and 

gives a critical account of how the publications make a coherent and significant contribution to 

knowledge within this area. Implications are then discussed, and the chapter concludes with an 

indication of future research that should be undertaken. 

The objectives of each chapter are: 

1. Chapter 2: To provide an overview of existing international mechanistic literature to 

place the first section of the thesis in context. 

2. Chapter 3: To describe the methods and report the findings from a laboratory based 

study designed to compare the effects of watching TV, playing VGs, and using a 

computer on acute EI in boys aged 9-13 years. 

3. Chapter 4: To describe the methods and report the findings from a laboratory based 

study designed to compare the effects of traditional screen-use behaviours (e.g. 

watching TV) with contemporary screen-use behaviours (e.g. multi-screening) on acute 

EI in adolescent males and females aged 13-18 years. 
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4. Chapter 5: To review the effectiveness of home-based and/or family-focused screen 

interventions in children and to place the second section of the thesis in context 

5. Chapter 6: To describe the methods and report the findings from two web-based 

surveys, one conducted in parents of 13-18 year olds, and one conducted in 13-18 year 

olds, designed to describe the home screen environment in NZ households, investigate 

prevalence of particular screen-based behaviours, and assess parental and teenage 

attitudes to screens. 

6. Chapter 7: To review the research studies reported in Chapters 2-6 as a cohesive piece 

of work, discuss strengths and limitations of the thesis, and indicate future directions of 

research. 
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 SCREEN-BASED BEHAVIOURS CHAPTER 2.
AND EI: A SYSTEMATIC REVIEW 

 

2.1. INTRODUCTION TO PUBLICATION 

This chapter includes content from a publication, entitled “The non-advertising effects of 

screen-based sedentary activities on acute eating behaviours in children, adolescents, and 

young adults: a systematic review”, which was published in Appetite (Volume 71, 1 December 

2013, Pages 259-273). The systematic review was undertaken to address Objective 1 of the 

thesis, which was to assess what is already known about the non-advertising effects of screens 

on EI, and identify gaps in the literature. This chapter presents a systematic review of 

experimental studies that have investigated the relationship between EI and sedentary 

behaviour in a laboratory setting. 

2.2. AUTHOR CONTRIBUTION 

Samantha Marsh developed the research question, conducted the search, selected the papers, 

extracted the data for the review, and wrote the paper. 
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 ABSTRACT 2.3.1

Sedentary screen time may be an important determinant of childhood obesity. A number of 

potential mechanisms to explain the link between screen time and increased bodyweight have 

been proposed; however, the relationship appears to be best explained by the effects on 

dietary intake, which is attributed to either food advertising or effects independent of food 

advertising. Technological advances have allowed for greater accessibility and exposure to 

advertisement-free screen-based media. This review was conducted to systematically 

synthesise the evidence from laboratory based studies which have investigated the non-

advertising effects of screen time (TV viewing, sedentary VGs, and computer use) on dietary 

intake in children, adolescents, and young adults.   

MEDLINE, PubMed, PsychInfo, CINAHL, and Embase were searched from inception through 5 

July 2013. Ten trials met the inclusion criteria and were included in the review. Risk of study bias 

was judged to range from low to high.  

Screen time in the absence of food advertising was consistently found to be associated with 

increased dietary intake compared with non-screen behaviours. Suggested explanations for this 

relationship included: distraction, interruption of physiologic food regulation, screen time as a 

conditioned cue to eat, disruption of memory formation, and the effects of the stress-induced 

reward system.  

Due to the limited number of high-quality studies available for this review, our findings are 

preliminary. More work is required to better establish the link between dietary intake and 

advertisement-free screen time and assess whether differences exist between the different 

screen-based activities.  
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 INTRODUCTION 2.3.2

The aetiology of obesity is complex (134). Yet despite this complexity, environmental changes, 

rather than genetic, have been identified as the most important determinant for the increase in 

adiposity in recent years (135), with screen-based sedentary behaviour acknowledged as one 

such critical environmental change (136). While sedentary behaviours include any waking 

activities requiring very little EE (≤1.5 METs) and which involve sitting or lying down (40), 

screen-based sedentary behaviours refer to a sub-set of these activities and include watching 

TV, playing VGs, or using a computer. Accessibility to these screen-based sedentary activities 

has increased at an alarming rate in recent decades and has been linked with a dramatic 

increase in sedentary time (137). This issue of sedentariness due to increased screen time is a 

growing public health concern. Evidence from longitudinal studies has linked screen-based 

sedentary behaviours with increased BMI (BMI) in children, even after adjusting for physical 

activity levels (138-140). The implications of this are compounded by the finding that screen 

time appears to be a relatively stable behaviour, tracking from childhood to both adolescence 

(141) and adulthood (142).  

A large number of interventions have been conducted in recent years in an attempt to curb the 

effects of screen-based sedentary behaviours on obesity. Despite such interventions tending to 

produce statistically significant improvements in measures of both sedentary time and BMI, 

improvements have often been small and of little clinical significance (97, 98). This inability of 

interventions to effect large changes in outcomes may be the consequence of our limited 

understanding of the specific mechanisms by which screen-based sedentary behaviours and 

obesity are linked. A better appreciation of these mechanisms may allow targeting of specific 

health-related behaviours responsible for the relationship between screen time and obesity. It 

is therefore proposed that in order to design and implement more effective screen-based 

sedentary behaviour interventions, we first need to better describe the mechanisms by which 

these activities are linked with obesity.  
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Two main mechanisms have been proposed for the link between screen-based activities and 

obesity: (1) the effects of screen time on decreased physical activity levels (48, 143), and (2) the 

effects of screen time on increased EI (48, 144, 145). Evidence for the displacement of physical 

activity is conflicting, (146), and data suggest that even independent of physical activity, TV 

watching remains an important risk factor for adiposity (147, 148). Indeed, the connection 

between screen time and increased EI appears better substantiated by research.  

Food advertising has been shown to influence both food consumption and food preferences, 

especially in children (48, 149, 150). An important finding is that food advertising is not only 

positively associated with food intake (151-153), but that it is also associated with decreased 

consumption of fruit and vegetable intake (154, 155). Within a laboratory setting, children have 

also been shown to consume greater amounts of sweet foods (high and low in fat) and high-fat 

savoury foods following exposure to food advertisements on TV compared with children who 

only viewed non-food advertisements (156). These findings are particularly disturbing given that 

food companies often target children, as evidenced by the pervasiveness of food 

advertisements during children’s programming (157-160).  

However, there is also a growing body of evidence to suggest that screen-based activities, even 

in the absence of TV food advertising, increase dietary intake (61, 62). This is of significance for 

two main reasons: (1) accessibility to video content without TV food advertisements has 

increased, and (2) youth are now exposed to a number of competing screen-based activities 

that may draw attention away from TV advertisements. Firstly, with respect to accessibility, 

technological advances have enabled consumption of greater amounts of advertisement-free 

video content via video-on-demand technologies (64). Such technologies allow advertisement-

free video content to be streamed or downloaded to media devices, such as computers or 

portable media players. This has resulted in young people now having some control over how 

much TV advertising they are exposed to. Secondly, with respect to competing screen-based 



 

 

 
Chapter 2: Screen-Based Behaviours and EI: A Systematic Review    32 

 

behaviours, there is evidence to suggest that TV viewing is now combined with other screen-

based activities, which may distract the viewer’s attention away from advertising. In 2003 it was 

reported that 46% of time spent watching TV was actually spent engaged in a secondary 

behaviour, such as social interactions and playing, with non-TV viewing behaviours occurring 

most during programming which required less visual attention, such as advertisements. This 

effect was greatest amongst children (161). More recently, the mobile functionality of newer 

screen-based media devices, included smartphones and tablets (e.g. iPads), has increased the 

accessibility to competing screen-based behaviours and has created a multi-screen world (162), 

where adolescents report using multiple screens to facilitate filtering out of unwanted content, 

including advertisements (163).  

Within this contemporary screen environment, differences exist in the way adolescents, young 

adults, and older adults (≥30 years) use and interact with media. Recent data suggest that young 

adults use social media in a similar fashion to adolescents, while older adults interact with social 

media differently (164). This difference in media use is consistent with the notion of a 

generation digital divide, whereby adolescents and young adults feel more comfortable using 

and interacting with digital media compared with older adults (165). Emerging adulthood, 

defined as 18 to 25 years (166), is evolving as an important age group with respect to screen-

based media use. It is characterised by greater flexibility in schedules and lack of parental 

supervision, which is thought to contribute to the high rate of VG use in this age group (167). 

Given that younger generations who have grown up in an environment saturated with screen-

based media interact and use screen-based media differently compared with older generations, 

it is reasonable that the effects of screens on health-related behaviours may differ between 

generations and should therefore be investigated separately.   

As technology increasingly allows for greater control over exposure to advertising, and youth 

divide their attention between multiple media devices simultaneously, it seems timely to review 
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the evidence on the non-advertising effects of screen-based activities on dietary intake. As such, 

a review of laboratory-based, experimental studies was conducted to determine the non-

advertising effects of screen-based sedentary behaviours on EI in normal and overweight 

children, adolescents, and young adults. A systematic review of RCTs and quasi-experimental 

studies was undertaken according to the PRISMA Statement (Transparent Reporting of 

Systematic Reviews and Meta-analyses) (168).  

 METHODS 2.3.3

Eligibility criteria 

Eligible studies included RCTs and quasi-experimental studies that investigated the effects of 

screen-based sedentary behaviours, including TV viewing, sedentary VG play, and recreational 

computer use, on EI in children, adolescents, and young adults. The review was limited to 

laboratory studies, as the experimental setting allowed for the removal of advertisements 

during the exposure, and therefore allowed for assessment of the non-advertising effects of 

screen time on EI. Included studies had to report dietary intake, either as amount of food and 

drink consumed or energy consumed, as an outcome measure. Male and female participants 

aged 5 to 24 years were included in the review. Younger participants were excluded as there is 

evidence to suggest that TV exposure during meals and snacks may actually decrease EI in 

preschool children (73). Older participants were excluded due to disparities in the way they use 

and interact with screen-based media compared with younger individuals (164). Although there 

is no agreed upon age range that defines young adulthood, for the purpose of this study we 

have aligned our definition with that of the World Health Organization (169), and have 

therefore set our upper limit of young adult as 24 years. However, in acknowledgement of this 

arbitrary age limit we also included studies that specifically looked at young adults even if their 

upper age limit exceeded 24 years, provided the mean age of included participants fell between 

5 and 24 years (inclusively). Inclusion of trials was not restricted by publication date or country. 

Systematic reviews and observational studies were not included.  
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Search strategy 

MEDLINE, PubMed, PsychInfo, and Embase were searched from inception through 05 July 2013. 

Reference lists of selected studies and reviews were searched for additional trials, and authors 

were contacted for any additional relevant unpublished information. The searches were limited 

to human studies and English language articles. Full details of the MEDLINE search strategy are 

provided in Table 2. 

Study selection 

For all the retrieved studies, citations and abstracts were downloaded to Endnote X5 and 

duplicates removed. The author [SM] then reviewed the titles and abstracts for inclusion using 

the following criteria: (1) an experimental study (RCT or quasi-randomised study), (2) at least 

one arm that investigated the non-advertising effects of a screen-based sedentary behaviour 

(including TV viewing, sedentary VG play, or recreational computer use), (3) an eligible 

comparison group, which could include active controls (exposure to a different screen-based 

sedentary behaviour) or controls (non-screen based sedentary activities), (4) dietary intake as 

an outcome (outlined above), and (5) participants aged 5-24 years. Studies investigating either 

overweight or non-overweight participants were included. Observational studies, reviews, and 

studies which specifically investigated the effects of TV advertising were excluded. Full-text 

articles of potentially relevant citations were retrieved and were again assessed for inclusion by 

the same author.  
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Table 2: Search strategy utilised for MEDLINE (from inception to July 2013) 

Search Search Term Combination Result 

1 Television/ or Video Games/ or Computers/ 
or Internet/ or Sedentary Lifestyle/ 

 113301 

2 Television.tw.  10078 
3 Video Gam*.tw.  1496 
4 Computer Gam*.tw.  725 
5 Active Video Gam*.tw.  63 
6 Active Gam*.tw.  232 
7 Exergam*.tw.  73 
8 Exertainment.tw  4 
9 Screen-Time.tw.  483 
10 (Screen Based OR Screen-Based).tw.  374 
11 Sedentary Behavio*.tw.  1756 
12 Sedentar*.tw.  17495 
13 ((Chair or Sitting or Screen or Computer) adj 

Time).tw. 
 1176 

14 ((Television adj Watch*) or TV Watch*).tw.  441 
15  1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 

OR 8 OR 9 OR 10 OR 11 OR 12 OR 
13 OR 14 

135667 

16 Clinical Trial/ or Cross-over studies/ or 
Randomized Controlled Trial.mp. 

 669952 

17 Experiment*.tw.  1431375 
18 Laboratory.tw.  357299 
19 (cross adj2 over).tw  18013 
20 Random*.mp.  889901 
21  16 OR 17 OR 18 OR 19 OR 20 339759 
22 Energy Intake/ or Feeding Behavior/ or Food 

Preferences/ or Hunger/ or Eating/ or Satiety 
Response/ or Satiation/ or Appetite/ or Food/ 
or Drinking/ 

 144810 

23 food.tw.  246198 
24 (energy adj5 dense).tw. 

 
 1030 

25 satiety.tw. 
 

 6277 

26 satiation.tw.  1723 
27 (food adj5 intake).tw. 

 
 38960 

28  22 OR 23 OR 24 OR 339759 
29  15 AND 21 AND 29 907 
30  Limit 29 to (english language and 

humans and ("child (6 to 12 years)" 
or "adolescent (13 to 18 years)" or 
"young adult (19 to 24 years)")) 
 

316 
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Data collection process 

For each included trial, the author extracted the following data using an extraction form that 

was informed by the PRISMA statement for reporting systematic reviews (168) and the 

Cochrane Handbook for Systematic Reviews of Interventions (170): characteristics of trial 

participants (sample size, age range, mean age, and bodyweight status), (2) study design, (3) 

study details (attrition and setting), (4) details of comparison and control groups, and (5) dietary 

intake outcomes. Study authors were contacted if additional information was required. 

Data items 

Dietary intake could be reported as either amount of food and/or drink consumed or energy 

consumed (either as kcal or kJ). Participants were classified as children, adolescents, or young 

adults. Screen-based sedentary behaviours included TV watching, computer use, and VG play.  

Risk of bias assessment 

Study quality was assessed according to how the studies had minimised bias and error in their 

methods (Table 3). The Cochrane Handbook guidelines were used to assess risk of selection bias 

(random sequence generation and allocation concealment), attrition bias, detection bias, and 

reporting bias (170). Reporting bias was assessed by comparing the reported outcomes in the 

results to those listed in the methods section and, where possible, those reported in the study 

protocol. Criteria related to blinding of investigators and participants were not assessed as the 

nature of the exposure prevented researchers and participants from being blinded to exposure 

assignment; however, assessor blinding (detection blinding) was considered. A judgement of 

high risk, low risk, or unclear risk could be given, with unclear risk assigned when there was lack 

of information or uncertainty over the potential for bias.  

Synthesis of results 

Using data from the extraction form, study characteristics were summarised and tabulated ( 
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Table 4). The heterogeneity of study designs, participants, and experimental conditions 

precluded combination of statistical results and quantitative data synthesis. A narrative review 

of the included studies was therefore conducted. 
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Table 3: Risk of bias within included studies. Studies reported according to risk of bias, with lowest risk of bias first. 

STUDY 

SELECTION BIAS ATTRITION BIAS DETECTION BIAS REPORTING BIAS 

Random sequence generation Allocation concealment Attrition Assessor blinded Selective outcome reporting 

Cochrane 

judgment 

Supporting 

evidence 

Cochrane 

judgment 

Supporting 

evidence 

Cochrane 

judgment 

Supporting 

evidence 

Cochrane 

judgment 

Supporting 

evidence 

Cochrane 

judgment 

Supporting 

evidence 

RCTs 

Lyons et al. 

2012 

Unclear Method of 

randomisation not 

stated 

Unclear Method not 

described 

Low risk Low risk assumed 

due to parallel 

study design 

(participants only 

attended one 

session) 

Unclear Method not 

reported 

Low risk Appears that all 

expected 

outcomes were 

reported 

Mekhmoukh 

et al. 2012 

Low risk Conditions 

presented in 

random order 

according to an 

incomplete Latin 

square design 

Unclear Method not 

described 

Low risk Attrition reported 

and equal across 

groups 

Unclear Method not 

reported 

Low risk  Appears that all 

expected 

outcomes were 

reported 

Chaput et al. 

2011 

Low risk Computerised 

randomisation 

scheme used  

Unclear Method not 

described 

Low risk All participants 

completed both 

sessions 

Unclear Method not 

reported 

Low risk Appears that all 

expected 

outcomes were 

reported 

Moray et at. 

2006 

Low risk A coin was flipped 

to determine 

treatment sequence 

Unclear Method not 

described 

Low risk No withdrawal/loss 

to follow-up 

Unclear Method not 

reported 

Unclear Insufficient 

information  
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Bellissimo et 

al. 2007 

Unclear Method of 

randomisation not 

stated 

Unclear Method not 

described 

Unclear Details not 

provided 

Unclear Method not 

reported 

Low risk Appears that all 

expected 

outcomes were 

reported 

Patel et al. 

2011 

Unclear Method of 

randomisation not 

stated 

Unclear Method not 

described 

Unclear Details not 

provided 

Unclear Method not 

reported 

Low risk Appears that all 

expected 

outcomes were 

reported 

Péneau et al. 

2009 

Unclear Method of 

randomisation not 

stated 

Unclear Method not 

described 

Unclear Details not 

provided 

Unclear Method not 

reported 

Low risk Appears that all 

expected 

outcomes were 

reported 

Temple et al. 

2007 

Unclear Method of 

randomisation not 

stated 

Unclear Method not 

described 

Low risk Low risk assumed 

due to parallel 

study design 

(participants only 

attended one 

session) 

Unclear Method not 

reported 

High risk Outcomes 

reported 

incompletely 

Non-RCTs 

Mittal et al. 

2011  

High risk Not stated as being 

randomised 

High 

 

Method not 

described but 

probably not 

done as non-

randomised 

Low risk Low risk assumed 

due to parallel 

study design 

(participants only 

attended one 

session) 

Unclear Method not 

reported 

Low risk Appears that all 

expected 

outcomes were 

reported 

Mellecker et High risk Not randomised High risk Participants Unclear Details not Unclear Method not Unclear Insufficient 
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al. 2010 were free to 

choose their  

provided reported information 

 

Table 4: Characteristics of included studies. Studies presented according to risk of bias, with lowest risk of bias reported first. 

Study Methods Participants Conditions Experimental meal 

Outcome 

measurement 

of interest 

RCTs      

Lyons et al. 2012 RCT 

Parallel 

3 arms 

USA 

N=120 

N=60 

F=60 

Normal weight, overweight, and 

obese 

Arm 1: TV (selection of shows) 

Arm 2: SVG (selection of games) 

Arm 3. ACG (selection of games) 

 

Access to selection of snacks and 

beverages. 

Snack = Candy + chips + mix of nuts 

and dried fruit + water + soda 

EI (kcal [food, 

soda, total]) 

Mekhmoukh et al. 

2012 

RCT 

Crossover 

4 arms 

France 

N=38 

M=38 

Age: 15-17 (mean 16.5) years 

Normal weight and overweight 

Arm 1:  TV (stand-up comedy with no food-

related cues) 

Arm 2: Eating alone 

Arm 3: Eating in group 

Arm 4: Listening to music 

 

Ad libitum lunch served during 

condition 

Meal = Main dish (casserole of beef 

and potatoes) + dessert (chocolate 

brownie) + water + orange juice + 

soda  

EI (kJ, volume) 

Chaput et al. 2011 RCT 

Crossover 

2 arms 

Denmark 

N= 22 

M=22 

Age: 15-19 (mean 16.7) years 

Normal weight 

Arm 1: SVG (FIFA 09; Xbox) 

Arm 2: Resting in a sitting position 

 

An ad libitum lunch was served after 

exposure 

Meal = Spaghetti bolognese + water 

EI (kJ [total, fat, 

carbohydrate, 

protein]) 

Moray et at. 2006 RCT N=20 Arm 1:TV (Seinfeld episode) Ad libitum meal served during EI (weight) 
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Crossover 

2 arms 

USA 

 

M=10 

F=10 

18-23 (mean 20.8) years 

Not stated 

Arm 2:No TV condition 

Meal = Macaroni and cheese 

Bellissimo et al. 2007 RCT 

Crossover 

4 arms 

Canada 

N=14 

M=14 

Age: 9-14 (mean 12.6) years 

Normal weight 

Arm 1: Control drink then TV (2xThe 

Simpsons episodes) 

Arm 3: Glucose drink then TV 

Arm 3: Control drink  

Arm 4: Glucose drink  

30 Minutes after the preload 

participants had a pizza meal, with or 

without TV 

Meal = Pizza + water 

EI (weight [meal 

and water], kcal, 

caloric 

compensation) 

Patel et al. 2011 RCT 

Crossover 

4 arms 

Canada 

N=25 

F=25 

Age: 9-14 (mean 11.5) years 

No weight restrictions 

Arm 1: Control drink then TV (Hannah 

Montana) 

Arm 3: Glucose drink then TV 

Arm 3: Control drink  

Arm 4: Glucose drink  

30 Minutes after the preload 

participants had a pizza meal, with or 

without TV 

Meal = Pizza + water 

EI (weight [meal 

and water], kcal, 

cumulative EI) 

Péneau et al. 2009 RCT 

Crossover 

4 arms 

France 

N=29 

M=14 

F=15 

Age: 15-16 years 

Normal weight 

Arm 1:  TV (programme with no food-

related cues) 

Arm 2: Eating alone 

Arm 3: Eating in group 

Arm 4: Listening to music 

Ad libitum lunch served during 

condition 

Meal = Main dish (beef and potatoes) 

+ dessert (chocolate cake) + water + 

orange juice + soda  

EI (kJ) 

Temple et al. 2007 RCT 

Parallel 

3 arms 

USA 

N=26 

M=12 

F=14 

Age: 9-12 (mean 11.2) years 

Normal weight 

Arm 1:  Continuous TV show (The Muppet 

Show, Punky Brewster, and Diff’rent 

Strokes) 

Arm 2: No TV 

Arm 3: Repeated segment of TV show  

Access to 1000 kcal of preferred 

snack food during condition 

Meal = Participants ranked 4 snack 

foods and their favourite was used in 

the experiment. 

EI (kcal, weight) 

Non-RCTs  

Mittal et al. 2011 Not randomised N=32 Arm 1: TV + snack (Seinfeld or Friends) ~1h after the exposure participants EI (kJ) 
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Parallel 

2 arms 

Australia 

F=32 

Mean 20.6 years 

Normal weight 

 

Arm 2: No TV + snack were served an ad libitum test meal 

Meal = Snack (chocolate balls + 

Pringles + Coke/orange juice). Test 

meal (sandwiches + biscuits + 

crackers & dip) 

Mellecker et al. 2010 Not randomised 

Crossover  

2 arms (4 free-

choice sessions) 

N=27 

M=27 

Age 9-13 (mean 11) years 

No restrictions 

Arm 1: SVG (Xbox) 

Arm 2: Activity enhanced VG 

 

Ad libitum snack served during 

condition 

Meal = Participants chose one of four 

available snacks (biscuits, pizza 

shapes, crackers, or cookies) 

EI (calories) 

SVG = Sedentary VG; AVG = Active VG; EI = EI 
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 RESULTS 2.3.4

Study selection 

A total of 1218 studies were identified from the database search, of which 463 were duplicates, 

leaving 755 abstracts that were assessed for eligibility. A total of 730 were deemed not relevant 

to the review based on the inclusion criteria. Twenty-five full-text articles were assessed for 

eligibility; however, 15 were excluded for the following reasons: primarily investigated the 

effects of food advertising or did not remove advertisements from the programming (n=6), age 

group outside the pre-specified range for the review (5), dietary intake not reported as an 

outcome (2), no screen-based sedentary behaviour arm (1), and dietary intake was not assessed 

either concurrently or immediately after exposure (1). Figure 2 illustrates the different steps of 

the data collection process. 

Study characteristics 

Ten trials met the inclusion criteria and were included in the review: eight RCTs (61, 171-177) 

and two quasi-experimental studies (178, 179). They ranged in size from 14 to 120 participants. 

Eight studies specifically investigated the effects of TV viewing on either concurrent or 

subsequent food intake in children, adolescents, and young adults (171, 173-177, 179), two 

studies assessed the effects of VGs (61, 178), and one study compared the effects of TV viewing, 

sedentary VG play, and active VG play (172). No trials were identified that investigated the 

effects of computer use. Table 5 presents dietary intake outcomes and the main study 

conclusions for the included trials. All ten trials were conducted in high-income countries, 

including France, Denmark, USA, Canada, and Australia. 
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Figure 2: PRISMA Flow Diagram of Literature Search  
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Validity assessment 

All but two studies (178, 179) used randomisation to assign participants to the exposure 

conditions; however, only three studies described the randomisation process (61, 173, 174). A 

total of four studies were considered to be at low risk of bias (61, 172-174), three at moderate 

risk (171, 175, 176), two at moderate-to-high risk (177, 179), and the remaining one study were 

considered to be at high risk of bias (178), as assessed by selection, attrition, detection, and 

reporting bias (Table 3). Only three of the studies reported power calculations based on the 

primary endpoint of EI (61, 173, 176); it is therefore unknown whether the remaining studies 

were adequately powered to detect differences in dietary intake that were statistically 

significant. Attrition, defined by the difference in the number of participants assigned to 

exposure and the number of participants for who study outcomes were presented, was 

reported in two of the studies (173, 178). In the studies utilising a parallel study design (172, 

177, 179) groups were comparable at baseline. Active control conditions were included in two 

studies (172, 178). All studies used objective measures of dietary intake.  

Effects of TV on EI 

Two randomised crossover trials (173, 176) investigated the effects of four different 

environmental conditions, namely eating alone, eating in a group of three familiar peers, eating 

alone while listening to music, and eating alone while watching TV, on intake of highly palatable 

food in adolescents. The high-quality study conducted by Mekhmoukh et al. (173) was designed 

to assess whether overweight adolescents consume more food and/or beverages in response to 

external cues than normal weight controls. According to a power calculation, inclusion of 19 

participants was necessary to show a significant 10% difference with mean intake of 3344kJ (SD 

418kJ). Total EI in overweight participants (n=19) was significantly increased when viewing TV 

compared with eating in a group and listening to music (8527kJ vs 7348kJ and 7532kJ; p<0.039 

and p<0.049, respectively); however, this finding was not observed in normal-weight 
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participants (n=19). Volume of fluids consumed and post-exposure hunger and thirst ratings did 

not differ according to environmental condition or weight status (173).  
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Table 5: Table of outcomes. Studies presented according to risk of bias, with lowest risk of bias reported first. 

Study Conditions 
EI results 

 

Conclusions 

RCTs    

Lyons et al. 

2012 

Arm 1: TV 

Arm 2: SVG 

Arm 3. AVG 

Total EI in the TV, SVG, and AVG conditions were 716, 747, and 553 kcal, respectively. 

Energy surplus was greater in the TV and SVG conditions compared with the AVG (638 

and 655 vs 376 kcal/h, respectively; both p<0.05) 

Although energy surplus was lower an AVG 

compared with TV and SVG, it was still 

associated with a positive energy balance.  

Mekhmoukh 

et al. 2012 

Arm 1:  TV 

Arm 2: Eating alone 

Arm 3: Eating in group 

Arm 4: Listening to music 

Total EI at lunch was increased in overweight, but not normal weight, participants when 

viewing TV compared to eating in groups or listening to music (8527kJ vs 7348kJ and 7532 

kJ, respectively; both p<0.05). 

TV increased total EI in overweight but not 

normal weight participants.  

Chaput et al. 

2011 

Arm 1: SVG  

Arm 2: Resting  

Total EI was greater in the SVG versus controls (between-group difference 335kj; p<0.05).   SVGs increase EI at a subsequent meal. 

Moray et at. 

2006 

Arm 1:TV 

Arm 2:No TV 

No differences between groups with respect to EI. TV does not increase EI; however, this finding 

may be due to a ceiling effect. 

Bellissimo et 

al. 2007 

Arm 1: Control + TV 

Arm 3: Glucose +  TV 

Arm 3: Control  

Arm 4: Glucose  

EI was lower in the glucose drink group compared with the control drink, control drink + 

TV, and glucose drink + TV groups (1097 vs 1332, 1514, and 1371 kcal, respectively; 

p<0.05). Caloric compensation after the glucose preload was 112% in the no TV group vs 

66% in the TV group.   

TV increases food intake and possibly 

overrides physiologic signals of satiation and 

satiety.  

Patel et al. 

2011 

Arm 1: Control + TV  TV at mealtime had no effect on FI; however, glucose suppressed FI more with no TV vs 

TV (24% vs 10%, respectively; p<0.001).  

TV decreases caloric compensation after 

consumption of a glucose preload in 
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Arm 3: Glucose + TV 

Arm 3: Control  

Arm 4: Glucose  

peripubertal, but not postpubertal, girls.  

Péneau et al. 

2009 

Arm 1:  TV 

Arm 2: Eating alone 

Arm 3: Eating in group 

Arm 4: Listening to music 

EI from solid foods did not differ between the groups; however, intake of soda was 

greater in the TV condition than in the music and control conditions. 

TV increases soda, but not food, intake in 

teenagers 

Temple et al. 

2007 

Arm 1:  Continuous TV  

Arm 2: No TV 

Arm 3: Repeated segment of TV 
show  

The continuous TV group consumed significantly more energy compared with the two 

control groups (no TV and repeated segment TV). Outcomes did not differ between the 

two control groups. 

TV appears to disrupt habituation, which 

leads to increased EI.  

Mittal et al. 

2011 

Arm 1: TV + snack 

Arm 2: No TV + snack 

The TV + snack group consumed more food on the test meal than those in the no TV + 

snack group (1584.6kJ vs 1354.9 kJ; p<0.05).  

Eating while watching TV appears to impact 

on later food intake. 

Mellecker et 

al. 2010 

Arm 1: SVG 

Arm 2: Activity enhanced VG 

EI did not differ significantly between the seated and active conditions (374 vs 383 kcal/h, 

respectively). 

Both seated and activity enhanced VGs are 

associated with high calorific consumption.  
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Similarly, the study conducted by Péneau and colleagues (176) found that, in 29 normal weight 

male and female teenagers, EI was not significantly increased in the TV watching condition 

compared with eating alone, eating in a group, or eating while listening to music. However, in 

contrast to the findings from the first study, TV viewing significantly increased intake of soda 

drink compared with the other three conditions (eating in a group p=0.05, eating while listening 

to music p=0.005, and eating alone p=0.02) (176). Between-sex differences were observed in 

this study, with males eating more solid foods and consuming more soda drink compared with 

females. Importantly, while this study was powered to detect a 10% difference in EI between 

the conditions, it was not powered to investigate differences in outcomes between male and 

female participants. This may be of importance given the evidence for a complex relationship 

between adolescent girls’ pubertal status and the effects of environmental factors on food 

intake (175). 

A 2-arm, randomised, crossover trial conducted in undergraduate studies (n=20) was designed 

to investigate how cognitive involvement associated with viewing TV might affect an individual’s 

ability to perceive and track the amount of food consumed while watching TV (174). Overall, 

food intake did not differ significantly between TV and no TV; however, TV appeared to impair 

participants’ ability to accurately estimate food intake. The lack of effect on dietary intake may 

be attributable to two important methodological issues. Firstly, the study was susceptible to a 

ceiling effect, as additional food was not offered once the participant had finished their plate, 

and secondly, there were large differences in hunger ratings between participants at the 

beginning of the experimental condition. Both of these could have affected EI and in turn the 

validity of the study findings.  

Four studies were conducted to investigate the specific mechanisms by which exposure to TV 

may lead to increased energy consumption. Specifically, the studies investigated the effects of 

TV on: (1) physiologic signals that affect satiety and satiation in males (n=14) (171) and females 
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(n=25) (175), (2) disruption of habituation to food cues (177), and (3) memory impairment 

(179). These three mechanisms will be discussed in turn. Firstly, two studies looked at how TV 

affects satiety and satiation (171, 175). Both studies utilised a randomised, crossover, factorial 

study design in order to assess the effects of two factors, a glucose preload and TV exposure, on 

EI. Participants were given equally sweetened preloads of either glucose or Splenda sucralose 

(control) and then 30 minutes later ate a pizza lunch with and without TV. The two studies 

aimed to assess whether TV would decrease the effect of a glucose drink on subjective feelings 

of satiety, thereby resulting in increased food intake at the meal. The study conducted in girls 

(175) was also designed to test whether hormonal changes associated with puberty would 

affect the relationship between TV and EI.  

In males, both a glucose preload and exposure to TV affected food intake (171). In the absence 

of TV, the glucose preload significantly decreased the amount of food eaten at the meal 

compared with the control drink group (502g vs 606g, respectively; p<0.05); however, 

significant differences between the glucose and control drink groups were not observed during 

the TV condition (624g vs 693g, respectively). A more complex relationship was observed in 

females (175). Overall, TV at mealtime had no effect on food intake. However, a glucose preload 

suppressed food intake to a greater extent in the no TV versus TV condition (24% vs 10%, 

respectively; p<0.001). This was primarily due to the effect in peripubertal girls (p<0.05). Caloric 

compensations for the no TV and TV conditions were unchanged in postpubertal girls (both 

27%) but significantly different in peripubertal girls (22% vs 1%), suggesting that the effects of 

environmental factors on food intake may be affected by pubertal status in females (175). 

Taken together these studies suggest that TV may increase EI by impairing physiologic signals 

that affect satiety and satiation in males (171) and peripubertal, but not postpubertal, girls 

(175).  
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A number of methodological issues were identified in the study conducted in girls (175). Firstly, 

bodyweight of the study participants ranged from normal to obese. It has not yet been 

established whether the effects of screen-based sedentary activities on EI differ according to 

bodyweight status; however, it has been shown that obese children are more susceptible to 

food-related cues (156). Secondly, participants were only given one type of food and one TV 

show option during each condition. Therefore, participants’ food and TV show preferences may 

have influenced study outcomes. Despite these limitations, this was the only experimental study 

identified that investigated the effects of TV viewing on EI exclusively in girls, and introduces the 

importance of considering pubertal status when investigating the effects of the mealtime 

environment on EI in children. 

The ability of TV to disrupt habituation to food cues was investigated in a randomised, 3-arm, 

parallel study, where 26 children were permitted access to a preferred snack food during one of 

three conditions: (1) continuous TV show, (2) repeated segment of TV, or (3) no TV (177). The 

repeated segment group consisted of a 1.5-minute segment of a TV show that was repeated on 

a loop. This group was included to control for the presence of audio-visual stimulation, ensuring 

that any difference between the two TV groups was due to the amount of attention allocated to 

TV watching. Overall, participants in the continuous TV group spent more time eating (p<0.001) 

and consumed a greater amount of energy (p<0.007) compared with participants in the two 

control conditions. Outcomes did not differ significantly between the two control groups, 

suggesting that TV viewing increased EI only when it required allocation of attention i.e. after 

controlling for audio-visual stimulation (177). Post-session hunger ratings did not differ between 

the three groups, despite participants in the continuous TV group consuming significantly more 

food during the session. The study outcomes suggest that TV leads to disruption of habituation 

to food cues resulting in overconsumption of food. Importantly, each study arm only included 8 

to 9 participants, and no details of a power calculation were reported. 
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A non-randomised, 2-arm, parallel study conducted in 32 female undergraduates investigated 

whether TV increased food consumption by impairing memory formation (179). Participants ate 

a snack in the presence or absence of TV and then food intake at a meal 1 hour later was 

assessed. Although energy consumption during the snack phase did not differ significantly 

between the two groups, it tended to be greater in participants in the TV group versus the no 

TV group (1855.9kJ vs 1667.7kJ). Furthermore, participants who watched TV under-reported 

energy consumption during the snack phase to a greater extent than the no TV group (-620.5kJ 

vs -410.1kJ; p<0.05); Energy consumption at the test meal 1 hour later was significantly greater 

in the TV group compared with the no TV group (1584.6kJ vs 1354.9kJ; p<0.05) (179). The study 

findings suggest that TV may lead to overconsumption at a subsequent meal by impairing 

memory formation.  

Effects of VGs on EI 

In contrast to the comparatively large number of studies that have investigated the link 

between TV viewing and EI, only three studies were identified that assessed the effects of VGs 

(61, 172, 178).  

A high-quality, randomised, 2-arm, crossover study investigated the acute effects of a sedentary 

VG on energy balance in 22 adolescent males aged 15-17 years (61). Participants either played a 

VG or sat quietly in a chair (controls) for 1 hour and then were served an ad libitum meal 

immediately after the exposure. Compared with the control condition, blood pressure, heart 

rate, sympathetic tone, mental workload, EE and EI were significantly greater during the VG 

condition (all p<0.05). Importantly, although EE was greater in the VG group compared with 

controls, EI was also greater, resulting in a positive energy balance of 246kJ in the VG group 

compared with controls (p<0.05) (61). Despite this there were no between-group differences in 

sensations of hunger, appetite or EI during the rest of the day (as assessed by a dietary record). 

The authors reported that it was unclear whether the increase in EI was due to impairment of 
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satiety signals or to the stress-induced reward system (61). The VG play condition was 

associated with increases in stress markers, and it has been reported that pleasurable feeding 

may help reduce such a stress response (180); this pattern of stress and reward may be referred 

to as the stress-induced reward system. A potential limitation of the study was that it only 

looked at EI after the exposure; however, the finding, that post-exposure EI was significantly 

increased in the sedentary VG condition compared with controls is also of interest. A second 

limitation was that, in order to assess respiratory and biochemical outcomes, each participant 

had an indwelling catheter in the forearm and was required to wear a face mask, which may 

have compromised the ecological validity of the study.   

Another high-quality study was recently published that utilised a 3-arm, parallel study design to 

compare the effects of TV watching, sedentary VG play, and active VG play in 120 young adults 

aged 18-35 years (172). While there was only a trend towards significantly greater EI in the TV 

and sedentary VG conditions compared with active VGs, active VG play was associated with 

significantly greater EE and significantly lower energy surplus compared with the other two 

active conditions. Furthermore, when the two sedentary conditions were collapsed into one 

group and compared with the active condition, EI was shown to be significantly greater in the 

sedentary group (178 kcal; 95% CI 8, 349). The odds of consuming at least 500 kcal during the 1-

hour condition was also significantly greater in the TV watching versus active VG condition (odds 

ratio 3.2; 95% CI 1.2, 8.4). This study had a number of strengths, including provision of a wide 

variety of food, drink, TV content, and gaming options, and assessment not only of EI but also of 

EE Furthermore, unlike the study conducted by Chaput et al. (61), this study looked at 

concurrent, rather than subsequent, EI during VG play. However, one limitation was that the 

study did not investigate whether compensatory eating occurred later in the day, that is, did 

participants in the motion-controlled VG group eat a greater amount later in the day to 

compensate for their decreased consumption during the exposure or their increased EE. 
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Overall, this was a well-designed, large study, and the first to compare differences in EI between 

different screen-based behaviours.   

The third VG study utilised a non-randomised, 2-arm crossover design to compare the effects of 

a sedentary VG and an activity enhanced VG on concurrent snack food consumption in 27 males 

aged 9-13 years (178). EI did not differ significantly between the two conditions; however, both 

conditions were associated with relatively high calorie consumption, 374 kcal/h in the seated 

condition and 383 kcal/h in the activity enhanced condition (approximately 20% of daily calorie 

intake recommendations for boys in this age group) (181). A number of important limitations 

were identified. A small convenience sample was used and participants were not randomised. 

Furthermore, rather than using an active VG, a sedentary VG was adapted with the addition of a 

treadmill. This may have affected the ecological validity of the study as a treadmill may not 

adequately imitate the active video gaming experience. Also, the study did not assess EI after 

playing the two different types of VGs, and it is unknown whether compensatory EI later in the 

day would have differed between the two conditions. Finally, the study did not include a non-

screen-based control condition. Despite these limitations, the study provides preliminary 

evidence to suggest that EI during concurrent VG play may not altered by the addition of a 

physical activity component (178).  

 DISCUSSION 2.3.5

To our knowledge, this is the first systematic review to bring together the evidence concerning 

the non-advertising effects of screen-based sedentary activities on acute eating behaviours in 

children, adolescents and young adults. This review builds on conclusions drawn in previous 

papers, specifically that sedentary behaviours are associated with overconsumption of food (59, 

182), and highlights the consistency with which screen-based activities in the absence of food 

advertising increase acute energy consumption in a laboratory setting. Historically, the effects 

of screen time on EI have been attributed to the effects of food advertising. The evidence 



 

 

 
Chapter 2: Screen-Based Behaviours and EI: A Systematic Review    55 

 

presented in this review suggests that energy consumption during screen-based behaviours, 

particularly TV viewing, may not be exclusively related to food advertising and furthermore, that 

screen-based activities may be an important stimulus in the modern food environment. 

Although TV appears to increase intake of highly palatable, energy-dense foods, only three 

studies investigated the effects of VG play on EI (61, 172, 178) and therefore it is more difficult 

to draw conclusions about the effects of VGs on food consumption. However, two of the studies 

were of high quality and showed significantly greater subsequent EI in the VG group compared 

with controls (61), and a trend towards significantly greater concurrent EI in the sedentary VG 

group compared with the active VG (172). Alternatively, the third study was not randomised, 

did not contain a non-screen-based control group, and the active VG condition added a 

treadmill component to the sedentary VG rather than using an actual active VG, which may limit 

the ecological validity of the study (178). Despite these limitations, the study suggested that EI 

during concurrent VG play was not altered by the addition of a physical activity component. 

Based on the very limited available evidence it is too early to make any informed statements 

regarding the relationship between VGs and increase EI other than that preliminary evidence 

does not preclude an association between the two. More research is required to supplement 

the current findings.  

Non-Advertising Mechanisms 

Distraction and attentional allocation: A number of explanations for the observed link between 

food intake and screen-based sedentary behaviours have been suggested. One of the most 

commonly cited explanations is that screen-based activities act as distractors, potentially 

increasing EI via two mechanisms: diverting attention away from the participant’s habitual 

control of food intake, or distracting the participant from physiologic signals of satiety and 

satiation (171, 177, 183, 184). In the presence of distracting stimuli, such as playing 

computerised solitaire, adult participants report feeling less full after lunch and consume 
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significantly more biscuits at a later taste test compared with undistracted participants (185). 

Similarly, the presence of music, another distracting stimulus, has also been shown to be 

associated with increased food intake when listened to at the same time as eating a meal (186). 

Brunstrom & Mitchell (187) conducted two experiments to assess whether distraction causes 

decreased sensitivity to physiological and sensory cues that signal the end of a meal. It was 

shown that desire to eat an eaten food relative to an uneaten food, defined as food-specific 

satiety, decreased in non-distracted participants, while distracted participants (those playing a 

computer game) maintained a desire to eat all foods. Between-group differences remained 5 

and 10 minutes following termination of the eating episode. Finally, the results from the study 

conducted by Temple et al. (177) suggest that the extent of attention allocated to TV viewing 

may be important in explaining how TV watching increases EI. In the study, EI was greater when 

participants watched a continuous TV show compared with a group, which watched a repeated 

segment of a TV show. This repeated segment group, which controlled for audio-visual 

stimulation, required less attentional allocation than the continuous TV group, suggesting that 

the increase in EI in the TV group was due to the amount of attentional allocation.  

These findings are consistent with the information processing model of habituation. According 

to this model, a person is continuously exposed to olfactory, visual and gustatory cues while 

consuming a meal, with repeated exposures leading to habituation to the various stimuli. This 

model of how repeated exposures affect responding represents a model of habituation, and 

explains how decreases in behavioural and physiological responses to eating occur as a meal 

progresses; potentially providing a model for explaining the factors important for satiation and 

cessation of eating a meal (188). According to the distractor paradigm of habituation models, a 

distractor may slow the rate of habituation to food cues, thus preventing the development of 

response decrements. Importantly, evidence suggests that the effects of a distractor are 

maximised with increased working memory or attentional involvement (177, 189). The 
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distractor paradigm is therefore of particular importance when investigating the effects of 

environmental stimuli, such as TV, on eating. 

Interruption of physiologic food regulation: By utilising a preload study design, Bellisimo et al. 

(171) was able to evaluate the interaction between TV viewing and physiologic signals in the 

regulation of EI. The researchers found that EI was increased, and the ability of a glucose 

preload to suppress food intake was diminished, in the presence of a TV. Following a preload of 

glucose, TV inhibited caloric compensation by either decreasing the effect of glucose on satiety 

or delaying satiation. These findings provide evidence that, by acting as a distractor, TV may 

override the physiological signals of satiety and satiation. However, a recent study showed that 

although distractibility, as assessed by the Conner’s Continuous Performance Test II, was 

associated with bodyweight, the relationship between EI and distractibility while watching TV 

was not statistically significant (190).  

Screen-based activities as conditioned cues to eat: Another explanation for the effects of 

screen-based sedentary behaviours on EI is that these activities have become conditioned cues 

to eat, resulting in overconsumption of energy-dense foods. According to a recently published 

meta-analysis, the acute effects of TV on food intake potentially contribute to obesity by 

encouraging excessive eating (191). The authors of the review suggest that TV affects cognitive 

functions involved in reward saliency and inhibitory control. According to this model, TV 

abnormally increases the saliency value of food, which in turn overwhelms the brain’s 

homeostatic control mechanisms associated with eating (62). Thus, environmental factors, such 

as watching TV, may amplify the reward value of food (62).  

It has also been proposed that the matching of certain foods with certain use-contexts over 

time become integrated into a system of cues that motivate individuals’ desires to eat specific 

foods within that context (192). Therefore, the desire to eat energy-dense foods may be 
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increased in the presence of TV due to pairing of energy-dense foods with this use-context over 

time. Recurrent consumption of rewarding foods within a particular environment may promote 

formation of new linked memories, leading to anticipation of the reward in response to both 

the food and any environmental stimulus that is frequently paired with the food. For individuals 

who habitually eat while watching TV, TV may become a conditioned cue to eat energy-dense 

foods (191). In an attempt to explain their study findings, a number of authors pointed out the 

possibility that TV may have become a conditioned cue to eat and drink highly palatability food 

and drinks (176, 177); however, this conditioning may also be related to a history of exposure to 

TV food advertisements.  

Memory: There is also evidence that memory may affect regulation of food intake in humans, 

and that screen-based sedentary activities may interfere with this regulatory role resulting in 

increased EI. According to earlier studies conducted in amnesiac patients, participants readily 

consumed a second meal after consumption of a first meal (71, 193). Importantly, it was later 

shown that this increased consumption in amnesic patients was not due to impaired sensory-

specific satiety (194). The effect of memory on food consumption has also been demonstrated 

in non-patient populations. In a series of experiments, Higgs et al. (195) showed that being 

reminded of a recent eating episode was enough to decrease subsequent food intake in non-

patient participants, a finding that was later confirmed by Brunstrom et al. (196). Further, 

according to a recent review of studies investigating the effects of attention and memory on 

food intake, decreased attention while eating was shown to be associated with increases in 

both immediate and later EI, while enhancing memory for food consumption was associated 

with a decrease in later intake (197). This effect of memory on later food intake may be of 

particular importance when considering the effects of screen-based behaviours on dietary 

intake.  
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The potential role of memory impairment as a mechanism by which TV viewing increases EI was 

first explored in a study in young women, which investigated whether watching TV with lunch 

would increase afternoon snack intake due to impairment of memory formation (184). It was 

shown that participants who watched TV during lunch not only consumed significantly more 

cookies during a later test meal but also reported decreased vividness ratings of the memory of 

the lunch, when compared with participants who did not watch TV during lunch. The study 

conducted by Mittal et al. (179) supports these initial findings. Furthermore, in the study 

conducted by Moray et al. (174) TV appeared to impair participants’ ability to accurately 

estimate food intake, with participants tending to underestimate total food intake when they 

ate while watching TV. The authors suggested that this finding was due to the cognitive 

involvement required with watching TV, and that this underestimation of food intake may result 

in unintentional consumption of more calories and fat, potentially leading to an increased risk of 

being overweight or obese (174). It has therefore been proposed that TV increases intake of 

food by making it difficult to attend to how much food is being eaten during a meal and/or 

making it difficult to consolidate memories of food intake (179).  

Stress-induced reward system: Finally, there is preliminary evidence to suggest that the effects 

of screen-based activities on EI may be related to the mental stress-induced reward system. As 

reported by Chaput et al. (61), sympathetic tone and mental workload were increased in 

children who played VGs compared with controls. This finding is consistent with recent studies 

that have found that computer-based activities characterise a specific type of sedentary activity 

that is stressful and biologically demanding (198, 199). These studies also found that computer 

use was associated with overconsumption of food in the absence of increased hunger and 

appetite. However, although the study conducted by Chaput et al. (61) showed that the 

increase in EI was not accompanied by increased subjective sensations of hunger and appetite, 
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the authors warned that it could not be established whether this phenomenon was due to 

impairment of satiety signals or to the mental stress-induced  

Potential for at-risk populations 

This review also revealed certain populations that may be at increased risk for increased EI 

when engaged in screen-based behaviours. The strongest evidence for the link between screen 

time and increased food and soda intake was seen in children (61, 171, 177), as opposed to 

adolescents and young adults (174, 176, 179). While this link seemed to be relatively consistent 

in boys, a more complex relationship was observed in girls, whereby peripubertal girls had a 

greater response to environmental cues to eat compared with postpubertal girls (175). 

However, only one study investigated the effects of pubertal status on the relationship between 

TV viewing and EI; more studies are required before any conclusions can be drawn about the 

nature of this relationship. Similarly, the stimulatory effects of TV on EI appeared to be more 

pronounced in overweight boys compared with their normal-weight counterparts (173). This is 

not surprising given that obese children appear to be more susceptible to environmental cues to 

eat (156) and that overweight children appear to habituate slower to food compared with non-

overweight children (200). Although future studies are needed to confirm these observations, it 

appears that certain characteristics, including age, sex, pubertal status, and bodyweight, may 

place certain individuals at greater risk for the negative effects of screen-based activities on EI.  

Limitations of review 

Perhaps the greatest limitation of this review was the reliance on studies that looked at TV 

viewing rather than other screen-based activities. Only three studies were identified that 

investigated the effects of VGs, and no studies assessed the effects of computer use. As this 

review aimed to assess the effects of sedentary screen-based behaviours in general, rather than 

TV specifically, any discussion of the broader implications of these other screen-based activities 

is highly speculative. Furthermore, it would be unwise to generalise the findings from studies 
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with a TV focus to other screen-based activities, as it remains unknown whether the 

relationship between TV viewing and energy is due, at least in part, to conditioned responses to 

TV watching or other TV-specific processes. Finally, as only 10 studies met the inclusion criteria 

for this review, any conclusions drawn regarding screens in general, or TV specifically, must be 

considered somewhat preliminary.  

As with any review, this paper is also limited by the quality of the included studies. The studies 

available for inclusion ranged in quality from low to high; however, this may be due to 

inadequate reporting of methodologies by many of the authors. Although eight studies reported 

using randomisation to allocate participants to the exposure groups, only three discussed the 

process by which the random sequence was generated (61, 173, 174). Furthermore, allocation 

concealment and assessor blinding were not reported in any of the studies, resulting in an 

assigned risk of bias of ‘unclear’. Of note, the study authors were not contacted for further 

details regarding risk of bias. Despite this, virtually all studies reported an association between 

sedentary screen-based activities and increased EI. Another limitation of the review was the 

inclusion of both RCTs and quasi-experimental studies. Due to the small number of studies 

available for inclusion in the review, it was decided that including quasi-experimental studies 

was justified to ensure a greater depth of understanding into this relatively new area of 

research. Unfortunately, inclusion of non-randomised studies means that lower quality studies 

were presented alongside those of higher quality.  

The inclusion of only laboratory-based studies may compromise external validity due to their 

highly controlled setting, resulting in issues with generalisability to real-word settings. However, 

laboratory-based studies enable researchers to investigate behaviour in a controlled 

environment. Since the behaviour can be directly observed by the investigator, issues of 

participant recall and response bias associated with measures of self-report can be eliminated. 
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Therefore, the focus on laboratory-based studies may be considered both a limitation and 

strength of this review.  

Finally, although TV food advertising was controlled for in the laboratory setting, food 

advertising may have been present in the VG and/or computer game exposures. With the 

growing popularity of these activities, video and computer games are emerging as a new 

platform for advertisers and marketers to target children and adolescents through product 

placement (174, 201, 202). It is unknown whether the studies that included VG arms controlled 

for food advertising. With the growing use of online games and social networking sites, this 

issue of product placement is of particular importance, especially from a research perspective 

where the removal or avoidance of online advertising is more challenging than simply removing 

food advertisements from recorded TV programmes.  

Implications for future research 

The studies included in this review report a wide range of effect sizes, with some studies failing 

to demonstrate a significant stimulatory effect at all (174, 176). The discrepancies in outcomes 

may be due to the highly variable relationship between screen-based behaviours and EI and/or 

design or methodological issues. For example, the comparison group in a number of studies 

required the participant to sit in silence/rest in a chair, which may not be a true representation 

of what an adolescent/young adult would normally do. Furthermore, it has been reported that 

boredom and other low-arousal states may actually increase dietary intake (203, 204). Future 

studies may benefit from including more feasible non-screen-based control conditions to 

address this issue. Future studies also need to provide more food and programming/gaming 

options, to ensure individual preferences do not influence the outcomes, and also make sure 

there is an unlimited supply of food offered to avoid a ceiling effect. High-quality studies are 

also required to better establish the factors that moderate the relationship between screen-
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based behaviours and EI, including age, sex, pubertal status, and bodyweight. Studies may also 

show greater, more consistent effects if they focus on specific at-risk groups.  

Although TV viewing and, to a lesser extent, VGs have been linked with increased EI, the 

comparative effects of these activities are largely unknown. Only one study was identified that 

compared the effects of TV viewing and VG play on EI (172). However, the results from this 

study differed from those from a recent study in older males, which showed that active VG play 

was associated with significantly greater EI compared with sedentary VG play (205). 

Furthermore, no studies were identified that investigated the effects of recreational computer 

use on EI in adolescents and young adults. Future research will therefore need to focus on other 

types of sedentary screen-based activities, such as VGs and computer use, and also investigate 

whether these different activities affect EI differently.  

Experimental studies to date have shown that intake of highly palatable, energy-dense foods is 

increased in the presence of screen-based activities (173); however, studies have not 

investigated whether intake of healthy foods is also increased by screen time. In a non-

randomised crossover trial conducted in undergraduate students (n=20), TV viewing was 

associated with a significant increase in cola intake compared with a controls (listening to 

music), while water intake did not differ significantly between the two conditions (153). 

However, as this study did not remove the original advertisements from the programming it 

cannot be said whether differences in outcomes were due to advertising or mechanisms 

unrelated to advertising. It may be necessary to investigate whether screen-based activities in 

the absence of food advertising increase EI of all food types, including healthy foods, or whether 

it primarily increases intake of energy-dense foods. Finally, to our knowledge no research to 

date has investigated how the use of multiple screens at once affects EI in children. Given the 

recent increase in children’s multi-screening behaviours, future research should address this. 
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 CONCLUSIONS 2.3.6

The screen-time environment is changing at an unprecedented rate. Children now have greater 

control over their exposure to TV advertisements and increasingly divide their attention 

between multiple devices. With this in mind, the importance of the non-advertising effects of 

screen-based behaviours on EI has never been so important. Preliminary evidence suggests that, 

even in the absence of advertising, screen-based behaviours can increase energy consumption 

in children, adolescents, and young adults; however, findings to date have been highly variable, 

and the limited amount of research in this area has almost exclusively focused on the effects of 

TV viewing. More well-designed, high-quality studies are required to better establish the effects 

of VGs and computer use on EI, and also assess whether different sedentary screen-based 

behaviours affect EI differently.  
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 EFFECTS OF DIFFERENT SCREEN-CHAPTER 3.
BASED BEHAVIOURS ON EI IN MALE 
CHILDREN: A LABORATORY STUDY 

 

3.1. INTRODUCTION TO PUBLICATION 

This chapter includes content from a publication, entitled “Comparative effects of TV watching, 

recreational computer use, and sedentary VG play on spontaneous energy intake in male 

children: A randomised crossover trial”, which was published in Appetite (Volume 77, 1 June 

2014, Pages 13-19). The paper reports results from a laboratory based study, which compared 

the effects of three common screen-based sedentary behaviours (TV watching, VG play, and 

recreational computer use) on EI in males aged 9-13 years. The study was conducted following 

completion of the systematic review reported in Section 2 of this thesis, which identified the 

need for a comparison study to investigate differences in EI between popular screen-based 

activities. The study was undertaken to address Objective 2 of the thesis, which was to add to 

our current understanding of how screens affect EI by addressing the gaps identified by the first 

systematic review. 

3.2. AUTHOR CONTRIBUTION 

Samantha Marsh was involved in development of the research question and study design. She 

also conducted the research, was involved in the data analysis process, and wrote the paper for 

publication. 
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 ABSTRACT 3.3.1

Objective: To compare the effects of three screen-based sedentary behaviours on acute EI in 

children. 

Method: Normal-weight males aged 9-13 years participated in a randomised crossover trial 

conducted in a laboratory setting between November 2012 and February 2013 in Auckland, NZ. 

EI during an ad libitum meal was compared for three 1-hour conditions: (1) TV watching, (2) 

sedentary VG play, and (3) recreational computer use. The primary endpoint was total EI from 

food and drink. Mixed regression models were used to evaluate the treatment conditions 

adjusting for age, BMI, and appetite at baseline.  

Results: A total of 20 participants were randomised and all completed the three 

conditions. Total EI from food and drink in the TV, computer, and VG conditions was 

estimated at 820 (SE 73.15), 685 (SE 73.33), and 696 (SE 73.16) kcal, respectively, with EI 

being significantly greater in the TV versus computer condition (+135; p=0.04), a trend 

towards greater intake in the TV versus VG condition (+124; p=0.06), but not 

significantly different between the computer and VG conditions (-10; p=0.87).  

Conclusion: TV watching was associated with greater EI compared with computer use, and a 

trend towards greater EI compared with VG play. 

Trial Registration: Australia New Zealand Clinical Trials Registry  

ACTRN12612001103853 
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INTRODUCTION 

In NZ, around one third of children are overweight or obese (206). The cause and effect model 

for overweight and obesity (37) identifies two direct factors influencing bodyweight: energy 

balance and biology. Almost all indirect factors in the model act via the energy balance 

pathway. One such indirect factor is sedentary behaviour, defined as any waking behaviour 

conducted in a sitting or reclined position and characterised by low EE (i.e. ≤1.5 METS) (40).   

Much of the literature linking sedentary time and increased bodyweight has used TV watching 

as a proxy measure for sedentary behaviour (84). Indeed, health risks in children appear to be 

linked with self-reported measures of screen-based sedentary behaviours, including TV 

watching, recreational computer use, and sedentary VG (VG) play (91, 92). However, evidence 

suggests that accelerometer-measured patterns of sedentary time are not associated with 

health risk in children and youth (93). It is therefore proposed that screen time may have a 

negative impact on health, while other sedentary behaviours, such as reading a book, may be 

neutral or have a positive impact (93).  

A number of mechanisms have been proposed to explain the positive association between 

screen time and bodyweight, including decreased resting metabolic rate (47, 57) and 

displacement of physical activity (143). However, there is growing evidence to suggest that the 

relationship is best explained by the effects on dietary intake (152), via either advertising effects 

(207, 208), or other non-advertising mechanisms, such as distraction (171, 177, 183). These non-

advertising effects may be of particular importance given recent increases in both accessibility 

to competing screen-based activities, which may draw attention away from TV food advertising 

(161), and availability of advertising free TV content, due to either online streaming or time-

shifted TV viewing (64).  

A number of studies have investigated the non-advertising effects of screen time on dietary 

intake. According to a Canadian population-based survey in children  (209), eating dinner in 
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front of the TV was negatively associated with diet quality and positively associated with 

bodyweight, independent of overall time spent watching TV. Furthermore, results from a recent 

systematic review of laboratory based studies showed that exposure to screens in the absence 

of advertising consistently increased acute EI (EI) compared with controls who were not 

exposed to screens (210). However, the majority of the studies focused on TV watching and no 

studies were identified that investigated the effects of recreational computer use. Only one 

study assessed the comparative effects of different screen-based activities (172).  

As such, research is needed to assess the comparative effects of popular screen-based 

sedentary behaviours on EI. ESSAY (Effects of Screen-based Sedentary Activities on EI) was a 

cross-over trial designed to investigate the effects of three common screen-based sedentary 

behaviours, watching TV, recreational computer use, and sedentary VG play, on EI in boys aged 

9-13 years.  

 METHODS 3.3.2

Study Design 

ESSAY was a laboratory based, randomised, crossover trial. Eligible participants were healthy, 

normal-weight (5th percentile to less than 85th percentile) males aged 9-13 years who were 

able to provide written informed consent, could understand and adhere to the study protocol, 

and had fasted for at least 1 hour prior to attending the study clinic. Due to the exploratory 

nature of this study, and previous research suggesting the possibility of a more complex 

relationship between screen exposure and EI in females (175), the decision was made to include 

only male participants to avoid complexity in the study design (61). Further, normal weight 

males were included, as there is evidence that obese children are more susceptible to 

environmental cues to eat (156), in addition to overweight children habituating slower to food 

compared with non-overweight children (200). 
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Exclusion criteria were known food allergies and unstable bodyweight in the previous 6 months 

(greater than 4kg change). Participants were identified from a list of children who lived in the 

greater Auckland area and were interested in participating in a previous study in our 

department (Screen-time Weight-loss Intervention Targeting Children at Home [SWITCH]), but 

were ineligible due to having a normal bodyweight. SWITCH recruited via schools, community 

centres, and word of mouth. Parents of the children were contacted by telephone and provided 

details of the study. A recruitment email was also sent out to a University staff email list. The 

study took place at the University of Auckland, NZ between November 2012 and February 2013. 

The study was conducted in accordance with the Declaration of Helsinki and received approval 

from the local Health and Disability Ethics Committee. Written informed consent was obtained 

from all participants and from a parent/caregiver.  

Study Procedure 

On arrival at the clinic on the first study day, participants provided written informed consent. 

Baseline data were collected to confirm participant eligibility. Eligible participants were then 

randomised to the sequence in which they would be exposed to the three experimental 

conditions, namely watching TV, recreational computer use, and sedentary VG play, using a 

computer-generated randomisation list. The allocation sequence was concealed until the point 

of randomisation. Participants then completed a baseline questionnaire. 

Each of the three study days were scheduled at the same time of day for each participant, with 

at least a 7-day washout period (151). A typical session began within 1 hour of the participant 

finishing school (or at approximately the same time of day during school holidays). A pre-

intervention questionnaire was administered and then the participant was shown to the study 

room. During each condition, pre-weighed food and drink were placed on a nearby table, which 

the participant was unable to reach from where they were sitting. The decision was made to put 
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the food out of reach in an attempt to more accurately represent a real-world setting, where 

children would usually need to stand up to get their snacks. 

The participant was shown how to operate the TV/computer/VG console and told they could 

eat as little or as much as they wanted during the experimental condition. The participant was 

then left alone in the room for 1 hour, with a researcher outside to deal with any issues and/or 

participant questions. After 1 hour the participant completed a post-intervention questionnaire, 

and the investigator weighed and measured the food and drink that remained. 

TV watching condition: During the TV viewing exposure, participants could select between two 

‘Man vs. Wild’ and two ‘Myth Busters’ episodes, two TV programmes popular within this age 

group with age-appropriate content. Specific episodes with no food content were chosen. All 

food advertisements were removed from the TV programming. The participant had access to a 

remote control, which controlled the menu so they could pick and choose shows they wanted to 

watch and change to a different show/episode whenever they pleased. A comfortable sofa and 

a coffee table were set-up in front of the TV to resemble a lounge setting.  

Recreational computer use condition: For the computer condition, participants had internet 

access and were permitted to play online games, and use email, YouTube, and social networking 

sites. The desktop computer was placed on an office desk and the participant sat on an office 

swivel chair. There was adequate room around the computer station to place food and drink. 

The room was set-up to resemble a home study setting. 

Sedentary VG play condition: An Xbox 360 (Microsoft) VG console was used during the VG 

session. Participants had access to both ‘Sonic and Sega All-Stars Racing’ and ‘Lego Batman’. 

Both were new games judged to be popular for males aged 9-13 years. A comfortable sofa and a 

coffee table were set-up in front of the TV, which was attached to the video console, to 

resemble a lounge setting. 
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Experimental Meals: During each condition participants had access to identical ad libitum meals. 

To allow for individual food and drink preferences, a number of options were made available. 

The foods provided were those reported to be commonly consumed by NZ children (211). Food 

and drink were divided into categories according to previously reported age- and gender-

specific energy density thresholds (low energy density <1.6 kcal/g and high energy density >2.0 

kcal/g) (212). High energy density foods and drinks included salami sticks, cheese and crackers, 

chocolate chip cookie, potato chips, and Coca Cola, while low energy density foods and drink 

included apples, chocolate-flavoured yoghurt, carrot sticks, and water.  

Measurements 

Baseline data: Anthropometric measurements, including bodyweight (kg) and height (m), were 

taken at baseline. Bodyweight was measured to the nearest 0.1kg using calibrated 

measurement scales (Tanita, UM-070, Illinois, US). Height was measured to the nearest 0.1cm 

using a stadiometer (Seca, 214, Hamburg, Germany). A baseline questionnaire (Appendix A) was 

also administered, which assessed participant’s eating/drinking habits and screen-based eating 

habits during the previous week. The participant was asked to report their number of eating 

episodes in front of a screen. Currently there are no validated questionnaires to assess eating 

episodes in front of screen; however, the baseline questionnaire was adapted from a previous 

questionnaire that was designed to investigate the effects of media in the lives of 8-18 year olds 

(83). 

Primary outcome: The primary endpoint was total EI (kcal) during the 1-hour exposure. Food 

was weighed and volume of drink measured before and after the exposure period. EI was then 

calculated by multiplying the grams/mL consumed by the energy density (kcal/g or kcal/mL) for 

the different food and drink types. Energy densities were those provided by the food 

manufacturers (as stated on the labels) or from standardised food composition data (FOODfiles) 

for unpackaged foods. 
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Secondary outcomes: Total EI from food and drink were also evaluated separately. Hunger, 

satiety, fullness, prospective food consumption (PFC), and desire to eat something sweet, salty, 

and fatty were assessed using visual analogue scales (VAS) before and after each condition 

(Appendix B). VASs have been shown to be reproducible and valid measures of appetite (213). 

Appetite was assessed using the following equation (171): Appetite score (mm) = [hunger + PFC 

+ desire to eat + (100-fullness)/4]. Change in appetite was calculated for each condition. Desire 

to eat was calculated as the mean of the following three domains: (1) desire to eat something 

salty, (2) desire to eat something fatty, and (3) desire to eat something sweet. 

Statistical analysis 

It was estimated that a sample size of 20 participants would provide 90% power at 5% level of 

significance to detect a minimal group difference of 100 kcal in EI, assuming a standard 

deviation of 61.7 kcal. This was based on a previous study that compared sedentary VG play 

with a resting condition (61). For descriptive information, continuous variables were 

summarised as mean and standard deviation (SD), and categorical variables were presented in 

frequency (n) and percentage (%).  

Repeated measures regression analysis were conducted to estimate mean total EI at three 

experimental conditions, adjusting for age, BMI, and appetite at baseline (pre-intervention 

measure).  When there were differences between the conditions, post hoc paired t tests were 

used to identify significant differences between conditions. Identical regression analyses were 

carried out on the secondary outcomes.  

Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc. Cary NC). All 

statistical tests were two-sided at a 5% significance level. Due to the exploratory nature of this 

study, no adjustment was made for multiple comparisons. 
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 RESULTS 3.3.3

Participant characteristics 

A total of 20 participants were recruited and completed the 3 conditions. Demographic 

characteristics of participants are presented in Table 6. Dinner and snacks were the meals most 

frequently reported to be eaten in front of a screen within the previous week. Participants had a 

mean age of 11.3 years, BMI of 17.8 kg/m2, were in the 57th percentile for age, and had a mean 

baseline VAS appetite score of 56mm. The majority of participants were NZ European (65%).  

Primary Outcome 

Total EI overall (food + drink) was estimated to be significantly greater in the TV watching 

condition compared with the computer use condition (821 [SE 73]; 95% CI  671, 971 vs 685 [SE 

73]; 95% CI 535, 836; between-group difference +136 kcal; 95% CI 4, 267; p=0.04), and a trend 

towards greater EI when compared with the VG play condition (821 [SE 73]; vs 696 [SE 73]; 95% 

CI 546, 847; between-group difference +125 kcal; 95% CI -6, +255; p=0.06). Total EI did not 

differ significantly between the computer use and VG play conditions (between-group 

difference -11 [SE 65] kcal; 95% CI -142, +121; p<0.87). EIs for the three exposures are 

presented in Table 7.  
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Table 6: Descriptive summary of all participants at baseline 

Baseline characteristics n=20 

 Age (years, SD) 

Height (m, SD)     

Weight (kg, SD) 

BMI (kg/m
2
, SD) 

11.3 (1.22) 

1.6 (0.12) 

43.1 (10.97) 

17.8 (0.51) 

 Pre-intervention VAS appetite  score (mm, SD)     56 (11.44) 

 Ethnicity (n, %):  

 NZ European 

Maori 

Chinese 

Other 

13 (65%) 

2 (10%) 

2 (10%) 

3 (15%) 

 Meals consumed in previous week in front of screen (n, %):   

 Breakfast  

None 

1-2 days          

3-4 days 

>5 days 

don’t know 

 

11 (55%) 

4 (20%) 

0 (0%) 

5 (25%) 

0 (0%) 

           Lunch 

 

 

None 

1-2 days          

3-4 days 

>5 days 

don’t know 

 

14 (70%) 

3 (15%) 

1 (5%) 

2 (10%) 

0 (0%) 

 After school 

snack 

 

None 

1-2 days          

3-4 days 

>5 days 

don’t know 

 

6 (30%) 

6 (30%) 

3 (15%) 

4 (20%) 

1 (5%) 

 Dinner  

None 

1-2 days          

3-4 days 

>5 days 

don’t know 

 

9 (45%) 

0 (0%) 

2 (10%) 

9 (45%) 

0 (0%) 

 Other snack  

None 

1-2 days          

3-4 days 

>5 days 

don’t know 

 

3 (15%) 

3 (15%) 

6 (30%) 

7 (35%) 

1 (5%) 
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Table 7: Model-adjusted+ EI during exposure for each condition (n=20) 

EI (EI; in kcal) TV
^
  Computer VG 

 mean SE mean SE mean SE 

Total EI 821 73 685* 73 696  73 

EI from Food 

    All energy densities 

    High energy density 

    Low energy density 

 

687 

579 

105 

 

65 

57 

22 

 

594 

523 

69* 

 

65 

57 

22 

 

569* 

496 

79 

 

65 

57 

22 

EI from Drink 137 21 94* 21 122 21 

+ Repeated measure analysis adjusting for age, BMI, and appetite at baseline. 
^ Difference in mean EIs compared to TV condition (the reference); * if p<0.05 
 

Secondary Outcomes 

Energy Intake: EI for total food (high energy density + low energy density food) was significantly 

greater in the TV viewing versus VG condition (between-group difference +119 [SE 57] kcal; 95% 

CI 4, 234; p=0.04) but did not differ significantly between computer use and the other two 

conditions. When food intake was broken down according to energy densities, intake of high 

energy density foods did not differ significantly between the three conditions; however, 

consumption of low energy density foods was greater when participants were watching TV 

compared with using a computer (between-group difference +36 [SE 16] kcal; 95% CI 4, 69; 

p=0.03). Between-group differences in EI of low energy density foods were not significant for 

any other comparisons. Similar findings were shown for high energy density drink, with TV 

viewing associated with significantly greater EI compared with computer use (between-group 

difference +43 [SE 19] kcal; 95% CI 4, 83 p=0.03), but no significant differences for any other 

comparisons.  

Appetite: Changes in appetite scores are presented in Figure 3. The decrease from baseline 

(pre-intervention measure) in appetite scores was significantly greater following the TV and VG 
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conditions compared with the computer condition (between-group difference -9 [SE 3]; 95% CI -

15, -4; and -9 [SE 3]; 95% CI -14, -4, respectively; both p<0.01); however, outcomes did not differ 

significantly between the TV and VG conditions (between-group difference -0.5 [SE 3]; 95% CI -

6, +5; p=0.9).  

 

Figure 3: Model-adjusted+ mean change from pre-intervention to post-intervention in VAS 

appetite scores (cm) by condition.  

^ Difference in mean VAS appetite score compared with computer condition; * if p=0.002, ** if 

p=0.004. 

 DISCUSSION 3.3.4

Main findings 

We found that in normal-weight males aged 9-13 years, TV watching was associated with 

significantly greater acute EI overall compared with recreational computer use. We also 

observed a trend toward significantly greater EI for TV watching when compared with sedentary 

VG play. We found no evidence for a difference in EI between computer use and sedentary VG 

play. Watching TV while eating was also associated with greater EI from all food (high + low 
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energy density foods) compared with sedentary VG play, and significantly greater EI from low 

energy density food compared with recreational computer use. Furthermore, EI from soda drink 

consumption was significantly greater in the TV viewing versus recreational computer use 

condition.  

Strengths and Limitations 

To our knowledge, this was the first laboratory based study to investigate the comparative 

effects of the three most common screen-based sedentary behaviours on children’s EI. It was 

also the first study to investigate the effects of recreational computer use in boys within a 

laboratory setting. In contrast to previous laboratory based studies, which provided participants 

with only highly palatable energy dense options (210), the current study also included healthier 

options for participants, including water, and fresh fruit and vegetables.  

Several study limitations were also identified. Although laboratory conditions enabled for 

controlling of TV advertising exposure, food and drink availability, and screen exposure, in 

addition to objective measurement of EI, the setting does not accurately represent the home 

environment. As previously discussed (61), in a real-world setting boys would not necessarily 

have open access to a wide range of highly palatable, energy dense food and drink. 

Furthermore, our study did not account for the presence of other people, for example, friends, 

siblings, and parents, which may be important given that social facilitation may affect EI in 

children (214). The study also focused only on acute eating behaviours; however, previous 

studies have also investigated compensatory EI during the remainder of the day (61), and there 

is evidence to suggest that exposure to TV during a meal increases later snack intake (184). A 

dietary record would therefore have been useful to evaluate whether acute differences in EI 

due to screen exposure were sustained throughout the day or whether participants 

compensated for increased EI by eating less after the exposure. 
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Although a variety of gaming and programming options were provided, personal preferences 

may still have affected outcomes. In order to completely control for individual preferences it 

may have been necessary to ask each participant to request a particular TV show or VG which 

they knew they liked and were familiar with. In particular, the VGs provided were novel to most 

participants and they were required to learn how to play the game, which may have affected 

outcomes.  

Although TV food advertisements were removed from the programming during the exposure, 

the long-term effects of exposure to food advertisements cannot be ruled out. Similarly, these 

residual advertising effects may also be relevant for both the VG condition, due to previous 

exposure to games with dashboard advertising, product placement, and association with 

gaming brands, such as Mountain Dew and Doritos, and the recreational computer use 

condition, due to previous exposures to online advertising campaigns. Participants were also 

potentially exposed to food advertisements during the VG and computer use conditions. VGs 

were chosen that had little or no food advertising or content; however, with respect to 

recreational computer use, we were unable to completely control food content exposure. Web 

browser software was configured to remove most advertisements from websites; however, we 

were unable to remove advertisements that were incorporated into the web page (for example, 

in the form of text). Further, we could not control for food content in online games. Although 

this is an important limitation of our study design, we also believe it better represents the real-

world setting, where parents and children are unable to completely control online advertising 

exposure. Importantly, despite the potential exposure to food content and advertising during 

the computer exposure, TV was still associated with greater EI despite, even after the removal 

of all food content and advertising from the TV exposure.  
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The current study did not include a non-screen-based sedentary control. As such, although TV 

was associated with greater EI compared with the other two conditions, recreational computer 

use and sedentary VG play may still have resulted in greater EI compared with a non-screen-

based control. Finally, due to the exploratory nature of our study, all findings should be 

considered preliminary and further research is required to confirm our study results.  

Comparison with other studies 

The finding, that TV watching was associated with significantly greater EI overall compared with 

recreational computer use, is in agreement with results from a cross-sectional study (128), 

which showed a significant positive relationship between TV viewing and risk of being 

overweight, but no relationship between computer use and overweight. The trend toward 

significantly greater EI following exposure to TV viewing versus sedentary VG play was also 

consistent with results from a cross-sectional study (136). According to the study, watching TV 

was associated with an increased risk for overweight in boys, while the study failed to 

demonstrate a significant relationship between risk of overweight and playing sedentary VGs.  

Conversely, a previous laboratory study (172), which compared TV watching, sedentary VG play, 

and motion-controlled VG play on energy balance in young adults, found that overall EI did not 

differ significantly between the conditions (172). Potential reasons for the difference in 

outcomes may have been that participants in ESSAY were younger (9- to 13-year-old boys 

versus 18-35 years males and females) and a greater variety of food and drink options were 

provided (high and low energy density versus high energy density only). Furthermore, the 

authors of the previous study suggested that there was greater variability in snack intake in 

their study compared with previous studies (153, 171), and that this difference in variability may 

have reduced the power of their study (172). Finally, it is important to note that the effects of 

screens on EI have been shown to differ between normal-weight and overweight participants 
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(156), and males and females (175). As such, differences in outcomes between the current 

study and previous laboratory studies may, in part, be due to differences in inclusion criteria.  

It has been suggested that screens increase EI by distracting attention away from physiological 

signals of satiety and satiation, or diverting attention from habitual control of food intake (171, 

177, 183, 184). With respect to the distraction theory, TV watching may have increased EI 

compared with recreational computer use and, to a lesser extent, sedentary VG play due to 

narrative transportation. Narrative transportation, which refers to the feeling of being 

immersed in a story, has not only been shown to significantly increase caloric intake, but has 

also been shown to be greater while watching TV compared with playing sedentary and motion-

controlled VGs (215).  

Associative learning is another mechanism by which screen-based activities may increase intake 

of energy-dense foods (177, 191), and may explain the between-group differences in EI seen in 

our study. While watching TV during meals is a common activity in adolescents (216), pairing of 

food and VGs and computers may be less common. Firstly, both activities require the participant 

to use their hands (either for the keyboard/mouse or for the controller), while secondly, there 

may be more rules within the home with respect to using other screens and eating. Therefore, 

participants may have had a greater history of exposure to eating in front of the TV compared 

with other screens, which may have strengthened associative learning between TV and eating. 

Furthermore, exposure to TV food advertising has been shown to increase food consumption 

during acute eating episodes (156). Therefore, even in the absence of TV food advertising in the 

acute laboratory setting, habitual exposure to TV food advertising may have resulted in TV 

watching becoming a conditioned cue to eat. 

Although TV viewing and sedentary VG play have consistently been shown to be associated with 

increased intake of highly palatable, energy dense foods compared with eating without 
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distraction, such as sitting quietly in a chair (61, 153, 171, 177), the current study also showed 

that TV watching was associated with significantly greater EI from energy dense drink compared 

with sedentary VG play. This finding is consistent with previous research, which showed that TV 

watching significantly increased intake of soda, but not water or orange juice, when compared 

with eating alone, eating in a group, and eating while listening to music (176).   

Finally, compared with computer use, the change from baseline in appetite scores was 

significantly greater in the TV watching and VG play conditions. Although this finding might be 

expected for TV, given that EI was significantly greater in the TV versus computer condition, the 

difference between VG play and computer use is surprising. Disparities between EI and changes 

in appetite scores should be investigated in future studies. In particular, it should be assessed 

whether post-exposure EI differs between different screen-based media, and in turn whether 

differences in acute EI between the different screen behaviours is compensated for during the 

immediate post-exposure period. 

Implications and generalisability  

Although we found that EI was greatest in the TV watching condition, all three screen activities 

were associated with substantial EI during the 1-hour period. This may be of particular 

importance when it is considered that reducing EI by just 100 kcal/day could potentially prevent 

weight gain (217). Therefore, an intervention that could decrease daily EI by 100 kcal/day, by 

focusing on decreasing the number of eating episodes in front of screens, could potentially have 

important implications at a population level. Indeed, reduction of total sedentary time may be 

less important than the promotion of healthy screen behaviours, such as restricting eating in 

front of screens. Furthermore, changing these behaviours may be more acceptable to children 

than decreasing total screen time.  
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Importantly, the generalisability of the results from ESSAY is limited to normal-weight boys. 

Future studies will need to confirm whether similar patterns are shown in different age groups, 

girls, and overweight and obese participants, and whether outcomes are comparable in free-

living conditions. Finally, there is a scarcity of research with respect to how multi-screening 

behaviours (use of multiple screens at once) affect the relationship between screens and diet. 

This is an area which requires particular attention, given the growing prevalence of multi-

screening behaviours in youth (162, 163).  

 CONCLUSION 3.3.5

This is the first trial to our knowledge that has compared the effects of three popular screen-

based sedentary behaviours on EI in boys in a laboratory setting. Our results show that TV 

watching increases acute EI when compared with computer/internet use and, to a lesser extent, 

sedentary VG play; however, all three activities were associated with substantial EI during the 1-

hour exposure periods. Given that these behaviours are highly rewarding and play such an 

important part in the lives of today’s youth, future interventions targeting screen-based 

sedentary activities may show greater effects if they focus not on decreasing sedentary time 

overall, but instead target the associated behaviours which result in overweight, such as 

overconsumption of energy dense food and drink. 
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 MODERN SCREEN-USE CHAPTER 4.
BEHAVIOURS: THE EFFECTS OF MULTI-
SCREEN AND SINGLE-SCREEN USE ON 
ENERGY INTAKE 

 

4.1. INTRODUCTION TO PUBLICATION 

This chapter includes content from a manuscript, entitled “Modern screen-use behaviours: the 

effects of multi-screen and single-screen use on energy intake”, accepted for publication in the 

Journal of Adolescent Health (January 2015). It reports results from a second laboratory-based 

study, which compared the effects of two screen-use behaviours, single screen use (watching 

TV) and multi-screen use (watching TV + access to an iPad + access to a cell phone) on EI in 

adolescent males and females. The study was conducted after completion of the first laboratory 

study, which compared the effects of traditional screen-use behaviours on EI. To date, all 

research investigating the acute effects of screens on EI has focused on single-screen 

behaviours; however, new evidence suggests that multi-screening is a highly prevalent activity 

in adolescents. Importantly, the potential mechanism by which screens result in increased EI in 

youth, including distraction and impaired memory formation, may be compounded by the use 

of multiple screens at once. As such, this laboratory-based study was conducted to address this 

gap in the current literature. The study was undertaken to address Objective 2 of the thesis, 

which was to add to our current understanding of how screens affect EI by addressing the gaps 

identified by the first systematic review. 



 

 

 
Chapter 4: Effects of Multi- and Single-Screen Use on EI in Adolescents    86 

 

 
 

4.2. AUTHOR CONTRIBUTION 

Samantha Marsh was involved in development of the research question and study design. She 

also conducted the research and data analysis, and wrote the paper for publication.  



 

 

 
Chapter 4: Effects of Multi- and Single-Screen Use on EI in Adolescents    87 

 

 
 

4.3. MODERN SCREEN-USE BEHAVIOURS: THE EFFECTS OF 

MULTI-SCREEN AND SINGLE-SCREEN USE ON ACUTE 

ENERGY INTAKE  

 

Samantha Marsh MSca 

Cliona Ni Mhurchu PhDa 

Yannan Jiang PhDa 

Ralph Maddison PhDa 

aNational Institute for Health Innovation, University of Auckland, Private Bag 92019, Auckland 

Mail Centre, Auckland 1142, New Zealand 

Email addresses: 

sam.marsh@.auckland.ac.nz 

c.nimhurchu@auckland.ac.nz 

y.jiang@auckland.ac.nz 

r.maddison@auckland.ac.nz 

  

mailto:sam.marsh@.auckland.ac.nz
mailto:c.nimhurchu@auckland.ac.nz
mailto:y.jiang@auckland.ac.nz
mailto:r.maddison@auckland.ac.nz


 

 

 
Chapter 4: Effects of Multi- and Single-Screen Use on EI in Adolescents    88 

 

 
 

 ABSTRACT 4.3.1

Purpose: The effects of using multiple screens at once on energy intake (EI) are unknown. This 

study compared EI between participants with access to multiple screens (TV + iPad + 

Smartphone) versus a single screen (TV). 

Methods: A laboratory-based, randomised, 2-arm parallel (multi-screen versus single-screen) 

trial was conducted in 78 adolescents (13-18 years). Food and drink were available during a 1-

hour exposure period. Total EI was the primary outcome. Linear regression analyses were 

conducted to test the treatment difference, adjusting for age, sex, BMI, and appetite at 

baseline. 

Results: Total EI did not differ significantly between the two groups (multi-screen 758 kcal 

[SE=75] vs single-screen 681 kcal [SE= 75]; difference +77 kcal; 95% CI -166, +320).  

Conclusions: EI did not differ between adolescents with access to multiple screens versus access 

to a single screen; however, limitations in the study design may have decreased the power of 

the study.  

Trial Registration: ACTRN12613001287729 
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 INTRODUCTION 4.3.2

In 1985, the seminal paper “Do we fatten our children at the television set?” (47) was published, 

putting TV watching on the agenda of childhood obesity researchers and policy makers alike. 

Almost 30 years later and the link between screens (TVs, computers, VG, and cell phones) and 

childhood obesity remains a prominent issue; however, recent changes have seen the 

emergence of the modern screen environment. Screens are now more mobile, enabling 

audiences to use multiple media devices at once (multi-screening) (64, 161, 162, 218). This new 

multi-screening behaviour may affect the relationship between screens and obesity; however, 

to date, research has failed to address the implications of this new behaviour (162, 218, 219). 

Research suggests that increased EI, via either TV advertising or non-advertising effects (e.g. 

distraction), best explains the relationship between screens and overweight (152). In particular, 

multi-screening may impact on the relationship between screens and EI through the non-

advertising pathway, as multi-screening behaviours allow audiences to filter out unwanted 

content (such as advertising), and audiences can now watch video content in the absence of 

advertising, due to online streaming and time-shifted programming.   

 

It has been hypothesised that people eat more while watching TV because they are distracted 

(171, 177, 183, 184). Multi-screeners may be even more distracted, given that they must 

reallocate their attention back and forth between the different devices (220). This reallocation 

of attention may therefore lead to an even greater level of distraction than watching TV alone, 

and in turn greater EI. The effects of multi-screening on EI in youth may therefore be even larger 

than traditional screen-based behaviours due to the greater level of distraction they engender. 

Alternatively, the use of multiple screens at once may also distract attention away from other 

things in the environment, such as food.  
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In recent years, screen use has become an important target in adolescent weight loss 

interventions. However, to date it is unclear whether multi-screening increases or decreases EI 

in this age group. As such, the relationship between multi-screening and EI needs to be clarified 

in order to establish whether this new behaviour should be targeted in weight loss interventions 

with a screen-use component. We therefore conducted a laboratory study to answer this 

question. SCREEN (SCReen use - Effects on Energy iNtake) was a randomised, parallel trial 

designed to compare total EI between adolescent males and females aged 13-18 years with 

access to either a single screen or multiple screens, in the absence of TV advertising. We 

hypothesised that EI would be greater in adolescents exposed to multiple screens. 

 METHODS 4.3.3

Study Design 

SCREEN was a laboratory based randomised, 2-arm parallel trial. Eligible participants were aged 

13-18 years, male or female, healthy (no significant health conditions), normal weight (within 

the 5th percentile to less than 84th percentile), owned a cell phone, were familiar with using an 

iPad, and were able to provide written informed consent. All participants were required to be 

able to understand and adhere to the study protocol. Due to informed consent it was not 

possible to blind participants to the study question. Prior to attending the study clinic, all 

participants fasted for at least 1 hour. As this was the first study to investigate the effects of 

multi-screening on EI, the decision was made to include both male and female participants. 

Further, due to the potential for obese children to have greater susceptibility to environmental 

cues to eat (156), only normal weight participants were included. Participants with an unstable 

bodyweight within the previous 6 months (greater than 4kg change as reported by the 

participant), and known food allergies were excluded.  
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Advertisements were placed in local newspapers and on community noticeboards throughout 

the Auckland area (population 1.4 million), and online recruitment was conducted through a 

New Zealand (NZ)-based research participant recruitment site. The study took place at the 

University of Auckland, NZ between November 2013 and February 2014. The study was 

conducted in accordance with the Declaration of Helsinki and received approval from the 

University of Auckland Human Participants Ethics Committee (reference number 010696). 

Written informed consent was obtained from all participants and from the parent/caregiver of 

participants aged less than 16 years.  

Study Procedure 

Participants arrived at the study clinic within 1 hour of finishing school and written informed 

consent was obtained. Height and weight were measured according to standard procedures to 

confirm eligibility, after which participants were randomised at a 1:1 ratio to the two groups, 

using a computer-generated randomisation list. Allocation concealment was maintained up to 

the point of randomisation, using concealed envelopes. The random allocation sequence was 

generated by the biostatistician, while the researcher enrolled participants and assigned 

participants to the experimental groups. Due to the nature of the intervention, participants 

were not blinded during the study. After randomisation, participants completed a baseline 

questionnaire, which assessed the home-screen environment and their screen-use habits, 

followed by a pen and paper pre-exposure questionnaire, which assessed hunger, satiety, and 

prospective food consumption.  

Two study rooms were set up identically to resemble a home setting, and included a Samsung 

32” LCD TV on a TV stand, an arm chair placed 2m away from the TV, and a coffee table 

between the TV and the armchair. Pre-weighed food and drink were placed on a nearby table 

(Table 1). The multi-screen group had access to an iPad that connected to the internet. 

Participants were shown how to operate the TV via a remote control, which enabled them to 
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control the programme menu so they could pick shows they wanted to watch. A number of 

popular TV shows for males and females aged 13-18 years were made available, including 

recent episodes of Modern Family, Man vs Wild, The Big Bang Theory, and Glee. All 

advertisements were removed from the programming and particular shows were chosen that 

had little or no food content. The TV programmes were transferred to a USB storage device and 

could be accessed via the TV using a remote control. Participants in the multi-screen group also 

had access to their cell phone and were encouraged to bring in their own iPad/tablet computer.   

Participants were told they could eat and drink as much or as little as they wanted during the 

experimental condition and were then left alone in the room for an hour. A researcher 

remained outside the room to answer any participant questions or deal with any technical 

issues. The researcher then re-entered the room after 1 hour and asked the participant to 

complete a post-intervention questionnaire. Once the participant was shown out of the room, 

the investigator measured and weighed the remaining drink and food.  

Experimental Meals 

All participants had access to an identical ad libitum meal during the exposure, which consisted 

of a variety of food and drinks popular among NZ children (211). The food and drink were 

chosen to provide a range of energy densities, and were divided into categories according to 

previously reported age- and gender-specific energy density thresholds (low energy density <1.6 

kcal/g and high energy density >2.0 kcal/g) (212) (Table 8). 
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Table 8: Food provided to participants 

Food and drink Energy content (kcal/g 
or kcal/mL) 

Amount available (g or 
mL) 

Energy content 
available (kcal) 

High Energy Density: 
   Potato chips 
   Popcorn 
   M & M’s 
   Coke 

 
5.11 
4.61 
4.89 
0.43 

 
150 
150 
200 
355 

 
766.5 
691.5 

978 
152.7 

Low Energy Density: 
   Apple 
   Yogurt 
   Coke Zero 
   Bottled water 

 
0.53 
0.88 

0 
0 

 
260 
250 
355 
500 

 
137.8 

220 
0 
0 

  

Measurements 

Baseline data: Bodyweight (kg) was measured to the nearest 0.1kg using calibrated 

measurement scales (Tanita, UM-070, Illinois, US), and height (m) was measured to the nearest 

0.1cm using a stadiometer (Seca, 214, Hamburg, Germany). A web-based baseline questionnaire 

was used to assess participants’ usual screen-use habits, their home-screen environment, and 

their attitudes towards screen. Due to the lack of a validated questionnaire to assess screen-use 

behaviors we adapted our baseline questionnaire from a previous US survey (83). 

Primary outcome: The primary endpoint was total EI (kcal) during the 1-hour exposure. Food 

was weighed and volume of drink measured before and after the exposure period. EI was 

calculated by multiplying the grams/mL consumed by the energy density (kcal/g or kcal/mL) for 

the different food and drink types. Energy densities were obtained from food label Nutrition 

Information Panels for packaged foods or from standardised food composition data (FOODfiles) 

for unpackaged foods (e.g. apples). 

Secondary outcomes: EIs for total food, drink, and high/low energy density foods were 

assessed. Appetite was assessed using the following equation (171): Appetite score (mm) = 

[hunger + prospective food consumption (PFC) + desire to eat + (100-fullness)/4], with desire to 
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eat calculated as the mean of the following three domains: (1) desire to eat something salty, (2) 

desire to eat something fatty, and (3) desire to eat something sweet. For PFC, participants were 

asked “How much do you think you can eat” (0 = nothing at all, 100 = a lot). Hunger, satiety, 

fullness, PFC, and desire to eat were assessed using visual analogue scales (VAS), which have 

been shown to be reproducible and valid measures of appetite (213, 221), although their 

validity has not been assessed in adolescents. 

Statistical analysis 

The sample size calculation was based on data from a previous study that compared sedentary 

VG play with a resting condition (61). It was estimated that a sample size of 78 participants 

would provide 80% power at the 5% level of significance to detect a minimal group difference of 

100 kcal in EI, assuming a standard deviation of 61.7 kcal. A difference of 100 kcal was 

considered clinically relevant as it has been proposed that decreasing EI by 100 kcal/day in the 

long term could prevent weight gain (217).  

Treatment evaluation was performed on the principle of intention to treat. Statistical analyses 

were performed using IBM SPSS Statistics 20. All statistical tests were two-sided at a 5% 

significance level. For descriptive information, continuous variables were summarised as mean 

and standard deviation (SD), and categorical variables were presented as frequencies (n) and 

percentages (%). 

Linear regression analyses were conducted to evaluate the treatment difference on primary and 

secondary outcomes between the two experimental conditions, adjusting for age, BMI, sex, and 

appetite at baseline.  
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 RESULTS 4.3.4

Participant characteristics 

A total of 78 participants were randomised and completed the study (Figure 4). Table 9 presents 

demographic characteristics of the included participants. Overall, participants had a mean age 

of 15.1 years, BMI of 20.25 kg/m2, and 62% were female. Self-reported mean total screen time 

on a typical school day was 4.7 hours, with only 9 participants (12%) meeting the NZ 

recommendation of <2 hours per day. Within the home environment, participants reported a 

mean number of total screens per household of 14.5, with 1 screen on average in their 

bedroom. Multi-screening behaviours were common, with 87%, 86%, and 38% of participants 

reporting regular use of multiple screens while watching TV, using a computer, and playing VG, 

respectively. The majority of participants were NZ European (73%). 

Of the 39 participants randomised to the multi-screening group, 14 used the TV + cell phone, 10 

used the TV + cell phone + iPad, 8 used the TV + iPad, and 7 did not engage in multi-screening 

behaviours (TV only) during the experimental condition. 

Primary Outcome 

Total EI from food and drink did not differ significantly between participants in the multi- and 

single-screen groups (758 [75] vs 681 [SE 75]; between-group difference +77; 95% CI -166, 

+320). EIs for the two groups are present in Table 10. 

Secondary Outcomes 

Energy Intake: When broken down into food and drink, and high and low energy density, EI did 

not differ significantly between the two conditions.  

Appetite: Changes from baseline in appetite scores did not differ significantly from baseline 

between the multi- and single-screen groups (-1.0; 95% CI -7.0, +5.0).  



 

 

 
Chapter 4: Effects of Multi- and Single-Screen Use on EI in Adolescents    96 

 

 
 

 

Figure 4: Flow diagram of progress of participants through the phases of the study. 
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Table 9: Descriptive Summary of Participants at Baseline  

  Single-screen group 
(n=39) 

Multi-screen group 
(n=39) 

Demographics: 
   Age, years 
   Sex (n, %): 
      Female 
      Male 
   BMI, kg/m

2 

   Ethnicity (n, %): 
      NZ European 
      Maori 
      Samoan 
      Tongan 
      Chinese 
      Indian 
      Other 

 

15.08 ± 0.26 

 
24 (61.5) 
15 (38.5) 

20.46 ± 0.37 

 
28 (71.79) 

1 (2.56) 
1 (2.56) 
1 (2.56) 
2 (5.13) 
2 (5.13) 

4 (10.26) 

 

15.28 ± 0.25 

 
24 (61.5) 
15 (38.5) 

20.04 ± 0.37 

 
29 (74.36) 

0 
0 

2 (5.13) 
4 (10.26) 

1 (2.56) 
3 (7.69) 

Appetite: 
    Appetite scores at baseline 

 
56 (10.30) 

 
53 (10.96) 

Daily screen time: 
   Total screen time, min 
   TV, min 
   VG, min 
   Computer, min 
   iPad/other tablet device, min 
   Proportion meeting screen recommendation (n, %)* 

 

324.23 ± 34.87 

98.08 ± 17.72 

34.36 ± 9.89 

138.72 ± 19.46 

53.08 ± 16.80 

4 (10.3) 

 

240.51 ± 20.75 

78.72 ± 10.30 

19.74 ± 5.57 

119.74 ± 16.23 

22.31 ± 10.01 

5 (12.8) 
Home screen environment: 
   No. of screens at home 
   No. of screens in bedroom 
   TV usually on at home even if it is not being watched (n, 
%): 
      Yes 
      No 
   TV on during ≥1 meal per day (n, %): 
      Yes 
      No    

 

14.21 ± 0.62 

0.92 ± 0.13 

 
14 (35.9) 
25 (64.1) 

 
28 (71.8) 
11 (28.2) 

 

14.74 ± 0.79 

1 ± 0.14 

 
16 (41.0) 
23 (59.0) 

 
34 (87.2) 

5 (12.8) 

Screen-Use Behaviours: 
   Regularly use screens during the hour before bed (n, %): 
      TV 
      VG 
      Computer 
      Cell phone 
   Use multiple screens (n, %): 
      While watching TV 
      While playing VG 
      While using a computer 

 
 

32 (82.1) 
7 (17.9) 

12 (30.8) 
31 (79.5) 

 
32 (82.1) 
16 (41.0) 
35 (89.7) 

 
 

34 (87.2) 
6 (15.4) 

12 (30.8) 
29 (74.4) 

 
36 (92.3) 
14 (35.9) 
32 (82.1) 

*<2 hours per day. 
Unless otherwise stated, all values are presented as mean ± SD 
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Table 10: Estimated treatment effects after 1-hour exposurea 

 
EI, kcal Single-screen 

group (n=39) 
Multi-screen 
group (n=39) 

Estimated effect size (multi-screen group – single 
screen group) 

 Estimate (SE) Estimate (SE) Difference in means 
(SE) 

95% CI P value 

Total EI 
EI from food: 
   All energy densities 
   High energy density 
   Low energy density 
EI from drink 
Appetite (post 
exposure) 

681 (75) 
 
632 (72) 
530 (71) 
102 (19) 
50 (11) 
37 (2) 

758 (75) 
 
704 (72) 
614 (71) 
90 (19) 
54 (11) 
36 (2) 

+77 (122) 
 
+73 (116) 
+84 (114) 
-11 (30) 
+4 (18) 
-1 (3) 
 

-166, +320 
 
-158, +304 
-144, +312 
-72, +49 
-32, +41 
-7, +5 

0.528 
 
0.532 
0.464 
0.710 
0.813 
0.735 

a
Analysis adjusting for age, BMI, sex, and appetite at baseline 

 

 DISCUSSION 4.3.5

Main Findings 

The purpose of this RCT was to compare acute EI in adolescents with access to multiple screens 

(iPad + cell phone + TV) versus those with access to a single screen (TV) during a 1-hour 

experimental condition. We did not show a significant difference in EI between the two groups; 

however, this null finding may in part have been due to issues with our study design. 

Strengths and Limitations 

To the best of our knowledge, this is the first laboratory-based study to investigate the effects 

of multi-screen access on acute EI. Multi-screening behaviours are becoming increasingly 

prevalent among youth, as evidenced by findings from our baseline questionnaire and 

international data (83). As such, the current research was timely and provides a starting point 

for future research in this quickly emerging area. In an attempt to address methodological 

limitations of previous laboratory studies that investigated the effects of screen-based media on 

EI, including limited variety of food and programme choices (210), we provided participants with 

a variety of food/drink and TV programming options in order to overcome differences in 
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individual participant preferences. We also attempted to simulate the home environment as 

closely as possible, in order to help the participant relax within a laboratory setting.  

 

However, we also identified a number of important study limitations. Perhaps most notably, we 

did not control the exposure level in the multi-screen group. Although we asked participants to 

report whether they used multiple screens during the experiment, we did not measure the 

extent to which multi-screening behaviours were engaged in (i.e. did they multi-screen for the 

entire hour or just a few minutes). The study was designed as such to best approximate the real-

world environment, that is, participants were asked to use the screens according to how they 

would use them at home. Consequently, participants were not required to use multiple screens 

but had the opportunity to use them if they desired. Therefore, our study design did not enable 

us to compare differences in EI between multi-screening and single-screen use behaviours per 

se, but more how EI differed between adolescents who had ‘access’ to multiple screens versus 

those with ‘access’ to only one screen.  

 

Given this limitation, it is possible that the lack of compliance in the multi-screen group (7/39 

participants only used one screen), and variability in the amount and level of multi-screen 

exposure (i.e. some participants used one screen, some two, and others three), may have 

decreased the study power. This limitation may have contributed to the null results of the 

research, and further, our interpretation of the study results were considered in light of this 

limitation. On a related note, we also did not include a measure of distraction, and it is 

therefore impossible to conclude whether multi-screening participants were more or less 

distracted than the single-screen participants.  
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Another limitation was the difficultly of recreating a naturalistic media multi-screening 

environment outside of the home. Although participants were encouraged to bring their own 

tablet computer, most of them used the iPad provided. This may have inhibited their ability to 

multi-screen in the same way or to the same extent that they would in their own environment, 

for example, where they have access to their downloaded apps and games. Participants were, 

however, provided with wireless internet access, and could therefore access social media and 

online gaming sites via either the iPad or their personal cell phone. It should also be noted that 

although we removed advertising and food-related content from the TV advertising, 

participants may still have been exposed to online food advertising.  

 

Participants were required to complete the study in a room by themselves, which may have 

compromised the generalisability of our findings given that youth often consume screen-based 

media within a social context, for example, with other family members or friends (220), and that 

social facilitation has been shown to influence children’s EI (214). Finally, we also identified a 

number of study limitations that were primarily due to the exploratory nature of our research. 

For example, we decided to include both male and female participants, although there is 

preliminary evidence to suggest a more complex relationship in females with respect to screen 

exposure and EI (175). Further, we only included normal weight participants, as obese children 

may be more susceptible to environmental cues to eat (156), and we did not control for Tanner 

stage, health status, or the heterogeneity of the sample. This is a major limitation, as 

susceptibility to overeat or undereat in the presence of multiple devices may differ between 

individuals or groups of individuals. For example, both bodyweight status (156) and sex (175) 

have been shown to affect the relationship between screens and EI.   
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Ultimately, this study proved to be an exercise in study design, and future research into the 

effects of multi-screening will need to address the reported methodological limitations. In 

particular, a number of study design modifications should be made: (1) participants should be 

observed directly (e.g. video recording) thus providing a measure of exposure, (2) steps should 

be taken to ensure that participants in the multi-screening group use multiple screens for the 

duration of the exposure, and (3) a measure of distraction should be included. These 

modifications would help researchers better establish the actual effect of multi-screening 

activities on EI (by measuring the level and extent of exposure), and would provide additional 

information that would aid interpretation of the study findings. In addition, research will need 

to establish what level of multi-screening is harmful, and whether particular media devices are 

more harmful than others. As such, our results should be considered preliminary, and future 

research is needed to address the above limitations.  

Comparison with other studies 

A number of studies have been conducted to investigate the effects of different screen-based 

sedentary behaviours on EI in youth, with the majority of these studies showing that screen 

exposures increase EI when compared with non-screen based behaviours (210). Several 

mechanisms have been proposed to explain the demonstrated link between screens and 

increased EI, including associative learning (i.e. the repeated pairing of screens and snacking 

behaviours) (177, 191), distraction and attention allocation (171, 177, 183, 184), and impaired 

memory formation (184) (179) (174). In particular, the latter two mechanisms may be of 

particular importance when attempting to explain how multi-screening may impact on EI. 

 

In 1971 Herbert Simon (222) stated that “…a wealth of information creates a poverty of 

attention and a need to allocate that attention efficiently among the overabundance of 

information sources that might consume it” (1971 pp. 40–41). This concept of attention poverty 
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or attention scarcity in an information-saturated environment may be even more relevant today 

than it was in 1971. In order to multi-screen, individuals have to continuously reallocate their 

attention back and forth between secondary (and even tertiary) screen-based devices (220), 

potentially creating a deficit in attention leading to even less attention being given to things in 

the environment outside of the screens, such as food, in turn leading to either overeating or 

undereating.  

 

Similarly, impaired memory formation may also play an important role in explaining how multi-

screening behaviours impact on EI. While research into the cognitive effects of multi-screening 

is in its infancy, it has recently been shown that, within the acute setting, media multitasking 

impacts on memory. For example, studies investigating the effects of screen exposures within 

the learning environment show that watching TV during homework (223) or using a laptop 

during a lecture (224) impair memory for the TV and lecture content. Extrapolating findings 

from the media multitasking studies, exposure to multiple screens at once may impair memory 

to a greater extent than exposure to a single screen, resulting in greater consumption of energy 

from food and drink due to a reduced ability to remember what has already been consumed.  

Implications 

This exploratory research introduces the concept of multi-screening to the field of screen use 

and obesity, and highlights important methodological limitations and research questions that 

need to be addressed in future research. Although we were unable to show a significant 

difference in EI between participants with access to multiple screens versus a single screen, a 

difference in EI of 77 kcal over 1 hour is important and highlights the need to explore further 

how multi-screening affects EI. Further, both exposures were associated with substantial EI 

during the 1-hour period; however, it is difficult to establish whether total EI was the result of 

the experimental condition (i.e. participants sitting in a room with access to a large amount of 
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food and drink) or a true exposure effect. As such, future research will need to establish EI in 

the presence of screens within the real-world setting before the importance of total EI during 

the experimental conditions can be confirmed.  

While a relatively new behaviour, multi-screening is becoming increasingly pervasive and 

represents the evolution of traditional media (225). As such, the effects of this behaviour on EI 

and a number of other outcomes, including sleep, depression, and cognitive performance need 

to be assessed. Future research focussed on the effects of multi-screening will therefore need 

to be conducted in a number of fields, including public health, social sciences, psychology, and 

education.  

 CONCLUSION 4.3.6

We found that adolescents with access to multiple screens consumed a similar amount of 

energy from food and drink as adolescents with access to a single screen (watching TV). A 

number of important study limitations were identified, however, which may have decreased the 

power of our research. Future studies will need to address these limitations, in particular 

controlling for/measuring level of exposure in the multi-screen group, in order to better 

establish the impact of multi-screening on EI. Further, given the growing popularity of multi-

screening behaviours, public health, psychology, and education researchers may need to 

investigate the effects of this new behaviour on other outcomes in childhood and adolescence.
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 FAMILY-BASED INTERVENTIONS CHAPTER 5.
FOR REDUCING SCREEN TIME: A 
SYSTEMATIC REVIEW 

5.1. INTRODUCTION TO PUBLICATION 

The second section of this thesis (Chapters 5 and 6) is concerned with investigating the 

importance of the home-screen environment and the family in determining screen-use 

behaviours in youth. This chapter (Chapter 5) includes content from a manuscript, entitled 

“Family-Based Interventions for Reducing Sedentary Time in Youth: A Systematic Review of 

Randomised Controlled Trials”, which was published in Obesity Reviews (Volume 15 [5], 

February 2014, Pages 117-133). It presents results from a systematic review of family and/or 

home-based screen-time interventions in children. The review was undertaken to address 

Objective 3 of the thesis, which was to review the role of the family and home environment in 

interventions aimed at decreasing screen time in children and adolescents. 

5.2. AUTHOR CONTRIBUTION 

Samantha Marsh was involved in developing the research question, search strategy, selecting 

the papers, and extracting the data. She also collated the information and wrote the paper for 

publication. 
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 ABSTRACT 5.3.1

Family involvement in interventions to reduce sedentary time may help foster appropriate long-

term screen-based habits in children. This review systematically synthesised evidence from RCTs 

of interventions with a family component that targeted reduction of sedentary time, including 

TV viewing, VGs, and computer use, in children.  

MEDLINE, PubMed, PsychInfo, CINAHL, and Embase were searched from inception through 

March 2012. Seventeen articles were considered eligible and included in the review. 

Studies were judged to be at low to moderate risk of bias. Despite inconsistent study results, 

level of parental involvement, rather than the setting itself, appeared an important determinant 

of intervention success. Studies including a parental component of medium-to-high intensity 

were consistently associated with statistically significant changes in sedentary behaviours. 

Participant age was also identified as a determinant of intervention outcomes; all three studies 

conducted in pre-school children demonstrated significant decreases in sedentary time. Finally, 

TV exposure appeared to be related to changes in EI, rather than physical activity.  

Future studies should assess the effects of greater parental involvement and child age on 

success of sedentary behaviour interventions. More research is required to better understand 

the relationship between screen time and health behaviours, in particular EI.  
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 INTRODUCTION 5.3.2

Screen-based technologies play a significant role in children’s lives. They are a highly engaging 

source of entertainment and have become a tool for forming and maintaining social 

connections (226). In recent decades children’s accessibility to screen-based activities, including 

TV, VGs, and computers/internet, has increased at an unprecedented rate, resulting in greater 

amounts of daily time spent being sedentary (137, 227). Sedentary screen time, which refers to 

a sub-set of sedentary activities, now accounts for a substantial proportion of total daily 

sedentary time in children (228). This issue of sedentariness, or more specifically screen time, is 

emerging as an important public health concern. 

Time spent engaged in sedentary activities has been associated with a number of adverse health 

and social outcomes, including overweight and obesity (54-56, 84). This is particularly 

concerning given that young children and adolescents have been reported to engage in 

sedentary behaviours for between 6-9 (229, 230) and 5-8 hours/day (231, 232), respectively. As 

such, decreasing sedentary time is now advocated in tandem with traditional recommendations 

to increase physical activity in children.  

The effectiveness of interventions aimed at decreasing either total sedentary time or screen-

based sedentary time in children have been assessed in a number of systematic reviews (96-

103). According to Steeves et al. (103), the most effective strategies for decreasing screen time 

in children involve using tools other than just behaviour modification techniques, such as a TV 

allowance device, and focusing exclusively on screen-based behaviours rather than diluting the 

message with other health-related behaviours. Alternatively, a review that focused on schools 

and the general population reported no differences in the effectiveness of single and multiple 

health behaviour interventions (101); however, interventions that targeted both the child and 

the family were highlighted as being particularly effective. Similarly, in a review that focused on 
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reducing screen time in young children (100), tools used in the home environment, including 

electronic TV monitors and contingent feedback systems, and high level of parental 

involvement, where identified as successful strategies for reducing screen time. Yet, despite the 

somewhat positive findings from these systematic reviews, a recent meta-analysis failed to 

demonstrate any evidence for the effectiveness of sedentary behaviour interventions in 

children, with respect to either BMI or screen time (102). Therefore, despite a seemingly large 

number of reviews and meta-analyses already conducted in this relatively new field, findings are 

conflicting and the distillation of factors associated with successful interventions remain elusive. 

It has been proposed that in order to effectively decrease sedentary behaviours, in particular 

screen time, variables that influence these behaviours first need to be identified and then 

suitably targeted (233). According to a systematic review designed to identify correlates of 

specific energy balance-related behaviours, factors in the home environment, including parental 

rules and number of TVs in the household, were found to be significantly correlated with screen 

time (234). TV viewing habits of the family (235) and concurrent consumption of meals while 

watching TV (236) have also been identified as important factors influencing children’s screen 

time. According to a qualitative study designed to explore how the home environment 

influences children’s electronic-based sedentary behaviours, a number of factors were 

identified, including sibling and parent modelling and reinforcement, personal cognitions, the 

physical environment, and rules and restrictions (233). Yet perhaps the most important finding 

was that parents were unconcerned about their children’s excessive exposure to electronic 

media, which the authors proposed as a major barrier to modifying screen time in children. It 

was therefore proposed that to effectively target sedentary behaviours in intervention studies, 

efforts should be directed towards influencing modifiable factors of the home environment 

(233).          
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Indeed, family-based behavioural interventions have been cited as among the most successful 

for addressing childhood obesity (237, 238). The family plays a highly influential role in 

establishment of childhood obesity (238), and parents are integral in the development of their 

child’s eating and physical activity behaviours (239-241). The family system may therefore be a 

major factor influencing engagement in health-promoting activities. By involving the family, 

changes may be promoted in both the child and other family members, which may help create a 

more supportive social milieu for the child (237). Targeting family involvement may also make 

sense at a practical level, particularly in younger children where it is often the caregiver and not 

the child who makes decisions related to healthy lifestyle choices (242). Disregard for the 

importance of family involvement may undermine the ability of interventions to produce 

meaningful behavioural change in children (243). 

With respect to sedentary behaviour interventions, it has been proposed that involvement of 

parents may be more important than the intervention setting itself (96). Screen-based 

sedentary activities are highly engaging and rewarding behaviours, and as such it may not be 

suitable or sensible to place the burden of reducing these activities wholly on the child. Given 

that the majority of screen-based media is consumed in the home, and that several 

interpersonal and physical environment factors within the home have been associated with 

screen time among youth (235, 244), there is reason to believe that interventions that include 

parents/caregivers as agents of change may be more effective than interventions that ignore 

their role and focus solely on the child (238). As such, interventions that foster appropriate 

screen-time and sedentary behaviour habits in the long term may require some level of family 

involvement. 

Although a number of systematic reviews have looked at the effectiveness of sedentary 

behaviour interventions at decreasing sedentary time and/or BMI (96-103), or the effectiveness 
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of family/home-based interventions at addressing paediatric overweight (238, 242), no review 

has specifically investigated the effectiveness of family-based interventions at decreasing 

sedentary time. Given the importance of the family system in health-promoting activities, and 

that factors in the home environment are important correlates of children’s sedentary time, it is 

important to evaluate the effectiveness of family-based interventions on sedentary behaviours. 

This work was undertaken to systematically review and synthesise family-based interventions 

with a sedentary behaviour component designed to decrease children’s sedentary time. The 

primary aim was to examine the effectiveness of these interventions with respect to decreasing 

sedentary time, and the secondary aim was to investigate whether level of family 

involvement/engagement affects this outcome.  

 METHODS 5.3.3

Eligibility criteria 

Eligible studies included RCTs of family-based interventions in children aged 2-18 years 

reporting change in sedentary time as an outcome. Family-based interventions were defined as 

those involving at least one parent/caregiver and at least one child. Active involvement of a 

parent was required. Active involvement required contact between the intervention team and 

the parent/caregiver via telephone, counselling, or group sessions, or use of a TV-monitoring 

device in the home, which required parental monitoring and therefore participation. Sending 

newsletters and/or toolkits home was considered passive, and therefore did not meet the 

eligibility criteria of the review. Trials that included a voluntary family component, whereby the 

parent/caregiver could choose whether or not to participate, were also excluded from the 

review. There were no restrictions on bodyweight status, intervention setting, publication date 

(up to March 2012) or publication status. Every study reporting sedentary time as an outcome 

was considered for the analysis.  
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Restrictions were placed on the comparison groups of included trials. The following control 

groups were permitted: no intervention, wait-list control, and treatment-as-usual control, which 

involved standard advice about diet and exercise. Studies were excluded if the authors felt the 

comparison group was actually an intervention, for example, if a study compared the effects of 

increasing physical activity versus decreasing sedentary activity, or if one arm focused on the 

child while the other focused on a parent.  

The primary outcome measure of interest was the change from baseline in sedentary time. We 

permitted any description of sedentary time, including total sedentary time, targeted and non-

targeted (for example, reading and listening to music) sedentary time, sedentary screen time, 

and video and TV use. Secondary outcome measures included: (1) physical activity level, (2) 

body composition, including BMI, waist circumference, body fat, and bodyweight, and (3) 

energy/food intake, including vegetable and fruit intake, snack intake, and calories consumed. 

Search strategy 

MEDLINE, PubMed, PsychInfo, CINAHL, and Embase were searched from inception through 13 

March 2012. Reference lists of selected studies and reviews were searched for additional trials, 

and authors were contacted for any additional unpublished information. The searches were 

limited to human studies and English language articles. Full details of the MEDLINE search 

strategy are shown in Table 11. 

Study selection 

For all retrieved studies, the citations and abstracts were downloaded to EndNote X5 and all 

duplicates removed. The search results were then screened in an unblinded manner by three 

authors, with titles and abstracts divided equally into three batches. Uncertainty of inclusion 

was resolved by consensus with the other authors. Full-text articles were retrieved if the 

information provided in the title, abstract, and descriptors/MeSH headings appeared to meet 
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the inclusion criteria of the review or if there was any uncertainty about eligibility. The retrieved 

full-text articles were then scanned by two independent authors in an unblinded manner. 

Differences between reviewers were resolved by discussion and a consensus was reached. Data 

were then extracted using a data extraction sheet. 

Table 11: Search Strategy: MEDLINE (OVID) 

Search Search Term Combination 

1 Television/ or Video Games/ or Computers/ or Internet/ or 
Cellular phone/ or Sedentary Lifestyle/or Internet/  

 

2 Television.tw.  
3 video gam*.tw.  
4 computer gam*.tw.  
5 Active Video Gam*.tw.  
6 Active Gam*.tw.  
7 Exergam*.tw.  
8 Exertainment.tw  
9 Screen-Time.tw.  
10 (Screen Based OR Screen-Based).tw.  
11 Sedentary Behavio*.tw.  
12 Sedentar*.tw.  
13 sitting.tw.  
14 low energy expenditure.tw.  
15 ((Chair or Sitting or Screen or Computer) adj Time).tw.  
16 ((Television adj Watch*) or TV Watch*).tw.  
17  or/1-16 
18 Intervention Studies/  
19 intervention.tw.  
20  18 or 19 
21 Family/ or Family Health/  
22 family.tw.  
23 parent.tw.  
24 ((home adj5 based) or home-based).tw.  
25 ((family adj5 based) or family-based).tw.  
26 ((family adj5 cent*) or family-cent*).tw.  
27  or/21-26 
28  20 and 27 
29  17 and 28 
30  limit 29 to "all 

child (0 to 18 
years)" 
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Data collection process 

For each included trial, two authors extracted the following data using a standardised extraction 

form that was informed by PRISMA (Transparent Reporting of Systematic Reviews and Meta-

analyses) (168) and the Cochrane Handbook for Systematic Reviews of Interventions (245): (1) 

characteristics of trial participants (number of participants, age range, mean age, bodyweight 

status, and disease status), (2) type of intervention (including specific details of the intervention, 

setting, level of family involvement, and study duration), (3) type of comparison group, (4) type 

of outcome measures (including a time-bound measure of sedentary time [primary outcome], 

and body composition, physical activity levels, and dietary intake [secondary outcomes]), and 

(5) details of the study (date of publication, study acronym, unit of randomisation). During data 

extraction, the reviewers also assessed whether the study authors reported the following: an 

adequate randomisation process, allocation concealment, whether outcomes were assessor 

blinded, attrition rate, and whether an intention-to-treat (ITT) analysis was conducted. 

Disagreements were resolved by discussion.  

Data items 

Sedentary time could be reported as total sedentary time, targeted and non-targeted sedentary 

time, sedentary screen time, or video/TV use; however, it was required to be a time-bound 

outcome that could be converted to minutes per day. As sedentary time was the outcome of 

interest, studies reporting response rates, for example proportion of subjects who watched less 

than 2 hours per week of TV, were excluded. Where there was ambiguity regarding actual age 

range, studies were included if the mean age of participants was within the pre-specified age 

range of 2-18 years. Level of parental involvement was assessed subjectively by the authors, 

and all studies were assigned a rating of low, medium, or high. Studies that involved 

parents/caregivers in a purely administrative role, for example monitoring of device 

implementation, were considered to have low parental involvement. Studies that required 
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parents to be involved in more than just an administrative capacity, for example attendance of 

meetings/education sessions, were considered to have medium parental involvement. For a 

study to be assigned a parental involvement rating of high, parents were required to be 

central/key to the intervention and involved in all aspects of the intervention process.   

Risk of bias assessment 

To determine the validity of included trials, study quality was assessed according to how the 

studies had minimised risk of bias and error in their methods (Table 12). The Cochrane 

Handbook (245) was used to assess risk of bias for the following domains: selection bias, 

performance/detection bias, attrition bias, and reporting bias. A judgement of High Risk, Low 

Risk, or Unclear Risk could be given, with Unclear Risk assigned when there was lack of 

information or uncertainty over the potential for bias.  
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Table 12: Risk of bias summary of included studies 

SETTING SELECTION BIAS PERFORMANCE/ 
DETECTION BIAS 

ATTRITION BIAS REPORTING BIAS 

 
Random sequence generation Allocation Concealment 

Blinding of outcome 
assessment 

Attrition Selective reporting 

Home Cochrane 
judgment 

Supporting 
evidence 

Cochrane 
judgment 

Supporting 
evidence 

Cochrane 
judgment 

Supporting 
evidence 

Cochrane 
judgment 

Supporting 
evidence 

Cochrane 
judgment 

Supporting 
evidence 

Epstein et al. 
2008(246)  

Low Random number 
generator 

Low Randomised by 
statistician  

Low Objective 
measure, 
therefore 
unlikely to be 
influenced by 
lack of blinding 

Low Missing 
outcome data 
balanced 
between groups 

Unclear Insufficient 
information 

Faith et al. 
2001(111) 

Low Computer 
pseudo-random 
number 
generator  

Unclear Method not 
reported 

Low Objective 
measure, 
therefore 
unlikely to be 
influenced by 
lack of blinding 

Low Reason for 
missing outcome 
data unlikely to 
be related to 
true outcome 

Unclear Insufficient 
information 

French et al. 
2011(112) 

Unclear Stated as 
randomised but 
details of 
method used not 
provided 

Unclear Method not 
reported 

High Self-report Low 96% retention at 
12 months 

Low Appears that all 
expected 
outcomes were 
reported 

Goldfield et al. 
2006(113) 

Low Computer-
generated 
randomisation 
sequence 

Unclear Method not 
reported 

High Outcomes, other 
than activity, 
assessed by staff 
blinded to group 
assignment; 
however, SB 
self-reported by 
child  

Low Full sample 
completed the 
study 

Low Appears that all 
expected 
outcomes were 
reported 
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Maloney et 
al.2008(247) 

Unclear Stated as 
randomised but 
details of 
method used not 
provided 

Unclear Method not 
reported 

High Self-report Low 90% retention at 
week 28 

Low Appears that all 
expected 
outcomes were 
reported 

Maddison et al. 
2011(114) 

Low Computerised 
central system 

Low Allocation 
concealment up 
to the point of 
randomization 
was maintained 

High Self-report Unclear Insufficient 
reporting of 
attrition to 
permit 
judgement 

Low The study 
protocol is 
available and all 
outcomes 
reported 

Ni Mhurchu et 
al. 2009(116) 

Low Central web-
based electronic 
service 

Unclear Method not 
reported 

High Self-report Low Follow-up data 
available for 
93% of 
participants 

Low Appears that all 
expected 
outcomes were 
reported 

Roemmich et al. 
2004(120) 

Unclear Stated as 
randomised but 
details of 
method used not 
provided 

Unclear Method not 
reported 

High Self-report Low Missing data has 
been imputed 
using 
appropriate 
methods 

Unclear Insufficient 
information 

Community           

Escobar-Chaves 
et al. 2010(248) 

Unclear Stated as 
randomised but 
details of 
method used not 
provided 

Unclear Method not 
reported 

High Reported by 
parent 

Low Attrition 
balanced equally 
between groups 

Low Appears that all 
expected 
outcomes were 
reported 

Nemet et al. 
2008(115) 

Low Computerised 
random number 
generator used 

Unclear Method not 
reported 

Unclear Details not 
provided 

Low All participants 
completed 
follow-up 

Low Appears that all 
expected 
outcomes were 
reported 

Sacher et al. 
2010(249) 

Low Random 
permitted block 
design used 

Low Conducted by 
independent 
researcher 

High Self-report (child 
and parent)  

Low All families 
completed the 
intensive phase 
of the 
intervention 

Low Appears that all 
expected 
outcomes were 
reported 
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Primary Care 

Patrick et al. 
2006(117) 

Low Simple 
randomisation 
by computer 

Unclear Method not 
reported 

High Self-report Low Analyses 
conducted 
under ITT 
assumption by 
replacing 
missing values 
with the most 
recent available 
(6 months or 
baseline)  

Low The study 
protocol is 
available and all 
pre-specified 
outcomes have 
been reported  

Taveras et al. 
2001(250) 

Low Computerised 
random number 
generator used 

Unclear Method not 
reported 

High Self-report Low ITT analyses 
used 

Low The study 
protocol is 
available and all 
pre-specified 
outcomes have 
been reported 

School 

Dennison et al. 
2004(251)  

Low Random 
permutations of 
the numbers 1 
and 2 

Unclear Method not 
reported 

High Reported by 
parent 

Low Follow-up was 
similar between 
groups, with no 
evidence that 
dropouts may 
have biased 
outcomes 

Low Appears that all 
expected 
outcomes were 
reported 

Puder et al. 
2011(252) 

Low Opaque 
envelopes used 

Low Opaque 
envelopes used 

High Reported by 
parent 

Low Attrition 
balanced equally 
between groups 

Low The study 
protocol is 
available and all 
pre-specified 
outcomes have 
been reported 

Mixed 

Robinson et al. 
2003(118) 

Low Details of 
process not 

Low All investigators 
blinded to 

High Outcomes 
assessed by staff 

Low ITT analyses 
used and only 1 

Low Appears that all 
expected 
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described; 
however, 
probably done, 
since other 
reports from 
same 
investigators 
clearly describe 
use of a random 
sequence 

treatment 
assignment 

blinded to group 
assignment; 
however, SB 
self-reported by 
child 

family lost to 
follow-up 

outcomes were 
reported 

Robinson et al. 
2010(119) 

Low Randomised by 
computer using 
the biased coin 
randomised 
procedure 

Low Investigators 
blinded to 
treatment 
assignment 

High Outcomes 
assessed by staff 
blinded to group 
assignment; 
however, SB 
self-reported by 
child 

Low  ITT analyses 
used  

Low The study 
protocol is 
available and all 
pre-specified 
outcomes have 
been reported 
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 RESULTS 5.3.4

Study selection 

A total of 2086 studies were identified from the database search and other sources, of which 

840 were duplicates, leaving 1246 articles that were screened for eligibility. A total of 1157 

articles were deemed not relevant based on a review of information provided in the title, 

abstract, and descriptors/MeSH headings. Eighty-nine full-text articles were assessed for 

eligibility and, after exclusion of 72 that did not meet the review inclusion criteria, 17 studies 

were considered eligible and included in the review. Figure 5 illustrates the different steps of 

the data collection process. 

Validity assessment 

Overall, the studies included in the review were judged to be at low to moderate risk of bias 

(Table 12). Of the 17 studies included in the review, change in sedentary behaviour was the 

primary endpoint in only 4 (111, 113, 116, 117), and it is therefore unknown which of the 

remaining 13 studies were adequately powered to detect differences in sedentary time. The 

definition of sedentary time also varied widely between studies, with a number of studies only 

considering TV viewing while others included all screen media (TV, computer, VGs, etc.).  

Study characteristics 

Seventeen trials met the inclusion criteria and were included in the review. The trials were 

divided into five categories according to the study setting: home (8 studies), community (3), 

school (2), primary care (2), and mixed (2). The characteristics of included studies are presented 

in Table 13. A total of 3433 participants were included in the trials, with sample sizes for 

individual trials ranging from 10 to 819. Table 14 presents sedentary time outcomes for the 

included trials. As study populations, interventions, study focus, and measured outcomes varied 

widely between the studies, statistical synthesis was not appropriate. The below discussion 
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provides a narrative summary of the included studies according to setting (home, community, 

school, primary care, and mixed).  

 

Figure 5: PRISMA Flow diagram of literature search.
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Table 13: Characteristics of included studies 

Study 
Study 
design 

Participants Intervention Control 
Duration/ 
Follow-up 

Level of 
parental 

involvement 

Outcome measurements of interest 

Sedentary time 
(definition) 

Secondary outcomes 

Home-based 
interventions 

        

Epstein et al. 
2008(246) 

RCT 
Parallel 
2 arms 

USA 

N=70 
M=37 
F=33 

Age: 4-7 (mean 6) years 
Overweight/obese 

TV time-use device designed to 
decrease TV and computer use by 

50% 
Parental involvement: Monitoring 

of TV time device 

Control 2 years Low TV + computer 
Diet, PA, and body 

composition/weight 
measures 

Faith et al. 
2001(111) 

RCT 
Parallel 
2 arms 

USA 

N=10 
M=7 
F=3 

Age: 8-12 (mean 10) years 
Obese 

TV viewing contingent on 
pedalling a stationary cycle 

ergometer 
Parental involvement: Monitoring 

of contingent TV 
 

TV viewing 
not 

contingent 
on pedalling 

3 months Low TV 
Body 

composition/weight 
measures 

French et al. 
2011(112) 

RCT 
Parallel 
2 arms 

USA 

N= Unknown 
Age: 12-17 years 

No weight restrictions 

Face-to-face group sessions + TV 
locking device + home 
intervention activities 

Parental involvement: Monitoring 
of TV time device, face-to-face 

clinic visit, 12 home-based 
activities 

Control 1 year High TV 
Diet, PA, and body 

composition/weight 
measures 

Goldfield et al. 
2006(113) 

RCT 
Parallel 
2 arms 
Canada 

N=30 
M=13 
F=17 

Age: 8-12 (mean 10) years 
Overweight/obese 

Open-loop feedback (on PA level) 
+ reinforcement. TV watching 

was contingent on PA 
Parental involvement: Monitoring 

of open-loop feedback system, 
bi-weekly meetings with 

researcher 

TV watching 
not 

contingent 
on PA 

2 months Medium 

Targeted SB 
(TV/VCR/DVD) 

and non-targeted 
SB 

 

Diet, PA, and body 
composition/weight 

measures 
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Maloney et 
al(247) 

RCT 
Parallel 
2 arms 

USA 

N=60 
Age: 7-8 (mean 8) years 

Bodyweight status 
unknown 

AVG (Dance Dance Revolution) 
Parental involvement: Monitoring 

of AVG play 
Control 10 weeks Low SST 

PA and body 
composition/weight 

measures 

Maddison et al. 
2011(114) 

RCT 
Parallel 
2 arms 

NZ 
 

N=322 
M=235 

F=87 
Age: 10-14 (mean 12) years 

Overweight/obese 

AVG upgrade in users of 
sedentary VGs 

Parental involvement: Monitoring 
of AVG play 

Control 6 months Low SVG 
Diet, PA, and body 

composition/weight 
measures 

Ni Mhurchu et 
al. 2009(116) 

RCT 
Parallel 
2 arms 

NZ 

N=29 
M=18 
F=11 

Age: 9-12 (mean 10) years 
No weight restrictions 

TV time monitor + advice to 
restrict TV watching to >=1 h/day 
Parental involvement: Monitoring 
of TV time device, discussion with 

researcher about how they can 
manage their child’s TV exposure 

Verbal 
advice to 

restrict TV 
viewing 

6 weeks Medium TV & SST 
Diet, PA, and body 

composition/weight 
measures 

Roemmich et 
al. 2004(120) 

RCT 
Parallel 
2 arms 

USA 

N=18 
M=11 

F=7 
Age: 8-12 (mean 11) years 

Normal/overweight 
 

Open-loop feedback + 
reinforcement 

Parental involvement: Monitoring 
of open-loop feedback system 

Control 6 weeks Low 

TV and total 
targeted 

sedentary time 
(watching TV, VG 
use, recreational 

computer use, 
hand-held VGs, 

reading, and 
telephone time) 

PA and body 
composition/weight 

measures 

Community-
based 

interventions 
        

Escobar-Chaves 
et al. 2010(248) 

RCT 
Parallel 
2 arms 

USA 
 

N=202 
M=104 

F=98 
Age: 6-9 (mean 8) years 
No weight restrictions 

Fun Families intervention = 2h 
workshop + bimonthly 

newsletters 
Parental involvement: Workshop  

focussing on 5 behavioural 
objectives to reduce media time 

Control 6 months High Media use Diet measures 

Nemet et al. 
2008(115) 

RCT 
Parallel 

N=22 
M=8 

Intensive 3-month combined 
dietary, behavioural, and exercise 

Control 3 months Medium TV + computer 
Body 

composition/weight 



 

 

 
Chapter 5: Family-Based Interventions for Reducing Sedentary Time in Youth    124 

 

 
 

2 arms 
Israel 

F=14 
Age: 8-11 (mean 10) years 

Obese 

programme 
Parental involvement: 8 meetings 

with a dietician 

measures 

Sacher et al. 
2010(249) 

RCT 
Parallel 
2 arms 
England 

N=116 
M=53 
F=63 

Age: 8-12 (mean 10) years 
Overweight/obese 

Family-based intervention: 18 
educational and PA sessions + 

free family swimming pass 
Parental involvement: 18 2-hour 
group educational sessions (held 

twice weekly) 

Control 6 months High 
Sedentary 

activities (e.g. TV 
and computer) 

PA and body 
composition/weight 

measures 

Primary care-
based 

interventions 
        

Patrick et al. 
2006(117) 

RCT 
Parallel 
2 arms 

USA 
 

N=819 
M=381 
F=438 

Age: 11-15 (mean 13) years 
No weight restrictions 

Primary care-based computer-
assisted diet and PA assessment 

and stage-based goal setting 
followed by brief counselling 

then 1 year of monthly mail and 
telephone counselling. 

Parental involvement:  Parental 
intervention component to help 

parents encourage behaviour 
change 

Control 1 year Medium 

SB = TV + 
computer/VGs + 
sitting talking on 

the phone + 
sitting listening to 

music 

Diet, PA, and body 
composition/weight 

measures 

Taveras et al. 
2001(250) 

RCT 
Parallel 
2 arms 

USA 

N=475 
M=230 
F=215 

Age: 2-6 (mean 5 years) 
Overweight/obese 

Improvements to health care 
system, motivational 

interviewing of family by 
clinicians, + optional home TV 

time monitor. 
Parental involvement: 

Motivational interviewing of 
parents to initiate the change 

process 

Usual care 1 year Medium TV + video 
Diet, PA, and body 

composition/weight 
measures 

School-based 
interventions 

        

Dennison et al. 
2004(251) 

RCT 
Parallel 

N=77 
M=38 

7 sessions that targeted the child, 
preschool provider, and parent 

Control 10 months High 
TV + video + 

computer/SVG 
Body 

composition/weight 
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2 arms 
USA 

F=39 
Age: 2.5-5.5 (mean 4) years 

No weight restrictions 

Parental involvement: 7 sessions 
with parents focused on ways to 

reduce TV exposure 

measures 

Puder et al. 
2011(252) 

RCT 
Parallel 
2 arms 

Switzerl
and 

N=652 
M=326 
F=326 

Age: 4-6 (mean 5) years 
No weight restrictions 

Lifestyle intervention: PA 
programme, lessons on nutrition, 
media use, sleep, and adaptation 
of built environment of preschool 

Parental involvement: 3 
interactive information evenings 

with parent 

Control 1 year Medium 
TV + SVG + 
computer 

Diet, PA, and body 
composition/weight 

measures 

Mixed setting 
interventions 

        

Robinson et al. 
2003(118) 

RCT 
Parallel 
2 arms 

USA 

N=60 
M=0 
F=60 

Age: 8-10 (mean 10) years 
Overweight or at-risk for 

becoming overweight 

GEMS Jewels (dance classes at 
community centres) + START 

intervention (5 lessons delivered 
during home visits with the 

family) 
Parental involvement: 5 lessons 

in the home 

Health 
education 

3 months Medium TV + VCR + SVG 
Diet, PA, and body 

composition/weight 
measures 

Robinson et al. 
2010(119) 

RCT 
Parallel 
2 arms 

USA 

N=261 
M=0 

F=261 
Age: 8-10 (mean 9) years 

At-risk for becoming 
overweight (not obese) 

GEMS Jewels (dance classes at 
community centres) + START 

intervention (5 lessons delivered 
during home visits with the 

family) 
Parental involvement: ≤24 

lessons in the home 

Health 
education 

2 years Medium SST 
Diet, PA, and body 

composition/weight 
measures 
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Table 14: Summary of results: change from baseline in sedentary behaviour (min/day)  

Study SB outcome measure 

Change in SB 
was the 
primary 

endpoint? 

SB was a 
primary 

focus  
Intervention group (95% CI) Control group (95% CI) 

Between-group 
difference (95% CI) 

Home-based interventions       

Epstein et al. 2008 (246) TV + computer    -150 (-268, -32) [6 months] -45 (-231, +142) [24 months]  

Faith et al. 2001 (111) TV    -186 (-210, -162) -15 (-27, -3) -171 (-198, -144) 

French et al. 2011 (112) TV (adolescents)   -49 (-108, +10) -47 (-92, -2) -2 (-76, +72) 

Goldfield et al. 2006 (113) Targeted SB  

Non-targeted SB 

 

 
 

-116 

+4 

-14 

-3 

-102
a
 

+7 

Maddison et al. 2011 (114) SVG   -37 -28 -9 (-19, +0.6) 

Maloney et al.(247) SST 

SB 

 

? 
 

-10 (-20, -0.4) 

-1 (-14, +13) 

+26 (-3, +55) 

-9 (-14, -4) 

-36 (-67, -5) 

+8.1 (-20, +36) 

Ni Mhurchu et al. 2009 (116) TV 

SST 

 

 
 

-36 (-75, +2) 

-101 (-154, -48) 

-0.4 (-18, +18) 

-103 (-188, -18 

-36 (-78, +7)
 

+2 (-98, +102) 

Roemmich et al. 2004 (120) TV    -20 +13 -33
ns

 

Community-based 

interventions 

 
  

   

Escobar-Chaves et al. 2010 

(248) 

Media use  
?  

-57.0 -88.2 -31.2 

Nemet et al. 2008 (115) TV, computer   -114.0 +6.0 -120
a
 

Sacher et al. 2010 (249) SB     -43.7 (-77.1, -9.4) 

Primary care-based 

interventions 

 
  

   

Patrick et al. 2006 (117) SB   -61.6 (-80.3, -43.0) +16.0 (-4.8, +37.2) -77.7 (-105.8, -49.5)  



 

 

 
Chapter 5: Family-Based Interventions for Reducing Sedentary Time in Youth    127 

 

 
 

Taveras et al. 2010 (250) TV + video   -31.8 (-42.4, -21.2) -4.2 (-14.8, +6.4) -27.6 (-42.6, -12.0)  

School-based interventions       

Dennison et al. 2004 (251) TV/DVD: 

Weekdays 

Saturday 

Sunday 

 

? 

? 

? 

 

 

-22.2 (-39.8, -4.6) 

-30.0 (-59.4, -0.6) 

-46.8 (-72.7, -20.9) 

 

+15 (-5, +35) 

+7.8 (-24.0, +39.6) 

+12.6 (-18.0, +43.2) 

 

-37.2 (-66.6, -7.2) 

-37.8 (-86.4, +10.2) 

-59.4 (-103.8, -15.0) 

Puder et al. 2011 (252) TV, video, computer    -0.7 +12.6 -13.4 (-25.0, -1.7) 

Mixed setting interventions       

Robinson et al. 2003 (118) TV + VCR + SVG   -24.5 +5.7 -42.5 (-97.8, +12.8) 

Robinson et al. 2010 (119) Screen time   -0.8 +9.9 -22.7 (-46.5, +1.1) 
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Home-based studies 

Eight home-based studies were identified (111-114, 116, 120, 246, 247). The Take Action study 

(112) was the only intervention judged to have a high level of parental involvement, and 

included face-to-face group sessions and home-based activities, in addition to placement of a 

TV locking device. Five of the home-based studies were judged to have low parental 

involvement, with the parents’ role being purely administration and involving either monitoring 

of a TV electronic time monitor (246), an active VG (114, 247), or either a closed- (111) or open-

loop feedback system (120). In the closed-loop system TV was contingent on pedalling a 

stationary cycle ergometer, while the open-loop systems required an individual to increase their 

level of physical activity in order to receive reinforcement (screen time). Only two studies used 

objective measures of sedentary time (111, 246), with sedentary time being the primary 

endpoint in only three studies (111, 113, 116). Sample sizes ranged from 10 (111) to 322 

participants (114) and study durations from 6 weeks (116) to 2 years (246). 

A TV locking device was used in four studies (112, 116, 120, 246), of which TV viewing decreased 

from baseline to a statistically greater extent in the intervention group versus controls in only 

one (246, 253). In the 2-year US study conducted by Epstein et al. (246) 70 children aged 4 to 7 

years were randomised to an intervention to decrease TV viewing and computer use by 50% or 

a monitoring control group. TV viewing and computer game use decreased from baseline to a 

greater extent in the intervention versus control group at both 6 and 24 months (both p<0.001 

for group X months interaction). Although changes in physical activity did not differ between 

groups, the intervention was associated with greater improvements in EI (p<0.05) and zBMI 

(p=0.01) compared with controls, with a positive relationship found between changes in TV 

viewing and EI (p<0.001), but not physical activity (246). Alternatively, a 6-week NZ study 

conducted by Ni Mhurchu et al. (116), which randomised 29 children aged 9-12 years to either a 

TV monitoring device plus verbal advice to restrict TV or a control group (verbal advice to 
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restrict TV), and a 6-week US study conducted by Roemmich et al. (120), which randomised 18 

children aged 8-12 years to either an open-loop feedback system + reinforcement or control (TV 

not contingent), failed to demonstrate significant differences between the two study groups 

with respect to changes from baseline in TV viewing; however, numerically greater decreases in 

TV viewing were demonstrated in both studies (-36 and -33 min/day). Finally, the multi-

component, household-focussed Take Action study conducted by French et al. (112), which 

randomised 90 households in the US to either the intervention (discussed previously) or control, 

also failed to demonstrate a significant between-group difference in the change from baseline 

in TV viewing in adolescents. However, TV viewing for the household decreased to a greater 

extent in the intervention group compared with controls (p<0.05). 

The use of open-loop feedback systems were also found to have varying effects on sedentary 

outcomes. A 2-month Canadian study (113), which randomised 30 children aged 8-12 years to 

either an open-loop feedback system or control group (where TV watching was not contingent 

on physical activity), demonstrated a significant between-group difference in the decrease from 

baseline in the targeted sedentary behaviour (primary endpoint) favouring the intervention 

group (-102 min/day). However, the study conducted by Roemmich et al. (120) (described 

previously), was unable to demonstrate a significant difference between the two groups. 

Although the interventions were similar in design, the first study was conducted in 

overweight/obese subjects while the second study enrolled children who had a BMI less than 

the 90th percentile. Importantly, during the final 2 weeks of the Canadian study (113), there 

was evidence of a decrease from baseline in physical activity in the intervention group, which 

was possibly due to a decrease in the reinforcing efficacy of TV as a reward. Finally, the study 

also showed a significant decrease from baseline in snack intake while watching TV in the 

intervention group compared with controls (907.2 to 273 vs 735 to 831.6 kJ/day, respectively; 

p<0.05).  
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A small (n=10), 3-month, randomised US study was designed to assess the effectiveness of a 

closed-loop system in children aged 8-12 years, whereby TV was contingent on pedalling a 

stationary cycle ergometer in the intervention group. Children in the control group were able to 

watch TV and use the bike at their own discretion (111). After 10 weeks, TV viewing (primary 

endpoint) decreased from baseline to a greater extent in the intervention group compared with 

controls (between-group difference -171 min/day; 95% CI -198, -144).  

Finally, active VGs have had varying effects on sedentary time. A US study (247), which enrolled 

60 girls with a mean age of 7.5 years, aimed to assess the feasibility of an active dance VG on 

physical activity and sedentary screen time outcomes compared with a wait-list control group. 

Sedentary screen time significantly decreased from baseline in the intervention group 

compared with controls (-36 min/day; 95% CI -67, -5); however, changes from baseline in 

vigorous physical activity and light physical activity did not differ significantly between groups. 

Alternatively, a large NZ study conducted in 322 children aged 10-14 years (114) was unable to 

demonstrate a statistically significant between-group difference in sedentary VG play between 

children randomised to an active VG upgrade package and controls over 6 months (-9 min/day; 

95% CI -19, +36); however, zBMI, bodyweight, waist circumference, percentage body fat, fat 

mass, and active VG play significantly improved from baseline in the intervention group versus 

controls. Overall, home-based interventions tended to be effective with respect to sedentary 

time; however, parental involvement was often of a supervisory nature, and despite their 

successfulness, sample sizes were often small and follow-up too short to comment on the 

sustainability of these interventions in the long term.  

Community-based studies 

Three studies investigated the effectiveness of community-based interventions to decrease 

sedentary behaviours in children and adolescents (115, 248, 249). In general, parental/caregiver 
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participation was judged to be more active for interventions that included a community 

component compared with the purely home-based ones. The two studies that enrolled 

overweight/obese participants (115, 249), significantly decreased sedentary time compared 

with controls. Sedentary time, which was subjectively measured in all three studies, was not the 

primary endpoint in any of the community-based interventions. Study durations ranged from 3 

(115) to 6 months (248, 249) and enrolled between 22 (115) and 202 participants (248). 

The 6-month Fun Families pilot study (248), which randomly assigned 202 children aged 6-9 

years to either the intervention or control group, aimed to evaluate a theory-based, parent-

focused intervention to decrease TV and other media use in children. Media use decreased from 

baseline to a greater extent in controls versus the intervention group (-88.2 vs -57.0 min/day); 

however, the difference between groups did not reach statistical significance. Despite this, the 

authors reported positive changes in the intervention group for proxy measures of media use, 

including not having a TV in the child’s bedroom, not eating snacks in front of the TV, and 

turning off the TV when nobody was watching it (248).  

In contrast to the Fun Families pilot, the studies that significantly decreased sedentary 

behaviours (115, 249) included additional diet and physical activity components, were judged to 

be more intensive, and specifically focused on overweight/obese children. The 3-month study 

conducted in Israel by Nemet et al. (115) randomised 22 obese children aged 8-11 years to 

either a control group or an intensive dietary, behavioural, and exercise programme. Parents of 

children in the intervention group were also required to meet biweekly with a dietitian. A 

significantly greater decrease from baseline in TV and computer use was observed in the 

intervention versus control group (between-group difference -120 min/day). An interesting 

finding reported by Nemet et al. (115) was that although study adherence was satisfactory in 

the children, parental compliance was lower (77% vs 52%). This was further highlighted by the 
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finding that although children’s weight improved during the study, there was no significant 

change in parental BMI. The parents reported that the intervention was too time consuming 

and demanding, and that their focus was on the participation of their child.  

The second study to show a significant decrease in sedentary time (249) was conducted in 

England over 6 months and randomly assigned 116 overweight/obese children aged 8-12 years 

to either a control group or an intensive family-based intervention, which included 18 2-hour 

educational and physical activity sessions plus a free family swimming pass. Sedentary activities 

were shown to be reduced to a greater extent in children in the intervention group compared 

with controls (between-group difference -43.7 min/day; 95% CI -77.1, -9.4). After 12 months’ 

follow-up, the statistically significant decrease in sedentary time demonstrated at 6 months was 

not maintained in the intervention group. This was the first RCT of a complex family-based 

intervention that was run in the community. In summary, aspects of the community based 

interventions associated with positive improvements in sedentary time included more intensive 

interventions that focused on multiple health behaviours rather than just TV and media use.  

Primary care based studies 

Two studies assessed the effectiveness of primary care based interventions in adolescents (117) 

and pre-school children (250). Both interventions were judged to be intensive, with a medium 

level of parental/caregiver involvement, including motivational interviewing by clinicians (250) 

and health care provider counselling for the parents (117). Both studies relied on subjective 

measures of sedentary time, had long study durations (1 year) and enrolled a large number of 

participants. In the study conducted by Patrick et al. (117), 819 adolescents aged 11-15 years in 

the US were randomised to either a control group or an intervention, which consisted of 

primary care-based computer-assisted diet and physical activity assessment and stage-based 

goal setting, followed by brief counselling then 1 year of monthly mail and telephone 
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counselling. Parents were also targeted as agents of change and were educated to encourage 

behaviour change attempts through active support, positive role-modelling, and praise. 

Sedentary time (primary endpoint) decreased from baseline to a greater extent in participants 

in the intervention versus control group (-77.7 min/day; 95% CI -105.8, -49.5); however, BMI did 

not differ significantly between the groups(117). In the study conducted in pre-school children 

aged 2-6 years (n=475) (250), the intervention, which consisted of primary care restructuring, 

provision of motivational interviewing by clinicians to parents, and educational modules 

targeting TV and fast food and sugar-sweetened beverage consumption, was associated with 

greater decreases from baseline in TV and video use compared with control participants (-27.6 

min/day; 95% CI -42.6, -12.0). In brief, the primary care based studies were both intensive, 

required a medium level of parental involvement, had large sample sizes, and long study 

durations. Importantly, both interventions were associated with significant improvements from 

baseline in sedentary/screen time compared with controls.  

School-based studies 

Both school-based interventions were conducted in pre-school children and reported significant 

improvements in sedentary time (251, 252). Intervention intensity was high for both studies and 

level of parental/caregiver involvement ranged from medium (252) to high (251), with parents 

either attending seven targeted sessions aimed at reducing media consumption (251) or three 

interactive information and discussion evenings about the importance of physical activity, 

health food, limitation of TV use, and good sleep behaviours (252). While the study conducted 

by Dennision et al. (251) was designed to decrease TV viewing, Puder et al. (252) aimed to 

improve aerobic fitness and adiposity by making changes to the built environment in and 

around the classroom. The interventions utilised multidimensional lifestyle behaviours, 

including physical activity, nutrition, media use, and sleep, and targeted the child, preschool 

provider/teacher, and a parent; however, despite active parental involvement, both studies 
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were primarily child-focused. The 10-month US study conducted by Dennison et al. (251) 

enrolled 77 children aged 2.5-5.5 years, while the 1-year Swiss study(252) enrolled 652 children 

aged 4-6 years. Both studies were able to demonstrate significant improvements from baseline 

in screen-based media use compared with the comparison groups; however, neither was able to 

show significant between-group difference in the change from baseline in BMI. Furthermore, 

despite Dennison et al. (251) reporting a significant decrease in TV/video viewing, changes from 

baseline in computer and VG play on weekdays and the weekend did not differ between the 

two groups. In summary, the two studies conducted in the school setting enrolled pre-school 

children, targeted multiple health behaviours, had medium to high parental involvement, and 

were associated with significant improvements in screen-based media use.  

Mixed setting studies 

The 2-year Stanford GEMS study (n=261) (119) and the 12-week pilot of the Stanford GEMS 

study (n=60) (118), utilised a mixed community- and family-based intervention to target 

sedentary behaviours in African-American girls aged 8-10 years. The culturally tailored 

intervention consisted of two components: the community-based GEMS Jewels dance classes, 

and the home-based START (Sisters Taking Action to Reduce Television) lessons. Both studies 

were assigned a parental involvement rating of medium. While neither study found a significant 

between-group difference in the change from baseline in screen-based sedentary behaviours, 

the intervention was associated with a number of important changes in other outcomes. The 

Stanford GEMS pilot study (118) found a significant decrease in the number of dinners eaten 

while watching TV and trends towards decreases in BMI, exposure to TV, videos, and VGs, and 

increased after-school physical activity. The pilot study was however only powered to test 

feasibility and not changes in these other outcomes.  
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In the 2-year Stanford GEMS study (119), the intervention was associated with significant 

improvements in fasting total cholesterol levels, low density lipoprotein cholesterol levels, and 

depressive symptoms. Although changes in BMI did not differ significantly between groups 

overall (primary endpoint), the intervention was found to significantly improve BMI in those 

girls with single/unmarried parents and those who had higher levels of exposure to TV at 

baseline. A major limitation of the 2-year study was the level of dance class attendance (11.6%), 

which was lower than the projected intervention dose. Overall, the mixed-setting intervention 

was not associated with significant between-group changes in sedentary behaviours, although 

neither study was powered to detect this. Despite neither study demonstrating significant 

improvements from baseline in screen-based sedentary behaviours, the culturally tailored 

intervention was associated with important improvements in clinical findings in a high-risk 

population of girls.    

 DISCUSSION 5.3.5

Despite the specific focus on family-based RCTs targeting lifestyle interventions in children and 

adolescents, this systematic review revealed inconsistent evidence with respect to 

improvements in sedentary time. Differences in the study population, level of family 

involvement, setting, study aim, and intervention type warrant further consideration of specific 

study characteristics that may have contributed to differences.  

Sedentary behaviour 

Sedentary behaviour was the primary endpoint in only four studies, and of these, three (111, 

113, 117) reported significant reductions in sedentary time; however, small sample size and lack 

of power may have accounted for the lack of statistical significance in the fourth (116). Of the 

four studies which specifically targeted sedentary behaviour reduction as a primary endpoint, 

three of them were set primarily in the home (111, 113, 116), while the fourth was primary-care 
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based (117). The three home-based studies, although generally effective at reducing screen 

time, relied on a TV locking device (116), or either an open- (113) or closed-loop feedback 

system (111). While relatively effective, there may be acceptability issues and diminishing 

returns with such devices in the long-term. Furthermore, these studies utilised small sample 

sizes and short-term follow-up, and as such the long-term sustainability of such interventions is 

purely speculative at this stage. TV locking devices were also cited as a source of arguments 

within the family (116). Furthermore, while the closed-loop system, which made TV contingent 

on pedalling a stationary cycle ergometer, was associated with the greatest between-group 

difference in the decrease from baseline in sedentary time (111), the implementation of such an 

intervention at a population level, and for a sustained amount of time, may be impractical and 

economically unviable.  

Participant characteristics  

There was some evidence to suggest that certain characteristics of the child and parent may 

have influenced outcomes. According to a moderator analysis conducted in the Stanford GEMS 

study (119), unmarried parents and greater baseline levels of TV exposure predicted greater 

decreases in BMI. Furthermore, while there was inconsistent evidence for an effect of baseline 

bodyweight on intervention effectiveness, participant age may be a better determinant of 

sedentary time outcomes. While interventions in older children produced conflicting results, 

more consistent findings were observed in studies that focused primarily on pre-school children 

(250-252). All three studies conducted in pre-school children showed significant decreases in 

sedentary time. This finding is in agreement with a previous analysis (102). Targeting younger 

children has three unique advantages. Firstly, this age corresponds to the time of the adiposity 

rebound, a critical period in children aged 5-7 years associated with the second rise in the BMI 

curve (254). It has been suggested that childhood obesity prevention interventions may benefit 

from targeting such critical periods in children’s development (254). Secondly, these early years 
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correspond to a time where lifestyle behaviours are still being established (252), and thirdly, 

younger children tend to have less volition than older children. Despite these preliminary 

findings, the sustainability of interventions that target pre-school children still needs to be 

evaluated before recommendations can be made. Ultimately, it may be useful to identify 

characteristics of high-risk children and parents who are more receptive to behaviour change 

interventions aimed at decreasing sedentary behaviours and bodyweight.  

Intervention characteristics 

While this review focused on family-based interventions, no limitations were placed on the 

intervention setting. As previously suggested (96), we found that the level of parental 

involvement appeared more important than the setting itself. Studies which included a parental 

component of medium-to-high intensity were consistently associated with significant changes in 

sedentary behaviours, whether they were home (112), community (249), school (251), or 

primary care based (117), which is consistent with previous research. It has been shown that 

interventions targeting the parent versus the child (255) or the parent versus both the parent 

and the child (256) are more effective at targeting the child’s bodyweight, with outcomes 

maintained up to seven years after termination of the intervention (255). In such interventions 

the parent may be encouraged to act as both a source of authority and as a role model for their 

child (257). The child’s personal responsibility for changing their own behaviours is therefore 

reduced by creation of a family environment that promotes healthy behaviour choices. 

However, parental motivation needs to be taken into consideration. Nemet et al. (115) found 

that intervention compliance was much lower in obese parents than in their children. Future 

research should therefore consider the importance of a parental component and furthermore 

identify and tailor interventions to better address the needs of parents considered to be at risk 

for low compliance.  
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Secondary outcomes 

The interventions included in this review were effective in improving a number of important 

secondary outcomes. The Stanford GEMS intervention (119) was associated with improvements 

in fasting total cholesterol levels, LDL cholesterol levels, and depressive symptoms; these 

changes have rarely been demonstrated in population-based interventions aimed at children. 

Depression has been linked with increased bodyweight, and depression and obesity interact 

reciprocally (258); therefore, changes in depressive symptoms may be a key indicator of future 

outcomes. The importance of such secondary outcomes as proxy measures for future changes 

in sedentary behaviour and bodyweight status may require further exploration.  

Finally, an important finding was that changes in TV exposure appeared to be related to changes 

in EI, rather than changes in physical activity (246). This finding raises an important issue: how 

are screen-based behaviours linked with bodyweight? Proposed mechanisms include 

displacement of physical activity (48, 259) and increased EI, via either the effects of food 

advertising and/or overconsumption of energy-dense foods while engaged in screen-based 

activities (48, 144, 145). Evidence for the effects on EI appears most compelling. Results from a 

longitudinal study found that, while screen time was associated with multiple unfavourable 

changes in diet, there was a non-substantive inverse association between change in screen time 

and leisure-time physical activity (148). Similarly, a systematic review of studies that 

investigated the relationship between sedentary behaviour and dietary intake found clear 

evidence for an association between sedentary time and elements of an unhealthy diet (59). 

These findings could have important implications for future interventions. If the relationship 

between screen time and bodyweight is mediated by EI, then perhaps greater focus needs to be 

placed on the behaviours surrounding screen time, such as eating, rather than just total amount 

of time spent engaged in screen-based activities. Given that screen time is highly rewarding, and 

therefore difficult to decrease, focusing on associated dietary behaviours may prove to be a 
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more easily modifiable behaviour. Parents may find it less difficult to control exposure to snack 

foods during screen time, rather than attempting to manage actual screen time itself.  

Limitations of this review 

This review is limited by the quality of the included studies. Due to the heterogeneity of 

included studies, the anticipated quantitative synthesis of sedentary behaviour outcomes was 

not feasible. The majority of studies were of moderate-to-high quality, although inadequate 

reporting by authors meant that the risk of bias for a number of domains (allocation 

concealment and random sequence generation) was often unable to be established. Other 

limitations included reliance on studies with small sample sizes (111, 115, 116, 120) and short 

follow-up (113, 116, 120, 247). Furthermore, although we reported on performance/detection 

bias, this measure of bias was not assigned much weight as all the included studies reported 

sedentary screen time as an outcome measure and currently there is no agreed upon method 

for objectively measuring screen time. Another limitation of the review was the inclusion of 

studies which did not have change in sedentary time as a primary endpoint. However, given that 

all interventions involved a sedentary behaviour component, and reported change in sedentary 

time as an outcome, we believe that sedentary behaviour was at least a secondary focus of all 

the included studies, and therefore justifies their inclusion in this review.  

Implications for future research 

This systematic review highlights the need for greater family involvement in interventions 

aimed at reducing screen time in children. A number of participant characteristics were 

identified as factors contributing to either the success or failure of interventions, including age 

of children and motivation of the parent. Future research needs to assess whether interventions 

that target pre-school children are sustained over time, and whether targeting of parents 

considered to be at high-risk for low intervention compliance may help improve outcomes. 

More studies are also required that either primarily target the parent, or utilise a more intensive 
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parent component. Finally, future research is required to better assess the mechanism/s 

underlying the relationship between screen time and bodyweight in children. A better 

understanding of this relationship may enable development of more targeted and, it is hoped, 

successful interventions aimed at decreasing sedentary behaviours in children.   

We find ourselves at a crossroads with respect to childhood obesity prevention and treatment. 

Screen-based technologies continue to evolve, becoming ever more varied, accessible and 

rewarding; however, long-term results from sedentary behaviour interventions continue to 

underwhelm. In response to this issue, there has been a trend towards the use of electronic 

locking devices and closed-/open-loop systems in interventions. While such technological 

interventions may prove successful in the short term, as well as having intuitive appeal, fighting 

technology with technology as it were, at a population level their implementation and long-

term effectiveness may be limited. A more difficult (though, as this review suggests, potentially 

more fruitful) approach is to involve the parent and family unit as a whole in efforts to reduce 

children’s screen time. It seems unreasonable to expect children to restrict their level of 

exposure to a media saturated environment, whilst simultaneously dismissing the interest of 

parents in the health and wellbeing of their children by neglecting to address the role they play 

in creating a healthy family environment. This review has highlighted the importance of 

involving parents more strongly and directly in future sedentary behaviour interventions, and 

also the need for further research to investigate the link between screen time and other health 

behaviours, in particular EI.  

 CONCLUSION 5.3.6

This review supports the need for interventions that focus on the family and, more specifically, 

interventions that involve a parent at more than just a supervisory or administrative level. There 

is also a need to consider child characteristics and the motivation of the parent, with 
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interventions tailored accordingly. Finally, more research is required to address how food–

related behaviours moderate the relationship between screen time and overweight in youth 

and how such an understanding may be incorporated into future interventions.  
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 THE HOME SCREEN CHAPTER 6.
ENVIRONMENT, AND PARENTAL AND 
ADOLESCENT ATTITUDES TOWARDS 
SCREEN USE IN NZ: RESULTS FROM TWO 
SURVEYS INTRODUCTION TO PUBLICATION 

 

6.1. INTRODUCTION TO PUBLICATION 

This chapter includes content from a manuscript, entitled “The Home-Screen Environment, and 

Parental and Adolescent Behaviours and Attitudes Toward Screen Use in New Zealand”, 

submitted for publication in the Journal of Physical Activity and Health (February 2015). It 

reports results from two cross-sectional online surveys, which investigated parental and 

adolescent attitudes and behaviours towards screens, and describes the modern home-screen 

environment that adolescents are exposed to. The systematic review reported in Chapter 5 

highlighted the importance of targeting parents in screen-use interventions, while previous 

research has shown that various aspects of the home environment are associated with screen 

time. However, almost all the research within this area pre-dates 2010; therefore, the surveys 

reported in this chapter provide both an up-to-date description of attitudes, behaviours, and 

environments, and assesses correlations between parental behaviours and attitudes, the home 

screen environment, and adolescent screen time. Given the rapidly changing screen 

environment, an updated account of attitudes, behaviours, and environments was deemed 

necessary before recommendations for future screen-use interventions can be made. The 

studies were undertaken to address Objective 4 of the thesis, to describe the modern screen 

environment in NZ, including emerging trends in screen-use behaviours, the physical screen 

environment, and current parental and adolescent attitudes towards screens. 
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 ABSTRACT 6.3.1

Objective: To investigate the correlates of adolescent screen time, and to investigate the home 

screen environment, and parental and adolescent attitudes and behaviours towards screen use. 

Methods: Two cross-sectional online surveys (Parent Survey [n=230]; Adolescent Survey 

[n=218]) were conducted in NZ in 2014. Multiple regression models were used to investigate 

the predicted effects of home environment variables and parental behaviours/attitudes on 

adolescent screen time, stratified by sex. 

Results: A statistically significant correlation was shown for average parental screen time and 

average parent-reported adolescent screen time (R2=0.73; p<0.001), after adjusting for 

confounding factors. No associations were found between adolescent screen time and the 

home physical environment or parental attitudes. Cell phone/smartphone and computer use 

were the two most popular screen-based activities reported by adolescents, with each 

accounting for greater proportions of total average screen time than watching TV (31% and 30% 

vs 23%, respectively).  

Conclusions: A strong association was found between parent screen time and parent-reported 

adolescent screen time, although the nature of this relationship remains poorly understood, 

while other family and home environment variables appeared to have little predictive power. 

This may reflect recent changes in the modern screen environment.  

Implications: Focussing screen-time interventions in home and family environments may have 

limited impact. An understanding of policy and the social environment correlates of screen time 

are needed. 
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 INTRODUCTION 6.3.2

Screen time, including watching TV, using the computer, VGs, and using cell phones, have been 

linked with increased BMI and an increased risk of being classified as overweight/obese (138-

140). Screen-based behaviours are therefore a potentially modifiable correlate of overweight 

(127). With the growing burden of non-communicable diseases worldwide, and increasing use 

of screens in children (260), targeting screen time has become ever more important. As a result, 

recommendations exist in a number of countries, including NZ (76) and Canada (78), which 

suggest children and adolescents limit their leisure screen exposure to 2 hours per day or less.  

Yet the proportion of NZ children and adolescents exceeding the recommended limit remains 

high, with 53% of children aged 5-14 years watching more than 2 hours of TV per day (206). 

Similarly, international studies also report high levels of children and adolescents exceeding 

guidelines (244, 261, 262). And these trends endure despite continued attempts to curb screen 

use in children and adolescents. To illustrate, a large number of strategies have been developed 

and implemented in recent years that target screen use, yet effect sizes have been small and 

approaches lack long-term sustainability (96-103, 117, 249, 250). As such, screen use continues 

to rise and we are no closer to designing effective tools for reducing screen time at the 

population level.  

One major barrier to the development of effective intervention strategies may be the rate at 

which the screen environment has changed in recent years. Youth are increasingly watching 

media on mobile, non-TV devices (263), with the amount of time spent viewing an actual TV 

decreasing since 2012 (264). Further, while previous research has focused specifically on 

sedentary screen time and traditional screen-based activities, in particular TV watching, the 

increasingly mobile capabilities of screens mean that youth are now able to use screens while 

standing and walking, and in environments that were once largely screen free (e.g. bus stops, 
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cafes, sports fields etc.). This rapidly changing environment poses a unique challenge to 

designing effective intervention strategies, as it is possible that correlates of screen use have 

changed with the changing environment.  

A number of studies have investigated the correlates of screen time in youth in an attempt to 

identify appropriate targets for intervention. Both parental screen time (234, 265-268) and 

factors in the home environment, including the TV usually being on (122) and children having a 

TV in their bedroom (83, 123-125), have been shown to be significantly correlated with child 

screen time. However, almost all research to date in this area is from datasets predating 2010 

(83, 122-128), and the more recent research has focused primarily on traditional screen-based 

activities (265, 266). Given that the screen landscape has changed so rapidly in recent years, 

research from even five years ago may now be out dated.  

It is therefore proposed that developing a better understanding of the influences of modern 

screen-use behaviours is necessary to inform development of effective screen-use 

interventions. As such, it is timely to revisit this area and provide an up-to-date account of the 

correlates of all screen-use behaviours (not just sedentary ones), particularly given the pressing 

need to develop informed public health screen-use interventions.  

The ‘Screens and NZ Families - The Parent Survey’ (the Parent Survey) aimed to provide an 

update of previous research into the correlates of screen time and therefore focused on the 

family and home environment, while the ‘Screen Use in NZ Youth Survey’ (the Adolescent 

Survey) aimed to provide an updated description of current adolescent screen-use behaviours, 

attitudes, and the home environment they are exposed to. Adolescents were the focus of both 

surveys, given that they are amongst the earliest adopters and heaviest users of screen-based 

entertainment (269). 
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 METHODS 6.3.3

Study Design 

Two cross-sectional, online, open surveys were conducted in NZ between March and May 2014. 

Ethics approval for both surveys was received from the University of Auckland Human 

Participants Ethics Committee (Ref. 010821/011160). Participant information was provided 

online, and included details of why the surveys were being conducted, who was eligible to 

participate, how long the surveys would take to complete, where the data would be stored and 

for how long, and who the investigators were. Respondents were informed that no personal 

information would be collected in the surveys. Online consent was required before the surveys 

could be started.  

Participants and Protocol 

Participants for both studies were recruited through (1) advertisements in local newspapers 

throughout NZ, (2) information on school websites/newsletters, (3) email advertisements to 

contact lists of appropriate organisations (e.g. Health Promoting Schools), (4) flyers placed 

throughout the community, and (4) an online advertisement placed on a NZ-based research 

participant recruitment site. All web-based advertisements contained a direct link to the online 

survey tool LimeSurvey, while all paper advertisements directed respondents to an online 

advertisement, which then linked directly to the survey tool. A snowballing, convenience 

sampling technique was employed for both surveys.  

To be eligible for the surveys the following criteria had to be met: (1) parent/primary caregiver 

of an adolescent aged 13-18 years (Parent Survey) or an adolescent aged 13-18 years 

(Adolescent Survey), (2) able to understand written English, (3) internet access, (4) at least one 

TV in the house, (5) currently living in NZ, and (6) able to provide informed consent. The two 

surveys were undertaken in independent (i.e. they were not linked) convenience samples, were 

voluntary, and were completed by the participant in their own setting. For the Parent Survey, 
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parents with more than one child aged 13-18 years were asked to answer the questions for their 

youngest child in this age range. 

All survey respondents could go in the draw to win a $250 voucher (Parent Survey) or one of 

five $50 vouchers (Adolescent Survey) by emailing a code to the research team. The code was 

provided to the respondent on completion of the survey. The respondents’ email addresses 

were not linked to their survey responses.  

Measures 

The two questionnaires were developed specifically for the purpose of this research, but were 

predominantly adapted from two large surveys conducted internationally, which aimed to 

investigate modern screen-use behaviours (83, 270). The Parent and Adolescent Surveys 

contained 39 and 47 items, respectively, with questions divided into 8 different sections with 

each section presented on a new screen (for a total of 8 screens/pages). Before the surveys 

were conducted, they were first piloted in a small number of respondents to test for readability 

and understanding, in addition to usability and technical functionality of the online tool. 

Adaptive questioning was used to reduce the number and complexity of the questions; 

however, questionnaire items were not randomised, as it was believed this would disrupt the 

flow of the questions. To ensure completeness, all survey questions were mandatory and 

respondents received an alert if they attempted to progress to the next page (or submit the 

questionnaire) before all the questions had been answered. The surveys could not be submitted 

until all questions were answered, and only completed questionnaires were included in the 

analysis. Before submission, respondents could review and change their answers. Cookies were 

set to prevent repeated participation.  

Screen Time: There is currently no objective measure of screen time. While movement devices, 

such as accelerometers, measure total sedentary time, they do not capture context such as 
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screen use. In the present study, screen time was therefore measured by self-report (parent 

screen time in the Parent Survey and adolescent screen time in the Adolescent Survey) and 

parent-report of adolescent screen time (Parent Survey only), and was not restricted to 

sedentary screen time. Test-retest reliability (intra-class correlation coefficient [ICC]) of proxy-

reported time spent in different screen-based activities has been reported to range from 0.6-0.8 

(244), with convergent validity between parent proxy-report and child self-report shown to be 

reasonable (between 0.4 and 0.6) (244). Respondents were asked to report usual weekday and 

weekend time (self-reported parent and adolescent time, and parent-reported adolescent time) 

spent in the following activities: watching TV or DVDs, recreational computer use, playing VGs, 

using an iPad, tablet, or similar device, using a cell phone or iPod for playing games, watching 

videos, or connecting to the internet, and using a cell phone for texting or making calls (but not 

listening to music, which was not considered to be screen time unless the respondent was 

simultaneously watching a music video). Response options ranged from “0 hours” to “8+ hours 

per day”. Responses were summed for weekday and weekend responses, and a weighted 

average of weekday and weekend screen-media use was then calculated to estimate mean 

hours per day spent engaged with screen-based media (average total screen time) (271). 

Assessment of screen use (specifically TV) via a single question approach has been shown to 

have the highest validity of current methodologies (272). As no single summary question of 

screen use was asked, total average screen time per day actually measured total exposure to 

screen-based media. As such, total exposure to screen-based media could exceed 60 min per 

hour if multiple devices were used simultaneously. For this reason only TV time (not total screen 

time) was dichotomised according to whether respondents met the NZ recommendations of 

less than 2 hours of screen use per day (76). 

Home Screen Environment: The physical home environment was measured using survey items, 

which investigated the presence of electronic media in the adolescent’s bedroom (4 items), the 
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number of electronic media in the house (8 items), whether the TV is usually on when someone 

is home even if no one is watching it (1 item), and whether the TV is usually on during specific 

meals/snacks (4 items). Items used to measure the presence of electronic media in the 

bedroom and the presence of electronic media in the house have been shown to be generally 

reliable for both adolescent self-report (ICC 0.47-0.87) (273) and adolescent proxy parent-report 

(ICC 0.52-0.87) (274). Items on whether the TV is usually on regardless of whether anyone is 

watching or not, and whether the TV is usually on during meals, were adapted from a large 

national survey conducted in the US designed to investigate the use of electronic media in the 

lives of children and adolescents (83). 

Screen-Use Behaviours: Items on specific screen-use behaviours, including the use of screens 

during the hour before bed and media-multitasking (using a secondary screen while watching 

TV), were adapted from a previous survey (83). Parents and adolescents were asked to report 

how often their child/they used screens during the hour prior to bed, with categorical response 

options dichotomised into ‘Occasionally’ OR ‘Never’ (0) and ‘Every night’ OR ‘Most nights’ OR 

‘Some nights’ (1). Parents and adolescents were also asked to report how often their child/they 

use secondary screens (computers, VGs, cell phone/iPods, and tablets) while watching TV, with 

response options dichotomised into ‘A little of the time’ OR ‘Never’ (0) and ‘All of the time’ OR 

‘Most of the time’ OR ‘Some of the time’ (1). Items investigating how often adolescents ate 

meals while watching TV were developed specifically for the Parent Survey. Parents were asked 

to report the frequency that their child ate breakfast, lunch, dinner, and snacks while watching 

TV. Response options were dichotomised into ‘A little of the time OR Never’ (0) and ‘All of the 

time’ OR ‘Most of the time’ OR ‘Some of the time’ (1).  

Attitudes and Knowledge about Screens: Parents and adolescents were asked whether they 

thought screens had a positive or negative effect on three domains of well-being: (1) education 
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(reading skills, math skills, and speaking skills), (2) behaviour/relationships (social skills, 

attention span, behaviour, relationships with peers/friends, and relationship with other family 

members), and (3) health behaviours (sleep, level of physical activity, bodyweight, and eating 

habits). For the purpose of analysis, response options were dichotomised as follows: ‘Neither 

positive or negative’ OR ‘Somewhat negative’ OR ‘Very negative’ (0) and ‘Very positive’ OR 

‘Somewhat positive’ (1). Parents were also asked how much they agreed or disagreed with a 

series of statements regarding how they used screens as a parenting tool, whether they thought 

screens made parenting easier, and whether they were concerned with the amount of time 

their child spent using screens. Responses were dichotomised into ‘Neither agree nor disagree’ 

OR ‘Somewhat disagree’ OR ‘Strongly disagree’ (0) and ‘Strongly agree’ OR ‘Somewhat agree’ 

(1). Questions related to attitudes were adapted from those in a US national survey, which was 

informed by a number of focus groups among parents of children living in California and Illinois 

(270). Finally, parents were also asked about whether they had any rules at home around screen 

use.  

How Adolescents Use Screens: Adolescents were also asked whether, during a normal week, 

they would use a computer or cell phone/iPod to do a variety of activities. Questions on 

particular usage of computers and cell phones/iPods were adapted from a large national survey 

(83). 

Demographic Information: Parents were asked to report their adolescent’s height and weight 

and BMI was then calculated from these measures. Parents also answered questions regarding 

their highest level of education (none/secondary school/tertiary), and the number of children 

aged 18 years or younger living with them.  
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Statistical analysis 

All analyses were conducted with IBM SPSS Statistics 20. For each survey, descriptive 

information was first presented on participant demographics, screen-use behaviours, home 

screen environment, and attitudes about the effects of screens. Continuous variables were 

presented as mean and standard deviation (SD), and categorical variables were presented as 

frequency and percentage. Since boys tend to have greater screen time than girls (206), the 

data were summarised for females, males, and overall. Further, as only a few ‘Negative’ or 

‘Disagree’ responses were reported for the ‘Attitude’ items, these responses were combined 

with the ‘Neutral’ response category 

For analysis of the Parent Survey, multiple regression models were used to investigate the 

relationship between home environment variables (TV usually being on, total screens in house, 

and presence of at least one screen in adolescent’s bedroom) and parental behaviours/attitudes 

(parent self-reported screen time, concern about child’s screen use, rules at home, and effects 

of screens on education, behaviour, and health) on adolescent screen time, stratified by sex. 

Average parent screen time and average adolescent screen time were non-normally distributed 

and therefore presented SE and confidence intervals (CI) in models were bootstrapped to 

account for the distributional violations. Important demographic variables were adjusted in the 

analysis, including age, ethnicity, highest level of parent education, number of children aged ≤18 

years in the household, and adolescent BMI. Regression coefficient, standard error, and 

associated p-value were reported for each predictor in the final model. A significance level was 

set at p<0.05. 

 RESULTS 6.3.4

Demographic data for adolescents (Parent and Adolescent Surveys) and parents (Parent Survey 

only) are reported in Table 15. The proportions of males in the Parent and Adolescent Surveys 

were 49% and 83%, respectively, and corresponding mean adolescent ages were 14.8 and 15.3 
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years. NZ Europeans accounted for the majority of respondents in both surveys (both 68% of 

respondents). Adolescents from the Parent Survey tended to come from homes with at least 

one tertiary education parent (79%), and most households had two children aged 18 years or 

younger.   

Total reported average adolescent screen time was higher in both males and females in the 

Adolescent Survey (8.0 and 8.5 hours/day) compared with the Parent Survey (7.7 and 7.3 

hours/day, respectively), while total TV viewing time was similar for both sexes across surveys 

(Table 16). The mean number of screens per household was the same in both surveys (14 

screens), and adolescents on average had one screen in their bedroom. Dinner and snacks were 

the most commonly reported meals eaten in front of the TV in both surveys, and approximately 

a third of households were reported to have the TV on most of the time, even if no one was 

actually watching it. Both parents and adolescents tended to report neutral/negative attitudes 

with respect to the effects of screens on education (90% and 71%), behaviour/relationships 

(93% and 87%), and health behaviours (94% and 98%, respectively). Responses for the use of 

screens as a parenting tool and parental concern are reported in Table 16.  
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Table 15: Adolescent and Parent Characteristics (Parent and Adolescent Surveys) 

 PARENT SURVEY ADOLESCENT SURVEY 

 Female 
(n=117) 

Male 
(n=113) 

Total 
(n=230) 

Female 
(n=138) 

Male 
(n=180) 

Total 
(n=218) 

ADOLESCENT 
Age (y) 
Weight (kg) 
Height (m) 
BMI (kg/m

2
)     

Ethnicity (n, %): 
    NZ European 
    Maori 
    Pacific 
    Chinese 
    Other 

 
14.7 (1.6) 
57.0 (12.4) 
1.6 (0.1) 
21.7 (5.3) 
 
86 (73.5) 
6 (5.1) 
6 (4.3) 
2 (1.7) 
18 (15.4) 

 
14.8 (1.6) 
62.2 (17.8) 
1.7 (0.1) 
21.5 (5.5) 
 
71 (62.8) 
6 (5.3) 
11 (9.7) 
12 (10.6) 
13 (11.5) 

 
14.8 (1.5) 
60.0 (15.4) 
1.7 (0.1) 
21.6 (5.4) 
 
157 (68.3) 
12 (5.2) 
16 (7.0) 
14 (6.1) 
31 (13.5) 

 
15.3 (1.5) 
- 
- 
- 
 
92 (66.7) 
6 (4.3) 
8 (5.8) 
10 (7.2) 
22 (15.9) 

 
15.2 (1.7) 
- 
- 
- 
 
56 (70.0) 
5 (6.3) 
6 (7.5) 
4 (5.0) 
9 (11.3) 

 
15.3 (1.6) 
- 
- 
- 
 
148 (67.9) 
11 (5.0) 
14 (6.4) 
14 (6.4) 
31 (14.2) 

PARENT 
No. children <=18y 
Highest education 
qualification (n, %): 
    None 
    Secondary school 
    Tertiary 
Average parent screen 
time (h) 

   
2.0 (1.4) 
 
 
0 
26 (22.2) 
91 (77.8) 
6.1 (3.5) 

 
1.9 (1.1) 
 
 
1 (0.9) 
20 (17.7) 
92 (81.4) 
6.9 (5.4) 

 
2.0 (1.2) 
 
 
1 (0.4) 
46 (19.9) 
183 (79.2) 
6.5 (4.5) 

  
- 
 
 
- 
- 
- 
- 

 
- 
 
 
- 
- 
- 
- 

 
- 
 
 
- 
- 
- 
- 

Unless otherwise stated, all values are presented as mean ± SD 

 

For the adolescent survey, the distribution of total average screen time according to device 

differed between males and females (Figure 6). Females self-reported spending 34% of their 

total screen time using a cell phone/smartphone compared with 26% in males, while males 

reported spending a greater proportion of their screen time playing VGs compared with females 

(14% vs 4%). For multi-screening activities, cell phones/smartphones were the most commonly 

reported device to be used at the same time as watching TV in males and females (Figure 7a), 

and cell phone/smartphone and TVs were the two most popular screens to be used during the 

hour before bed (Figure 7b). Homework was the most common activity performed using a 

computer during a normal week, followed by emailing, connecting to social media sites, and 

streaming TV (Figure 8a), while connecting to the internet, texting, taking photos (females only), 

and connecting to social networking sites were the most common activities performed on a cell 

phone/smartphone (Figure 8b). 
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Table 16: Adolescent Screen-Use Behaviours, the Home Screen Environment, and Attitudes (Parent and Adolescent Surveys) 

 PARENT SURVEY ADOLESCENT SURVEY 

Female (n=117) Male (n=113) Total (n=230) Female (n=138) Male (n=180) Total (n=218) 

SCREEN-USE BEHAVIOURS 
Adolescent screen time: 
Average adolescent screen time (h) 
Average adolescent TV viewing time (h) 
Adolescents watching <2h/day TV (n, %) 

 
 
7.3 (4.7) 
1.9 (1.4) 
68 (58.1) 

 
 
7.7 (5.8) 
1.9 (1.4) 
63 (55.8) 

 
 
7.5 (5.3) 
1.9 (1.4) 
131 (57.0) 

 
 
8.5 (4.5) 
1.8 (1.7) 
81 (58.7) 

 
 
8.0 (4.2) 
1.9 (1.5) 
81 (58.7) 

 
 
8.3 (4.4) 
1.9 (1.6) 
129 (59.2) 

HOME ENVIRONMENT 
Home Screen Environment 
No. of screens in house 
No. of screens in adolescent’s bedroom 
>=1 Screen in adolescent’s bedroom (n, %) 
Yes, TV usually on in house (n, %) 
Yes, TV on during meals (n, %): 
    Breakfast 
    Lunch 
    Dinner 
    Snacks 
We have screen-use rules at home (n, %) 

 
 
13.9 (4.6) 
0.8 (1.0) 
62 (53.0) 
46 (39.3) 
 
42 (35.9) 
20 (17.1) 
77 (65.8) 
77 (65.8) 
77 (65.8) 

 
 
15.5 (4.1) 
1.2 (1.2) 
73 (64.6) 
42 (37.2) 
 
36 (31.9) 
21 (18.6) 
66 (58.4) 
67 (59.3) 
89 (78.8) 

 
 
14.2 (4.5) 
1.3 (1.2) 
135 (58.7) 
88 (38.1) 
 
78 (33.8) 
41 (17.7) 
143 (61.9) 
144 (62.6) 
166 (72.2) 

 
 
14.3 (4.8) 
1.1 (0.9) 
161 (73.9) 
45 (32.6) 
 
36 (26.1) 
24 (17.4) 
74 (53.6) 
71 (51.4) 
- 

 
 
14.3 (4.7) 
1.1 (1.1) 
108 (78.3) 
25 (31.3) 
 
27 (33.8) 
15 (18.8) 
44 (55.0) 
47 (58.8) 
- 

 
 
14.3 (4.7) 
1.31 (1.2) 
53 (66.3) 
70 (32.1) 
 
63 (28.9) 
39 (17.9) 
118 (54.1) 
118 (54.1) 
- 

ATTITUDES 
Education 
Neither/Negative 
Positive 
Behaviour/Relationships 
Neither/Negative 
Positive 
Health Behaviours 
Neither/Negative 
Positive 
Screen Use in the Family (n, %): 
Screens make parenting easier 
Neither/disagree 

 
 
104 (88.9) 
13 (11.1) 
 
109 (93.2) 
8 (6.8) 
 
110 (94.0) 
7 (6.0) 
 
 
87 (74.4) 

 
 
103 (91.2) 
10 (8.8) 
 
101 (89.4) 
12 (10.6) 
 
108 (95.6) 
5 (4.4) 
 
 
82 (72.6) 

 
 
207 (90.0) 
23 (10.0) 
 
210 (91.3) 
20 (8.7) 
 
218 (94.8) 
12 (5.2) 
 
 
169 (73.5) 

 
 
106 (76.8) 
32 (23.2) 
 
119 (86.2) 
19 (13.8) 
 
137 (99.3) 
1 (0.7) 
 
 
- 

 
 
49 (61.3) 
31 (38.8) 
 
70 (87.5) 
10 (12.5) 
 
77 (96.3) 
3 (3.8) 
 
 
- 

 
 
155 (71.1) 
63 (28.9) 
 
189 (86.7) 
29 (13.3) 
 
214 (98.2) 
4 (1.8) 
 
 
- 
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Agree 
I use screens as a parenting tool 
Neither/disagree 
Agree 
I am concerned  with the amount of time  my child 
spends using screens 
Neither/disagree 
Agree 

30 (25.6) 
 
104 (88.9) 
13 (11.1) 
 
 
77 (65.8) 
40 (34.2) 

31 (27.4) 
 
102 (90.3) 
11 (9.7) 
 
 
67 (59.3) 
46 (40.7) 

61 (26.5) 
 
206 (89.6) 
24 (10.4) 
 
 
144 (62.6) 
86 (37.4) 

- 
 
- 
- 
 
 
- 
- 

- 
 
- 
- 
 
 
- 
- 

- 
 
- 
- 
 
 
- 
- 

Unless otherwise stated, all values are presented as mean ± SD 
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Figure 6: Self-Reported Average Adolescent Screen Time According to Individual Screen Devices 

(Adolescent Survey). 

 The results of the adjusted multiple regression models, which regressed average adolescent 

screen time on home environment and parental behaviours/attitudes variables, are presented 

in Table 17. Average parental screen time was the only variable that was statistically significant 

for both females and males, after adjusting for potential confounding factors.  
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Figure 7: Self-Reported Adolescent Multi-screening (Figure 7a) and Pre-Sleep (Figure 7b) 

Behaviours (Adolescent Survey) 

33% 

3% 

63% 

30% 

39% 

26% 

61% 

26% 

Computer VGs Cell Phone Tablet%
 R

e
gu

la
rl

y 
U

si
n

g 
Sc

re
e

n
 W

h
ile

 W
at

ch
in

g 
TV

 D
u

ri
n

g 
a 

U
su

al
 W

e
e

k 

a) Multi-Screening Behaviours 

Females Males

57% 55% 

7% 

77% 

30% 

64% 

51% 

23% 

63% 

19% 

TV Computer VGs Cell Phone Tablet

%
 R

e
gu

la
rl

y 
U

si
n

g 
Sc

re
e

n
 in

 t
h

e
 H

o
u

r 
B

e
fo

re
 B

e
d

 D
u

ri
n

g 
a 

U
su

al
 W

e
e

k 

b) Pre-Sleep Screen Behaviours 



 

 

 
Chapter 6: The Home-Screen Environment, and Parental and Adolescent Behaviours    161 

 

 
 

 

Figure 8: Most Popular Activities Performed Using a Computer (Figure 8a) or Cell 

phone/smartphone (Figure 8b) During a Normal Week (Adolescent Survey) 
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Table 17: Regression analyses for home environment and parental behaviours/attitudes predicting parent-reported adolescent screen time by sex and overall 
(Parent Survey) 
 Average Adolescent Screen Time Hours 

Females Males Overall** 

INDEPENDENT VARIABLE Coef SE* p Coef SE* p Coef SE* p 
Home Environment 
TV usually on 
Total screens in house 
TV on with dinner 
TV on with snacks 
>1 Screen in bedroom 

 
0.188 
0.084 
1.227 
0.596 
0.315 

 
0.801 
0.076 
0.696 
0.822 
0.730 

 
0.820 
0.262 
0.091 
0.465 
0.688 

 
0.841 
-0.19 
0.854 
-0.302 
0.769 

 
0.998 
0.125 
0.857 
0.973 
0.946 

 
0.409 
0.876 
0.305 
0.740 
0.449 

 
0.522 
0.039 
1.056 
-0.141 
0.445 

 
0.581 
0.057 
0.488 
0.505 
0.514 

 
0.377 
0.485 
0.031 
0.794 
0.396 

Parental Behaviours 
Average parental screen time 
Screen rules 
Use screens as a parenting tool 
 
Parental Attitudes 
Screens make parenting easier 
Screens create conflict 
Concern about screen use 
Positive attitudes about effects of screens: 
    Adolescent education 
    Adolescent behaviour 
    Adolescent health behaviours 

 
0.711 
-0.201 
0.282 
 
 
-0.114 
0.933 
0.370 
 
2.531 
2.110 
-0.746 

 
0.119 
0.814 
1.746 
 
 
0.726 
0.857 
0.754 
 
1.950 
3.176 
1.589 

 
0.001 
0.828 
0.881 
 
 
0.868 
0.314 
0.651 
 
0.187 
0.441 
0.624 

 
0.770 
-0.417 
-0.634 
 
 
0.501 
0.466 
0.334 
 
0.449 
-0.139 
-0.356 

 
0.135 
0.967 
1.808 
 
 
1.234 
0.853 
0.873 
 
1.667 
1.824 
3.126 

 
0.001 
0.689 
0.730 
 
 
0.700 
0.598 
0.694 
 
0.758 
0.938 
0.895 

 
0.726 
-0.210 
-0.036 
 
 
0.229 
0.657 
0.137 
 
1.361 
0.951 
-0.624 

 
0.092 
0.533 
1.049 
 
 
0.678 
0.540 
0.532 
 
1.003 
1.335 
1.361 

 
0.001 
0.705 
0.974 
 
 
0.731 
0.233 
0.787 
 
0.159 
0.484 
0.636 

* Bootstrapped SE. 
** Regression model for ‘Overall’ controlled for sex. 
Multiple regression models adjusted for age, ethnicity, highest level of parent education, number of children aged ≤18 years in the household and adolescent BMI. 
Education = Education composite score 
Behaviour = Behaviour composite score 
Health behaviours = Health behaviours composite score 
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 DISCUSSION 6.3.5

A strong association was found between parent screen time and parent-reported adolescent 

screen time for both females and males. Alternatively there was no association between 

adolescent screen time and either the home physical environment, or parental attitudes. The 

majority of households included in the dataset had a relatively toxic home screen environment, 

as assessed by the number of screens in the home, presence of screens in the bedroom, TV 

usually being on even if no one was watching it, and TV usually being turned on during dinner 

and snacks. With respect to attitudes, the majority of parents and adolescents reported neutral 

effects of screens on education, behaviour/relationships, and health behaviours. Cell 

phone/smartphone and computer use each accounted for greater proportions of total average 

screen time than watching TV in both males and females. Finally, multi-screening and pre-sleep 

screen-use behaviours were shown to be highly pervasive activities in this population of NZ 

adolescents.  

Strengths and Limitations 

The research presented has several strengths and limitations. Firstly, it provides an updated 

description of the modern screen environment that NZ adolescents are exposed to, by providing 

information about both the use of modern screen devices, such as cell phones and tablet 

computers, and the popularity of emerging screen-use behaviours, such as multi-screening. 

Secondly, the research also described adolescent attitudes towards screens, an area that has 

been largely under researched to date. Thirdly, the availability of the surveys online meant that 

families living in more remote communities had the opportunity to participate in the research, 

and therefore data were collected from households throughout the country rather than just 

focusing on those from major centres. However, as geographic data was not collected, it is 

unknown whether the survey uptake was distributed evenly across urban and rural areas. 
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The first main limitation of this research is related to sampling bias. A national survey was 

recently conducted in NZ, which investigated TV exposure (but not other screens) in children 

(206), as such, the two surveys presented here were undertaken to provide an updated, more 

in-depth look at the home screen environments that NZ adolescents are exposed to, and 

therefore were not designed to be representative of the NZ population. As such, the two 

samples were predominantly NZ European, with the Parent Survey mainly including well-

educated parents with high levels of employment and income. Therefore, although both surveys 

included families from other ethnic groups, it cannot be ascertained whether similar findings 

would have been shown for higher-risk families. Interestingly, when TV viewing data was 

compared between the Parent Survey and the NZ national survey, the proportion of adolescents 

meeting the NZ guidelines was greater in the current survey (57% vs 42%) (206). Although this 

difference may be due to differences in ethnicities and socioeconomic status between the two 

surveys, it may also highlight changing screen-use habits with increasing age. While the national 

survey looked at 10-14 year olds, our survey investigated 13-18 year olds; this older age group 

may be more likely to engage in other screen-use behaviours, including using cell 

phones/smartphones and computers. These other behaviours were not investigated in the 

national survey and so this difference cannot be confirmed.  Additionally, as the surveys were 

online only (no paper and pen option) parents and adolescents were required to have access to 

devices with an internet connection, which may have further contributed to sampling bias in 

both surveys. The unrepresentative sample and reliance on online data collection processes 

may have compromised the external validity of the findings; therefore, caution must be taken 

when attempting to generalise findings.  

The second major limitation of the research relates to measurement of screen time. Although 

the surveys attempted to improve understanding of adolescents’ screen exposures by including 

questions about the use of modern screen devices, they relied on self-report and parent-report 
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due to the lack of objective screen-time measure. Parent-report may also have resulted in 

parents providing socially desirable responses to questions. Future research may therefore need 

to take advantage of recent advances in technology (e.g. Google Glass), which may allow for 

more objective measures of screen time within free-living conditions. Further, the finding that 

multi-screening is a relatively common activity in adolescents raises important implications for 

measurement of total screen time. Therefore, rather than asking respondents about how often 

they spent using particular devices, it may have been more appropriate to ask them to report 

time spent on a device when that was the primary device being used. Failure to do so may have 

resulted in over-report time for both devices and, in turn, total screen time. There remains a 

pressing need for a more comprehensive screen-time measurement tool that takes into account 

multi-screening behaviours. We also did not measure co-viewing behaviours with parents, other 

family members, and peers. Previous research has shown that children in families who 

frequently watch TV together are more likely to watch TV for ≥2 hours/day (244). It would have 

been interesting to know whether this behaviour also occurs in adolescents within the modern 

screen environment, where youth increasingly engage with small personal screens (i.e. tablets, 

Smartphones).   

Thirdly, validity and reliability measures for several of the survey items (e.g. eating while using 

screens, screen use before bedtime, effects of screens on behaviours etc.) were unknown, as 

there are currently no validated questions for these items. However, the questions were 

adapted from a series of large-scale, nationally representative surveys conducted by the Kaiser 

Family Foundation (83, 275). Fourthly, although the Parent Survey aimed to investigate the 

relationship between the family and home environment and screen use, only one outcome 

measure (screen time) was investigated. However, recent research (210, 276) has highlighted 

the importance of particular screen-use behaviours, such as eating in front of the TV, in 

explaining the relationship between screens and negative health outcomes. Therefore, it is 
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suggested that future research should investigate the correlates of particular negative screen-

use behaviours, in addition to screen time. Finally, for practical purposes, the two surveys were 

conducted in independent samples, thus precluding direct comparisons to be made between 

parent- and adolescent-reported measures. 

Comparison with other evidence and implications 

The strong association between parent and adolescent screen time is consistent with previous 

cross-sectional studies (234, 265-268). However, when analysing these data the assumption was 

made that parental screen time predicted adolescent screen time; yet, this assumption may 

have been incorrect. It has been shown that parent-child interactions are in fact dynamic and 

bidirectional (277), therefore adolescent screen time may drive parental screen time. For 

example, adolescents who engage heavily with screen-based media may encourage their 

parents to engage with screens in a similar manner, and/or parents of heavy screen users may 

adopt screen use as a way to connect with their child. Likewise, parents who themselves are 

heavy screen users may provide a supportive home screen environment, where screens are 

readily available and screen use not discouraged. Longitudinal research is therefore needed to 

provide a better understanding of the complex relationship between parent and adolescent 

screen time (278), as research from prospective studies to date is inconclusive (279). 

Furthermore, we only investigated the habits of one parent/caregiver; however, it must be 

considered that the combined effects of all caregivers may impact differently on adolescent 

screen time (280). The relationship between parent and adolescent screen time may be further 

complicated by behaviours of other caregivers and siblings/peers in the same household. It is 

therefore proposed that although we found a strong association between adolescent and 

parent screen time, this complex relationship needs to be further elucidated before any 

recommendations can be made to target parental screen time as a strategy in intervention 

studies. 
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With respect to the physical environment in the home, we found no association with adolescent 

screen time after adjusting for potential confounders. Previous research has shown that 

children in households that promote screen use, for example the TV being on when the child 

returns from school, are more likely to exceed screen-use guidelines (122), and children with a 

TV in their bedroom have greater screen time compared with those without a TV in their 

bedroom (83, 123-125). However, this may be the result of recent changes in screen ownership 

and the availability of more mobile screen devices. According to longitudinal research, the 

proportion of children with a TV in their bedroom decreased by 30% between 2007 and 2011 in 

the United Kingdom (281), which was possibly attributable to changes in societal patterns of 

electronic media ownership. According to US data collected in 2011, adolescents reported that 

they were more interested in buying mobile media devices (computers, tablets, and cell 

phones) than TV sets (282). The fallout of adolescents moving towards greater usage of mobile 

devices may be that they increasingly have access to screens they can use anytime and 

anywhere, and therefore, the home screen environment may become increasingly less 

influential when considering determinants of overall screen time within the modern screen 

environment. If true, this trend in screen ownership and preference for mobile screen devices 

may somewhat undermine older research that has demonstrated the importance of the home 

screen environment in changing children’s screen time. In turn, this may have important 

implications for interventions that aim to decrease screen use by manipulating the home 

environment.  

Although we initially hypothesised that greater parental concern and adverse parental attitudes 

towards screens would be negatively associated with adolescent screen time, we found no 

relationship between the two. In fact, previous research has shown that negative parental 

attitudes may actually be associated with greater child screen time (283) and an increased 

likelihood of children eating meals in front of the TV (284). One proposed explanation for this 
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finding is that parents of children who watch large amounts of TV are more aware that there is a 

problem and they are therefore more concerned about it than parents of children who do not 

watch as much TV (283). However, it is important to note that research into the relationship 

between parental attitudes and child screen time has relied on parent-report. Parents who are 

unconcerned with their child’s screen use may therefore be unaware of the actual amount of 

time their child is exposed to screens, and in turn may under-report their screen time. 

Implications 

Techniques to mitigate screen use are proving increasingly evasive. The screen environment and 

the way in which adolescents use screens continue to evolve at an unprecedented rate; 

adolescents now use multiple screens at once, and no longer rely on TVs to watch video 

content. Further, within the modern screen environment, the relationship between parent and 

child screen time may have become increasingly dynamic and complex. These changes in the 

family and home environment may have important consequences for research investigating 

correlates of screen time and, in turn, intervention strategies.  

While previously the home environment was cited as an important predictor of screen time (83, 

123-125), the mobility of screens may possibly have negated this effect, with adolescents now 

not having to rely on access to screens in a fixed location and at a specific time. Further, it is not 

only media device ownership and usage that has changed in recent years, but perhaps also 

social norms surrounding screen use. Screens are now recognised as an important aspect of 

everyday life, and are frequently used for purposes outside of entertainment, including 

searching for information and socialising (285). In particular, the Adolescent Survey highlighted 

just how pervasive non-TV screens have become in the lives of teenagers, with these screens 

now used to conduct a range of activities, including playing games, connecting with people, 

watching TV/video content, connecting to the internet, and shopping. Further, the prevalence 
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of particular screen-use behaviours, such as multi-screening and using screens during the pre-

sleep period, demonstrates the extent to which screens have infiltrated adolescents’ lives and 

dominate their time. 

One major implication for future screen-use research is that we need to establish whether it is 

the sedentary nature of screen use which is the major threat to health and well-being, or 

whether there is something inherent within the medium itself that adversely impacts on health. 

To date, screen-time research has been pegged with sedentary behaviour research. Yet the 

most recent evidence suggests that the two may impact behaviours and health differently. For 

example, it was recently shown that total sedentary time is negatively associated with time 

spent outside, while screen time is positively associated with greater time outdoors in 9-11-

year-old children (286). The same research also showed that while unhealthy eating scores were 

lower in children with high total sedentary time, scores were higher in children with high screen 

time (i.e. screen time was associated with unhealthy eating behaviours). The two surveys 

specifically focused on screen time overall, not just sedentary screen time, but it remains to be 

established whether it is the sedentary nature of screen use, or the screens themselves, which 

have the biggest impact on health. Future research will need to address this in order to establish 

which behaviours need to be targeted. 

Innovative techniques for targeting screen use are required. To date, the majority of screen-use 

interventions have focussed on traditional screen-use behaviours and environments. Yet the 

way youth use screens, the environments in which they use screens, and even the sedentary 

nature of screen use itself, has changed rapidly in recent years. The research presented here 

highlights not only the pervasiveness of these new and emerging behaviours, but also the highly 

dynamic nature of screen-use correlates. As such, future attempts to reduce screen time need 

to acknowledge the fluid and complex nature of screen use by keeping abreast of new 
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developments in screen technologies and their impact on screen-use behaviours and correlates. 

In addition, it is proposed that both adolescent and parental screen time should be targeted in 

interventions, given the dynamic nature of this relationship. Finally, research is needed to 

establish whether total screen time or sedentary screen time should be targeted in future 

interventions.  

 CONCLUSION 6.3.6

A strong association was found between parent screen time and parent-reported adolescent 

screen time, although the nature of this relationship remains poorly understood. Other family 

and home environment variables appear to have little predictive power with respect to 

adolescent screen time, which may be the consequence of recent changes in the modern screen 

environment. Future attempts to reduce screen time will need to keep up-to-date with the 

changing screen environment, emerging screen-use behaviours, and the impact of these 

changes on screen-use correlates. 
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 GENERAL DISCUSSION CHAPTER 7.

As our need to reduce screen-based activities increases, effective strategies to target these 

behaviours continue to evade us (110). The overall goal of this thesis was therefore to integrate 

current knowledge with findings from the research presented herein to identify new directions for 

screen-use research and inform the design of future screen-use interventions. In order to achieve 

this goal, two systematic reviews were conducted to establish what was already known in the field 

and to identify what research was still required. Two separate experiments and two surveys were 

then undertaken to address the identified gaps in the literature, with the aim of assessing not only 

how screens are related with overweight and obesity (mechanistic relationship), but also what 

factors are associated with screen-use behaviours within the modern screen environment in NZ 

(correlation).  

A number of primary findings were derived from the laboratory studies and surveys:  

1. Acute exposures to traditional screen-based media was associated with large EI from food and 

drink in children and adolescents, even in the absence of food advertising  

2. Multi-screening, which is an emerging screen-use behaviour, did not mitigate the effects of 

traditional screen-use behaviours on EI, even though participants may have been more 

distracted while engaging in this behaviour  

3. Parental screen time, but not the home physical environment or parental attitudes, was highly 

correlated with adolescent screen time 

4. A modern screen-use environment is emerging, whereby our current understanding of 

traditional screen-use behaviours, traditional screen-use environments, and, in turn, traditional 

screen-use correlates may be increasingly outdated  
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This discussion provides a brief summary of the findings from Sections 1 and 2 and demonstrates 

how the presented research addressed the aims and objectives proposed at the outset of the thesis. 

The findings from the two sections will then be integrated to reveal what the major implications of 

the research are, and how these can be used to guide future directions for both research and 

intervention, consequently addressing the overall goal of the thesis.  

7.1. OVERVIEW OF FINDINGS 

Section one of the thesis (Chapters 2, 3, and 4) was concerned with establishing the mechanistic 

relationship between screen use and overweight/obesity in young people. Overall, the systematic 

review (Chapter 2) showed that screens were consistently associated with increased EI in the 

absence of advertising when compared with non-screen behaviours (e.g. reading, listening to music, 

sitting quietly in a chair). The review also revealed three important gaps in the literature: (1) the 

effects of recreational computer use on EI had not been investigated, (2) the comparative effects of 

three traditional screen-based behaviours (TV watching, recreational computer use, and VG play) on 

EI were unknown, and (3) the effects of an important emerging screen-use behaviour, namely multi-

screening, had not been assessed in any laboratory study. The laboratory studies in Chapters 3 and 4 

were therefore conducted to address these knowledge gaps by investigating the effects of 

traditional screen-based activities (Chapter 3) and emerging screen-use behaviours (Chapter 4) on EI 

in young people.  

The main finding from the first laboratory study, which compared the effects of three traditional 

screen-based behaviours (watching TV, recreational computer use, and playing VGs) on acute EI,  

was that TV watching (with no food advertisements) was associated with significantly greater EI 

compared with computer use, and a trend towards greater EI than VG play. However, perhaps more 

importantly, it was found that regardless of the between-group differences in EI, all three conditions 
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were associated with EI much greater than that which would be expected in male children during a 

1-hour eating episode.  

The second laboratory study was then conducted to establish the effects of an emerging screen-use 

behaviour (multi-screening) on EI. Given that children and adolescents are now using secondary 

mobile-media devices at the same time as watching TV (285), it was important to assess whether 

this new behaviour attenuated (or potentiated) the effects of traditional screen-use behaviours 

(watching TV) on EI. The main finding from the study was that EI did not differ significantly between 

the single-screen and multi-screen groups, and therefore the use of multiple screens at once did not 

appear to decrease the negative effects of TV on EI.  

Section two of the thesis (Chapters 5-6) was concerned with identifying the role of the family and 

home environment in promoting/reducing screen-use behaviours in young people. The systematic 

review investigated the most effective tools for intervention within the traditional screen 

environment and found that interventions that included a parent component of medium-to-high 

intensity were more likely to be associated with significant decreases in screen-based behaviours, 

compared with studies where the role of the parent was primarily administrative or supervisory in 

nature and therefore considered to be of low intensity.  

Yet increasing trends in the availability, affordability, and accessibility of personal mobile screens 

may mean that parents have less control over the extent of their child’s exposure. Children can 

essentially access screens almost anywhere at any time. Indeed, despite previous research 

identifying parents (and the home environment) as important drivers of screen use, and the 

systematic review highlighting the importance of the parent’s role in intervention success, the 

majority of research in this area is largely out of date. In light of this, the Parent and Adolescent 

surveys (Chapter 6) were undertaken to update our current understanding of the modern screen 

environment and what new attitudes, behaviours, and physical environments may be emerging in 
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response to this modern environment. In doing so, it was hoped that it could be established whether 

traditional factors continue to drive adolescent screen use or whether new factors need to be 

considered when designing future interventions.  

Perhaps the most important finding from the Parent Survey was that, after adjusting for 

confounding factors, only parental screen time was significantly correlated with adolescent screen 

time. But importantly, parental screen time may not drive adolescent screen time, as the 

relationship between the two is likely to be bidirectional and dynamic in nature. The second main 

finding was that no significant correlations were found between either parental attitudes or the 

physical home environment and adolescent screen use. This finding was in contrast to previous 

research (83, 123-125), and the difference may be due to recent changes in the screen environment 

and resulting screen-use behaviours.  

With respect to the Adolescent Survey, a number of key findings were established: (1) cell 

phones/smartphones and computers are now the predominant screen-based activities, with each 

accounting for greater proportions of total screen time than watching TV, (2) screens now play an 

important role in day-to-day life, with teenagers reporting using screens to conduct a range of 

activities beyond what may be considered traditional uses of screens (e.g. entertainment and 

homework), and (3) multi-screening and pre-sleep screen use were highly prevalent behaviours, thus 

highlighting the extent to which screens now dominate the leisure time of adolescents.  

7.2. STRENGTHS AND LIMITATIONS 

Strengths and limitations of the specific studies have been discussed previously in the respective 

chapters. However, the entire research as a whole has its own strengths and weaknesses. Firstly, 

within the field of screen time and sedentary behaviour, this is one of the first pieces of research 

that has moved beyond looking at traditional screen-use activities and behaviours. While assessing 

the effects of watching TV in isolation is important for assessing causation, TV watching appears to 
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be an increasingly less dominant behaviour in children and adolescents due to advances in the 

mobility and functionality of screens. These changes are likely to have significant impacts within the 

area of screen-time research and measurement.  

Secondly, the research provides a timely update into the correlates of screen time, and highlights 

the importance of moving beyond looking at just the individual, family, and home environments as 

targets for change. Finally, the research also brings to light the need to understand how screen use is 

linked with overweight, and therefore raises the importance of not just focusing on decreasing 

screen time, but rather promoting healthy screen-use behaviours. As such, future interventions 

could be tailored to target the specific mechanisms linking screens and overweight, rather than just 

attempting to affect bodyweight change through reduction of total TV or screen time (e.g. no eating 

while using screens, no snacking in front of the TV). Such an approach acknowledges the role of 

screens in daily life, and attempts to balance both the benefits of screen use (entertainment, social 

networking e.t.c.) and the adverse effects on health (overweight/obesity and related NCDs).  

There are also a number of limitations that need consideration. Firstly, the samples in both the 

experimental studies and surveys were not representative of the NZ population, with all four 

samples consisting predominately of NZ European children and adolescents. This was partly due to 

the exploratory nature of the laboratory studies and the lack of resources available to conduct 

national surveys. Certain populations were therefore underrepresented across the research and 

other studies would need to be conducted to determine if findings are consistent across different 

ethnic and socioeconomic groups.  

Secondly, although the laboratory studies were designed to control for a variety of variables in order 

to establish the mechanistic relationship between screens and overweight, the controlled nature of 

these studies make it difficult to make inferences about free-living conditions. In particular, although 

differences were found in EI between different screen-use activities, it cannot be ascertained what 
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the size of these differences would be for children and adolescents in a real world setting. Although 

assessment of EI in free-living conditions would be a challenging task, recent advances in technology 

may allow for the passive collection of images that would enable assessment of both the amount of 

food and drink consumed and the context of that consumption (287).  

7.3. IMPLICATIONS AND FUTURE DIRECTIONS 

Although findings from each individual study were themselves of interest, it is perhaps more 

pertinent to interpret the findings as one cohesive body of research. As such, five major implications 

were identified after synthesising the study findings, with each of these having important 

consequences for future research directions and/or screen-use interventions. 

 Screen Time versus Healthy Screen-Use Behaviours 7.3.1

After consideration of findings from both this thesis and current research within the field, it is 

proposed that rather than focussing just on total screen time, more emphasis should be placed on 

specific screen-use behaviours that have been shown to impact negatively on health outcomes, in 

particular, EI. Chaput et al. (288) proposed that, while there has been a historical trend to consider 

the effects of sedentary behaviours in terms of their effects on EE, it is perhaps more important to 

consider the effects of these behaviours on energy balance regulation when designing interventions 

to target obesity. In particular, the effect of screens on EI has been identified as an important way in 

which sedentary behaviours disrupt energy balance, through promotion of energy consumption in 

the absence of hunger (289). Further, it has been shown that screen use, rather than sedentary 

behaviour overall, is more strongly associated with unhealthy dietary patterns (290). Indeed, this 

literature is in-line with findings from Section 1 of this thesis, which demonstrated consistently high 

energy consumption during a relatively short (acute) exposure to both traditional and emerging 

screen behaviours. It is therefore proposed that interventions targeting obesity should acknowledge 

the detrimental effects of screens on snacking behaviours. As such, emphasis should be placed not 
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just on total screen time, but specifically on promoting healthy screen-use behaviours (e.g. not 

eating in the presence of screens). In fact, interventions designed to reduce screen time only may fail 

to take advantage of the important mechanistic relationship identified in the two laboratory studies. 

For example, an intervention that effectively reduced screen time in youth to the recommended 2 

hours per day may fail to achieve success in impacting on bodyweight if participants in the study 

spent the 2 hours of screen time snacking on unhealthy foods.  

However, research into the mechanistic relationship between mobile media screens and EI are 

required. Although newer devices can be used in a far greater range of settings than the traditional 

TV set, meaning there may be even greater opportunities to engage with these devices while eating 

or snacking (e.g. in restaurants, while waiting for the bus etc.), mobile screens require children to 

use their hands to a greater extent than while watching TV, thus making it more difficult to 

snack/eat at the same time. As findings from the surveys showed, mobile media use appears to be 

the dominant screen activity; however, the effect of mobile devices on EI is unknown. Research will 

therefore need to establish whether EI is changed in the presence of mobile devices and, if so, how 

do different environments impact on this relationship. Further, if research shows that mobile devices 

have a neutral effect on EI, or even decrease EI, then this may have important implications for 

interventions that aim to target bodyweight through reduction of screen use. As such, the 

proliferation of mobile devices may mean that the relationship between screen use and obesity will 

become weaker over time.   

Eating in front of screens is not the only behaviour that is frequently paired with screen use that has 

potential to negatively impact on health. For example, findings from the two surveys highlighted that 

adolescents regularly use screens within the pre-sleep period, which has been shown to negatively 

impact on sleep (291), and in turn health and well-being (291). As such, it is proposed that screen 

use may be associated with a clustering of adverse health behaviours (either directly or indirectly) 
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and these behaviours need to be explored in greater depth in future research. Certainly, behaviours 

associated with emerging screen-use activities (e.g. Smartphone use) need to be described and their 

potential association with adverse health outcomes will also need to be quantified.  

Accordingly, it is proposed that a more successful approach to targeting screen use may be to 

promote both lower screen time overall and healthy screen-use behaviours. This approach would 

allow for development of evidence-based interventions, while also recognising that screens may not 

be entirely health negative and actually have an important role to play in daily life (as shown in the 

Adolescent Survey). Consequently, such an approach may allow for the development of more 

complex interventions, which aim to both minimise the negative effects of screens while 

simultaneously harnessing their potential to promote health and other positive behaviours. 

 From the Individual Child to the Family Unit 7.3.2

It is recognised that one of the most important recommendations to successfully address childhood 

obesity is to involve parents in helping their children make positive behavioural changes, including 

improving nutrition and physical activity levels (292). With respect to screen time, family 

involvement may be particularly important, given that parents’ own viewing and co-viewing (i.e. 

parent and child viewing together) behaviours, the normalisation of screen use into everyday life, 

the addictive nature of screens, and the pervasiveness of screens in the home, have all been 

identified as important barriers to reducing youth screen time (132). Section 2 of the thesis aimed to 

tease out what have been the most effective components of family-based interventions for targeting 

screen use to date, and how relevant these components are within the modern screen-use 

environment.  

The most important finding from integration of findings from this section was that parental 

behaviour (i.e. their own screen time) remains the most important correlate of adolescent screen 

time. Conversely, within the modern screen environment, the physical environment within the home 
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and parental attitudes towards screens did not appear to be associated with adolescent screen use. 

As such, it is proposed that future interventions need to focus on simultaneously targeting the 

screen-use behaviours of the child and parent/caregiver. However, findings from Section 2 also 

highlighted the need to go beyond the parent-child dyad, and focus on the family unit as a whole. 

This would enable indirect targeting of younger members of the family, whose screen use is on the 

rise (260), and who have been identified as particularly responsive to intervention (293). In addition, 

screen-use messages may be easier to enforce if the whole family is involved.  

 Screen Use, Sedentary Screen Use, and Sedentary Behaviours  7.3.3

As research reported in this thesis progressed, an incipient notion of ‘sedentary screen use’ not 

telling the whole ‘screen use’ story began to take shape. At the heart of this idea was that sedentary 

screen time failed to capture all aspects of how screens impact on health and well-being. While the 

sedentary nature of traditional screen use remains important, there is a growing body of evidence 

that suggests it may also be the medium itself (i.e. the screen) that is an issue (294). For example, a 

number of health-related outcomes have been shown to be associated with screen time 

independent of sedentary time, including cardiometabolic risk in adolescents (84), poor sleep (295), 

and mental health issues (296). As such, while the early research conducted as part of this thesis 

focused on sedentary screen behaviours (the two systematic reviews and the first laboratory study), 

it was later decided to include screen-use behaviours that were not necessarily classified as 

sedentary (the second laboratory study and the surveys). Consequently, findings from these two 

later studies illustrated that mobile screen use is on the rise amongst NZ youth, while more 

traditional screen-use behaviours (e.g. watching TV) are declining.  

Yet ambiguity within the discipline’s vernacular is not limited to ‘sedentary’ and ‘non-sedentary’ 

screen time. To date, there has been little attempt in the literature to extract what specifically is 

being assessed in sedentary behaviour research. For example, most papers investigating the 
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negative effects of sedentary behaviours and screen use on health and bodyweight have either (1) 

investigated sedentary behaviours by using TV watching or screen time as a proxy measure for 

sedentary time, or (2) specifically investigated screen time but failed to distinguish between 

sedentary and non-sedentary screen time. As the field of sedentary behaviour research continues to 

grow, our understanding of how the different behaviours and their associated health outcomes are 

inter-related is proving to be increasingly complex. It is therefore proposed that future research will 

need to address a number of issues: 

 Adequately define the terms sedentary time, sedentary screen time, and (total) screen time 

(Figure 9) 

 Acknowledge at the outset what the research is specifically investigating 

 Attempt to unravel the relationship between each of these behaviours and their differing 

and inter-related impacts on health and other outcomes 

 Identify which behaviours are the biggest threat to health and well-being 

 Establish whether certain behaviours are actually health neutral and/or health positive 

The first step will be to ensure disambiguation of sedentary behaviour and screen time terminology 

within the academic literature. Specifically, the terms ‘total screen time’, ‘sedentary screen time’, 

‘non-sedentary screen time’, and ‘sedentary behaviour’ need to be defined in such a way that 

acknowledges their overlapping relationship (as illustrated in Figure 9), while simultaneously 

recognising that their impact on health will likely be intricately intertwined. Future research should 

then explicitly state what is being assessed. Once this is done, it may become clearer which 

behaviours have the greatest impact on health, and in turn, which behaviours should be targeted by 

interventions.  
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Figure 9: Venn diagram Illustrating Relationship between Sedentary Time and Screen Time 

 Measurement Issues 7.3.4

One of the primary aims of the thesis was to describe the modern screen-use environment and 

uncover emerging behaviours. In particular, the findings from the second laboratory study and the 

surveys suggest that children and adolescents are engaging more and more with mobile media 

devices, and participating in multi-screening behaviours. Undeniably, the growing popularity of 

mobile screens, the prevalence of multi-screening behaviours, and the separation of screen-use 

behaviours into sedentary screen time and non-sedentary screen time, mean that new screen-use 

measurement tools are required.  

Our continued focus on TV and traditional screens, and a failure to incorporate newer mobile 

devices into measures of screen use, is likely to lead to substantial under-reporting of actual screen 
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time. Further, not considering multi-screening behaviours may further jeopardise the accuracy of 

screen time measurements. When it is considered that multi-screening can result in reporting of 

screen exposure of greater than 1 hour during a 60-mintue time period, there is a clear need to 

distinguish between screen exposure (time spent engaged with screens) and media exposure (time 

spent engaged in with media, which could be greater than 60 minutes in the hour).  

Although it will be difficult to develop an objective measure of screen time, there may be an 

opportunity to develop apps (or update existing screen-use apps) which more accurately measure 

screen use by taking advantage of recent advances in technologies, including (1) the inbuilt 

capabilities of newer mobile devices, and (2) the ability of multiple devices to ‘talk with one 

another’. Firstly, an app could utilise the technology already embedded in modern mobile devices 

(e.g. accelerometers, gyroscopes, global positioning systems [GPS]) in order to gather contextual 

information about how the mobile screen is being used at any given moment. By gathering 

information about both screen use and body position/motion at any moment, it would be able to 

differentiate between sedentary and non-sedentary screen time. Secondly, by capitalising on the 

inter-connectedness of modern media devices, information could be gathered about simultaneous 

use of different screens in order to understand whether multiple devices/screens were being used 

together. Such a measurement tool could potentially overcome three main screen-time 

measurement limitations identified in this thesis: 

1. Capture usage of all screens  

2. Differentiate between sedentary and non-sedentary screen time  

3. Differentiate between multi-screening and single-screen activities and thus attempt to provide 

measures of total consecutive screen time and total exposure to media  
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Despite these benefits, there still remain a number of limitations with using this approach, which 

would need to be overcome. Firstly, the app would be unable to measure use of screens that are 

not connected to the primary measuring device, in particular screens outside the home/personal-

use environment (e.g. school, friend’s house, movie theatre). In order to overcome this there may 

need to be a function that prompts the person to manually add screen activities which aren’t 

automatically collected by the app. Secondly, until use of highly connected devices becomes 

widespread, it is likely that the app could only be used to collect screen-use information from 

people with the most up-to-date screen technologies. Ultimately, it is proposed that both these 

issues will be largely overcome with time, as individual screen use increasingly becomes the 

dominant screen-use behaviour, and devices become ever more adept and ‘talking with each 

other’.  

 It’s not just about Obesity - the Growing need for a Multidisciplinary 7.3.5

Approach to Screen Time 

At the outset of this thesis, there was preponderance within the field to focus on how traditional 

screens impact on bodyweight. Although important, findings from Section 2 highlighted the extent 

to which the screen environment has changed in recent years. In particular, traditional sedentary 

screen behaviours have been replaced with mobile media devices (e.g. Smartphones) and screen-use 

environments are now almost limitless. Further, there is increasing concern that screens impact on a 

number of important outcomes in children beyond just bodyweight. These other outcomes are likely 

to become important as total screen exposure increases, and children start to use screens at a 

younger age (297).  

Preliminary evidence suggests that screens may negatively affect sleeping patterns (298), children’s 

attentional systems (299), language acquisition (300), family interaction (301), mental health and 

risk-taking behaviours (302), depression (303), social disengagement (304), empathy (305), and 
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academic achievement (306). As such, there is an obvious need for screen-based research in other 

disciplines. In particular, the effects of screens on academic achievement should be a high priority. 

The use of computers for educational purposes has become increasingly popular in recent years, 

with greater pressure to incorporate screen-based technologies in the classroom and at home. 

However, evidence from large international studies suggest that screens may negatively impact on 

maths and reading skills (307, 308), and further, that broadening access of screens in schools may 

actually have a counterproductive effect on socio-economic disparities (308).  

There is also increasing concern about how the changing role of screens will impact on society as a 

whole. Consequences of screen use on society may include amplification of pre-existing differences 

in social participation and integration (e.g. where people who were already isolated become even 

more so), and increasing opportunities for people to free themselves from immediate social 

situations and interactions (by allowing them to fulfil both material and psychological needs without 

interacting with those around them) (309). Further, it has been suggested that mobile screens are 

now being used to defend an individual’s private space, resulting in a kind of ‘civil inattention’, 

whereby people can comfortably disengage with others in their vicinity (310). The impacts of such 

factors on society may have important implications for the way in which people interact with each 

other and therefore merit further investigation.  

Given the potential for screens to influence so many aspects of people’s lives, research across 

disciplines outside the field of population health should be encouraged in order to create greater 

opportunities for collaboration and funding, and to help form a more comprehensive understanding 

of the way in which screens impact on children, adolescents, and society as a whole. In short, screen 

use is a complex problem that calls for a collaborative response. By sharing knowledge, expertise, 

and resources, there may be greater opportunities for the development and implementation of 

more effective interventions. In such a way, researchers’ time may be better utilised working 
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together to pool ideas and knowledge, rather than working against one another competing for 

resources and funding opportunities. 

7.4. CONCLUSION 

As researchers devote greater efforts towards targeting screen use, the way in which we 

conceptualise this behaviour and opportunities for intervention need to evolve. This evolution needs 

to be driven by both mechanistic evidence, which identifies causative relationships (e.g. the 

mechanisms linking screen use with overweight [overeating]), and contextual evidence, which 

identifies the correlates and determinants of behaviours. Yet this is proving challenging given 

unprecedented changes in the screen-use field in recent years. One of the biggest threats to 

intervention success may well be our failure to keep up-to-date with these changes. It is therefore 

proposed that researchers need to continually revise and update how we conceptualise screen use, 

particularly if intervention success hinges (at least somewhat) on our ability to keep well-informed of 

new and emerging behaviours, attitudes, and environments. It is also proposed that intervention 

success may continue to be compromised if we focus our efforts entirely on the individual rather 

than the family unit. Comprehensive, whole-of-family approaches are suggested, which would allow 

for (1) targeting of parental screen behaviours, which have been shown to be intricately linked with 

adolescent screen behaviours, (2) inclusion of younger children’s screen behaviours, which 

consistently tract into older childhood and adolescence, and (3) creation of a social environment 

within the home which is more supportive to long-term screen-use change. Finally, it is anticipated 

that multidisciplinary research is required to improve our understanding of the cause and effect 

model of screen use, where screens impact not only on overweight and obesity, but also health and 

well-being, education, and social cohesion. Specifically, we need to move beyond thinking of how 

screens directly affect the energy balance equation, and acknowledge that the model of cause and 

effect of screen use is likely to be as complex as that for obesity itself. Ultimately it is hoped that this 
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complexity may be leveraged to create positive change in a number of important outcomes that 

impact both directly and indirectly on the health, development, and well-being of NZ youth. 
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APPENDIX 1 

Baseline Questionnaire: ESSAY study 
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APPENDIX 2 

Pre-/Post-Exposure Questionnaire: ESSAY Study 
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APPENDIX 3  

Baseline Questionnaire: SCREEN Study (Online) 
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Pre-/Post-Exposure Questionnaire: SCREEN Study 
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APPENDIX 5  

Parent Survey (Online) 
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APPENDIX 6  

Adolescent Survey (Online) 
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