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AbstrACt
Introduction Wearable cameras may help overcome the 
limitations of existing tools to measure young children’s 
sedentary behaviour, but their use introduces a range of 
ethical challenges. The primary aim of this study is to 
determine the feasibility of using wearable cameras to 
measure the two aspects of sedentary behaviour currently 
included in evidence-based guidelines (ie, screen time and 
time spent restrained). If shown to be feasible, a secondary 
aim will be to validate subjective measures against the 
directly measured screen time and time spent restrained.
Methods and analysis A convenience sample (n=20) 
will be recruited via flyers at the University of Strathclyde 
and advertisements on online forums for parents of young 
children (aged 3 to 5 years). Children will be provided with 
a wearable camera, attached to the front of their clothing 
with a clip, to be worn for 3 days (2 non-childcare days and 
1 weekend day) in non-public settings. Once switched on, 
the camera will record continuous video footage. Parents 
will complete an online survey providing their feedback 
on their own and their child’s experience of the wearable 
camera. They will also report their own and their child’s 
demographical characteristics and their child’s usual daily 
screen time and time spent restrained in the past week. 
Data will be downloaded using specialised software and 
second-by-second coding will be undertaken. Feasibility 
and acceptability will be assessed using percentages 
and by analysing qualitative data. If feasibility is shown, 
intraclass coefficients will be used to determine agreement 
between video data and parent-reported sedentary 
behaviours.
Ethics and dissemination Ethical approval has been 
granted by the School of Psychological Sciences and 
Health Ethics Committee at the University of Strathclyde. 
Results will be used to inform future studies and will be 
disseminated in peer-reviewed journals and at major 
international conferences.

IntroduCtIon
For young children (under the age of 5 
years), examples of sedentary behaviour 
include engaging in screen time (eg, tele-
vision, computer, tablet, phone); reading, 
drawing, painting or other quiet play while 
sitting, reclining or lying and time spent 

restrained (eg, in car seats, high chairs or 
strollers).1 Parent-reported screen time 
is the most commonly studied sedentary 
behaviour in this age group and has been 
consistently associated with increased risk of 
overweight/obesity, poor psychosocial health 
and decreased cognitive development.2 3 
There is emerging evidence that, in addition 
to minimising opportunities to be active 
and reducing opportunities for more useful 
sedentary behaviours (involving interactions 
with family members), time spent restrained 
may be adversely associated with overweight/
obesity.4 It is these two detrimental sedentary 
behaviours that are the focus of the current 
study.

Given the associated adverse health 
outcomes, public health guidelines recom-
mend limiting time spent being sedentary. In 
2017, Canada and Australia co-released the 
first 24 hours movement guidelines for young 
children.5 6 The guidelines recommend that 
preschool children (3 to 5 years) should accu-
mulate at least 180 min of physical activity (of 
which at least 60 min is energetical play), sleep 
for 10 to 13 hours, not be restrained (eg, in a 
stroller or car seat) for more than 60 min at a 
time and have no more than 60 min of screen 

strengths and limitations of this study

 ► This study will be the first to test the feasibility of 
using wearable cameras to objectively measure 
preschool children’s screen time and time spent 
restrained.

 ► If feasibility is demonstrated and preliminary data 
on validity is obtained in the present study, findings 
will provide the basis of a larger and more definitive 
future validation study.

 ► Due to ethical constraints, cameras will not be worn 
in public settings so it is possible that any screen 
time or time spent restrained in these settings may 
not be captured.
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time per day. Similar guidelines are under development 
in South Africa, the UK and at the WHO.7

In order to not only determine compliance with these 
guidelines, but also examine the health outcomes associ-
ated with these movement behaviours and to evaluate the 
effectiveness of interventions, valid and reliable measure-
ment tools are required.8 Accelerometers are commonly 
used to provide an objective measure of usual physical 
activity and sleep and have been validated in children.9–11 
Although accelerometers can also be used to objectively 
assess total sedentary time (as a lack of movement) or total 
sitting, there are currently no objective measures of the 
specific sedentary behaviours included in public health 
guidelines (ie, screen time and time spent restrained). 
Compliance and public health surveillance therefore 
depends largely on subjective parent-report. Currently 
none of the subjective measures of measurement of 
sedentary behaviour have been validated against objective 
measures, in part because of technical barriers and in part 
because of ethical considerations (ie, objective measures 
of these behaviours rely on direct observation or filming). 
Parent-report may also be subject to social desirability and 
recall bias.12 13 Additionally, with the pervasive nature of 
screens (eg, smart phones and tablets),14 it may be chal-
lenging for parents to accurately estimate the sum of 
their child’s screen time in a single global assessment. It 
also may not be possible for parents to report on these 
behaviours when they are not with their children (eg, in 
childcare settings or with other carers).

Wearable cameras are increasingly being used in health 
behaviour research. Although still relatively new, they 
have been successfully used with adults to objectively 
measure physical activity and sedentary behaviour15–17 and 
behavioural nutrition.18 19 The use of wearable cameras 
in health behaviour research introduces a host of ethical 
issues, primarily relating to the confidentiality and security 
of the data collected, the intrusive nature of the devices, 
the likelihood that unflattering or unwanted data may 
be captured and that both participants and third parties 
may feel uncomfortable having their image recorded.20 
These issues may be even more problematical in studies 
with children and families than in studies with adults. 
However, very recently, at least some wearable cameras 
have been shown to be feasible for use with school-aged 
and adolescent children to study dietary intake,21 expo-
sure to food22 23 and alcohol24 marketing, the world in 
which children live,25 residential neighbourhoods and 
other destinations26 and travel to school.27 They have also 
been used to examine the early obesogenic home envi-
ronment (worn by parents of 2- to 8-year-old children)28 
and with infants and parents to measure infants’ expo-
sure to faces29 and parent-infant interactions.30 To our 
knowledge, no studies have utilised wearable cameras in 
preschool children.

Despite the novelty of wearable cameras and the asso-
ciated ethical considerations, in all of the recent studies 
wearable cameras were shown to be feasible and accept-
able. Wearable cameras provide a cost-effective and less 

intrusive alternative to researcher direct observation. They 
may help overcome the limitations of existing tools used 
to measure preschool children’s screen time and time 
spent restrained; however, there are numerous ethical 
challenges associated with collecting this type of data in 
this population. Although previous studies utilising wear-
able cameras have received ethics approval, they include 
little discussion of the steps taken to obtain approval and 
any challenges encountered. This paper describes the 
study protocol, including discussion of the ethical issues 
we encountered. The primary aim of the study is to deter-
mine the feasibility of using wearable cameras to measure 
the two aspects of sedentary behaviour currently included 
in evidence-based guidelines, that is, preschool children’s 
screen time and time spent restrained. If shown to be 
feasible, a secondary aim will be to validate subjective 
measures against the directly measured screen time and 
time spent restrained.

MEthods And AnAlysIs
Patient and public involvement
This study protocol was designed without patient involve-
ment; patients were not invited to comment on recruit-
ment or the study design. However, given that this is a 
feasibility study, patient input will be incorporated into 
future larger studies.

recruitment
Participants will be recruited in Glasgow, Scotland, 
through convenience sampling and online advertise-
ments. Flyers will be posted on noticeboards at the 
University of Strathclyde and advertisements posted on 
online forums for parents of young children (eg, https://
www. mumsnet. com). Recruitment and data collection 
will take place between September 2019 and June 2020.

Inclusion criteria
Inclusion criteria will be: having a child aged 3 to 5 years, 
able to freely give informed consent and English-lan-
guage competency.

sample size
As a pilot/feasibility study, this study will aim to recruit 20 
parent-child dyads.

Measures
Choice of camera
Previous studies have used a range of different wearable 
cameras. Microsoft SenseCam (https://www. microsoft. 
com/ en- us/ research/ project/ sensecam/), the most 
commonly used of these, was developed specifically for 
research purposes and is not available commercially. We 
attempted to contact Microsoft about the possibility of 
borrowing SenseCam cameras but were not able make 
contact. The Vicon Revue and OMG Autographer were 
developed based on the SenseCam and were produced for 
several years under license; however, they are no longer 
available. For the present study, we investigated the other 
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commercially available wearable cameras and considered 
size, battery life, encryption capability, availability and 
cost. Given the target population of preschoolers, the size 
and weight of the camera were particularly important for 
comfort and safety. The battery life also needed to be suffi-
cient to allow for continuous recording for up to 12 hours 
per day. It was also a requirement for ethics approval to 
ensure the camera and data were secure (ie, encrypted 
so that only the researchers could access the data). This 
is discussed more in the ‘Ethical considerations’ section 
below. Finally, the cost of the camera was an important 
consideration given that no external funding was received 
for this study. The PR6 wearable camera (PR6 body worn 
camera, Pinnacle Response; https://www. pinnaclere-
sponse. com/ pr6- body- worn- camera) appears to be the 
only available camera which met all of these criteria and 
hence will be utilised in the current study. It is small 
(99 mm x 58 mm x 23 mm), lightweight (155 grams), has 
13.5 hour recording capability, includes AES256 encryp-
tion, has a water and dust rating of IP66 (ie, water resis-
tant against powerful jets) and is drop resistant from 3 
metres. The PR6 takes continuous video footage, which 
differs to most previously used cameras that capture still 
images every 30 s. However, continuous footage has the 
potential to provide a more accurate measure of chil-
dren’s behaviours given that second-by-second coding 
can be undertaken.

Data collection
Children and their parents will be visited either at their 
home or at the University of Strathclyde, where children 
will be provided with a wearable camera. The camera will 
be attached to the front of the child’s clothing with a clip, 
with a safety-release lanyard around the neck for addi-
tional security (eg, if the camera is to fall off). Parents 
will be asked to ensure that their child wears the camera 
for a total of 3 days: 2 non-childcare days (ie, days that 
the child is at home with the parent) and 1 weekend day. 
Given the 13.5 hour recording capacity of the camera 
(described above), it is possible that the cameras may not 
have the capacity to record three full days of data. This 
will be dependent on the daily wear time and will be an 
aspect of feasibility that is considered. A study examining 
the feasibility of wearable cameras to examine the early 
obesogenic home environment (with participants asked 
to wear the camera during waking hours while at home 
for four consecutive days) reported a mean wear time of 
5.9 (SD 2.6) hours.28 Based on this, we expect that wear 
times in our sample will be similar. Children will be asked 
to wear the camera only in the home environment or 
other settings where members of the public are unlikely 
to be photographed (eg, in the car, at friends’ homes). 
The wear period was chosen as it is considered to be suffi-
cient to capture usual behaviour while minimising partic-
ipant burden. Parents will also be provided with a charger 
and asked to charge the camera overnight or on non-wear 
days. Once switched on, the camera will record contin-
uous video footage (without audio).

At the end of the 3 days parents will be asked to 
complete an online survey (comprising quantitative and 
qualitative questions) providing their feedback on their 
own and their child’s experience of the wearable camera, 
based on previous literature examining wearable camera 
feasibility.28 They will be asked to report on the ease of 
use, awareness of the camera, reactions from others (ie, 
family and friends), any instances where they or their 
child chose not to wear the camera and the appropriate-
ness of the amount of time the child wore the camera. 
Parents will also report demographics (child and parent 
date of birth, sex, height and weight) and their child’s 
usual daily screen time and time spent restrained in the 
past week while at home. The screen time and time spent 
restrained items are from a larger international study 
(currently in development).

Ethical considerations
Kelly et al published an ethical framework for auto-
mated, wearable cameras in health behaviour research,20 
to which this study adheres. The framework includes 
a checklist of guidelines for research using wearable 
cameras in free-living observational studies. The way in 
which these guidelines were or will be addressed in the 
present study, and any additional ethical considerations 
from the School of Psychological Sciences and Health 
Ethics Committee (SEC), are outlined below. A copy of 
the checklist is provided in online supplementary table 1.

Informed written consent of participants
The participant information sheet provided at the time 
of collecting written informed consent will contain all of 
information detailed in the guidelines. This includes: (1) 
the number of hours of video footage recorded, (2) the 
nature and type of data that can be collected with an auto-
mated, wearable camera, (3) that participants may forget 
that they are wearing the device and record unwanted and 
unflattering footage (eg, bathroom visits), (4) that data of 
illegal activities may not be protected by confidentiality, 
(5) that no individual will be identifiable in any research 
dissemination, (6) that participants will have the opportu-
nity to view (and delete if necessary) the recorded footage 
in privacy prior to the research team viewing the images, 
(7) that participants are able to remove the device when-
ever they wish, (8) that participants will not get copies 
of their images and (9) that only a team of specifically 
trained researchers will have access to the image data.

Privacy and confidentiality
The camera that will be utilised in the present study 
was chosen based on a number of criteria as described 
above, the most important of which was the security of 
the images recorded. This was raised as an important 
issue for the SEC, in case of loss of the camera. Many 
commercially available wearable cameras do not offer 
encryption of images, which means that if the camera is 
lost it would be possible for anyone to access and view the 
images. The PR6 camera that will be used in this study 
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has secure encryption and password-protection, so that 
only the research team will be able to access the video 
data. Neither participants nor third parties will be able 
to access the footage. For additional security in case the 
camera falls off the child’s clothing, the camera will be 
attached to a safety-release lanyard (designed to break 
away from the neck if caught on anything, to minimise 
any risk of choking/strangulation).

All video footage will be stored securely in a pass-
word-protected folder, on the University of Strathclyde’s 
secure cloud-type storage application according to the 
UK Data Protection Act. The ethical framework states 
that the camera should be configured to allow partici-
pants to cease recording for short periods. Although this 
is not possible with the camera that we will use, partic-
ipants will be informed that they can turn the device 
around, or simply switch it off and on again, in any situ-
ation. Both parents and children will be informed that 
they should remove the device in settings where it may not 
be permitted or appropriate to record, or when privacy 
is required. They will be also given the opportunity to 
note specific times when they want footage removed 
and to review and delete any footage (using the software 
provided with the cameras) under the guidance of the 
research team. Finally, only the investigators on the study 
will have access to the video data to ensure participant 
confidentiality.

Non-maleficence
When applying for ethical approval for the present study, 
a major concern of the SEC was that video footage of 
members of the public would be recorded. Existing 
guidelines state that it is not practical or necessary to 
obtain informed consent when taking images of individ-
uals and groups in public spaces, unless the images are 
published or disseminated in such a way that they can be 
recognised.31 32 However, it was decided that initially, to 
test the feasibility of the cameras to measure preschool 
children’s sedentary behaviour, children would only wear 
the camera in the home environment or other non-public 
settings (eg, in the car, at friends’ homes). If shown to 
be feasible, future studies would have the camera worn 
during all waking hours, which would provide a more 
comprehensive measure of the behaviours of interest (eg, 
children may have screen time or be restrained in public 
settings such as restaurants). Parents and children will 
be provided with the following short explanation, in the 
event that they forget to remove the camera in a public 
setting, ‘My child is/I am volunteering for a research 
project looking at measuring sedentary behaviour. The 
device records my child’s/my daily activities. We/I can 
remove it if you are not comfortable’.

Autonomy of third parties
Participants will be asked to seek verbal permission 
from all family members and cohabitants, given the 
likelihood that their image will be recorded. They will 
also be provided with advice for informing friends and 

acquaintances about the device and its purpose, and 
will be told that they can remove it if anyone is uncom-
fortable with their image being recorded. Participants 
will be informed that they can offer for any third party 
(friends, acquaintances, etc) to have footage deleted. 
They will either be able to record the dates/times of 
any footage third parties want deleted, or can provide 
third parties with contact details for the research team. 
Finally, no video footage captured for this study will be 
published.

data management
When the camera is returned, video data will be down-
loaded using specialised software that is provided with 
the PR6 camera. Data will be coded using video coding 
software, which will generate a time stamp every time 
the presence of screen time (TV viewing, computer use, 
electronic game use, tablet computer use or smartphone 
use) or time spent restrained (in a car seat, stroller/
pram or high chair) is manually coded. Every second 
following a given time stamp will be coded as being the 
same activity as that occurring at the point of the time 
stamp itself. Each second will be coded in this way until 
a change in activity is indicated, resulting in second-by-
second coding. Coding will be completed by three coders 
(KLD, XJ, JJR). Intra-rater reliability will be assessed by 
coders recoding a randomly selected day of footage they 
originally coded, and inter-rater reliability will be assessed 
by coders recoding a randomly selected day of footage 
originally coded by another coder. The total amount of 
screen time on individual days will be determined and a 
weighted average will be calculated to determine average 
daily screen time. The same process will be followed for 
time spent restrained.

statistical analyses
All analyses will be conducted using Stata 15 (StataCorp, 
College Station, Texas, USA). Descriptive statistics will be 
used to describe the sample. Feasibility and acceptability 
will be assessed using percentages and by analysing qual-
itative data, as appropriate. Depending on the length of 
responses given to qualitative survey items by parents, 
NVivo 12 (QSR International) qualitative software package 
may be used to conduct thematic analyses. The use of the 
cameras will be deemed feasible if parent questionnaire 
data suggests that the burden on them/their child was 
acceptable (≥70% of the sample responding positively 
to the survey items), and 3 days of recording (for at least 
1 hour per day) is achieved in at least 75% (15/20) of the 
sample. Participant retention will also be determined as 
an indicator of feasibility. If feasibility is shown, prelimi-
nary evidence on validation will be determined. Intraclass 
coefficients (ICCs) will be used to determine agreement 
between video data and parent-reported screen time and 
time spent restrained behaviours. ICCs will be defined 
as: <0.40 = poor, 0.40 to 0.59 = fair, 0.60 to 0.74 = good and 
0.75 to 1.00 = excellent.33
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dIsCussIon
The present study will be the first to determine the feasi-
bility of wearable cameras to measure young children’s 
screen time and time spent restrained. To date, surveil-
lance data have relied on parent-report of children’s time 
in these behaviours, which can be difficult to recall and 
may be subject to social desirability and recall bias.12 13 
With the release of new 24 hours movement guidelines 
for the early years that suggest a healthy balance of sleep, 
physical activity and sedentary behaviour (ie, screen time 
and time spent restrained), it is vitally important to have 
valid and reliable quantitative measures of these specific 
behaviours. If child screen time and time spent restrained 
cannot be quantified by simple parent report, or if 
parent report can only provide relative measures of these 
important sedentary behaviour variables (eg, rank-order 
correlations with more accurate objective measures) then 
it is important that this is known.

With the exception of two studies conducted >10 years 
ago (one validating television diaries against video obser-
vations34 and one validating parental questionnaires 
against an automated TV monitoring device35), no studies 
have validated parent-report of sedentary behaviours. 
If feasibility is demonstrated and preliminary data on 
validity is obtained in the present study, findings will 
provide the basis of a larger and more definitive future 
validation study. If validity from this and future studies is 
high, surveillance data can continue to rely on parent-re-
port. The feasibility results from this study (from the 
perspective of both the participants and the researchers) 
may also have wider use in wearable camera research. 
Additionally, the ethical challenges faced in the devel-
opment of this protocol are not frequently reported and 
may be useful for future studies as research with wearable 
cameras increases.

There are some limitations of the current study. First, 
due to ethical constraints, cameras will not be worn in 
public settings. It is therefore possible that some screen 
time or time spent restrained may not be measured, for 
example, if children are using screens such as iPads in 
restaurants. However, if feasibility is found to be accept-
able in this study we plan to conduct future studies with 
cameras worn during all waking hours. Additionally, 
because the cameras will only be worn in the home envi-
ronment and participants’ daily time spent in the home 
will vary (eg, some participants may be home for only 
2 hours per day whereas others may be home for the entire 
day), it is challenging to set a daily minimum wear time 
criterion. As such, a daily minimum wear time criterion of 
1 hour was decided to maximise the inclusion of data (but 
to exclude those with minimal data that may not be repre-
sentative of a usual day). A possible limitation is that the 
large amount of data that will be recorded may result in 
errors during coding. We will assess both intra- and inter-
rater reliability to minimise any source of error. Finally, 
being a feasibility study the findings may not be generalis-
able. Selection bias may be introduced given that we plan 
to recruit a convenience sample. Additionally, there is the 

possibility of the Hawthorne effect, whereby participants 
will know the purpose of the study and may modify their 
own (and their child’s) behaviour in response. This may 
have implications for the validity aspect of the current 
study. Replication of the study in a larger sample and 
in different populations, such as low socioeconomical 
areas and in different cultures and contexts (eg, low- and 
middle-income countries), will be necessary. It may also 
be important for future, larger studies to consider partici-
pant blinding to mitigate the possibility of the Hawthorne 
effect.

Ethics and dissemination
The protocol adheres to Kelly et al ethical framework 
for automated, wearable cameras in health behaviour 
research20; see ‘Ethical considerations’ section above. 
Parents will provide written, informed consent and chil-
dren will provide verbal assent to take part in the study. 
Parents will also be asked to obtain verbal permission 
from all family members and cohabitants, since they will 
likely be photographed. The findings will be published in 
a peer-reviewed journal article and will be used to inform 
larger studies (if found to be feasible).
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