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Abstract  

 

Behavioural aspects of chewing may influence food intake, nutritional status, and, in turn body 

weight. Obesity is highly prevalent among New Zealand adolescents, it is also a concern globally, 

as it impacts negatively on children’s health.  

The aims of the current study were: 1) To study the chewing features in a group of adolescents, 

as they naturally occur in home-based settings 2) To test for a possible association between 

chewing features and body weight  

Forty-two participants (20 females and 22 males) aged 15.3 ± 1.3 year were recruited for this 

study. Based on a Z-score for Body Mass Index (BMI), half of the study participants (n = 21) 

were classified as being in a healthy weight range, while the other half were considered 

overweight-to-obese. Using a smartphone-assisted wearable electromyographic (EMG) device 

and a wearable camera, the participants’ chewing features were assessed for one evening, 

including the evening meal, in their homes. The outcome variables included chewing pace, 

chewing duration, and the number and power (intensity) of chewing strokes. 

Eating episodes could be accurately detected by both the EMG device and the wearable camera, 

with accuracy values ranging from 0.8 to 0.92. The EMG device, however, was more sensitive 

and could identify chewing episodes not detected by the camera. The chewing features (mean ± 

SD), as evaluated by EMG, showed a chewing pace of 1.53 ± 0.22 Hz, a chewing time of 11.0 ± 

7.7 minutes and a frequency of chewing episodes of 63.1 ± 36.7 per evening (from + 5:00 pm 

until bedtime). The mean chewing power was 30.1 ± 4.8 %. There was a negative correlation 

between BMI and chewing pace (R= -0.42; P < 0.001) and between the BMI and chewing time 

(R = -0.32; P = 0.026). The results of the current study indicate that overweight-to-obese 

adolescents tend to eat in a shorter time and at a slower pace than their healthy weight 

counterparts. 
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Overview  

The thesis is presented in a classic format reporting the study results in two papers. The overall 

dissertation consists of five chapters as follows: 

Chapter 1 - Introduction and Literature review  

 The introductory chapter is an overview of human mastication in adolescence, describing the 

factors that influence mastication. Additionally, it reviews the diagnostic methods of recording 

mastication available, and recent developments related to potentially superior techniques. The 

causes and consequences of obesity in children, as well as diagnosis, treatment, and current 

evidence suggesting a relationship with eating behavior, are also outlined. The research question 

is defined as an intention to explore the association between chewing features in adolescents and 

body weight.  

 Chapter 2 – Materials and methods 

The second chapter discusses methodological detail, including study design, sample size 

estimation, participant recruitment, and data collection. It also encompasses the data analysis.   

Chapter 3 - Results and Discussion  

 This chapter presents the results under two titles followed by a general discussion as follows: 

Chewing features in young adolescents assessed by electromyography in the natural 

environment: A pilot study and validation of an automated camera used in detecting eating 

activities. Reports the outcomes in a small group of adolescents (n=15). The electromyography 

(EMG) results are summarised, with outcome variables including how often, long, powerfully, 

and quickly adolescents eat at home. This chapter also compares the accuracy with which the 

EMG device and the automated camera detect eating episodes.   

Eating fast and body mass index in young adolescents: is there a relationship?  Reports the 

findings regarding chewing features in a larger group of adolescents (n=42). The EMG results 
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are illustrated, using the same outcome variables as above. Moreover, differences among sub-

groups of different ranges of body mass index (BMI) and gender are presented.  

Chapter 4 - Appendices   
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Human mastication and relationship with body weight 

in adolescents 
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Literature Review 

LITERATURE REVIEW  

1 Human mastication and the role of oral procession in adolescence   

Human mastication  

Humans perform a multitude of well-coordinated orofacial behaviors such as breathing, 

chewing, and swallowing. The coordination of these actions must occur without fault to 

prevent fatal blockages of the airway. Deciphering the neuronal circuitry that controls even 

a single action requires understanding the integration of sensory feedback and executive 

commands (1). Mastication is a complex physiological process controlled by the central 

nervous system involving rhythmical jaw movements to reduce the size of particles in the 

bolus; and lubrication which is a crucial element to produce a bolus suitable for swallowing 

(1). Oral processing mostly involves both the upper and lower jaws, and tongue, with the 

cheeks and lips having a lesser involvement (2). The brainstem central rhythmic pattern 

generator activates the motor programme, which coordinates the activities of the jaw, tongue, 

and facial muscles (3, 4). 

Mastication is modulated by inputs from the mouth. Adaptation to the properties of the bolus 

throughout the chewing process is guided by sensory feedback from the different types of 

receptors involved such as muscle spindles of the elevator muscles, the periodontal 

receptors, the receptors within the temporomandibular joints, skin receptors, and taste 

receptors (5). 

A masticatory sequence starts with the introduction of a piece of food into the mouth and 

finishes with the swallowing of the food bolus. Each sequence is made by a succession of 

chewing cycles (see figure 1).  Each chewing cycle is formed by a jaw-opening followed by 

one jaw-closing movement. This regular succession of cycles marks the rhythm of chewing 

which is a major characteristic of mastication (5).  

Food processing and transport in the mouth is divided into three stages and these are 

followed by a final clearance stage. Stage I is the preparatory phase, representing the 

transport from the anterior area of the mouth to the molars area posteriorly. In this stage, the 

teeth do not come into occlusion and it involves low amplitude simple jaw movements (6). 

Stage II, the reduction phase, involves the reduction of particle size by chewing in cycles. 
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In this stage, lower jaw movements close the teeth to full occlusion “a closing phase”, 

followed by an opening phase. In some cycles, food is only transported, involving opening 

and closing strokes without occlusion (7). The required number of chewing cycles to prepare 

a bolus for swallowing depends on the bite volume and consistency of the food (8, 9). During 

stage III, the pre-swallowing phase, the bolus is transported to the back of the tongue in 

preparation for swallowing (10). In general, stage III lacks distinct jaw movements, and the 

transport is mainly performed by tongue–palate interactions (2). In the final clearance stage, 

a pattern of tongue and irregular jaw movements occur to remove the remaining material 

after a mastication sequence (2, 10). Once the tongue presses the food back into the pharynx, 

swallowing occurs by reflex (11). 

  

 

Figure 1 (adapted from Woda et al,2006): Example of a complete masticatory sequence recording 

obtained during chewing of a plastic food product. The six traces are, top to bottom, lateral and vertical 

mandibular movements, electromyographic (EMG) activity of right and left masseters, and right and left 

temporalis muscles. Circles (●) indicate larger EMG activity probably corresponding to intermediate 

swallowing. Stars (⁎) mark contro-lateral mandibular deviation due to re-positioning of the food bolus(5). 

* * 
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Factors affecting human mastication  

Mastication is considered a multifactorial process and these factors allow physiological 

adaptations to occur during mastication. Factors that influence mastication include:  

movement of the jaw and tongue, occlusal contact area, biting force, number of strokes in a 

chewing cycle, and body mass index (BMI) (5). Variations of the masticatory function are 

due to the intrinsic characteristics of the individual and the extrinsic characteristics of the 

chewed food. Gender, age and dental state are intrinsic factors which have been widely 

considered in studies; whereas hardness, rheological characteristics such as plasticity or 

elasticity, and food size are the significant known extrinsic factors (5, 12).  

Intrinsic factors affecting mastication  

The effect of gender  

Differences between genders have been reported in adults for several masticatory features. 

Males displayed higher Electromyographic (EMG) activities per chewing cycle and 

sequence, higher vertical amplitudes and a slightly higher masticatory frequency during a 

sequence. No difference between males and females have been noted for the total number of 

cycles constituting a masticatory sequence (13-16). In adolescents, differences between boys 

and girls have been reported to be insignificant as revealed by objective assessment of  bite 

force and masticatory performance (13-16).  

The effect of age  

As chewing is considered a multifactorial process, the factors affecting masticatory 

performance differ according to the developmental stage of the individual (17). Moreover, 

many of the involved factors undergo significant changes during growth (17). For example, 

the size of the occlusal surface changes from primary to mixed, then to permanent dentition 

(17), and the development of  malocclusion has been reported to negatively affect the ability 

to break down food (18, 19).  

There are very few reports about factors that contribute to the masticatory performance in 

pre-school children. Mandibular rhythm is an important factor in distinguishing better 

chewers among preschool children. In other words, the number of strokes in a chewing cycle 

(the rate of mandibular movement) was reported to be the only significant variable that could 

control and enhance a better masticatory performance in preschool children (17). 
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Furthermore, testing the influence of body weight and height on the masticatory performance 

of children with primary dentition has shown no significant relationship (17, 19). A study 

also found that children with primary occlusion with class II and III malocclusions had lower 

masticatory performance (19). The number of strokes in a chewing cycle (the rate of 

mandibular movement) was reported to be the only significant variable that could control 

and enhance a better masticatory performance in preschool children (17). In other words, 

mandibular rhythm is an important factor in distinguishing better chewers among this age 

group. 

For school-aged children, the number of strokes in a chewing cycle has been reported to be 

the most important parameter for better masticatory performance. This is followed by biting 

force and body weight (17, 20). The effect of body weight on masticatory performance may 

be related to the increase in muscle mass (20, 21). The findings of those studies on biting 

force and body weight showed that the significant effect of these two factors on mastication 

is established during the mixed dentition stage, whereas they have no significant impact at 

primary dentition stage (17). 

In adults, several reports concluded that the occlusal contact area is the most significant 

factor that differentiates individuals with poor and good chewing performance; and these 

individuals were tested using the same chewing time and same test food (17, 20, 22-24). 

Besides occlusal contact area, it has been shown that individuals with stronger biting force 

who have the ability to perform more strokes would show more efficient chewing (17). It 

was reported that nearly 50% of the variation in chewing efficiency in adults could be 

explained by biting force differences (25). 

Ageing has consequences on masticatory function, and this must be separated from 

confounding factors such as missing teeth or other illnesses associated (5).  Ageing alone 

has an insignificant impact on the ability of humans to reduce food into small particles (22, 

26-28). Ageing only decreases the maximal bite force (22, 29, 30) and is associated with a 

loss of masticatory muscle mass (31). Despite the ageing of the masticatory apparatus, the 

purpose of chewing, which is to make a smooth, deformable and cohesive food bolus (32), 

is still achievable. Some adaptations occur with age, and these result in a modification of 

different masticatory parameters such as the number of chewing cycles in a chewing episode 
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(5, 16). On the other hand, some parameters remain unaffected with age, such as the 

frequency of cycles in a chewing episode or EMG activity per cycle as the power can adjust 

to the hardness of food eaten (16, 33). 

The effect of oral and dental factors  

Physiological and behavioural aspects of the masticatory function have an impact on 

nutritional status and may relate to body weight (34). An interactive signalling system 

between the brain and the mouth during a meal influences food consumption. Signals of 

reward in the brain provide positive feedback and can be inhibited by signals of satiation 

(negative feedback), thus establishing meal termination (35, 36). This feedback mechanism 

also influences meal size. Interestingly, longer exposure to food in the oral cavity will affect 

the regulation of satiation and leads to less food intake (36, 37) through the regulation of a 

number of food-related hormones (e.g. Ghrelin, Glucagon-like Peptide, Peptide YY) (38-

40).  

The number of teeth and the quality of the contacts between the upper and lower teeth play 

a significant role in masticatory performance (5). Impaired or decreased masticatory 

performance have been reported with dental malocclusion (18, 41) in individuals with 

temporo-mandibular disorders (42) or those with a decreased number of teeth (26, 43, 44). 

Wearing complete dentures is accompanied with adaptation changes during a chewing cycle, 

but denture-users do not fully adapt to this new situation despite an increase in the number 

of chewing cycles, duration of a masticatory sequence and EMG activity per chewing cycle 

when compared to people with natural teeth (12, 26, 44, 45). In addition, patients with full 

dentures have been reported to be unable to adapt to an increase in food hardness (5) and 

may choose a softer diet and avoid some hard foods such as meat (46). Furthermore, they 

had a slower masticatory frequency compared to fully-dentate people (5). 

The effect of malocclusion and Orthodontics  

The amount of total digestion seems to be related to how well the food is masticated. 

Malocclusions cause decreased masticatory performance, especially as it relates to a reduced 

occlusal contact area and reduced EMG activity (47, 48). Malocclusion negatively affects 

the ability to process and break down foods with the greatest difficulty in Class III cases 

followed by Class II and Class I malocclusions (18). The influence of orthognathic surgery 
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treatment in severe malocclusion cases on masticatory performance was found to be 

temporarily insignificant (49), however, there were measurable improvements five years 

after the treatment (47, 50). 

Besides aesthetics, an appropriate masticatory function may be considered as another goal 

of orthodontic treatment, although this is controversial. Some studies have reported 

improvement in subjective assessment of mastication after orthodontic and/or surgical 

correction of malocclusions (51, 52). Similarly, some research has also shown improvement 

in masticatory performance after orthodontic treatment of different malocclusions using 

objective measures. Orthodontic treatment was able to improve the masticatory performance 

and also other variables related to mastication, such as occlusal force and swallowing process 

(53, 54). 

Although orthodontics (which is an extrinsic factor) may result in better mastication function 

after treatment, orthodontic appliances have been reported to cause pain when activated for 

95% of the patients (55). Consequently, orthodontic patients have reported moderate to 

extreme difficulties in biting and chewing food of hard consistency and tend to change the 

consistency of their diet as a result (56). Although pain during orthodontic treatment can 

cause eating difficulties, (57) objective assessment indicates that orthodontic appliances do 

not interfere in the size of the food particles prior to swallowing, even in the presence of pain 

(58).  

Extrinsic factors affecting mastication  

Food is a complex stimulus  

The central command of mastication is modulated by peripheral inputs (3, 59-63) so that the 

masticatory motor output adapts to the characteristics of the chewed food (60, 64, 65). Food 

is a very complex stimulus since many of its characteristics (texture, flavour, size, and shape) 

influence mastication (5). 

Food hardness has been considered as an important characteristic that may influence 

mastication. Hardness is however, a generic term and it is not clear whether the masticatory 

response to a particular product is in response to the hardness of the product and/or to some 

other textural property (elasticity, plasticity, stickiness, brittleness). To better control these 
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food properties, non-alimentary models, usually made with elastomers or waxes were used 

in studying food characteristics (66-73). Since these artificial products are impossible to 

swallow and, as a result, may modify some events in the masticatory process, their use 

strongly limits the observation of natural chewing (5). 

The effects of hardness versus rheological behaviour on mastication: the use of model 

foods 

So far, two approaches have been used to improve the understanding of the natural food 

stimulus/masticatory response link. The first approach used a mechanical index and 

attempted to link food properties with food breakdown during mastication. The ratio of the 

square root of toughness and modulus of elasticity was proposed to best express the 

resistance to food breakdown during mastication (66, 74). The second approach attempted 

to uncover the changes in the masticatory parameters that are produced by a relatively pure, 

single rheological stimulus. This was done by developing edible model foods that allowed 

the dissociation of hardness from other textural properties. These model foods had to display 

rheological behaviours that were as pure as possible, e.g., brittleness, elasticity, or plasticity. 

In addition, they had to display a homogeneous structure, a reproducible texture, uniform 

shape and size and had to exhibit a full hardness scale. For this purpose, natural chewing 

gums were used with different hardness levels (75-80). Recently, a set of three food tablets 

with varying levels of hardness (71) and  gelatin-based model foods with four scales of 

hardness have been introduced. All studies which used the previous models showed that 

differences in masticatory parameters between several model foods could be related directly 

to the hardness because the other textural properties of the food were constant (81, 82). More 

recently, two sets of model foods displaying different rheological behaviours (elasticity and 

plasticity) were developed (jellied confectioneries for elastic products and hard caramel 

confectioneries for plastic products) (83). The results showed that variables associated with 

jaw muscle activity (number of cycles, duration of the sequence, EMG activity during each 

cycle or the whole sequence) were primarily related to the hardness of the test foods, while 

the shape of the movement trajectories (vertical amplitude, lateral amplitude, closing 

velocity) and the masticatory frequency were preferentially adapted to differences in the 

rheological behaviour between the elastic compared with plastic products (83). 
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Previous studies have shown that food texture affects satiation by influencing the eating rate, 

bite size and oral transit time (84, 85). Increased textural complexity in food enhances 

satiation and may potentially impact on satiety (85).  This could potentially be used as a tool 

to enhance the satiation response and decrease food intake by increasing textural complexity 

of manufactured foods, to allow for greater sensory stimulation per bite (84).  

The effects of food sample size on mastication 

The thickness of the food sample and the volume of the initial mouthful affect many 

parameters of the masticatory function such as the chewing time, the height of mouth 

opening, and the velocity of chewing movement. Most of the parameters increase with the 

size and weight of food, or volume of the mouthful but those related to mandibular 

movements are the most influenced. The most obvious change induced by an increase in the 

food size is an increase in the vertical amplitude of mandibular movement (8, 61, 86-90). 

Recording of mastication  

Many methods can be used to record the masticatory function. Kinematic recordings capture 

jaw movements. Kinematic recordings are commonly used to study mastication to collect 

data on several variables such as vertical and lateral amplitudes, and velocities of jaw 

movements (91). Electromyography (EMG) records bioelectrical activities per cycle or per 

sequence and are closely linked to masticatory forces. The number of cycles, sequence 

duration and masticatory frequency can be measured from both types of recordings (91). As 

an alternative to the complex evaluation of masticatory function, observation of certain 

parameters from video recordings could be an alternative for use in uncooperative patients. 

The function of the jaw muscles during chewing can also be inferred by recording the force 

produced during chewing through the dynamic bite force registration, (92) or describing 

mastication function through recording of maximum bite force by asking an individual to 

bite as strong as they can although this is not descriptive of chewing cycles (93).  

The use of videography to record mastication relies on subjective analysis of the recording, 

but this method has been validated in different groups of adults with specific conditions (94-

96). Videography may offer the advantage of being less intrusive than EMG or kinematic 

recordings which may be an advantage in anxious individuals or other particular patients. It 

is also easier to use in a dental or clinical setting.  Masticatory time and the number of 
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masticatory cycles can be counted using a video recording, giving information about soft 

tissues functioning such as lip closure, and information about the consumed food (solid, 

semi-solid, etc.) (95, 96). However, the disadvantages of video recordings are the need for 

manual analysis of the data and confidentiality agreements when recording in private home 

settings. 

The use of videofluorography (VFG) to record the movements of the tongue and jaws in 

chewing can be considered a method of recording mastication activities. It allows the 

position and condition of food to be monitored when dusted or mixed with barium sulphate 

(97). Radiation exposure is the main drawback of this method and can only record the 

chewing activity in a lab setting for a short period. More recently, ultrasonic echo-

sonography was used as a non‐invasive protocol to assess tongue and cheek movements 

during mastication. Combined with EMG, the ultrasound imaging was used to evaluate the 

relationship between mastication and the initiation of pharyngeal swallowing (98).  

Wearable electromyography devices    

The use of  EMG devices provide an objective, valid, and reproducible method of recording 

muscle contractions to enhance our understanding of masticatory muscle activity (99, 100).  

EMG recording devices can be stationary or portable, and wired or wireless. Stationary EMG 

recording devices are usually used in laboratory and hospital environments, which may 

influence chewing habits due to the recording environment being different to a home setting 

(101). Laboratory-based EMG devices are relatively large, expensive, and restrict the motion 

of individuals during recording. Wired portable EMG equipment is another option which 

permits ambulatory recordings of muscle activity in free moving individuals. However, the 

wires may restrict certain activities and disrupt natural sleep (102-105). Portable wireless 

EMG equipment is generally less obtrusive, but often requires additional receiver units 

which are inconvenient to wear during the day (106-108).  

Several attempts have been made to develop small wearable devices to record masticatory 

muscle activity to enable the analysis of oral behaviours in a natural setting (109). This is 

because lab-based assessments do not provide comprehensive analyses for long durations of 

the activities in routine settings. Moreover, laboratory experiments are unlikely to represent 

the natural environment because they may affect oral and chewing behaviours. Due to the 
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obtrusive nature of EMG equipment, long-term EMG studies of masticatory muscles 

therefore mainly focus on sleep time EMG activity (110-112). Increasing interest in 

recording masticatory muscle activity and oral behaviors during the daytime associated with 

increasing use of EMG equipment (113-115) led to the development and the use of wearable 

small EMG devices which were tested and validated (116). 

The manual/visual scoring of jaw movements are mainly based on the subjective evaluation 

and skill of the examiner and involves high cost and consumes a considerable amount of 

time (117). To overcome the drawback of those methods, an automated method of the 

assessment of rhythmic masticatory muscle activity (RMMA) has been developed using 

EMG recording. The developed algorithm for the automated assessment can identify the 

number, amplitude, duration of bursts of masticatory muscle activity in the time and 

frequency domain. Using appropriate thresholds for frequency and power parameters, it is 

possible to automatically assess the features of RMMA without examiner interaction (117). 

The algorithm can accurately differentiate between chewing, clenching, and confounding/ 

movement artefacts (117).  

The use of cameras for mastication recordings  

Electronic devices including cameras and mobile phones are an important aspect of modern 

living. The use of modern mobile devices has become increasingly prevalent among 

adolescents (118). Automated wearable cameras with wide-angle lenses have the potential 

to passively capture multiple lifestyle behaviours and the environmental context of these 

behaviours (e.g. use of portable devices while travelling) with little respondent burden. 

Although a relatively new research tool, automated cameras have been used to examine a 

diverse range of health-related behaviours and exposures, including: sedentary behaviour in 

young (119) and older adults (120), physical activity in older adults (121), diet in adults 

(122, 123) and children (124), food purchasing in adolescents whilst commuting (125), 

exposure to advertising in children (126-129) and television viewing in adults (130). 

A few studies have demonstrated the possibility of analysing images to identify food types 

and nutritional information using smartphones or wearable cameras (131). Image-analyser 

software such as TIMELAPSE2 can automatically detect similar items in an image after 

coding for one of these items to ease the overall manual coding process. TIMELAPSE2 has 
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been adapted for the development of food taxonomy to measure aspects of diet in a project 

at the University of Otago (SNAPIT project) (132).  

2 Childhood obesity and overweight  

Overweight and obesity are defined as ''abnormal or excessive fat accumulation that presents 

a risk to health'' (133). Approximately one quarter of children worldwide are either 

overweight or obese (134). Childhood obesity has been reported to be associated with 

insufficient sleep and is a risk factor for many serious diseases, such as diabetes type II, heart 

conditions, and cognitive impairment (135-138). According to the 2015 Ministry of Health 

statistics, obesity is highly prevalent among New Zealanders, with 1 in 9 children aged 2–

14 years being obese (11%), and a further 21% are overweight. Obesity is more common in 

Māori (15%) and Pacific (30%) children,  and in those from more deprived households (139).  

Causes of childhood obesity  

The fundamental reason that children and adolescents become overweight or obese is an 

energy imbalance between calories consumed and calories expended (133). However, it is 

well-known that obesity is a complex multifactorial and heterogeneous condition with an 

important genetic component (140). As such, obesity is the result of an interplay between 

environmental and genetic factors (140, 141). Although studies have identified variants in 

several genes that may contribute to weight gain and body fat distribution, (142, 143) only 

very rarely are genes identified as a primary cause of obesity (140). 

Endocrine disorders are considered another cause of obesity, however, they are rare among 

children and adolescents. Human growth hormone and thyroid hormone deficiency, and 

cortisol excess are characterized by a combination of decreased energy expenditure and 

decreased growth resulting in prominent central adiposity in a short, slowly growing child 

(144, 145). 

Central nervous system lesions can cause obesity. Obesity is a frequent complication in 

children surviving serious brain injury, brain tumors, and/or cranial irradiation (146). These 

children often have reduced physical activity compared to their energy intake (142). 

Some medications can cause obesity. For example, a high-dose chronic glucocorticoid 

treatment is well known to be associated with a distinctive pattern of centripetal weight gain 
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with visceral fat accumulation (147). Other drugs used in children and adolescents that may 

predispose them to weight gain include cyproheptadine, valproate, progestins (142), 

antipsychotic drugs (148), and antineoplastic treatment (149). 

The role of lifestyle and diet choices of obese children and adolescents have been 

emphasized by the World Health Organization (133), with global increases in childhood 

obesity attributable to a number of factors including: a global shift in diet towards increased 

intake of energy-dense foods that are high in fat and sugars but low in vitamins, minerals 

and other healthy micronutrients; a trend towards decreased physical activity levels due to 

the increasingly sedentary nature of many forms of recreation time, changing modes of 

transportation, and increasing urbanization (133). 

The problem is societal and therefore it demands a population-based multisectoral, multi-

disciplinary, and culturally relevant approach. Unlike most adults, children and adolescents 

cannot choose the environment in which they live in or the food they eat. They also have a 

limited ability to understand the long-term consequences of their behaviour. They therefore 

require special attention when fighting the obesity epidemic (133). 

Consequences of obesity during childhood 

Childhood obesity is associated with a higher chance of premature death and disability in 

adulthood. Overweight and obese children are at increased risk for adult obesity and thus for 

the development of non-communicable diseases such as diabetes and cardiovascular diseases 

at a younger age (133, 142). The most significant health consequences of childhood 

overweight and obesity, that often do not become apparent until adulthood, include: 

cardiovascular diseases; diabetes type II; musculoskeletal disorders (especially 

osteoarthritis); and certain types of cancer (endometrial, breast and colon cancer) (133, 150, 

151). 

Metabolic syndrome represents a group of metabolic changes seen in obese patients with 

hypertriglyceridemia, abnormal cholesterol profile, high blood pressure, and impaired 

glucose tolerance (152). The overall prevalence of metabolic syndrome among 12 to 19 year 

olds in the United States was found to be up to 50% (153, 154). Up to 50% of circulating 

testosterone may be derived from fat in young women; and as a result, excess central or 
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abdominal body fat is associated with hyperandrogenemia in adolescent girls (155). 

Moreover, insulin resistance correlates strongly with the abdominal fat in obese adolescent 

girls, which in turn stimulates ovarian, as well as, adrenal androgen and estrogen production 

(156, 157). 

Childhood obesity is the leading cause of paediatric hypertension and has been reported to 

be associated with cardiovascular problems. Heart diseases relate to obesity as it produces 

a variety of cardiac structural changes and haemodynamic alterations (158, 159). Blood 

pressure correlates positively with BMI in adolescents (160). Several factors are linked to 

the hypertension associated with obesity such as insulin resistance, increased serum 

aldosterone levels, salt sensitivity, and elevated leptin levels (160, 161). Respiratory 

problems as well, including asthma and sleep disordered-breathing are associated with 

obesity (162). A strong association between obesity and obstructive sleep apnea (OSA) has 

been reported (163). It has been reported that obese children are more likely to have OSA 

than normal weight children (4–6 folds)  (164). 

Diagnosis of Obesity 

It is difficult to develop one simple index to identify overweight and obesity in children and 

adolescents because their bodies undergo a number of physiological changes as they grow 

(133).  

However, the most commonly used tool is body mass index (BMI, weight in kilograms 

divided by height in meters squared), which is considered a reliable way of determining 

whether a child is a healthy weight for their height (133, 165). As children grow over time, 

a single BMI value to denote overweight and obesity such as is used in adults (25 and 30 

respectively) is not appropriate. Reference data are specific to the age and sex of the child. 

Although various reference data exist (166), that most commonly used in children today is 

for individuals aged 5-19 years developed by the World Health Organisation (167). 

Similarly, which BMI cutoff should be used to denote overweight and obesity also varies 

across different studies and reference data. However, a child is often considered overweight 

and at risk for obesity if his/her BMI falls between the 85th and 95th percentiles, and obese if 

its is at or above the 95th percentile (165).  
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Prevention and treatment of obesity  

It has been suggested that preventing childhood obesity should begin in prenatal life and  

continue throughout the life cycle at all levels of society (168). Education to promote healthy 

eating habits, healthy body image, weight management, and encouragement of physical 

activity are essential from preschool through high school to prevent obesity (169, 170). This 

is particularly important given the limited success observed with treatment options which 

include lifestyle changes, pharmacotherapy, and in rare instances bariatric surgery. 

Lifestyle 

The benefits of lifestyle intervention are most likely to be achieved when diet and exercise 

programmes are coordinated with individual and family counselling and behavior 

modification. Mild caloric restriction is safe and can be effective when obese children and 

their families are motivated and encouraged to change longstanding feeding behaviours. 

However, significant reductions in weight are unusual and often transient unless caloric 

restriction is accompanied by increased energy expenditure. Severe caloric restriction may 

cause deficiencies of vitamins, minerals, and critical micronutrients, limit bone accretion 

and mineralization; reduce rates of linear growth, and disrupt menstrual cycles (171).  

A sedentary lifestyle increases the risks of childhood obesity and predisposes individuals to 

diabetes and cardiovascular disease. Exercise, along with calorie and fat restriction, reduces 

the rate of progression to diabetes in adults with impaired glucose tolerance and limits 

cardiovascular morbidity and mortality. The benefits of exercise are mediated, at least in 

part, by reductions in total and visceral fat stores and increases in lean body mass, which 

augment resting energy expenditure (172). Exercise enhances adipose tissue sensitivity to 

insulin, reduces fasting and postprandial free fatty acids, LDL, and triglyceride 

concentrations, and increases plasma HDL levels. The heightened sensitivity to insulin and 

induction of fatty acid oxidation enhance vascular endothelial function (173). 

There are limited high-quality data on the effectiveness of obesity prevention programs, and 

no generalizable conclusions can be drawn. However, concentration on strategies that 

encourage reduction in sedentary behaviours and increase in physical activity may be fruitful 

(174). 
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Pharmacotherapy 

If supervised lifestyle intervention fails, then pharmacotherapy may be considered under 

specialist care. Current pharmacologic interventions are designed to increase energy 

expenditure (stimulants), suppress caloric intake (anorectic agents), limit nutrient absorption 

and/or modulate insulin production and/or action (142, 175). However, such interventions 

have shown relatively limited success among severely obese children and adolescents in 

either reduction of body weight or improvement of medical outcomes altogether (176-179). 

Bariatric surgery  

The long-term success of lifestyle intervention and pharmacotherapy in subjects with severe 

obesity has, in general, been disappointing (178). Bariatric surgery may be indicated in 

selected individuals with extreme obesity and serious comorbidities in adolescence. 

However, such invasive approaches have several long-term implications, in addition to the 

surgical complications like iron-deficiency anemia, calcium deficiencies, cholecystitis, 

small bowel or stomach obstruction (180-182).   
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3 Eating behaviour and mastication relationship with body weight in 

adolescents 

The rise in excess weight that is reaching epidemic proportions worldwide also affects 

adolescents (142, 183). Adolescence is considered a period of critical changes in physical, 

psychosocial, educational, and occupational domains (184). Obesity places a significant 

burden on adolescents’ quality of life. It also challenges the health care system to put 

multidisciplinary treatment strategies to deal with the increased numbers affected (142, 185). 

Obesity in children and adolescents is connected with familial and environmental factors, 

including poor eating habits (186), such as an increased consumption of highly processed 

foods, fat, and high carbohydrate content (186, 187), which in turn have greater palatability, 

more calories and less consistency (187, 188). The consumption of such foods speeds the 

digestion process, decreases the chewing time and the number of masticatory cycles. 

Comminution (the reduction of solid materials from one average particle size to a smaller 

average particle size) of food  has also shown to influence gastric emptying rates (189). 

Faster eating rates along with bigger bite size have been associated with a higher body mass 

index (190). As a result, interventions aiming to slow down the eating rate and prolong the 

mastication time were used to promote weight loss (190). However, findings are inconsistent 

(38, 191-196).  Overweight or obese females reported greater difficulty in performing the 

function and alterations in masticatory behaviour compared to males. This was studied by 

scoring the orofacial myofunctional evaluation by analysing camera-recorded eating activity 

of a standardised meal (197). 

Eating "style" is probably established during the early years and may therefore play a role in 

determining the body weight of children and adolescents.  The available studies in children 

are more consistent than those in adults and show that heavier children tend to take larger 

bites than children with lower body weights (198, 199). Furthermore, bite size was larger 

and bite frequency was higher when children were given a bigger serving of food (198, 199). 

Bite size and eating pace were calculated through visual observation within laboratory 

conditions in previous studies (198, 199), or self-reported using questionnaires (200-204). 

http://www.sciencedirect.com/topics/page/Body_mass_index
http://www.sciencedirect.com/topics/page/Body_mass_index
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Thus, the research settings in the majority of these studies are unlikely to represent the 

natural environment, which may affect chewing behaviour (205).  

Physiological and behavioral aspects of masticatory function have been evaluated in a 

previous study in a group of 14-17 years-old adolescents (197). This study showed that bite 

force and masticatory performance, as evaluated by a color-changeable chewing gum, did 

not differ between adolescents with and without excess weight. However, in the same study 

overweight/obese adolescents presented more changes in oro-facial myofunctional aspects 

of the mastication. These were performed by camera-recorded standardized food activity 

(eating a chocolate flavored cookie) using a validated protocol for assessment (197, 206). 

Considering the gender effect using the same oro-facial myofunctional evaluation and the 

standardised meal (197), overweight/ obese females reported greater difficulty in performing 

the function when compared to males (197). Table 1 summarises some reports which studied 

mastication features, oral health and their relationship with body weight in adolescents: 
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Table1: Summary of studies on the relationship between mastication and body weight in adolescents  

 Obese/overweight Normal weight Sig 

diff 

Skeletal muscle mass/total weight (197) Less 

Females 33% 

Males 41% 

Greater 

Females 40% 

Males 48% 

Yes 

Gender effect (197) Greater difficulty in performing the function (Female)  Yes 

Malocclusion severity (197)  

Peer Assessment Rating index 

PAR index score= 7 PAR index score= 6 No 

Caries experience (197)  

number of teeth with fillings 

Females 1 

Males 1 

Females 0 

Males 1 

No 

Food content (186, 197, 207) Highly processed foods, sweets, fat, and high 

carbohydrate, low fibres, high calories 

High vegetable intake, high fibre Yes 

Oro-facial myofunctional evaluation of mastication 

(197, 208, 209) 

Overweight/obese showed: 

-Decrease in muscle tone 

-Restriction of mandibular movements impact bolus formation 

-Large volumes of air may be swallowed together with the food 

-Chewing using the incisors or compressing the food against the palate with the tongue 

Yes 

Dominated chewing side (197) Unilateral more frequent in overweight females Bilateral more frequent  

Masticatory quality (197) 

using Quality of Masticatory function Questionnaire 

Difficulties eating fruits (females)   

Masticatory performance 

 

This was assessed using a color-changeable chewing gum, (197) and by measuring sugar elution rate 

using chewing gum (207)  

 

No 

Determined with a chewable material over the course of 20 cycles. The normal-weight children 

presented a better masticatory performance than the overweight/obese ones 

Yes  

Chewing time (197)  

standardised eating activity 

Shorter Longer No 

Meal time (210) Shorter Longer Yes  

Chewing frequency (cycle/min) (197) Females 61.62 (210, 211) 

Males 68.51 

Females 61.5 

Males 67.25 

No  

Chewing frequency (bites/meal) (210, 211) Lower number of bites Higher number of bites Yes 

Bite size(211) Large Small  

Bite force (Newton) (197)  Females 399 

Males 536 

Females 399 

Males 578 

No 

Bite force (Newton) (207) 

high physical fitness group Vs. low physical fitness 

group 

 

463 

 

461 

No 



 

20 
 

Literature Review 

 

4 Do eating behaviours in adolescents correlate to body mass index and 

gender? 

Eating "style" is probably established during the early stages and may, therefore, play a role 

in determining the body weight of children and adolescents.  The available studies in children 

are more consistent than those in adults and showed that heavier children tended to take 

larger bites than children with lower body weights (198, 199). Furthermore, bite size was 

larger and bite frequency was higher when children were given a bigger serving of food 

(198, 199). 

Bite size and eating pace were calculated in previous studies through visual observation 

within laboratory conditions (198, 199), or self-reported using questionnaires (200-204). 

Thus the research settings in the majority of the studies are unlikely to represent the natural 

environment which may affect chewing behaviour (205).  

Electromyography (EMG) can be used to assess masticatory muscle contractions and can 

accurately detect chewing features, such as chewing time, chewing duration, chewing 

intensity, and chewing pace (212). Recent advances in small wearable wireless sensors are 

opening new opportunities for collecting physiological signals using smartphones as data 

loggers. At the University of Otago, small portable EMG devices which can be connected to 

any smartphone, have been recently developed (116). These devices provide a valuable tool 

to record chewing activity in a natural environment (213) and do not interfere with routine 

activities and chewing behaviour (212). These wearable EMG devices monitor the activity 

of masticatory muscles and other superficial small muscles. 

A few studies have demonstrated the possibility of analysing images to identify food types 

and nutritional information using smartphones or wearable cameras, this technology does 

not appear to have been used in combination with EMG data to record, analyse, and report 

a comprehensive analysis of eating and chewing behaviour. Laboratory experiments about 

chewing features and eating behaviours are unlikely to represent natural eating behaviour 

(205), and self-reported data can be inaccurate, as children and parents tend to under-report 
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the frequency of meals and food consumption, particularly snack and treat foods. Therefore, 

novel objective and quantitative methods are needed to investigate and record chewing 

activities in real life settings. 

Finally, the use of objective data (EMG and wearable camera) about chewing could replace 

the often-unreliable self-reports that nutritionists currently use for tracking food 

consumption. The use of a smartphone application to objectively monitor eating behaviour 

can provide a comprehensive analysis of chewing and eating behaviours in adolescents 

which may vary with different BMI ranges. This may open a new window of opportunity to 

increase our understanding of eating disorders and to support behavioural treatment 

approaches for weight control in children. 

Aims and objectives of investigation 

Part One - Detection of Chewing Features in Adolescents in the Natural Environment 

using Surface Electromyography and a Wearable Camera: A pilot study   

The aims of this study were to:  

- Assess the chewing features in a group of adolescents in their home setting using a 

portable wireless EMG device (a pilot study n = 15). 

- Investigate the agreement between a wearable time-lapse camera and EMG device to 

detect eating episodes in a home-based setting 

Part Two - Eating Speed and Body Mass Index in Adolescents: is there a 

relationship? 

The aims of this study were to:  

- Assess chewing features in a larger group of adolescents in their home setting using a 

portable wireless EMG device  

- Evaluate the association of chewing features with body mass index and gender.  
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Chapter 2: Materials and methods 

 

This thesis is a part of a larger research project designed to determine which aspects of 

sleep and behaviour regulation are associated with an increased body mass index in 

adolescents (SNAP IT Project). The overall research question of the SNAP IT project is: 

Can automated wearable cameras provide mechanistic insights into how pre-bedtime 

screen use, physical activity and food intake, impact on sleep outcomes in adolescents? 

SNAP IT is a multi-disciplinary collaboration among scientists from the Department of 

Women's and Children's Health, the Department of Medicine, and the Faculty of 

Dentistry at the University of Otago. The team has extensive experience in the relevant 

areas of Nutrition, Sleep, Physiology, Paediatrics, Orthodontics, and Biostatistics. The 

team includes: Dr. Claire Smith, Associate Professor Barbara Galland, Professor Rachael 

Taylor, Professor Mauro Farella, Dr. Christopher Robertson, and Dr. Ghassan Idris. 

1 Study design and setting  

The current study is an ecological observational study that examined the chewing 

features of a group of volunteer adolescents in their home-setting who were participating 

in the larger SNAP IT Project designed to measure pre-bedtime behaviours and sleep 

outcomes. The study prospectively compared the agreement between chewing episodes 

detected using an automated wearable camera, with chewing episodes detected by 

electromyography (EMG). A group of volunteers (13-17 years old) were recruited to 

participate in the current study. The study was conducted in Dunedin, New Zealand. 

Participants were recruited and data collected at participants’ homes between October 

2017 and June 2019.  

The participants in the study were asked to wear an accelometer (Actigraphy) on the wrist 

to measure sleep for seven days, a wearable camera for three evenings, and a wireless 

EMG device for one evening until the next morning.    

2 Ethical Approval 

Human Ethics Approval was granted (Ref 17/017) and Māori consultation undertaken. 

The SNAP IT research proposal has previously undergone peer review within the 

Departments of Women’s and Children’s Health.  
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 3 Participants 

A sample size estimation based on our previous findings (1) confirmed that 52 

participants (26 normal weight and 26 overweight) should provide  sufficient power to 

detect a significant difference in chewing rate between overweight and lean children  

15%, with 80% power (effect size ≥ 0.8; SD=0.3; alpha = 0.05; two-tailed test). We 

aimed to over-recruit participants (n= 60 participants) to account for possible dropout. 

The recruitment procedure is explained below in section 5 (Study procedure). 

A convenience sample was recruited via various public advertising avenues including 

community networks, social media (Facebook), notice boards, schools and word of 

mouth. From the original sample that responded to the advertising, those who agreed to 

wear the EMG device (ticked consent in the recruitment questionnaire) proceeded to 

participate in the current study.  

The inclusion criteria were defined as follows: 1) age range of 13-17 years; 2) living in 

Dunedin; 3) willingness to wear an EMG device for one night during the evening and 

while sleeping; 4) willingness to wear a time-lapse camera in the same evening with the 

EMG device. There were no ethnic, or gender restrictions.  

4 Materials and Methods 

EMG equipment 

During the study, the EMG device was placed on the participants’ cheeks to detect and 

record chewing patterns associated with food intake. The EMG provided information on 

when food was chewed, as well as the number, amplitude (strength), duration, and pace 

of chewing strokes. 

A small wireless EMG device developed at the University of Otago (Figure 1) was used 

in this study. The device is minimally invasive, weighing 4.1g and measuring 28x35 mm. 

The device houses a printed circuit board (PCB) which electronically connects the device 

components and is powered by a disposable 3V lithium battery (CR2032, Energizer, 

Town and Country, Missouri). It is portable, easily applied to the cheek, and capable of 

recording data for up to five consecutive days. It can be connected to any smartphone, 

which can be used as a data logger. The smartphone software is user-friendly with real-

life settings.  
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 EMG input signals were sampled at 1000 Hz using a programmable gain right leg drive 

amplifier (ADS1291, Texas Instruments, Dallas, Texas), low-pass filtered using a cut-

off frequency of 432 Hz (antialiasing filter) and AD converted with a 24-bit resolution. 

The data were down-sampled to 8 Hz by computing root mean square (RMS) power in 

non-overlapping 125ms rectangular windows. The RMS data (24 bit) were then 

wirelessly transmitted in packets of four data, every 500 ms to a dedicated android-based 

smartphone via the Bluetooth Low Energy (BLE) protocol. 

 

Figure 1 Electromyography wireless device: A small wireless EMG device developed at the University of Otago 

can be used in natural home-settings to recorder mastication activities connecting to a smart phone using 

Bluetooth. Figure A shows the side of the printed circuit which includes the battery, Figure B  shows the side of 

the printed circuit which includes the electronic components, the Bluetooth antenna, and the sockets for the three 

electrodes attachments. 

 

Electrodes 

Custom-made disposable Ag/AgCl surface electrodes (SPES Medica, Genova, Italy) 

were used in the study (Figure 2). The electrodes are arranged in a triangular 

configuration with the active electrodes 20mm apart. The right leg drive (RLD) is 23.5 

mm from the active electrodes. The electrodes have snap connectors connecting them to 

the wireless EMG device. 

A B 
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Figure 2 Electrodes: disposable Ag/AgCl surface electrodes (SPES Medica, Genova, Italy) 

 

Smartphone Application  

An Android smartphone application (App) called EMG Guard™ was developed to 

enable visualisation, calibration, and logging of EMG activity. The recordings were 

transmitted via Bluetooth to a smartphone. The App was designed to be user-friendly 

while allowing the investigator to set threshold values for the detection of contraction 

episodes, prior to each recording session. The EMG data received from the device was 

stored in the internal memory of the smartphone. 

The EMG Guard™ App was installed onto the smartphones provided to the participants 

(Vodafone Smart C9, 1.3GHz Quad core processor, 512RAM/4GB ROM, 4-inch 

screen). 

Automated camera 

An automated wearable camera (Brinno TLC120, BRINNO Inc, Taipei, Taiwan) was 

also used to collect data (Figure 3). It is programmed to take wide-angled photos at 

specific time points (every 15 seconds in the current study providing a time lapse record 

of eating and screen use activities in the study group).  

The Brinno camera (60x60x3.35mm) can be worn using a lanyard or fixed securely to 

the participants’ lapel using Velcro. The camera has a dedicated smartphone App 

(BRINNO Inc, Taipei, Taiwan) for programming the desired frame rate and other 

settings. 
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Figure 3 The wearable automated camera: Brinno-TLC120 time-lapse camera automatically 

takes a photo every 15 seconds 

 Actigraphy  

Accelerometers provide an objective measure of frequency, intensity and duration of 

physical activity. Actigraph GT3X+ (ActiGraph Inc, Pensacola, USA) has a triaxial 

accelerometer which is more accurate than previous versions (Figure 4). Moreover, this 

device also includes an inclinometer to detect an individual's posture. The inclinometer 

detects sitting, standing, and lying positions (2). The Actigraph GT3X+ collected 

objective information about sleep and wake time. Actigraphy is widely used and regarded 

as a reliable and valid measure of sleep-wake activity. It detects sleep by the presence or 

absence of movement (3) and  provides an objective measure of sleep outcomes including 

duration, awakenings, and timing (when a person goes to sleep and wakes up).  

  

Figure 4 Actigraphy: Actigraph GT3X+ (ActiGraph Inc, Pensacola, USA)  

Study Procedure 

The wider SNAP IT study aimed to recruit 200 adolescents and 60 for this sub-study.  
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 A brief overview of the study flow is provided in the chart below. The procedures 

concerning the results reported in the current dissertation were collected on day 1, as 

highlighted in the blue box in the chart. 

  

 

As researchers visited participants in their homes it was important for them to be aware 

of the best practice for ensuring their own safety. Guidelines included recording visit 

dates, places and times for the SNAP IT project. The University also has guidelines for 

conducting fieldwork in homes, which the researchers adhered to. To show a token 

appreciation for participants’ help in the current study, a movie voucher was provided 

for each participant through the SNAP IT project. 

The research group all had medical/healthcare backgrounds and were extensively trained 

to apply the wearable devices.  

During training of research assistants and students to complete the field work home visits 

were attended by CS and/or GI (for participant wearing the EMG). Once the research 

assistants and students were trained home visits were completed by either one or two 

people.  At the first visit, the following tasks were completed: the project timeline was 

Recruitment SNAP 
IT

• 200 participants
•age 13 to 17 years

• recruitment  via various 
public advertising avenues( 
community networks, social 
media (Facebook), notice 
boards, schools and word of 
mouth) 

Recruitment for 
current study

• 60 participants out of 
the original sample

• accepted to wear EMG 
device, camera, and  
actigraphs

Minimum 
participants to 

analyse

• 52  participants will be 
enough to have a study 
power of 80%

Recruitment and 
Enrolment

•FB ads, posters, 
newletters

•Completion of 
recruitment 
questions

•Contact potential 
participants and 
families

Day 1- Visit 1

•Obtain consent

•Height and weight

•Questionnaire part 1

•Wear EMG (1 
night)

•Wear camera (3 
evenings) 5pm to 
bedtime)

•Wear actigraphs (7 
days and nights)

Day 8 Visit 2

•Collect equipment

•24 hr recall

•Review photos

•Questionnaire part2

Check 
questionnaires

•Follow- up 
reminders to check 
for outstanding 
questionnaires
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 explained, informed consent was obtained, and participants’ weight and height were 

measured and recorded.  

Basic demographic information including ethnicity, gender, age, and deprivation level 

(using the NZ Deprivation Index (2013)) (4) was collected using the NZ Census 

questionnaire. The participants and their families were encouraged to ask any questions 

they had about the study. An instruction booklet containing detailed information about 

the study and wearing time of the monitoring devices, was given to participants.  

Height and weight were measured in duplicate (and the average calculated) using 

standard techniques. The measurements were taken at the first home-visit using 

professional portable scales. Body mass index (BMI) was used to determine the weight 

category of the participants. BMI is a widely used measure of body size based on height 

and weight, which reliably indicates whether a child has a healthy weight for their height 

(5, 6). BMI percentiles and z scores were calculated.  Obese children had a BMI equal to 

or greater than the 95th percentile (6). A child was considered overweight when BMI fell 

between the 85th and 95th percentiles (6).    

Participants were then asked to wear the EMG wireless device for monitoring 

masticatory muscle activity for one evening, and overnight, until the next morning. 

Adolescents were also asked to wear the automated camera over 3 non-consecutive days 

(2 weekdays and 1 weekend day from 5pm to bedtime) to measure food intake and sleep 

related evening-behaviours (e.g. screen time assessment). Finally, participants were 

asked to wear the accelerometer (actigraphy), on their non-dominant wrist, 24-hours a 

day for 7 days, to provide an estimate of sleep and wake times. Actigraphy can record 

physical activity (including intensity of each activity) and sedentary time, but these data 

were not used in the current study. The three wearable devices (1) EMG recorder; 2) 

Camera; and 3) Actigraph monitor) were time-synchronised via internet time.  

The devices were then applied to the participants, after demonstrating how to handle, 

remove, and switch them on/off.  

EMG protocol 

The tripolar surface EMG device was positioned by a trained operator unilaterally on the 

preferred chewing side of the participant, or the right-hand side if no preference was 

indicated. The active electrodes were positioned over the belly of the masseter muscle at 

its most prominent part during contraction and parallel to the main muscle fibers at a 
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 centre-to-centre distance of 20 mm. A third electrode acted as a right-leg drive for noise 

suppression and was 23.5 mm distal to the active electrodes (Figure 5). 

 Prior to placement of the device, the skin surface overlying the masseter muscle was 

prepared by scrubbing with an abrasive gel (Nūprep™, Weaver and Company, Aurora, 

CO, USA) for approximately one minute. The purpose of this step was to reduce 

impedance at the electrode site. The gel was then removed using medical grade gauze. 

Thereafter, the skin was further cleaned with an isopropyl alcohol swab. 

 

Figure 5. Wireless EMG device developed at Otago University: The EMG device was applied on 

the participants’ preferred chewing side and connected with a smartphone using an App (EMG Guard) 

developed for this purpose  

 

Figure 6 (A& B) Normalising EMG activity: The maximum voluntary bite effort was recorded by 

using a soft rubber cylinder. The rubber cylinder was positioned between the molars on the same side 

as the EMG recorder. The participant was then asked to repeatedly clench down on the cylinder as hard 

as possible. 
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 The masseter muscle was palpated to assess the position and orientation of the muscle 

fibres which then determined the electrode placement site and orientation. The EMG 

device was placed with the active electrodes along the long axis of the masseter, and the 

RLD electrode pointing back towards the ear (see Figure 5). Once positioned on the skin 

surface, the EMG device was linked to the smartphone via the App and recording 

commenced. 

For each participant, EMG activity was normalised using a maximum voluntary 

contraction as a reference standard (Figure 6&7). The maximum voluntary bite effort 

was initiated by biting into a soft rubber cylinder (Aligner Chewies AC-25GMPP, 

Dentsply Raintree Essix Glenroe, FL, USA; 35mm × 11mm). The rubber cylinder was 

positioned between the molars on the same side as the EMG recorder. Each participant 

was then asked to clench down on the cylinder as hard as possible for a period of 3 

seconds. The process was repeated three times, with a 30-60 second rest between each 

effort.  
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Figure 7 EMG Guard Android smartphone application screenshots  showing (from top left to right): 

a) connection via Bluetooth and selection of EMG device b) entering participant’s details, c) the 

dashboard view showing live RMS detected, d) calibration mode in which the peak prolonged 

contraction was selected as MVC, e) User Mode used by participant, shows real-time visualisation of 

EMG signal detected and buttons to log different activities.  

Standardised food activities  

 After application and normalisation of EMG activity the participants were asked to 

consume three pieces from a small packet of rice crackers (Peckish Cheese Rice Crackers 

20g, Menora, Co, VIC, Australia). They were then asked to chew gum (Wrigley’s Extra 

A B C 

D E 
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 Chewing Gum Spearmint. Mars Incorporated, Mars Wrigley Confectionery, NSW, 

Australia) for 1 minute (timed using a stopwatch) and these activities were labelled on 

the App as (Activities) (see Figure 8). 

 

 

 

 

 

 

 

Other chewing activities   

Participants were asked to record specific details of each chewing activity during the 

period of EMG recording by pressing the appropriate button on the App. Participants 

continued to wear the EMG overnight and had to press the “sleep” button on the App 

when they turned the light off and went to bed. participants where showed how to stop 

the EMG recording as illustrated in the Figure 9. 

   

Figure 9 (A, B & C) Stop the EMG recoding: participants where showed how to exit and 

stop the EMG recording in 3 simple steps as illustrated in the figures  

 

Wearable camera 

The camera was fixed securely to the participants’ lapel or was worn using a camera neck 

strap, the camera was worn facing outwards to take a photo to document the environment. 

The camera was worn simultaneously with the EMG device and programmed to take a 

 

Figure 8 standardised chewing activities: participants were asked to eat three 

rice crackers and to chew a gum for one minute. 

A B C 
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 wide-angled photo every 15 seconds and participants were asked to turn it on around 5 

pm before having their dinner. On collection of the equipment at the second home visit 

participants were able to review the captured images or delete photos whilst wearing the 

device. They were also made aware that they were able to remove the camera or cover it 

so it would not take photos during operation. The photos were uploaded from the camera 

to a laptop, and the participants then allowed to review and delete any images that 

contained sensitive material before being submitted to the research team. 

The smartphone App (Brinno TLC120, BRINNO Inc, Taipei, Taiwan) programmed the 

camera to: 

✓ Take a photo every 15 seconds 

✓ Sync the camera time (GMT + 12:00 New Zealand Standard Time) 

✓ Adjust the settings for image capture in low light 

Participants practiced turning the camera on and off. They were provided with an 

instruction manual outlining the circumstances during which the camera would have to 

be removed, for example in the bathroom. 

Actigraphy to measure sleep time 

Participants were asked to wear the Actigraph GT3X+ on their non-dominant wrist. It 

was initialised using 15-second epochs. The SNAP IT protocol required it to be worn for 

seven days and nights. For the current study, the actigraphy data was collected on the 

same night as the EMG recording and was analysed to detect sleep/awake time. 

5 Data storage  

A database of participant contact details (postal and email addresses, and phone numbers) 

was created. The database was stored separately from the outcome data and was 

accessible only by the investigators. Students and research assistants involved in the 

project were, however, provided with access to the information for the period of time 

they were working on the project. All EMG and actigraphy data were organised by ID 

numbers only, to ensure the anonymity of participants.  

Images for the main project "SNAP IT" and the current study were stored on the 

University of Otago High Capacity Central Storage (HCS). The HCS files were password 

protected and only accessible to those involved in coding the images via Syncplicity 

Software. Images were stored in folders entitled with participant ID numbers only. A 
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 master copy of the images was made before uploading them to the TimeLapse2 software 

for coding images. 

6 Data analysis  

EMG data  

The EMG data recordings were downloaded from the smartphones. These recordings 

were plotted using a script in R™ software (V3.3.1 R Foundation for Statistical 

Computing, Vienna, Austria) and were used in the subsequent analysis to quality check 

the recordings. 

The stored EMG signals were baseband-demodulated with root mean square amplitude 

values calculated over 125-ms contiguous rectangular windows by software (MatLab 8.0, 

MathWorks, Natick, MA, USA). Demodulated EMG signals were analyzed in the time-

frequency domain according to a previously validated algorithm (1, 7, 8)  

After a quality check, the windowed short-time fast Fourier transform was applied to 64 

points with a one-point sliding Hamming window. The resulting spectrum (i.e., 

spectrogram) had a frequency band ranging from 0 to 4 Hz, a frequency resolution of 

0.125 Hz, and a time resolution of 125 msec. For each spectrum, the peak values of 

frequency (Hz) and power (dB) were calculated. Power was then expressed as a 

percentage of the maximum power recorded during the standardised chewing tasks. The 

algorithm allowed for the automatic detection of onset and cessation of chewing episodes 

based on 2 thresholds for frequency and percentage of power, set at 0.625 Hz and 10%, 

respectively. When 2 chewing episodes were separated by less than 2 sec, they were 

merged into 1 episode. 

To indicate whether chewing frequency increased or decreased for each chewing episode, 

we used robust linear regression analysis. When a significant linear trend was found, the 

slope was expressed in mHz/sec and could be preceded by a positive or negative sign 

indicating either an increase or a decrease of frequency across each episode. Non-

significant slopes indicated either a steady frequency of the rhythmic episode or a non-

linear trend of frequency during the episode. The results of slopes, however, were not 

reported in this thesis.  

To obtain an estimate of the frequency and power of a single chewing episode, the peak 

frequency and percentage of power across each episode’s duration was averaged, and 
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 henceforth in this report they are simply referred to as frequency and power, respectively. 

The chewing frequency averaged across a whole recording session was regarded as an 

indication of an individual’s chewing pace. 

EMG eating episode identification:  The algorithm allowed for the automatic detection 

of onset and cessation of chewing episodes based on 2 thresholds for frequency.  When 

2 chewing episodes were separated by less than 2 sec, they were merged into 1 episode. 

A cluster of chewing episodes which was considered as an eating episode, any two eating 

episodes with a stand-by time less than 5 minutes were merged into one eating episode 

(7). 

Image analyses  

The images were coded by SNAP IT (by three researchers in the team) with the open 

source software TimeLapse2 (http://saul.cpsc.ucalgary.ca/timelapse/). The software, 

originally developed for ecological research, has been adapted for the development of 

the taxonomy used by SNAP IT to measure aspects of screen use and diet in the hours 

prior to bedtime. It quantifies the timing and frequency of various behaviours of interest 

included in the SNAP IT study; screen use, type of screen, food consumption, type of 

food, context of eating, homework, interactivity with friends/family etc. 

Regarding the consumed food, images were annotated with respect to specific foods and 

beverages eaten and the context of each eating occasion (where, with whom and screen 

use while eating). These images were filtered into two categories. Firstly, all images with 

any food or eating related activity were identified. This could include images where the 

participant was in the kitchen or sitting at a table with food. The second category 

contained images containing food, where it was apparent the participant was eating or 

drinking. These images were coded for i) eating occasion (meal or snack); ii) where the 

participant was eating; iii) the number of person(s) present; and iv) allocated food 

code(s). Each food visible in the image was assigned a food code. The food codes were 

adapted from the 2008/09 New Zealand Adult Nutrition Survey food coding 

classification. The food coding scheme contains 540 unique codes organised into 120 

sub-groups which can be further collapsed into 35 main food groups. This coding system 

was used in SNAP IT and a coding manual and protocol was developed to ensure coding 

decisions were consistent. In the current study, we used the available data about timing 

and duration of consumed food to identify the eating episodes.  

http://saul.cpsc.ucalgary.ca/timelapse/
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 Camera eating episode identification: an eating episode was defined as a continuous 

period of eating. Any images with evidence of eating within five minutes of the last 

image of a continuous series was defined within the same eating episodes. Images 

identified greater than five minutes from the last image were defined as a new eating 

episode. The images were coded by three researchers with nutrition backgrounds. A 

coding manual and protocol was developed to ensure coding decisions were consistent. 

Analysing Actigraphy data  

Habitual sleep-wake patterns were assessed with adolescents wearing an ActiGraph 

GT3X+ (Actigraph, Pensacola FL, USA) accelerometer 24 hours/day for up to 7 days. 

Relevant sleep variables were processed using the automated count-scaled algorithm (9) 

written in MatLab TM (MathWorks, MA, USA). To detect sleep and wake states, the 

count-scaled algorithm computes a weighted sum of the activity in the current minute, 

the preceding 4 minutes and the following 2 minutes and then compares this with the 

sleep-wake threshold of 1 (<1 = sleep). The algorithm detects wake ‘events' as the last of 

15 continuous minutes of sleep followed by 5 minutes of awake and sleep ‘events' as the 

start of 15 continuous minutes of sleep preceded by 5 minutes of awake. To detect the 

bedtime sleep ‘event' (sleep onset), the programme used the algorithm by first moving 

forward 3 hours to detect the first sleep-onset event. If sleep was not detected in those 3 

hours, the programme moves 2 hours backwards to identify the last sleep onset event. If 

a sleep minute is not detected within the 3 hours after or 2 hours before the time flags, 

the file is reprocessed using observer-identified time flags. To detect the morning wake 

event (sleep offset), the programme performs in a similar way but attempts to detect a 

wake time rather than a sleep time. 

Validation procedure and analysis  

To test the agreement between the eating episodes detected by the camera and those 

detected by the EMG, we considered the EMG to be the gold standard as it has been 

previously validated (7). Accordingly, a true positive was defined as when both 

recordings (EMG and wearable camera) detected eating activity, a true negative when 

both recordings had no eating activity detected (eating-free time), false negative when 

the EMG detected eating activity and the camera did not, false positive when the camera 

detected eating activity and no detection was observed on the EMG. 
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 The camera’s ability to detect eating episodes was validated against the EMG recordings 

using the following sequence:  

- Quality check was performed to assess the quality of recorded EMG signal and 

the camera recordings acquired by the participants. Time synchronisation of the 

EMG and camera was then confirmed. 

- Start and end times of the compared recordings were derived from the camera 

start/end times, since the camera was started always later than the EMG device 

and was stopped earlier by the participants. The start/end time was used to cut the 

EMG recording. This ensured that could get comparable EMG and camera 

recordings of the same recoding duration of each participant.  

- The eating episodes were coded using the camera data by the principal 

investigator in the SNAP IT study (CS) as explained earlier. 

- Number of eating episodes was calculated. 

- The main dinner meal was identified, using the eating episodes initially 

confirmed by camera by (CS) considering the longest eating episode as the main 

meal, the images were then viewed by the main researcher (GI) to determine the 

specific food consumed (if it is a mean meal or a snack) and the associated 

environment (for example: kitchen photos, sitting at dining table, etc.). Finally, 

the identified main meal was compared to the EMG identified eating episodes to 

test if they synchronized. 

- The agreement between eating episodes detected by the camera and the EMG was 

determined episode-wise and point-wise, by calculating accuracy, specificity, and 

sensitivity defined as follows: 

- Accuracy refers to the closeness of a detected eating episode by the camera to 

the same detected eating episode in the timeline by the EMG.  

- Sensitivity: measures the proportion of actual positives, which is the eating 

episode times that are correctly identified by the camera in comparison to the 

EMG detected eating episodes.  

- Specificity: measures the proportion of actual negatives which is the eating-free 

times that are correctly identified by the camera in comparison to the EMG 

identified eating-free times. 
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7 Statistical analysis  

Statistical analyses were performed using SAS (version 9,  SAS Institute, North 

Carolina, USA) and SPSS (version 20.0 IBM Corporation, Chicago, Illinois, USA). Data 

were firstly analysed with conventional descriptive statistics. Variability was expressed 

as a standard error of the mean (± SEM). Since EMG data passed normality test, they 

were then analysed using a linear mixed model. This analysis was used to investigate 

whether features of chewing episodes differed between participants regarding gender and 

BMI categories. The mixed model response variables were “total number of chewing 

episodes”, and “rate", “power” and “duration of chewing episodes”. Post-hoc multiple 

comparisons were run as appropriate. The significance level was set at 0.05. Pearson 

correlation coefficients were computed to investigate the relationship between chewing 

pace, chewing time, and BMI z score.  
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Accuracy = (true positive time + true negative time) / total time 

Sensitivity = true positive time/ (true positive time+ false negative time) 

Specificity = true negative time/ (true negative time+ false positive time) 
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CHAPTER THREE 

  

RESULTS AND DISCUSSION  

Part One: Detection of Chewing Features in Adolescents in the 

Natural Environment using Surface Electromyography and a 

Wearable Camera: A pilot study  

Part Two: Eating Speed and Body Mass Index in Adolescents: is 

there a relationship? 
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Chapter 3: Results and Discussion  

1  Part One: Detection of Chewing Features in Adolescents in the 

Natural Environment using Surface Electromyography and a 

Wearable Camera: A pilot study 

Electromyography (EMG) can be used to assess masticatory muscle contractions and is 

considered the gold standard to assess the chewing function. It can accurately detect the 

features of mastication as duration, intensity, and pace of chewing strokes. An alternative 

or a complementary approach to investigate eating behavior is the observation of food 

consumed from a video recording. Automated, wearable, cameras with wide-angle lenses 

have the potential to passively capture multiple lifestyle behaviours and the 

environmental context of these behaviours (e.g. use of portable devices while travelling) 

with little respondent burden. This part of the results will illustrate the chewing features 

in a small group of adolescents and the results of comparing the eating episodes detected 

by the wireless EMG device and the automated camera, as described in chapter two.    

Fifteen participants agreed to have the EMG device on during the first day of the SNAP 

IT study. The group comprised 7 females and 8 males. Ethnicity wise, the sample 

distribution was: New Zealand or American European (n = 12), Māori (n = 2), and 

Chinese (n = 1). The BMI values of the group are summarised in Table 1. None of the 

participants currently had fixed braces (orthodontic treatment). Most of the participants 

indicated that the right side was their preferred chewing side (n = 11), with the remainder 

preferring the left side (n = 4). Table 1 summarises the demographic data of the 

participants. 

 

Table 1 Demographic and clinical data of the study participants (n=15)  

Variable Mean SD Min-Max 

Age (years) 15.5 1.3 13.6 - 17.6 

BMI (kg/m2)   23.1 4.6 17.8 - 33.6 

BMI (z score) 0.73 1.06 -0.95 - 2.94 

BMI distribution  Healthy Overweight Obese 

N (%) 8 (53.3) 5 (33.3) 2 (13.3) 

Sex distribution  Female Male  

N (%) 7 (46.7) 8 (53.3)  
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Chewing features as evaluated by EMG recordings are summarised in Table 2. EMG 

recording analysis showed an average chewing pace of 1.64 Hz  ±  0.20, a chewing power 

of 32.1% ± 4.3, average chewing episodes count of 56.8 ± 39.0, and an average chewing 

time of 10.5 min ± 10.4 for the course of their recorded evening eating occasions. 

The accuracy of the camera in detecting the eating episodes using the point-wise analysis 

ranged from 0.80 to 0.98. Sensitivity (episode times that are correctly identified by the 

camera in comparison to the EMG detected eating episodes) was estimated to be 0.34 

and  ranged from 0.00 to 0.92, whereas specificity (eating-free times that are correctly 

identified by the camera in comparison to the EMG identified eating-free times) was 

estimated to be 0.99 and ranged from 0.94 to 1.00. Table 3 summarises the descriptive 

statistics for the number of eating episodes detected by the EMG device and the time 

lapse camera and Figure 1 shows graphs of four examples of the comparisons between 

the camera and the EMG detected eating episodes in the time line.  

 

 

 

 

 

 

 

The main dinner meal was correctly identified by both the camera and the EMG device 

in 14/15 participants, with an accuracy of 0.93. In one participant the camera was not 

able to detect the main dinner meal. This was because the participant was not eating in a 

dining room and was trying to avoid the camera when eating which did not enable the 

researcher (CS) to detect the mean mealtime (very few photos while eating).

Table 2 EMG results of recordings of 15 participants  

Measure Mean SD SE Min Max 

Chewing pace (Hz) 1.64 0.20 0.05 1.30 2.07 

Chewing power (%) 32.1 4.3 1.1 23.9 40.4 

Chewing episodes count (n)  56.8 39.0 10.1 15.0 185.0 

Chewing time (min) 10.5 10.4 2.7 1.6 40.1 

Descriptive statistics of chewing features of the analysed EMG data  
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Table 3 Descriptive statistics for the number of eating episodes detected by the EMG 

device and the time lapse camera   

Participants  Eating episodes (EMG) Eating episodes (Camera) 

 Mean SD Min- Max Mean SD Min- Max 

Number  5.4 1.8 2-9 2.4 2.1 1 - 8 

Total eating time 

(min:sec) 

27:51 16:14 4:35-16:27 14:49 11:18 00:30 - 34:15 

EMG eating episode:  The algorithm allowed for the automatic detection of onset and cessation of chewing 

episodes based on 2 thresholds for frequency.  When 2 chewing episodes were separated by less than 2 sec, 

they were merged into 1 episode. A cluster of chewing episodes which was considered as an eating episode, 

any two eating episodes with a stand-by time less than 5 minutes were merged into one eating episode. 

Camera eating episode: start of an eating episode was identified whenever an image was identified as an 

eating activity, and stopped when that activity ceased. The stand-by-time was set at 5 minutes to separate 

between two different eating episodes.  
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Figure 1 Examples of chewing episodes detections by the EMG and the camera. Note that the EMG device generally detected more eating episodes (A, B, C) 

and a shorter eating time, even when the number of episodes identified was the same (D)   

A B 

C D 
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2 Part One Discussion  

The present study is a pilot study aiming to evaluate chewing features in a group of 

adolescents in their natural home setting. Moreover, the study compared an EMG-based 

eating detector with an automated camera for detecting eating episodes in one evening 

with naturalistic eating activities. The sample was recruited through public advertisement 

and the participants’ selection was consecutive in order, however, this resulted in an 

acceptable homogenous sample regarding sex distribution (roughly 50% females) and 

BMI distribution (50% normal weight). The camera showed high specificity and lower 

sensitivity in identifying eating episodes, however the camera was accurate in detecting 

the main meal during the time of recording.  

Wearable EMG 

A wearable, wireless EMG device was used in the current study. EMG devices are widely 

used to assess masticatory muscle contractions as they provide an objective, valid, and 

reproducible method of recording muscle contractions (1, 2). EMG recording devices 

were first introduced for stationary use, and only later adapted to be wireless and 

therefore portable. In the current study, the development of  a wearable, wireless EMG 

device to record masticatory muscle activity and analyse oral behaviours, came after 

several attempts (3). This device has overcome many of the drawbacks of previous lab-

based work, which were only able to focus on sleep-time EMG activity which mainly 

aimed to study nocturnal bruxism (4-6). They could not provide comprehensive analyses 

of day-time EMG evaluation for a long duration while carrying out routine activities. 

Moreover, laboratory experiments are unlikely to represent the natural environment 

which may affect oral and chewing behaviours. The development of the University of 

Otago of a small, wearable and wireless EMG (7) is timely, given the increasing interest 

in recording masticatory muscle activity and oral behaviors during the daytime and in 

natural settings. 

In previous studies, manual scoring of video or EMG recordings, has been widely used 

for the assessment of mastication activities. The manual/visual scoring of jaw movements 

relies on the subjective evaluation and skill of the examiner. This method is expensive 

and time-consuming (8). To overcome the limitations of such methods, an automated 

method of assessing rhythmic masticatory muscle activity (RMMA) using EMG 

recordings has been developed and used in the current study. The algorithm 
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automatically detects the onset and cessation of chewing episodes. Besides the number 

of episodes, it also assesses chewing frequency, amplitude, and duration without 

examiner interaction (8). The algorithm can accurately differentiate between chewing, 

head movements, speaking, yawning, and clenching teeth which reduces the chance of 

false positives (8).  

The present research focused on indirect, continuous recordings of chewing episodes in 

free-living individuals. Instead of targeting macro-nutritional composition or total calorie 

intake (what and how much is eaten), our approach focused on the occurrence of eating 

episodes (when, how long, what pace) indicated by EMG chewing activity. The 

reasoning being that any fully automatic classification of food content and amount will 

always be imprecise. The alternative to automatic classification of food intake is self-

report. A major problem with this method is under-reporting, which may be due to 

unconscious omission of eating occasions, recording fatigue, or conscious misreporting 

(9). Furthermore, it has been found that between-meal snacks, especially unhealthy 

snacks, can be frequently omitted from participants’ self-report, with more than one third 

of snack consumption being unaccounted for, however the main meals are well reported 

(10, 11).  

Automated Camera  

An automated wearable camera with a wide-angle lens was used in the current study. 

Wearable cameras have the potential to passively capture multiple lifestyle behaviours 

and the environmental context of these behaviours (e.g. use of portable devices while 

travelling) with little respondent burden. Although, a relatively new research tool, 

automated cameras have been used to examine a diverse range of health-related 

behaviours and exposures, including: sedentary behaviour in young (12) and older adults 

(13), physical activity in older adults (14), diet in adults (15, 16) and children (17), food 

purchasing in adolescents whilst commuting (18), exposure to advertising in children 

(19-22) and television viewing in adults (23). 

Traditionally, images taken with handheld devices or wearable cameras have been used 

by dieticians when assessing diet and estimating portion size (image-assisted methods). 

Image-assisted approaches can supplement either dietary records or 24-h dietary recalls 

(16, 24, 25). In recent years, image-based approaches integrating application technology 

for mobile devices have been developed (image-based methods). Image-based 
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approaches aim to capture all eating occasions with images being the primary record of 

dietary intake. The captured images are the main source of information and only use 

additional input from the user as verification. The image capturing can be passive, 

meaning that at a defined time frequency, the device automatically takes an image; 

whereas active approaches require the participant to take images manually. Current 

literature suggests image-assisted methods can improve the accuracy of conventional 

dietary assessment methods by adding eating occasion detail via pictures captured by an 

individual (dynamic images).  Under-reporting is reduced when using dynamic images 

compared with traditional assessment methods (26-28). In the current study, we used the 

captured images solely to identify the eating occasions (eating episodes), rather than to 

estimate calorie intake which is a significant shift from previous diet assessment studies.  

The camera showed a low sensitivity alongside its high specificity. This may have 

occurred as a result of, particularly at snack times, only capturing four images every 

minute which may not have been frequent enough to detect short snacking activities. 

However, the camera was still able to detect the presence of a dinner meal in almost all 

the participants. Using the camera alone to assess the number of eating episodes may 

result in under-detection of snacking episodes; also the main issue observed with self-

reporting. The combined use of both the camera and the EMG device appears to be a 

promising technique for accurate assessment of eating behaviours. The EMG accurately 

collects chewing information and the camera provides details about the consumed food 

and the environmental context of the eating behaviours (eating alone/with group, 

watching TV, etc.).   

Overall, although our combined (EMG and camera) technique in the current study 

ignores specific food content and amount, it captures important eating episode 

characteristics. Both devices capture time and duration of each eating episode, 

additionally, the EMG measures amplitude and frequency of chewing strokes. One of the 

fundamental advantages of the method used in this study, is that the automation of the 

devices eliminated a significant amount of participant burden. Previous studies have 

demonstrated inaccuracies related to identifying eating occasions, identifying the food 

type and labelling the images, when carried out manually by participants. The key to co-

operation is to simplify the process (turning on the camera and the EMG device) and 

place the burden on technology rather than the user, which we aimed to achieve in the 

current study. 
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Strengths of the Study 

- Using EMG as an objective method to validate use of the camera to detect eating 

episodes (EMG is considered the gold standard). 

- Recording of mastication in natural home-settings  

- EMG device used in the study was unobtrusive  

- Unlike previous studies which included self-reporting, the current study combined 

camera recordings with an objective detection of eating episodes (i.e., EMG) 

Study limitations 

- Using cameras in home-settings may pose a privacy issue. Moreover, there is possibility 

that observation may affect the eating behaviour in some adolescents as they know that 

what they are eating will be recorded. 

- Sample size was relatively small, and the results need to be confirmed with a larger 

group of participants. 

- The current study did not quantify the satisfaction of the participants about the EMG 

and camera, a point may be tested in a future qualitative study. 

- The sampling frequency of the automated camera was set at 4 images/minute. The 

current study did not test different sampling frequencies to check that an image every 15 

seconds is as accurate as higher capturing frequency to assess eating episodes. This can 

be tested in a future study. 

Future directions  

Based on the findings of the current study, the combination of an EMG device and a 

wearable camera can be a useful research, diagnostic, and therapeutic tool for accurately 

studying eating behaviours. Moreover, a smart phone App can be developed to collect 

and analyse the chewing data in real time. The output of the chewing analysis can be 

shown on-screen using the App, potentially using the system as a bio-feedback tool to 

support behaviour therapy for childhood obesity. Camera images can be analysed to track 

the type of food consumed during the day and other activities associated with eating 

behaviour (who with, where eaten, what context). 

A future modification to this system could be to incorporate an EMG-based device, 

capable of detecting chewing episodes, that subsequently triggers a wearable camera to 
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turn on and capture eating episodes. This could effectively eliminate at least the 

unconscious sources of under-reporting and heavily reduce memory/recall biases. Such 

‘omission free’ reporting of food intake in natural settings could advance basic eating 

behavior research and inspire new awareness-based eating behavior interventions. 
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3 Part Two: Eating Speed and Body Mass Index in Adolescents: is 

there a relationship? 

A sub-group of the participants recruited for SNAP IT (n = 47) agreed to wear the EMG 

device (in addition to the camera and Actigraphy they were already wearing for SNAP 

IT) during the first day of the SNAP IT study. Of the 47 participants recruited for this 

study, five were excluded; one due to having removed the EMG device after application, 

so that no data were recorded, and four recordings were excluded due to very short 

recording time or poor-quality EMG recording. EMG data were analysed for 42 

participants; 20 females and 22 males; the group included 7 Māori, 1 European 

American, and the rest were European New Zealanders. The BMI measures of the group 

are summarised in Table 4.  The sample consisted of 50% of participants with healthy 

weight, 31% overweight, and 19% obese.  

 

Chewing features as evaluated by EMG recordings are summarised in Table 5.  EMG 

records were analysed from the time of EMG device application until the participants 

were asleep as detected by the actigraphy records.  EMG recording analysis showed an 

average chewing pace of 1.53 Hz ± 0.22, chewing power of 30.1% ± 4.8, average 

chewing episodes count of 63.1 ± 36.7, and average chewing time of 11.0 min ± 7.7. 

Differences between subgroups based on sex and BMI category (normal weight vs 

overweight and obese) are summarised in Table 6.  Males had significantly higher 

chewing power compared to females (P = 0.045), and the healthy weight adolescent 

group showed a faster chewing pace and they were chewing for a longer duration (P ˂ 

0.05).  

Table 4 Demographic and clinical data of the study participants (n=42)  

Variable Mean SD Min-Max 

Age (years) 15.3 1.3 13.1 - 17.6 

BMI (kg/m2)   24.02 5.26 16.85 - 38.70 

BMI (z score) 0.93 1.25 -1.83 - 3.57 

BMI distribution  Healthy Overweight Obese 

n (%) 21 (50%) 13 (31%) 8 (19%) 

Sex distribution  Female Male  

n (%) 20 (47.6%) 22 (52.4%)  
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Correlation between BMI, chewing pace, and chewing time are illustrated in figure 6 and 

7. Spearman’s correlation coefficient test shows that the BMI z score range correlates 

significantly with chewing pace (P = 0.024) with slower chewing pace associated with 

greater BMI z score. The BMI z score range correlates significantly with chewing time 

as well (P = 0.026.) Spearman’s correlation significance was set at the 0.05 level (2-

tailed). The participants showed shorter chewing duration with greater BMI z score. 
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Table 5 Chewing features as detected by EMG in the investigated sample (n = 42)  

Measure Mean SD SE Min Max 

Chewing pace (Hz) 1.53 0.22 0.03 1.05 1.96 

Chewing power (%) 30.1 4.8 0.7 18.3 40.2 

Chewing episodes count (n) 63.1 36.7 5.7 5.0 185.0 

Chewing time (min) 11.0 7.7 1.2 1.6 40.1 

EMG recording duration (min) 313.7 107.0 16.5 64.6 570.5 

Chewing time percentage (%)  3.9 2.7 0.4 0.4 12.0 

Descriptive statistics of chewing features of the analysed EMG data recoded during the evening time until bedtime. 
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Table 6 Comparison of chewing features by BMI group 

Measure Chewing pace (Hz) Chewing time (min) Chewing power (%) 

BMI Mean SE 95%CI P valuea Mean SE 95%CI P valuea Mean SE 95%CI P valuea 

Healthy weight (n = 21) 1.64 0.05 1.55-1.74 

0.005** 

13.8 1.7 10.4-17.2 

0.044* 

30.8 1.0 28.6-32.9 

0.395 Overweight and obese 

(n = 21) 

1.45 0.05 1.35- 1.54 8.9 1.7 5.5-12.2 29.5 1.0 27.5-31.5 

Sex             

Females (n = 20) 1.58 .049 1.48- 1.68 
0.355 

12.94 1.73 9.4-16.4 
0.182 

28.61 1.1 26.5-30.8 
0.045* 

Males (n = 22) 1.51 .046 1.42- 1.61 9.70 1.63 6.4-13.0 31.6 1.0 29.6-33.7 

Test between subjects’ effects using mixed model ANOVA which was adjusted for the total EMG recording time.  

a* P ≤ 0.05, ** P ≤ 0.01 
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Figure 2 Box plot showing mean values ( 95% CI) of the chewing pace (Hz) 

by BMI group (healthy vs overweight to obese). There was a significant 

difference (P < 0.01). 

 

Figure 3 Box plot showing mean values ( 95% CI) of chewing time (min) by 

BMI group (healthy vs overweight to obese). There was a significant 

difference (P < 0.05). 
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Figure 4 Box plot showing mean values (  95% CI) of chewing power (%) by BMI 

group (healthy vs. overweight to obese). There was no significant difference (P > 

0.05). The analysis was adjusted for BMI and total time of EMG recording 

Figure 5 Box plot showing mean values (  95% CI) of chewing power (%) 

comparison between females and males. There was a significant difference (P < 

0.05) with higher chewing power in males. The analysis was adjusted for BMI 

and total time of EMG recording. 



 

 

68 
 

Results & Discussion 

 

 

Figure 6 Linear regression analysis of chewing pace by BMI z score. The coefficient of determination (R²) is 0.18  
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Figure 7 Linear regression analysis of chewing time by BMI z score. The coefficient of determination (R²) is 0.10    
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4 Part Two Discussion  

To the best of our knowledge, this is the first study to describe the time-frequency 

features of chewing episodes in a group of adolescents in a natural home environment. 

Moreover, this study is the first to compare the chewing features of overweight/obese 

and normal BMI adolescents. The sample was recruited through public advertisement 

and participant selection was consecutive in order, however, this resulted in an acceptable 

homogenous sample regarding sex (47.6% females) and BMI distribution (50.0% normal 

weight). The current study findings showed that the overweight/obese adolescents have 

lower chewing pace when compared to lean weight participants, and the 

overweight/obese [participants spent a shorter time chewing the food.  

A strength of this study is the use of a wearable, wireless EMG device. EMG devices are 

widely used, in research, as they provide an objective, valid, and reproducible method of 

recording muscle contractions (1, 2). A wearable EMG device was used in the current 

study to objectively measure chewing activity. The validated algorithm used in this study 

is able to accurately measure muscle activity and almost completely exclude any artefacts 

in the EMG data, including possible confounders such as smiling, speaking, and drinking 

(8). These devices interfere minimally with spontaneous behaviour (29) and reduce the 

likelihood of participants altering the amount of food eaten due to awareness of being 

watched (30). Additionally, the participants could choose any location for eating (dining 

room, living room, friends’ homes, restaurant, etc.), also reducing the potential of social 

influence to affect routine eating patterns. Although not recorded formally, participants 

reported them to feel comfortable and unobtrusive.  

The overweight/obese participants spent a shorter time chewing the food. A possible 

explanation for the results maybe that the overweight and obese group were less likely 

to consume fruit and vegetables which would take longer to chew. This was noted by 

SNAP IT researcher (CS) when analysing the camera data. Food is a very complex 

stimulus since many of its characteristics (hardness, texture, flavour, size, and shape) 

influence mastication, and affects satiation (31). Future research using this data set could 

look at the relationship between chewing time and food texture in greater detail. 

Chewing pace was objectively and automatically assessed in the current study, the 

average pace was estimated to be 1.53 ± 0.22 Hz. A previous EMG study in infants and 

young children (9-36 months old) showed a similar jaw movement frequency during 
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feeding and eating, which ranged between 1.5-2.0 Hz (32). It seems that the chewing 

pace is established at an early developmental stage as these findings are analogous to the 

average chewing frequency in adults of 1.5 Hz which is also similar to our findings in 

adolescents (33).  

A study by Pedroni-Pereira and co-workers invistigated chewing features in a group of 

adolescents aged 14-17 years using video recordings while eating a standardised food 

(chocolate biscuit) (34). They compared chewing frequency (cycle/minute) stratified by 

gender and reported no significant differences between males and females (34). Our 

EMG-based results concurred; there was no gender-based difference in chewing 

frequency in adolescents. Furthermore, our finding is in agreement with the findings of 

previous studies comparing chewing frequencies between male and female adults. A 

study by Nagasawa and co-authors tested nine foods and showed no significant 

differences in chewing frequency between genders (35). A more recent study by Po and 

co-authors drew the same conclusion when comparing chewing activities using three 

series of standardised chewing tasks in natural settings (29). Our results are in contrast 

to the suggestion made by Woda and co-authors, that males have a slightly higher 

chewing frequency (31). A possible explanation for their contradictory finding may be 

that their study was conducted in a laboratory setting, whereas this study was the more 

naturalistic home setting. In the lab setting, it is plausible that participants, females in 

particular,  may exhibit more self-awareness of their eating behaviours (36, 37), and this 

may affect chewing pace and to slow the pace in females compared to males i.e. if they 

know they are being monitored.   

The findings of this study are in accordance with previous reports, that body weight of 

adolescents has a significant impact on chewing pace (34, 38, 39) and chewing time (34). 

However, the majority of studies included in this comparison were lab-based and used a 

video recording of standardised eating activities. Furthermore, unlike our study which 

measured the frequency in Hz, the outcomes were measured as chewing cycles per 

minute (34) or bite count per meal (38, 39). When compared to studies in adults, our 

findings dispute previous reports which found no significant difference between 

overweight participants and lean controls in regards to the chewing frequency and 

chewing time (33). Reasons for these discrepancies may originate from the methods used 

and the environment studies were conducted in. 
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Results & Discussion 

With the findings of this study, there is evidence to demonstrate a link between chewing 

frequency and body weight in adolescents. Our results support the existence of an 

‘overweight/obese chewing style’, however this finding contradicts the hypothesis that 

overweight or obese people chew more quickly than normal weight people (40-42). 

Having a chewing style in overweight children is in agreement with the previously 

reported slower pace of physical activities noted in overweight people, such as a specific 

gait pattern with longer double-limb support times, shorter swing times, and slower 

walking velocities when compared to normal-weight children (43). The current study 

indicated that the greater the weight (evaluated by BMI % and z score), the slower the 

chewing rate. Overweight adolescents also tend to eat for a reduced duration; 36% of the 

observation period compared to normal weights. Previous studies showed significant 

differences in chewing pace between overweight and normal weight children (34, 38, 

39). Moreover, the bite size has been reported to be larger with overweight children, (38) 

which may indicate increased energy intake which has been previously reported with 

overweight children (44) although the total chewing time was less with overweight/obese 

in our findings. It needs to be emphasised that, unlike the current study, many of the 

studies reporting a difference in the chewing rate of lean compared to overweight 

participants, used self-report questionnaires. 

In adults, it is equivocal whether food texture and hardness (45, 46) influence chewing 

frequency (31, 47). Since our data was collected in the natural environment under 

uncontrolled conditions, the possible effects of food texture and hardness on chewing 

frequency cannot be reliably ascertained. 

The EMG recording included only one evening, rather than collecting repeated measures 

for the same participants across multiple days. It is certainly possible that some 

individuals eat a wide range of foods for dinner/snack, which might differ between days, 

not just in terms of texture, but also food type and amount. Although this study is of short 

duration and fails to capture a broad range of meals,  previous studies have indicated that 

the mean chewing frequency, over time, is remarkably constant for an individual, and 

that the variability of chewing pace between individuals is much greater than that within 

individuals (29, 48, 49). It has been suggested that the consistency of chewing pace is 

due to the existence of a central pattern generator (CPG), with its operation during normal 

chewing conditions being generally independent of the food eaten (50). 
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Results & Discussion 

In conclusion, adolescents with higher BMI are slower eaters and they ate for a shorter 

time. The findings of the current study may have clinical implications, as they could be 

employed in behavioural therapy aiming to improve chewing activity in overweight 

children. 

Strengths of the Study 

- EMG device used in the study was unobtrusive. 

- All but a few previous studies have been conducted in a laboratory environment, 

whereas our study assessed chewing features objectively in natural home settings. 

- Homogenous sample with sex distribution and BMI distribution representative of 

the gender and BMI distribution in the New Zealand population. 

Study limitations 

- Relatively small sample size. Sample size was smaller than the recruitment plan 

(21 in each group instead of 26 due to recruitment being slower than anticipated). 

Although the current study could find significant differences between overweight 

and normal weight adolescents in chewing pace and time, the results need to be 

confirmed with a larger group of participants. 

- The current study did not quantify the satisfaction of the participants about the 

EMG, a point may be tested in a future qualitative study. 

Future directions  

Rate of eating showed a significant and negative correlation with BMI in adolescents, 

with overweight and obese adolescents chewing for less time than normal weight 

controls. These findings need to be confirmed by a larger study. Going forward, a multi-

center study, with wider ethnic variation, would hopefully overcome the issues recruiting 

adequate participants. A larger study may confirm the current findings and may help to 

understand the relationship between obesity and chewing pattern.  
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Appendix A  Ethical approval and Māori consultation  

 

 

 

  

   

   

  

Thursday, 09 February 2017.  

Dr Claire Smith,  

Dunedin School of Medicine - Womens and Childrens Health, DUNEDIN.  

  

  

  

Tēnā Koe Dr Claire Smith,  

SNAP IT: Measurement of Sleep, Screen use, Nutrition and Activity using Photo Images 

in Teens  

The Ngāi Tahu Research Consultation Committee (the committee) met on Tuesday, 07 

February 2017 to discuss your research proposition.  

By way of introduction, this response from The Committee is provided as part of the  

Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the 

statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 

consultation process outline in this policy provides no power of veto by Ngāi Tahu to research 

undertaken at the University of Otago″. As such, this response is not ″approval″ or ″mandate″ 

for the research, rather it is a mandated response from a Ngāi Tahu appointed committee. This 

process is part of a number of requirements for researchers to undertake and does not cover 

other issues relating to ethics, including methodology they are separate requirements with 

other committees, for example the Human Ethics Committee, etc.  

Within the context of the Policy for Research Consultation with Māori, the Committee base 

consultation on that defined by Justice McGechan:  

″Consultation does not mean negotiation or agreement. It means: setting out a proposal not 
fully decided upon; adequately informing a party about relevant information upon which the 
proposal is based; listening to what the others have to say with an open mind (in that there is 
room to be persuaded against the proposal); undertaking that task in a genuine and not 

cosmetic manner. Reaching a decision that may or may not alter the original proposal.″  

The Committee considers the research to be of importance to Māori health.   

  

As this study involves human participants, the Committee strongly encourage that ethnicity 

data be collected as part of the research project as a right to express their self-identity. That is 

the questions on self-identified ethnicity and descent, these questions are contained in the 

latest census.   

  

The Committee suggests dissemination of the research findings to relevant National Māori  

Education organizations and Toitu te Iwi at Te Rūnanga o Ngāi Tahu regarding this study.   
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We wish you every success in your research and the committee also requests a copy of the 

research findings.  

This letter of suggestion, recommendation and advice is current for an 18 month period from 

Tuesday, 07 February 2017 to 7 August 2018.  

  

  

Nāhaku noa, nā  

  

Mark Brunton  

Kaiwhakahaere Rangahau Māori  

Research Manager Māori 

Research Division Te 

Whare Wānanga o Otāgo 

Ph: +64 3 479 8738  

Email: mark.brunton@otago.ac.nz Web: 

www.otago.ac.nz  
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 Appendix B  Recruitment Advertisement 
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Appendix C  Qualtrics Recruitment Questionnaires 

 

Start of Block: Default Question Block 

 

Q1   

 Thanks for taking an interest in the SNAP IT study. 

  

 We are interested in finding out about behaviours that might influence sleep in teenagers. In 

particular we are interested in behaviours in the evenings. We are using new research tools to 

measure these behaviours. 

  

If you could read through the following information with your teenager to see if this study is 

something they could help us with that would be great. 

 

  

  

 

 

Q2  

  The research involves the following:     Teenagers (13 to 17 years) wearing a 

camera  (6cm x 6cm) which takes a photo every 15 seconds (after 5pm for three 

evenings).               Wearing an accelerometer on the wrist for seven days and nights. 

Accelerometers collect information about their activity/sleep and movement.       Complete a 

recall with a researcher about food and beverages consumed over a 24 hour period.   

     Wear an EMG (measures muscle movement and chewing) on one evening (from 5pm) 

and overnight. We only need some participants to take part in this part of the study. If your 

teenager is interested in doing this part of the study please indicate on the form below.    

 Answer two questionniares (approx 10 minutes each) about sleep habits and screen 

use  and also provide some information about your household.    Measure height and 

weight.    If you think this is something your teenager might be interested in helping with we 

would like to contact you and your son/daughter to discuss this further. 

  

 Information sheets for parents and teenagers can be downloaded by clicking on the links 

below. 

  

 Information sheet for teens3 

 Information sheet parents3 

  

  

 Teenagers will receive a $50 Warehouse voucher as an acknowledgement of their time. 
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 If you have more than one teenager 13 to 17 years in your family who might be interested in 

taking part that is great,  you can indicate this in the form below. 

  

   

 

 

Q3 If your son/daughter is interested in us contacting you further about the study please 

indicate this below. Don't worry your son/daughter can change their mind later about taking 

part even if yes is selected. 

Yes we are interested in taking part with the EMG component  (3)  

Yes- we are interested in taking part  (1)  

No- please do not contact us further  (2)  

 

Skip To: Q10 If Q3 = No- please do not contact us further 

 

Display This Question: 

If Q3 = Yes- we are interested in taking part 

Or Q3 = Yes we are interested in taking part with the EMG component 

 

Q4 Great we have a couple of questions to check if they are eligible. 

 

Do you live in Dunedin, New Zealand? 

Yes  (1)  

No  (2)  

 

Skip To: Q8 If Q4 = No 

 

 

Q5 Is your teenager 13 to 14 years or 15 to 17 years? 

No  (1)  

13 or 14  (2)  

15, 16 or 17  (3)  

 

Skip To: Q9 If Q5 = No 

 

 

Q6 If you are happy for us to contact you to organise for your son/daughter to take part please 

complete the following form.  If you have more than one teenager in your family interested in 

taking part then add their names below. 
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 Alternatively send us an email at teensleep@otago.ac.nz,  text/call 0225902649 or 4709760 

 
Tick preferred method of 

contact 
Contact Details 

 Optional (1) Optional (1) 
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Parent first name (1)    

Parent email address (2)    

Parent mobile (3)    

Parent landline (4)    

Teen 1 first name (5)    

Teen 1 mobile (6)    

Teen 2 first name (7)    

Teen 2 mobile (8)    

Teen 3 first name (9)    

Teen 3 mobile (10)    

 

 

 

Q7 What next? 

  

 One of the researchers will be in touch within the next week to talk to you further about the 
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study and organise the best time for your teenager to take part. 

  

  

   

 

Display This Question: 

If Q4 = No 

 

Q8  

  

 Unfortunately we are only looking for teenagers who live in Dunedin. Thankyou for your 

interest in the study. 

 

Skip To: End of Survey If Q8() Is Displayed 

 

Display This Question: 

If Q5 = No 

 

Q9  

 Unfortunately your son/daughter is not within the  age range we are looking for. Thank you 

for your interest in the study. Feel free to pass this link onto other people who have teenagers 

between 13 and 17 years. 

 

Skip To: End of Survey If Q9() Is Displayed 

 

 

Q10 Thanks for taking the time to read about our research. 

 

End of Block: Default Question Block 
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Appendix D  Information sheets 

SNAP IT: Measurement of Sleep, Screen use, Nutrition and 

Activity using Photo Images in Teens  

 

INFORMATION SHEET FOR TEENAGERS 

 

Thank you for showing an interest in this project.  Please read this information sheet carefully and 
discuss the project with your parents before deciding whether to participate.  If you decide to take 
part we thank-you.  If you decide not to take part there will be no disadvantage to you and we thank 
you for considering it.   

What is the project about? 

We know that screen use (including TV, tablets, computers, phones) can impact on the amount of 
sleep some teenagers get. We also know that diet influences sleep. We need to find new methods for 
measuring screen use and diet that work for teenagers. In this project we will trial using automated 
wearable cameras (which take a photo every 15 seconds) as a method.  

Who can take part? 

We are recruiting 200 Dunedin teenagers aged 13 to 17 years (inclusive) to take part.  

A gift voucher of $50 will be given for a reimbursement of your time (Warehouse voucher).  

For completing the questionnaires you will also enter the draw to win one of three $100 vouchers (JB 
Hi Fi, Rebel Sports or the Warehouse). 

What does the research involve? 

Should you agree to take part in this project, you will be asked to: 

• Wear an automated camera (6cm by 6cm) over three evenings (two school nights and one 
weekend night). 

• Wear an accelerometer (measures activity and sleep) which is the size of a watch for seven days 
and nights. 

• Wear an electromyogram (measures muscle movement) on your cheek for one evening and 
overnight. 

• Complete an interview with the researcher about all the food you have consumed over a 24 
hour period. 

• Complete two questionnaires about your screen use, sleep stage of puberty, age, ethnicity and 
information about your household. 

• We will also measure your height and weight so we can describe the teenagers who take part. 

You will wear the accelerometer in bed while you sleep. The camera and accelerometer will need to 
be removed while showering, swimming and bathing. 

A researcher will visit your home to show you how to wear the equipment and will return the 
following week to pick up all the equipment.  

At any time you can decide not to take part in the project without any disadvantage to yourself of any 
kind. 
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Can the camera be stopped or removed? 

The camera will automatically take pictures of your home and the environment you live in. At any 
time the camera can be removed or covered so that the photos are not recorded (e.g. when using the 
bathroom). This may be necessary to protect your privacy or the privacy of those around you.  At the 
end of the project the photos will be downloaded and you will be able to view them and remove any 
you do not want researchers to see.  

If you are involved in activities outside the home it would be good if you could continue to wear the 
camera. You may be asked questions by members of the public about the camera. We have prepared 
information cards about the project which you can give to them if they ask questions about why you 
are wearing the camera. These cards provide some general information about the project and contact 
numbers and email addresses of the researchers.  

We will provide you with an instruction booklet which will tell you when you should remove the 
camera to protect your privacy and the privacy of others around you, such as family and friends. 

What data or information will be collected and what use will be made of it? 

Only the researchers involved in the project will be able to see the images and other information 
collected during the project. Once you have had the opportunity to view the images you will have no 
further access to the images and the images will then become the property of the Dunedin School of 
Medicine, University of Otago. If used in any published material the images will be blurred so there 
are no identifying features (e.g. street names, faces, emails). Every attempt will be made to keep your 
identity private. 

If any illegal activity is captured on the camera involving yourself or others (members of the public) we 
would be obligated to pass these images onto the police. 

Information collected as a result of the research will be kept for at least 10 years on a secure 
University of Otago server (password protected). Any personal information about you (e.g. contact 
details) will be destroyed at the completion of the research even though the other information from 
the research will be kept. 

The results of the project may be published in scientific journals, talked about at conferences and will 
be available in the University of Otago Library (Dunedin, New Zealand) but every attempt will be made 
to keep your identity private. All identifying information such as your name will be removed. You may 
request a copy of the results of the project.  

Can participants change their mind and withdraw from the project? 

You can change your mind and withdraw from participation in the project at any time and without any 
disadvantage. Any information collected about you can also be withdrawn at any time. 

What if participants have any questions? 

If you have any questions about our project, either now or in the future, please feel free to contact 
either: 

Dr. Claire Smith or Harriet Harrex,  
Dep’t of Women’s and Children’s Health, Dunedin School of Medicine, University of Otago 
Email: teensleep@otago.ac.nz Phone: (03) 4709760  OR (03) 470 9476 

Or text:  0225902649 

This project has been approved by the University of Otago Human Ethics Committee (reference number 17/017). 
If you have any concerns about the ethical conduct of the research you may contact the Committee through the 
Human Ethics Committee Administrator (ph. +643 479 8256 or email gary.witte@otago.ac.nz). Any issues you 
raise will be treated in confidence and investigated and you will be informed of the outcome. 

mailto:teensleep@otago.ac.nz
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SNAP IT: Measurement of Sleep, Screen use, Nutrition and 

Activity using Photo Images in Teens 

 

INFORMATION SHEET FOR PARENTS / GUARDIANS 

Thank you for showing an interest in this project.  Please read this information sheet 
carefully and discuss the project with your son/daughter before deciding whether your son/daughter 
can participate.  For 13 and 14 year old participants we require parental permission for participation.  
If you decide they should not take part there will be no disadvantage to you or your son/daughter and 
we thank you for considering our request.   

What is the project about? 

We know that screen use (including TV, tablets, computers, phones) impacts on the amount of sleep 
adolescents have. We also know that diet influences sleep. We need to investigate new methods for 
measuring screen use and diet that are appropriate for adolescents. In this project we will trial using 
automated wearable cameras (which take a photo every 15 seconds) as a method.  

What can take part? 

We are recruiting 200 Dunedin adolescents aged 13 to 17 years (inclusive) to take part.  

They will be offered a Warehouse voucher ($50) as a reimbursement for taking part. 

For completing the questionnaires your son/daughter will also enter the draw to win one of three 
$100 vouchers (JB Hi Fi, Rebel Sports or the Warehouse). 

 

What does the research involve? 

Should you agree to your son/daughter taking part in this project, your son/daughter will be asked to: 

• Wear an automated camera (6cm by 6cm) over three evenings (two school nights and one 
weekend night). 

• Wear an accelerometer (measures activity and sleep) which is the size of a watch for seven days 
and nights. 

• Wear an EMG (Electromyogram) measures muscle movement on their cheek for one evening 
and overnight. 

• Complete two questionnaires about their screen use, sleep, stage of puberty, age, ethnicity and 
information about your household. 

• Complete an interview with the researcher about all the food your son/daughter has consumed 
over a 24 hour period. 

• We will also measure their height and weight so we can describe the teenagers who take part. 

The camera and accelerometer will need to be removed while showering, swimming and bathing. 

A researcher will visit your home to show your son/daughter how to wear the equipment and will 
return the following week to pick up all the equipment.  

Please be aware that you may decide not to take part in the project without any disadvantage to 
yourself or teenager of any kind.  
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Can the camera be stopped or removed? 

The camera will automatically take pictures of your home and the environment your teenager lives in, 
however we are only interested in photos relating to screen use and diet. At any time the camera can 
be removed or covered so that the images are not recorded (e.g. when using the bathroom). This may 
be necessary to protect their privacy or the privacy of those around them.  At the end of the project 
the camera images will be downloaded and your son/daughter will be given the opportunity to view 
the photos and remove any they do not want researchers to see.  

If your son/daughter is involved in activities outside the home during the project we ask that where 
possible they continue to wear the research equipment. They may be asked questions by members of 
the public about the camera. We have prepared information cards about the project which can be 
given to any members of the public they interact with. These cards provide some information about 
the project and contact numbers and email addresses of the researchers. 

We will provide your son/daughter an instruction booklet which will provide guidance on when they 
should remove the camera to protect their privacy and the privacy of those around them. 

What data or information will be collected and what use will be made of it? 

Only the researchers involved in the project will have access to the images and other information 
collected during the project. Once your son/daughter has had the opportunity to view the images they 
will have no further access to the images and the images will then become the property of the 
Dunedin School of Medicine, University of Otago. If used in any published material the images will be 
blurred so there are no identifying features (e.g. street names, faces, emails). Every attempt will be 
made to preserve your son/daughter’s anonymity. 

If in the unlikely event that any illegal activity is captured on the camera involving your son/daughter 
or others (members of the public) we would be obligated to pass these images onto the police. 

Data obtained as a result of the research will be retained for at least 10 years on a secure University of 
Otago server (password protected). Any personal information about your son/daughter (e.g. contact 
details) may be destroyed at the completion of the research even though the data derived from the 
research will, in most cases, be kept for much longer or possibly indefinitely. 

The results of the project may be published in scientific journals, presented at conferences and will be 
available in the University of Otago Library (Dunedin, New Zealand) but every attempt will be made to 
preserve your son/daughter’s anonymity. All identifying information such as your child’s name will be 
removed. You may request a copy of the results of the project.  

Can participants change their mind and withdraw from the project? 

Your son/daughter can withdraw from participation in the project at any and without any disadvantage. 
Any information collected about your son/daughter can also be withdrawn at any time. 

What if participants have any questions? 

If you or your son/daughter have any questions about our project, please feel free to contact either:- 
 
Dr. Claire Smith or Harriet Harrex,  
Dep’t of Women’s and Children’s Health, Dunedin School of Medicine, University of Otago 
Email: teensleep@otago.ac.nz Phone: (03) 4709760  OR (03) 470 9476 

Or text:  0225902649 

This project has been approved by the University of Otago Human Ethics Committee. If you have any concerns 
about the ethical conduct of the research you may contact the Committee through the Human Ethics 
Committee Administrator (ph. +643 479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be 
treated in confidence and investigated and you will be informed of the outcome. 

mailto:teensleep@otago.ac.nz
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Appendix E  Personal safety protocol for fieldwork 

Introduction 

• The SNAP IT study involves two visits to each participant within their homes. The following 

document outlines methods Researchers should use to protect their personal safety.  

Responsibility 

• It is the responsibility of all staff to follow the standard operating procedures as outlined in this 

document. 

• It is expected that all staff review the document at regular intervals to ensure they are up to date 

with current practices. 

Equipment 

• Mobile Phone 

• Access to Outlook Sleep Team fieldwork calendar 

Communicating with participants 

All communication with participants should be made on University landlines, the study email address and 

the phones purchased for the study. Do not use your personal phone or email address to communicate 

with participants.  Make sure that you have organised the appointment and have reminded participants 

(on the day or the day before) to confirm the appointment. Do not arrive at a house unexpected. 

Fieldwork calendar 

We have set up a calendar (W & C Health Teen Sleep Study) for SNAP IT appointments. Please record all 

intended appointments on this calendar. This calendar is shared within our research team and means we 

have access to information about where you are going. Include the following details:  

• Your name, phone number, car registration 

• Participant ID & Name 

• Address, phone number 

• Visit Number (e.g. Visit One or Visit Two) 

 

If it is during the workday, let a colleague know you are going to a home visit and what time you expect 

to return. Tell them when you have returned. If it is in the evening, advise someone you live with or a 

colleague where you are going and when you will return. Text them when you have returned from the 

appointment. 

Home Visit 

Before you go to the first visit check with the participant about access to the house and whether there is 

a dog. Make sure you take a phone with you. 

If you feel uncomfortable about going to an appointment for any reason there are several options: 

• Organise for a colleague to also come with you 

• Meet the participant somewhere else outside the home 
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If at any time you feel unsafe going into a home then do not continue. You can always reschedule and 

return with someone else. Make sure you take a phone with you. 

The University of Otago has detailed written guidelines for fieldwork in home and community based 

settings- please read these. They are available to download here: 

http://www.otago.ac.nz/humanresources/health-and-safety/hazards/otago067719.htm 

Please contact Sarah-Jane Robertson who is the WCH Health and Safety Officer. She will give you a Health 

and Safety Induction and advise you of processes for reporting accidents and incidents. 

 

http://www.otago.ac.nz/humanresources/health-and-safety/hazards/otago067719.html
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Appendix F  Visit 1 checklist and equipment list 

 

 

 

Visit 1 

Study: SNAP IT Version Number: 2 
Prepared By: Claire Date: 31 Jan 2018 

 

Please adhere to personal safety protocol for fieldwork (see Appendix F) 

 

Checklist for tasks to complete at VISIT 1: 

• Obtain signed consent  

• Measure participant’s weight and height  

• Fit ActiGraph  

• Review project schedule  

• Show how to wear the camera, provide instruction manual  

• Collect basic demographic information 

• Complete EMG component 

• Questionnaire Part 1- ensure participants have been emailed the link  

• Answer any questions the participant and their family might have 

  

SNAP IT 
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List of equipment for Visit 1- Note you should not need a laptop for this visit 

Visit 1 

ActiGraph 

1. ActiGraph wGT3X-BT monitor (already initialised) 

2. Wrist strap 

 

 

Brinno Camera 

1. Brinno camera (charged, programmed with SD card and neck strap) 

3. Neck Strap 

4. Velcro sticky dots 

6. Camera charger and usb cord 

7. Brinno Camera Protocol 

 

EMG 

1. EMG phone 

2. Crackers 

3. Chewing Gum 

4. EMG device 

5. Chewy things 

6. Hyperfix 

Weight and Height 

1. Height related: 

• Portable stadiometer  

• Measurement sheet 

• Height Protocol 

2. Weight/height related: 

• Scales 

Participant packs (complete version available on WCH Server) 

Each pack should have: 

• Front page with participant information and schedules 

• Consent form for teenagers 

• Consent form for parents (if teen 13/14 years) 

• Participant Information sheet  

• Parent Information sheet (if teen 13/14 years) 

• Measurement form (height, weight) 
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• Project Schedule (with details of questionnaire) 

• Participant Instruction Booklet  

• Mini hand-out information sheets 

• Activity log for Actigraph and camera 

• wGT3X-BT ActiGraph & wrist strap 

• Brinno camera, neck strap and Velcro sticky dots 

Other equipment to take (but not leave at participant home) 

1. Participant appointment sheet 

2. Pens 

3. Spare wrist strap (in case of small wrist) 

4. Clipboard 

5. Mobile Phone 
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Appendix G  Consent forms  

 

 

 

SNAP IT: Measurement of Sleep, Screen use, Nutrition 

and Activity using Photo Images in Teens  

CONSENT FORM FOR TEENAGERS 

 

I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered.  I understand that I am free to ask any questions at any stage. 

I know that: 

✓ My participation in the project is voluntary. 

✓ I am free to withdraw from the project at any time without any disadvantage. 

✓ An information card will be provided which I can give to family, friends and members of the 
public who are interested in the project. 

✓ The camera can be removed or covered at any time to stop taking pictures. 

✓ Images taken during the project can viewed at Visit 2 and deleted before the researchers see 
them. After this the images will become the property of the research team. 

✓ Personal identifying information will be destroyed at the end of the project but any other data 
will be retained on a secure server at the University of Otago for at least ten years. 

✓ A Warehouse ($50) will be provided as a thank-you for taking part in the project. 

✓ On completing the questionnaires I will enter the draw to win one of three $100 vouchers. 

✓ The results of the project may be published in scientific journals, talked about at conferences 
and will be available in the University of Otago Library (Dunedin, New Zealand) all identifying 
information will be removed to keep my anonymity. 

 
I agree to take part in this project. 
 
 
.................................................................    ……………………………………… ............................... 
(Signature)     (Printed Name)   (Date) 
  
 
…………………………………………………..  ID Number: .........................   
(Name of person taking consent) 
 
This project has been approved by the University of Otago Human Ethics Committee. If you have any concerns 

about the ethical conduct of the research you may contact the Committee through the Human Ethics Committee 

Administrator (ph. +643 479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in 

confidence and investigated and you will be informed of the outcome. 
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SNAP IT: Measurement of Sleep, Screen use, Nutrition and 

Activity using Photo Images in Teens  

CONSENT FORM FOR PARENTS/GUARDIANS 

 

I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered.  I understand that I am free to ask any questions at any stage. 

I know that: 

✓ My son/daughter’s participation in the project is voluntary. 

✓ My son/daughter is free to withdraw from the project at any time without any disadvantage. 

✓ An information card and contact details of the researchers will be provided which my 
son/daughter can give to family, friends and members of the public who are interested in the 
project. 

✓ The camera can be removed or covered at any time to stop recording images. 

✓ Images taken during the project can viewed at Visit 2 and deleted before the researchers see 
them. After this the images will become the property of the research team. 

✓ Personal identifying information will be destroyed at the end of the project but any other data 
will be retained on a secure server at the University of Otago for at least ten years. 

✓ A  Warehouse voucher ($50) will be provided to my son/daughter as a reimbursement for taking 
part in the project. 

✓ On completing the questionnaires my son/daughter will enter the draw to win one of three 
$100 vouchers. 

✓ The results of the project may be published in scientific journals, talked about at conferences 
and will be available in the University of Otago Library (Dunedin, New Zealand) all identifying 
information will be removed to keep my son/daughter’s anonymity. 

 
I agree to ……………………………………………………………. (Name of son/daughter) taking part in this project. 
 
 
.................................................................    ……………………………………… ............................... 
(Signature)     (Printed Name)   (Date) 
  
 
…………………………………………………..  ID Number: .........................   
(Name of person taking consent) 
 

This project has been approved by the University of Otago Human Ethics Committee. If you have any concerns 

about the ethical conduct of the research you may contact the Committee through the Human Ethics Committee 

Administrator (ph. +643 479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in 

confidence and investigated and you will be informed of the outcome. 
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Appendix H  Appointment Form Visit 1 

SNAP IT: Participant Details and Appointment Form 

Today’s date: Researcher: 

PARTICIPANT ID: 

Participants name: 

Birth date: Age: 
Male:           Female:     Binary: 

 

Street address: 

 

Email address: 

Phone (mobile): Phone (landline) 

Non-dominant hand:  

PARENT INFORMATION 

Parents name: 

Email address: 

Contact phone numbers: 

VISIT DETAILS 

Date and time of visit 1: Researcher: 

Date and time of visit 2: Researcher: 

Consent signed:   

 

Reminder Communication source Date Researcher 

 1 Visit 1 & survey 1    
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 2 Wear Actigraph & 
wear EMG 

   

 3 Wear camera day 1    

 4 Wear camera day 2    

 5 Wear camera day 3    

 6 Visit 2, survey 2 & 
charge camera 
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Ethnicity of participant (Circle all that apply) 

 
NZ European   Cook Island Māori Tongan 

Māori Samoan  Niuean 

Chinese Indian  

Other (such as Dutch, Japanese, Tokelauan), please state:  
 
______________________________ 
 
If you are Māori, which Iwi do you belong to?  Please state:  
 
______________________________ 

 

EMG 

Preferred side for chewing:  Right    Left 

(Default right if no preference) 

Braces?   □ 

Equipment schedule 

 

 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

Date 

(day/mm/yy) 
       

 

Actigraph ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Camera         

EMG ✓        
 

Diet recall        
√ 

Visit two: 

Photos reviewed:  Photos deleted: yes / no 

Gift voucher:  I declare that I have received the Warehouse gift 

voucher, 

Signature:  
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Appendix I  Instructions for participants 

 

 

 

 

 

Project Instruction Booklet 

Welcome to the SNAP IT study!  

If you are having problems with the equipment, or with the questionnaires, or if 

you or your parents/caregivers have any questions please contact us: 

Dr Claire Smith  

Email: tsleep@otago.ac.nz  

Mobile: 022 590 2649 

Landline: 03 470 9760  

Your participant ID is:  

 

 

Visit Details 

Visit 1 date and time:  

Visit 2 date and time:  

 Complete 

Consent  

EMG calibration  

Height/weight  

Charge camera (night 7)  

mailto:tsleep@otago.ac.nz
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Visit 2  

24-hr recall  

Questionnaire 1  

Questionnaire 2  

This project has been approved by the University of Otago Human Ethics Committee. If you have any concerns about 

the ethical conduct of the research you may contact the Committee through the Human Ethics Committee 

Administrator (ph +643 479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in 

confidence and investigated and you will be informed of the outcome.  
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Equipment Checklist 

At Visit 1, the researcher will leave you with the following equipment. If anything 

happens to the equipment, don’t worry, you will not be charged! 

 

Project Instructions 

• The accelerometer should be worn for the WHOLE duration of the study (eg. 

seven days and seven nights). 

• The camera only needs to be worn on THREE days (at least ONE weekend day) 

in the evening from 5pm until you are ready to go to sleep. 

• The EMG device needs to be worn from 5pm until after you have had 

breakfast the next day. 

 

 
 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

Date 
(day/mm/yy) 

       
 

Actigraph ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Camera √      √  

EMG √        

24 Hr Recall        √ 

 

 

 

Instructions on using the Accelerometer 

Accelerometer 
(Wear at all times)

Camera (Wear 
evenings only)

Camera charger Mobile Phone
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The accelerometer (ActiGraph) has a sensor that will measure your movement. It 

is not a transmitting device, so it will not tell us information about your location, 

and does not interfere with your daily activities. The accelerometer is charged, and 

the battery will last for the study. 

 

How to wear the accelerometer: 

• You should wear the accelerometer at all times, including while you sleep. 

Continue wearing the accelerometer from Visit 1 for seven days.   

• Wear the accelerometer on the wrist of the hand you do NOT write with, 

with the black disk facing your fingers. 

• The accelerometer should worn so that it does not move around on your 

wrist. If the device is moving around, please tighten it. If it is loose, the 

measurements will be inaccurate.  
 

 
 

How to tell if the accelerometer is working: 

• While the accelerometer is recording, there will be no lights flashing. 

• If you see either a red or green flashing light at any time, this means there 

is a fault and it may not be working properly. If this happens, please contact 

us immediately. 

• If you would like to view your activity levels ask the researcher if you can 

have a copy of this later. 

 

When to remove the accelerometer: 
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• Because the accelerometer is not waterproof, you will need to take it off in 

the following situations: 

o Showering 

o Having a bath 

o Swimming 

o Water activities/sports (eg. water polo) 

• It is important that you put the device back on again as soon as possible 

afterwards. 

• At any time you remove the accelerometer, please note in the Activity Log 

the time it was removed, the time it was replaced and why it was removed 

e.g .for swimming. 

• It is ok to wear the accelerometer while playing sports, however if you are 

not allowed to wear it (eg. contact sport such as rugby), just take it off during 

this time and put it back on as soon as you can. Remember to write down in 

your Activity Log the time you took it off and put it back on, and why. 
 

Instructions for the EMG 

• Data goes from the EMG device to the phone via Bluetooth so the phone 

needs to near you while you are wearing the EMG. In a pocket or the belt 

provided. While in bed simply place the phone on a bedside table or near 

your bed. 

• Using the phone app- please indicate the start and end of any eating 

episodes. 

• The phone has a slight vibration. When you are about to go to sleep press 

the sleep button on the phone, when you wake up press stop sleep.  

• Please do not get any water on the EMG. 

• After breakfast the next morning bite on the chewie provided then you can 

remove the EMG. 

• After removing the EMG device put it in the plastic container provider. 

• After breakfast stop the EMG recording 

From the dashboard select exit user mode: 

 

hSelect stop recording 

Select exit the program 
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Instructions on using the Camera 

 

The camera (Brinno-TLC120) will automatically take a photo every 15 seconds 

 

• Wear the camera from 5pm until you go to bed on THREE days. The days 

you should wear it will be marked on the schedule on Page 1 of the 

Instruction Booklet. If you are reading, using a tablet, phone or any other 

device in bed please keep the camera on until you are ready to go to sleep. 

• The camera should be worn on top of your clothing. 

• Use the strap provided and place the camera over your head. It should hang 

so that the camera is sitting upright level with your chest. Use the Velcro on 

the camera to stick it to your clothes. This is to ensure it does not move 

around, and keeps it safe! 

• The researcher will help you find the best way to attach the camera, 

depending on the clothing you are wearing. 
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Turning the camera on and off: 

• The researcher will demonstrate how to turn the camera on and off at the first visit.  

• To turn the camera ON, flick the switch that says ON/OFF to ON. A green light on the top 

of the camera will come on, before turning red and flashing rapidly for about 2 seconds. 

It will then stop flashing, and remain green. 

• After turning on the camera, you will need to click the shutter button to begin recording. 

You will know it is recording if the green light turns off, then flashes once every 15 

seconds. 

• If you do not want the camera to take photos, simply flick the switch on the camera to 

OFF (just remember to turn it back on again when you want the camera to start taking 

photos). You will need to flick the ON/OFF switch to ON, as well as press the shutter 

button. 

 

 
 

When and where to remove the camera 

• Some people may not feel comfortable with you wearing the camera. If 

family or members of the public raise concerns about the camera please 

provide them with the information card which explains the research. If they 

are still not ok with this, simply remove the camera while you are in their 

company or advise them that you have turned it off. 

Remove the camera in the following places: 

• Before going to the bathroom or getting changed. 

• Areas where people expect privacy including: changing rooms, public 

bathrooms, public swimming pools. 

ON/FF switch 
Shutter button 
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• Hospitals, hospices and doctors’ offices. 

• If you are in a place where there is a notice to say that you cannot take 

photos. 

• If you are on a marae, check with the person in charge to make sure it is ok 

to wear the camera. 

• If someone asks you to take it off 

• The camera is not waterproof so please remove before showering, 

swimming, bathing or in heavy rain. 

• Before playing any contact sport (such as rugby) where you think something 

may damage the camera. 

 

If you forget to remove the camera, do not worry. You will be the first person to 

see the images and you will be able to delete anything you do not want us to see. 
 

How to tell if the camera is working 

• While the camera is recording, a green light will flash every 15 seconds. 

• If you notice a red light on the camera at any time, this means the battery is 

getting low. Use the charging cable given to you at visit one to charge the 

camera during a time that you are not scheduled to be wearing it. 

o While it is charging, an orange light will turn on. You will know if it is 

fully charged when this light turns continuously green. 
 

Viewing your photos 

• At the end of the study, a member of the research team will come and pick 

up the camera. You will have the opportunity to view the images the camera 

took, BEFORE anyone else sees them. At this point you will be able to delete 

any images you do not wish the research team to have. 

• It is important that the camera is charged so the images can be downloaded 

so please plug in and charge the camera before the researcher visits.  
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Instructions on completing the Questionnaires 

**There are two questionnaires for the SNAP IT study. If you complete both 

questionnaires we will enter you in a draw to win one three $100 gift vouchers.** 

Questionnaire 1: Health and Sleep Habits 

Link:  

• Enter your ID number when prompted 

• Please complete by Visit Two (we will send you a reminder and a link to the 

survey) 

 

Questionnaire 2: Screen Use and Pre-bed Behaviours 

Link: f 

• Enter your ID number when prompted 

• Please complete within two days after Visit Two (we will send you a 

reminder and a link to the survey) 
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Appendix J  Measurement of height and weight 

1.  

Study: SNAP IT Version Number: 2 

Prepared By: Harriet  Date: 22 August 2017 

 

Introduction 

• Height measures body size combining the legs, pelvis, spine and skull, and is used as an index of 

growth in children and adolescents. When used in combination with weight, by ‘correcting’ 

weight for height, the resulting index is used to indicate ‘fatness’. 

Responsibility 

• It is the responsibility of all staff to follow the standard operating procedures as outlined in this 

document. 

• It is expected that all staff review the document at regular intervals to ensure they are up to date 

with current practices. 

Equipment 

• Seca height measure/portable stadiometer 

• Recording sheet 

• Pen 

Procedures  

1. At Visit 1- assembling the stadiometer: 

• Slot upright sections together. Slide on the two stabilisers and measuring arm. Position stabilisers 

as required (approximately at 20 cm from floor and at approximately 2.00m) ensuring they are 

clear of the joins. Attach upright sections to base.  

• Place base on flat surface with stabilisers resting against a wall/door to give rigidity. Please take 

note that the base will not be touching the wall. 

2. At Visit 1- taking a measurement: 

• Ask the participant to remove any heavy clothing, shoes and socks. 

• Ask the participant to stand on the centre of the stadiometer’s base with their back to the 

stadiometer. For example, say: 

‘Please stand on the centre of the base with your back to the measuring machine.’  

• Ask them to stand with their feet 2–3 cm apart and move back until their heels touch the bottom 

of the stadiometer upright. Their buttocks and upper part of their back should also be touching 

the stadiometer upright. Their head does not have to touch the stadiometer. Shoulders should 

be relaxed, arms to the side and hair accessories such as bows, ribbons etc removed where 

possible.  



 

113 
 

• Ask the participant to stand up straight. The participant’s head should be in the Frankfort Plane. 

This is achieved when the lower edge of the participant’s eye socket (the orbit) is horizontally 

aligned with the middle of the participant’s ear canal (the tragus) (See Figure). The vertex is the 

highest point on the participant’s head. If the participant’s head is not aligned properly (and it 

probably will not be), ask the participant to look up or down a little until it is in the Frankfort 

Plane.  

 

 

 

 

 

 

 

 

 

• When you are happy the participant is in the correct position, ask them to take a deep breath in. 

• Lower the headboard until it is in contact with the participant’s head. Compress the participant’s 

hair if needed. Do not bend the headboard from the horizontal or move the participant’s head. 

Hold the headboard firmly at its final position. Instruct the participant to breathe out! Your head 

should be at eye-level with the headboard/where you read the measure to avoid inaccurate 

readings. Take the reading to the nearest 0.1 cm (for example 164.3cm, do not round up) and 

record this height on the measurement form. 

• Raise the headboard and repeat step 7 and 8. If the two readings are within 0.5cm (5mm) of each 

other then ask the participant to step away from the stadiometer. 

• An additional measure is required if duplicate measures of height differ by more than 0.5cm 

(5mm). If taken, record this third measure on the measurement form. 
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MEASUREMENT FORM 

 

Weight 

Conducted by: _______________ 

_____________kg 

HEIGHT  

Measured by: _________________ 

1st measurement (to the nearest mm): 

___________cm 

2nd measurement (to the nearest mm): 

___________cm 

If 1st and 2nd measurements differ by 0.5cm, then re-measure 

Is 3rd measurement needed?  Yes / No 

3rd measurement (to the nearest mm): ___________cm 

 

ACTIGRAPH CAMERA  

# # 

Non-dominant wrist: Right / Left  

Actigraph fitted: Yes / No Camera given: Yes / No 
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Appendix K  Instructions for initiating the camera  

 

Introduction 

• The Brinno TLC120 is a small time lapse camera. 

• It is able to be worn by a person to capture events as they occur. 

Equipment 

• Brinno TLC120 time lapse camera 

• Neck strap 

• Velcro dots (for additional support) 

• Micro USB connection cable(s) 

• 32GB SD card 

• Computer with SD card slot 

• Smartphone and charger 

• Brinno app downloaded onto the smartphone 

Objectives 

• To provide guidelines for: 

1. The preparation of a Brinno TLC120 time lapse camera 

2. Downloading the Brinno app onto the smartphone Placement and wearing of the camera 

3. Downloading and storing photo images from the camera 

• A researcher will visit the participant at their home on the first day of data collection. Each 

participant will receive a camera to wear in the evening hours only (5pm-bed time) for three 

nights. The researcher will return on day four to collect the camera, and allow the participant to 

view all photos prior to the researcher seeing them. Any photos the participant does not want 

shared may be deleted by the participant. 
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Procedures 

 

• Ensure you have downloaded the Brinno App onto your smartphone. Open the Google Play Store 

on your Android smartphone, or the App Store on you iPhone. Search for ‘brinno’. Click on 

‘Brinno Wi-Fi Time Lapse Camera’.  Click INSTALL. Click ACCEPT.  

o The Brinno App can be downloaded onto any smartphone with either Android 4.3 and 

up, or iOS 8.0 and up. 

o You will need a data connection to install the App. 

• Install the SD card into the camera, by opening the Memory Card Cover, and inserting the SD 

Card into the SD Card Slot. 

o The Brinno TLC120 time lapse camera is able to hold an SD Card up to 32GB in memory. 

o The camera will not operate without an SD Card 

o The SD cards for SNAP IT are all labeled with their corresponding camera number. Most 

of them are 8GB. 

 

• Ensure that the camera is fully charged on the morning that Visit One is scheduled for 

•  

o The battery will have enough charge to last the whole time while collecting data, without 

being needed to be recharged. 

 

• Record the camera number (eg. WCH-01) and participant Study ID (eg. SNAP001) on the 

Database and on forms within participants packs. 

• Select the appropriate settings for recording. 

 

 

• The Brinno TLC120 time lapse camera can be set up using the Brinno App already downloaded 

onto your smartphone. 

• Turn ON the camera using the ON/OFF switch on the top of the camera (Figure 1). 

• The Status LED indicator (Figure 1) will turn green, then flicker red for approximately two 

seconds, then turn continuously green. 

 
ON / OFF switch 
 
Wi-Fi / Bluetooth Lamp 

Preparation 

Selecting the camera settings 
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Status LED indicator 

 

Figure 1: The Brinno Camera 

• Go to your phone settings and turn ON Bluetooth. 

o Scan for devices. The Brinno camera should appear, and will be labelled ‘TLC120-

XXXXXXXX’. Click to pair the camera. 

• Turn ON Wi-Fi on your smartphone, and select your camera Wi-Fi SSID (TLC120-XXXXXXXX). Enter 

the password: 12345678. 

o A Wi-Fi connection will only be detected when the camera is turned ON 

o The default Wi-Fi connection mode is AP (access point).  

• Open the Brinno App on your smartphone. This screen will appear: 

 

• Click on the ‘Camera’ icon. 

• Select your camera ID, then click ‘CONNECT’. 

 

• The main screen will now appear. 

Figure 2: Main Screen 

o The Wi-Fi / Bluetooth Lamp (Figure 1) on the camera will turn BLUE, indicating that it has 

connected to the smartphone App. 

 

1. Scene Setting 2. Time Interval Setting 

3. Playback Rate Setting 4. Exposure 

5. Menu 6. Photo Shooting 

7. Start/Stop Recording 8. Playback 

9. White Balance Mode 

Status 

10. HDR Range Status 

11. Time Stamp On 12. Timer On 

13. Battery Status 14. Storage Status 
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o It may take several attempts to establish a Wi-Fi connection. Click the REFRESH button 

until a preview image shows like that in Figure 2. 

o If you cannot see the preview image after several attempts, you can still control the 

camera using the App with the Bluetooth connection. 

o If the camera senses no activity for a while, it will turn off and the Bluetooth/Wi-Fi 

connection will be lost. You will need to flick the ON/OFF switch on the top of the camera 

to OFF, then to ON again. 

• Using the App, click on ‘Menu’ on the Main Screen (Figure 2).  

• The Setting Screen will now appear. 

  
Figure 3: Setting Screen 

• Before choosing your settings, go to “Menu”, “General Setting” and then tap “Sync with Phone” 

to set Date&Time. 

• Now choose your settings. For further information on settings, see Supplementary Information. 

• Main Screen: 

o Scene Setting: Daylight 

o Time lapse Setting: 15 seconds (you will need to go to custom and type in manually) 

o Playback Rate Setting: 30FPS 

o Exposure: 0 

• Setting Screen: 

o Image Quality: Best 

o HDR Range: High 

o AWB: Auto 

o Custom Image: 0 (saturation); 0 (contrast); 0 (sharpness) 

o Timestamp: On 

o Timer: Off 

o Low Light Recording: On 

o LED Indicator: On 

o Band Filter: None 

• The camera is now set up to begin recording. There are two options to begin recording using the 

Brinno camera: 

1. Using the App 

2. Using the Camera 

 

Starting Recordings 

• Once you have used the App to set the desired settings, it is not necessary to use the App each 

time you wish to start and stop recording. The camera will always use the settings last set as the 

default settings. 



 

119 
 

• After turning on the camera (LED Indicator will be GREEN), hold the shutter button for one 

second to START recording. 

o You will know its recording if the LED Indicator flashes GREEN intermittently while 

capturing each frame. 

• To STOP recording, hold the Shutter button for two seconds. 

o You will know it has stopped recording if the GREEN LED stops flashing, and turns solid. 

 
 

 

• The camera will be fitted by a member of the SNAP IT research team at Visit One. 

• It should be worn on a neck strap, placed around their head, and secured to their clothing using 

a Velcro sticky dot, with one side placed onto the back of the camera, and the other side on to 

the participant’s clothing. 

o This is to help hold the camera in place, and prevent it from moving around. 

• The camera should hang so that the camera is sitting upright level with their chest.  

• The participant will wear the camera from 5pm until they are ready to go to sleep, for three non- 

consecutive days (at least one weekend day). 

 

 
• The camera will be collected by a SNAP IT researcher at the return visit (Visit Two). The 

participant will have the opportunity to view ALL images taken by the camera before the 

researcher, and to delete any images they do not want to be seen. 

• The camera will then be taken back to the Women’s and Children’s Health Department for 

processing. 

 

 

• Remove the SD Card from the camera, and insert into your computer. 

• Or if you don’t have an SD card slot plug the camera into your computer with the usb cord.  

• Open the SDHC drive in File Explorer, then go to “DCIM”, “120TLC00.” 

• Copy the videos into your local desktop folder called SNAP IT. Put the videos into a folder labelled 

with the participants ID. Once within internet connection you can transfer the photos to the HCS 

folder and delete from your computer and recycle bin. 

  

At Visit One 

At Visit Two 

Downloading the Camera 
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Supplementary Information 

 

• Model No. TLC120 

• Splash proof IPX4 

• 1.3MP HDR camera 

• 112° angle lens 

• 101g weight; 60x60x33.5mm  

• Up to 22 days battery life on a single charge 

• 1280x720 (16:9) resolution 

• Time lapse: 0.3sec-24 hrs 

• Sensitivity: 3650Mv/lux-sec (ultra good low light quality) 

• Low Distortion Fixed Aspherical Lens 

 

 

 

1. Shutter Button 2. Strap Eyelet 3. Memory Card 
Cover 

3-1. Micro USB 
Socket 

3-2. SD Card Slot 4. Status LED 
Indicator 

5. Wi-Fi / 
Bluetooth 
Lamp 

6. Power ON / 
OFF Switch 

7. Lens 

8. Tripod Mount   
 

 

• The camera must be charged via connection to a micro USB port, with the camera turned OFF. 

 

• Recharging is automatic when connected to a USB port and will take 6 hours on the first-time 

charge. 

• The battery can last up to 22 hours at a time. 

• Battery power consumption depends on factors such as the process of preview wait, file transfer, 

network configuration, and many other factors; actual results will vary. 

• When charging, the Status LED Indicator (Figure 1) on the camera will be ORANGE. 

• When it is fully charged, the Status LED Indicator (Figure 1) will be GREEN while attached to the 

computer/wall charger via the USB connection cable. 

o The battery level can be checked by opening up the Brinno App, and looking at the 

Battery Status symbol on the Main Screen (Figure 2). 

Specifications 

Camera Parts 

Charging the camera battery 
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• The Brinno camera should be fully charged on the morning before being used to collect data, 

and also upon return to the office.  

 

 

Status LED Indicator 

 

Wi-Fi / Bluetooth Lamp 

 

 

Scene 

Option  Description  
Daylight  For any photography situation in Daytime .  
Twilight  Special setting for Sunrise & Sunset photography. 

Capture interval ASAP mode: 1 seconds per 
picture.  

Night  Special setting for Nighttime photography. Low 
ISO setting, long exposure time. Capture interval 
ASAP mode: 2 seconds per picture.  

Moon  Special setting for Moon photography. Low ISO 
setting, extra long exposure time up to 2 sec. 
Capture interval ASAP mode: 4 seconds per 
picture.  

Star  Special setting for Star photography. Low ISO 
setting, super extra long exposure time up to 4 
sec. Capture interval ASAP mode: 8 seconds per 
picture. 

 

Time (Sec.)  Daylight  Twilight  Night  Moon  Star  

 Red Green Orange 

Battery Battery Low  

SD Card Error 

Battery Full 

 

Battery Charging 

Recording  Capturing (flashes once 

while capturing) 

Standby (press OK button, 

flashes once) 

 

 Blue   

Wi-Fi / 

BLE 

Connecting (flashing) 

Wi-Fi / BLE On (continuously 

on) 

 

  

A guide to the camera LED lights 

Settings 
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The longest 
exposure time  

1/15  0.5  1  2  4  

The shortest 
capture 
interval  

0.2~1  1  2  4  8  

 

Time Interval 

• Capture Interval range: From <1 second to 24 hours 

• To help decide which setting to use, follow these guidelines: 

Subject  Description  Capture interval  Playback Rate  
Daily Life  Recording kids, pets all 

parts of daily life  
1~ 30 seconds  10~30  

Party  Recording family 
parties, public events, 
and happy time all 
around  

1~10 seconds  10~30  

Traveling  Recording your trips, 
short and long  

ASAP  10~30  

Plant  Recording Flowers 
growing, or gardening 
over a period of time  

1~30 min  15~30  

Construction  Recording a building 
being built or any 
construction project  

1 min~ 24 hr  15~30  

Biking  Recording a bike ride 
or trip  

1 sec  10~30  

Face time lapse  You’re the leading 
character in your time 
lapse videos  

Shutter line  5  

 

Time Lapse Frame Rate 

• You can change the videos FPS (frames per second) playback with this setting.  

• Generally, 10 FPS is suitable for Time Lapse Video, but depending on your needs you can 

use 1 - 30 FPS.  

o 1 FPS: If the video plays at 1 frame per second, the video will not look smooth, 

and the video length will be longer.  

o 30 FPS: If the video plays at 30 frames per second, the video will look smooth, 

and the video length will be shorter. 

Option  Video playback speed  Shooting subject  
1 FPS  Very slow  Slide show  
5 FPS  Slow  Stop motion, Face time lapse  

10 FPS  Medium  Biking  
15 FPS  Medium  Flowers growing, Educational 

endeavours  20 FPS 
30 FPS  Fast  Parties, Sunrises, Sunsets, 

Natural settings.  
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Image Quality 

• The Image Quality setting lets you choose a different image quality to fit your needs, and 

the image quality will determine the number of frames that can be stored on the SD 

Card. 

Option  Single frame size  Description  4 GB SD card capability  
Best  200~ 400 Kb  Low compression rate 

produces maximum 
image data for highest 
quality images.  

14,000 photos  

Better  150~ 300 Kb  General usage  20,000 photos  
Good  70~ 150 Kb  High compression rate 

produce less image 
data, best for long 
capture periods.  

30,000 photos  

 

HDR Range 

Option  Description (For example)  
High  Suggested setting for sunrise or sunset.  

Medium  For any standard shooting situation.  
Low  For portraits.  

White Balance Mode 

• At the default setting of Auto (AWB), the camera automatically adjusts white balance so 

that a white subject will appear white regardless of the colour of the light source. It may 

however be necessary to match white balance to the light source under mixed lighting 

or when photographing a subject that is a solid colour. 

Option Description Colour Temperature 

 

Auto The camera will adjust the white 

balance automatically. 

Approx. 4000 to 7000K 

5000 Day Balance automatically Approx. 5000K 

7000 Shad Use when shooting in the shade Approx. 7000K 

6000 Clou Use when shooting on a cloudy day Approx. 6000K 

4000 Fl-C Use when shooting under fluorescent 

light Cool White 

Approx. 4000K 

3300 Fl-C Use when shooting under fluorescent 

light Warm White 

Approx. 3300K 

2800 Inc Use when shooting under Tungsten 

Light 

Approx. 2800K 
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Timer 

• The Timer will allow you to pre-set a recording period. (eg. 8 am – 5 pm). 

• After setting up the time, then tap "Recording" to activate camera. The camera will automatically 
activate at the start recording time you selected. 

o Once you activate timer, your camera will only work at the timer setting period. 

Low Light Recording 

• You can choose to set up your camera to record videos in a low light environment or not. (< 5 
Lux).  

o ON: Allows your camera to record video in a low light environment.  
o OFF: Your camera will go to sleep in a low light environment. 

LED Indicator 

• You can choose whether or not the LED indicator will flash while capturing each frame.  
o ON: When the camera is capturing a frame, the LED indicator will flash once.  
o OFF: During capture period the LED indicator will not flash at all. 

Band Filter 

• Select the correct fluorescent lighting frequency to match your indoor lighting frequency.  
o None: For outdoor environment.  
o 50 Hz: Europe  
o 60 Hz: USA 
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Appendix L   Instructions for downloading and reviewing 

camera images 

 

 

 

Study: SNAP IT Version Number: 2 
Prepared By: Claire Date: 31 Jan 2018 

 

Introduction 

• The following are instructions to guide the download of photos from the Brinno camera 

within the participant’s homes at Visit Two. This is an important component of the ethical 

framework of the SNAP IT project to ensure the privacy of the participants is maintained. 

Equipment/Software 

• Brinno TLC120 camera 

• Computer 

• USB Cord 

• FFMPEG software program installed on computer 

Before Visit 

Photos from the Brinno camera are downloaded as a .avi (timelapse movie) and need to be 

converted into .jpgs. To do this you need to install a programme called ffmpeg on your 

computer. The files will be in .avi format and will need to be converted into .jpg format so the 

participant can view and delete individual photos. Install ffmpeg on your computer using the 

following as a guide: 

http://www.wikihow.com/Install-FFmpeg-on-Windows.  

To use it open the command window for Windows using window key+ r. Open: cmd 

Commands to use ffmpeg are available at https://www.catswhocode.com/blog/19-ffmpeg-

commands-for-all-needs 

On your desktop create a SNAP IT folder this will act as a temporary folder so you can download 

videos within participants homes. Within this folder add the Commands to Convert word 

document so you can copy and paste commands without making mistakes 

Before visit 2 create a new folder labelled with Participant ID. 

 

SNAP IT 

http://www.wikihow.com/Install-FFmpeg-on-Windows
https://www.catswhocode.com/blog/19-ffmpeg-commands-for-all-needs
https://www.catswhocode.com/blog/19-ffmpeg-commands-for-all-needs
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At Visit Two 

1. Ask the participant if they would like to view the photos and explain that this is an 

opportunity to delete any photos that they do not want the researchers to see. Reassure the 

participant that even if they do not want to review the photos everything will be kept 

confidential. 

2. If the participant would like to review the photos, connect the Brinno camera to the 

computer via a USB cable. Copy all .avi files from the camera to the appropriate folder (pre-

labelled with participant ID). 

3. Using ffmpeg convert the photos to .jpg files. This should take about 5 mins. If doing a 24 hr 

diet recall the other interviewer could start this while you are converting the videos. 

4. Open the pictures up with Windows viewer and give the participant to scroll through and 

delete any pictures. They will also need to go into the recycle bin and delete the photos from 

there. 

At the Office 

If the photos have already been downloaded simply copy them to the High Capacity Storage file 

to the appropriate folder (by participant ID).  Create a “master copy” and a “working copy”. 

Check all three days are downloaded.  

Clean the lens of the camera and re-charge ready for its next use. 

 

Commands to Convert Video to JPEGS 

1. Plug in camera using the usb cord to the back of the computer or insert the camera sd 

card into the right hand slot on the computer. The video names will appear. 

2. Open the Snap IT folder (has a camera icon) on the desktop.  

3. Copy video files from removable disk into the correct participant id folder.  

4. Open the command window for windows using the window key and r 

5. Change the directory to the folder where the videos are stored- copy the command 

below and paste into the command line (to paste right click at top of window). You will 

need to change the last four digits to the correct participant id. 

cd C:\Users\Claire Smith\Desktop\snapit\1082 

6. Copy and paste in command below. Substituting the participant id and video name 

 

ffmpeg -i TLC00011.avi 1005vid1image%05d.jpg 

Highlighted are the parts of the command you need to change 

ffmpeg -i TLC00004.avi 1030vid3image%05d.jpg 
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7. Repeat the command above for the next video- video2 

8. Once all .avi are converted invite the participant to view the photos and delete. Also 

remind them to go to the recycle bin on the desktop and clear the photos from the 

recycle bin. 

9. Back at the office transfer photos and videos into the High Capacity Storage Z drive 

into the correct folder for each participant. 

 

 

 

 

 

 

 

 


