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Introduction
Obesity poses a global health challenge Butland et al. [1] 

and in England recent data suggests there has been a threefold 
increase in obesity prevalence in the last three decades with 
estimations suggesting that by 2050 more than 50% of the 
British population could be obese. Obesity, put very simply, 
occurs when there is a positive energy imbalance, however, the 
factors that contribute to such an imbalance are complex and 
multi-factorial [2]. According to Chaix et al. [3] the environmental 
determinants of obesity are particularly significant and wide-
ranging such as the food production industry; food marketing; 
the urban sprawl; a growth in the number of restaurants; the 
rise of private over public modes of transport and the general 
sedentary nature of 21st century life-both at work and home. 
These factors, in addition to the unequal geographic distribution 
of resources that influence obesity (leisure facilities, fast food 
outlets etc.,) have created a favourable context for the obesity 
epidemic [3]. Thus, any future interventions aimed at addressing 
this epidemic effectively need to better understand individual 
behaviours within food environments; that is to say, all those 
places that offer opportunities to access and consume food [4].

This focus on food environments offers a more realistic unit 
of measurement than for example, the residential neighbourhood  
the most common unit of measurement used in neighbourhood 
and health studies and is justified because, according to Chaix et 
al. [3], people spend only a fraction of their time in residential 
neighbourhoods. It is clear then that, in terms of addressing 
the rising trend in obesity, the study of food environments 
could make a significant contribution to knowledge. Indeed, 
this has already begun to draw the attention of policymakers, 
but the evidence base is still weak and inconsistent [5-7]. For 
example, a review by Caspi et al. [8] found that some studies 
reported positive associations between food accessibility and 
dietary outcomes while others reported a negative or null 
association. This inconsistency could be explained by contextual 
factors, or by the different classifications used for food outlets, 
or by the variability of methods used in previous studies [9]. 
Another reason could be what is referred to as the ‘local trap’ or 
‘residential trap’, a phenomenon where researchers return to the 
local residential neighbourhood as the sole unit of measurement 
to gather data about food environments. A number of scholars 
are critical of this approach and expresses a concern about the 
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rising trend of this practice [10-16]. In a systematic review 
undertaken by Chaix et al. [3] over 90% of the studies examined 
were exclusively focused on the residential neighbourhood. 
Cummins [10] suggests a way out of this ‘trap’ could be to 
view food environments not as places where people live, but 
as Townshend & Lake [4] suggest: all those places and settings 
that offer exposure to food including the routes between those 
places. For the purpose of this paper, these activity places shall 
be referred to as activity-based food environments [17].

A study undertaken in Detroit in 2011 (US) revealed 
that activity spaces were much larger than residential 
neighbourhoods and that there was a significant statistical 
relationship between dietary behaviours and activity space 
environmental characteristics [18]. Similar conclusions were 
also derived from a study carried out by Kestens et al. [19] in 
Montreal and Quebec City, Canada. Informed by travel survey 
data and food outlets, this study found that using activity space 
as a unit of measurement rather than the traditional residential-
based unit provided deep and meaningful insights as to how the 
environment influences weight status and health outcomes. This 
is largely due to the fact that the activity space approach enables 
the researcher to capture regular and daily exposures in multiple 
settings, offering a richer research perspective compared to the 
limited and reductionist analysis that has tended to result from 
focussing on residential neighbourhoods.

This wider focus on activity spaces has been facilitated by 
the development of Geographic Positioning Systems (GPS) which 
can be used to track the movements of people throughout the day 
for several days. These advancements in geospatial technology 
have eased the technological challenges of measuring food 
environments, and recent studies have begun to rely on GPS 
technologies to not only assess dietary behaviour of individuals 
but their exposure to other influential factors which shape their 
daily environments such as opportunities for physical activity 
[18]. Yet despite the increased use of GPS technology in health 
research, its application in researching food environments using 
the broader concept of an activity space is generally still scarce 
[20].

The research being undertaken currently seeks to address 
this gap by adopting the activity-based food environment as a 
unit of measurement and deploying multiple methods to capture 
individual behaviours within those spaces. The findings that 
are reported here are from a pilot study that informs the full-
scale study scheduled to take place in 2018/19. Triangulating 
methods can be challenging Casey & Murphy [21], particularly 
if the method/s are new and have never been trialled together 
before. According to our knowledge, there has been no study of a 
food environment (one which goes beyond the measurement unit 
of the residential neighbourhood) that triangulates a number 
of different data collection methods purposefully designed to 
elicit and integrate the multiple perspectives of participants, 
gatekeepers and researchers. This pilot study therefore seeks to 
explore these challenges and thus focuses on issues of feasibility 

and validity when pursuing complex research designs of this 
kind.

Materials and Methods
The pilot study was conducted between mid-August and 

mid-September 2017 and sixteen participants were initially 
recruited. The study only included participants who were Leeds 
City Council employees residing in Leeds aged 18 years old 
and above, literate, digitally literate, with access to the internet 
and available to take part in the study. The study received 
ethical approval from Leeds Beckett University Research Ethics 
Committee and permission to conduct research by the Leeds 
City Council Research Governance Board.

Participants were given a questionnaire via Qualtrics which 
asked them about their socio-demographic characteristics, 
socio-economic status and their residential postcodes as well as 
personal information about their height and weight. Participants 
were then issued with GPS tracking devices and asked to wear 
them for a period of seven days. The GPS devices used in this 
pilot study were Garmin Foretrex 301 and 401 which were set 
to record GPS points every 30 seconds whenever they moved 
outside their residential areas. Data for this pilot study was not 
only collected in this way but from using two other methods 
also: Myfood24–which is an automated, online self-administered 
tool that captures dietary data (24hour recalls) and by asking 
participants to collect the receipts of all food purchases made 
during that week. At the end of the data collection period 
the participants were invited to give feedback about their 
experiences using these three methods.

Data Analysis
GPS data were downloaded from the GPS devices in GPS 

exchange (GPX) format then converted to Comma Separated 
Values (CSV) format, cleaned and stored on a password-protected 
computer. The data from the receipts were extracted manually 
and inputted into an excels spreadsheet. This spreadsheet also 
included personal information about the participants’ height 
and weight, Body Mass Index (BMI) and weight status. This data, 
along with the data downloaded from Qualtrics and Myfood24 
was initially cleaned and stored and at a later date collated 
to form one, single data set. The postcodes of participants’ 
residential areas and food outlets were geo-coded using a Google 
sheet and Awesome tables to provide the necessary latitudes and 
longitudes in order to project the information onto maps which 
was completed using GIS software. Descriptive statistics were 
performed using R and spatial analyses were performed using 
the Geographic Information System (ArcGIS version 10.3.1).

The information extracted from the GPS devices revealed 
the movements of participants as they engaged in routine daily 
activities. Noteworthy, the geocoded residential postcode used 
in the published map was geomasked using a donut geomasking 
method. The type of information extracted from the receipts 
highlighted the names and locations of the food outlets the 
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participants visited, the dates and times of the purchases they 
made, the types of items they purchased and the cost of those 
items. Myfood24 captured a wide range of dietary information, 
but for the purpose of this study the dietary information of 
interest focused on energy intake.

Results
Out of the 16 participants initially recruited for the study, 

1 did not complete the data collection process and 2 withdrew 
from the study leaving a total of 13 active participants. All 

participants were females, and half of them were White [Table1]. 
Nearly a quarter of participants were obese (BMI≥30kg/m2), 
and more than half of them used a car as their mode of transport 
to work. All participants were educated to degree level, and most 
participants were full-time employees of Leeds City Council. On 
average, the daily total energy intake per participant each day 
was 1827.10Kcalories [Table1]. Most of the food purchases made 
were made outside of participants’ residential neighbourhoods–
that is to say most purchases were made in or near the workplace 
and/or end route between the workplace and home [Figure 1].

Table 1: Participants Characteristics.

Characteristics n (%)

Age (years)

25 - 30 2 (15)

31 - 40 6 (46)

41 -50 4 (31)

50+ 1 (8)

Min. age = 25, Max. age = 57, Mean age 38, SD = 8.57

Employment status
Part-time 11 (85)

Full-time 2 (15)

Mode of transport

Car 8 (61)

Bus 2 (15)

Train 1 (8)

Walking 1 (8)

Bicycle 1 (8)

Ethnicity

White 7 (54)

Other white background 3 (23)

Indian 2 (15)

Pakistani 1 (8)

Education attainment
Degree 5 (38)

Postgraduate 8 (62)

Weight status (BMI Kg/m2)

Underweight (<s18.5) 1 (8)

Normal weight (18.5 – 24.9) 9 (69)

Overweight (25.0 – 29.9) 0 (0)

Obese (≥30) 3 (23)

IMD quantile

1 (Least deprived 2 (15)

2 1 (8)

3 3 (23)

4 4 (31)

5 (Most deprived) 3 (23)

Working hours (Hours) Min. = 7.4, Max. = 8, Mean = 7.8, SD = 0.3

Total Energy Intake (Kcal/day) Min. = 654.4, Max = 3559.2, Mean = 1827.1

Participant perspectives on using multiple methods of 
data collection 

By and large, most participants found the study to be a useful 
opportunity to reflect on the dietary aspect of their lives. They 
were happy to receive instant dietary feedback as noted by one 
participant: ‘I liked instant feedback on a summary of food intake, 
it then helps me to make quick decisions on the next day i.e. I ate 

below suggested an intake of energy, so I made sure I ate much 
more the following day’.

The whole exercise involved a great deal of commitment to 
collecting data for seven days. A few participants sometimes felt 
the study was time consuming and inconvenient, but most found 
it interesting and enjoyable: ‘sometimes it felt like quite a lot to 
remember! I was surprised how quickly the 7 days went by’.
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Figure 1: An activity-based food environment example.

Questionnaire and receipt collection
All the participants reported the experience of completing 

the questionnaire to be easy, saying it took less time to complete 
than expected. Receipt collection was reported to be ‘fine’ by 
most participants, however two key issues emerged:

a.	 some food outlets failed to provide a receipt

b.	 occasionally participants forgot to collect the 
receipt after purchasing food. To overcome these issues some 
participants made a note of the food items purchased and the 
name of the food outlet whenever receipts were not issued, or 
they forgot to collect receipts.

GPS
Most of the participants said they were comfortable using 

GPS although some were concerned with the size of the device 
and suggested smaller and more user-friendly GPS devices would 
be better. A few participants reported issues with the number of 
times they had to change the batteries and suggested using GPS 
batteries that could retain the charge for a longer time (like a 
week) as this would minimise the hassle of replacing batteries 
every day. Some reported problems in remembering to wear the 
device!

24hour dietary recall (Myfood24)

Using Myfood24 was a new experience for most participants 
and so, understandably, they needed a little time to become 
familiar with it. Myfood24 contains a wide range of food options 
and whilst this was viewed positively it did sometimes pose a 
challenge for the participants when they tried to find specific 
foods. Some participants found the way around this was to use 
the ‘my recipes’ tab which enabled them to store and retrieve 
food items they used frequently. Finding home-made food on the 
list of food in Myfood24 was reported by some to be challenging. 
Indeed, one participant, for example, felt that the tool is more 
inclined towards processed food as reflected in her feedback: 
‘[Myfood24 is] a bit slanted towards ready-made meals...’. 
Photographs indicating portion sizes were highlighted by some 
participants as useful in helping them identify their actual food 
intake.

Reflection on the feasibility and validity of method-
ological triangulation 

This pilot study was undertaken to test the feasibility and 
validity of methodological triangulation which used five different 
methods to gather data about individual food environments 
and the food journeys made within these environments. Before 
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dealing with the issue of validity we shall first reflect on the 
feasibility of triangulating the different methods used.

The feasibility of methodological triangulation 
Participants recruited for the pilot study trialled 5 different 

methods for one week which included using a GPS tracking 
device, collecting receipts for all food purchases, completing 
24hour dietary recalls using Myfood24 (an online 24-hour 
dietary assessment tool),  and a questionnaire containing 
important sociodemographic and socioeconomic information. 
Participation in this study demanded a relatively high level 
of commitment as using five different methods with varying 
degrees of complexity, simultaneously, for one whole week 
could potentially be burdensome for participants. For example, 
whilst food diaries and questionnaires might be quite familiar 
tools (and therefore pose less difficulty to participants) new 
and innovative methods such as the GPS tracking device or 
Myfood24 might potentially be more problematic to understand 
and use. From a research point of view, difficulties arising with 
the data collection tools needed to be identified and addressed 
quickly so as not to affect both the process and outcome of 
the research. To mitigate against the triangulation of familiar 
and unfamiliar methods being burdensome to the cohort, 
the researcher invested considerable time prior to the pilot 
study to become acquainted with all the data collection tools, 
troubleshooting potential glitches in their use and identifying 
practical solutions to overcome such difficulties. Thus, it was 
necessary for the researcher to introduce, demonstrate and 
monitor all five methods of data collection and to be on hand 
throughout the week that data was being collected to problem 
solve. This was done using a variety of channels for example via 
email and telephone. Participants were also provided with an 
information sheet (paper and electronic copies) detailing each 
of the methods being used in this pilot study.

Upon reflection, embedding some form of training early on 
for participants proved to be crucial as difficulties were indeed 
encountered which, had they not been swiftly resolved, might 
have affected participant engagement and resulted in incomplete 
and/or inaccurate data. Another crucial factor in the design of 
the pilot phase was the size of the sample and the decision to 
keep it small (13) and therefore manageable. This small sample 
is justifiable because the purpose of the pilot was to identify 
the feasibility of the approach and to identify any glitches with 
the methods (individually) or in triangulation so that solutions 
could be found before scaling up the research later. In addition to 
the daily support given by the researcher, an incentive was also 
offered and those who completed the data collection process 
successfully were entered into a prize draw for a £100 Amazon 
voucher.

Glitches
During the first few days of data collection, a particularly 

challenging issue emerged as a few of the email invites sent out 
by Myfood24 were being rejected by some of the participant’s 

email providers, thus disabling those participants from recording 
data. Participants also reported that it was difficult to find some 
food items on Myfood24. A common problem reported with the 
GPS tracking devices was forgetting to change batteries daily or 
even forgetting to wear the devices! Collecting food purchase 
receipts proved to be relatively simple, however, on occasion 
some receipts lacked valuable information such as the name, 
address and postcode of the retail facility. Such omissions can 
compromise the quality of data.

Working closely and collaboratively with the cohort as they 
collected data enabled timely solutions to be found to some of 
the issues encountered by participants. However, whilst some of 
these issues were resolved within the life of the pilot study, many 
were not because the nature of the problem encountered was 
design-related rather than user-related, for example Myfood24 
lacked an online self help feature or a forum to help users resolve 
issues themselves. The limited search function on Myfood24 is 
in need of adaptation to accommodate more UK food brands in 
its databases [22]. Similarly, improvements to the design of GPS 
tracking devices recommend manufacturers produce smaller 
GPS devices which can hold a charge for a longer time [23]. Other 
common problems encountered such as missing information on 
receipts was resolved more quickly and pragmatically by asking 
participants to check the receipts for such information before 
leaving food outlets and asking them to jot it down on the receipt 
themselves if this indeed was missing.

The validity of methodological triangulation 
It is suggested in the methods literature that the use of 

triangulation to achieve completeness of data enables a more 
holistic, contextual portrayal and enriched understanding of a 
phenomena under investigation [24]. This form of triangulation 
is primarily concerned with collecting multiple perspectives, 
from different sources, about the phenomena being investigated 
to gain a complete picture of the issue which, in turn, contributes 
towards the comprehensiveness of a study [21]. This particular 
study deployed within method triangulation which trialled 
the integration of five quantitative methods. The researcher 
reasoned that a multiple methods approach such as this would 
offer a suitably wide enough lens with which to view some of 
the many complexities associated with the determinants of 
obesity [1]. The approach was also chosen for complementarity 
purposes [21,25] as data derived from a single method would be 
insufficient to reflect the full extent of people’s activity within 
food environments. The main purpose of a complementarity 
design is to explore different, yet complementary aspects of the 
same issue [26].

To illustrate this point, GPS data for example could only 
help us determine an individual’s general activity space, 
whereas the receipts data provided by participants showing 
where they purchased food enabled us to identify specific food 
outlet locations. Since each of the five methods used in this 
study had different strengths and weaknesses, it was hoped 
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that a research design that integrated them would provide 
complementarity, yield completeness, give rich insightful data 
and unveil irregularities [21]. According to Creswell & Clark 
[27], timing is another essential factor to be considered when 
triangulating methods. The timing here refers to a temporal 
order when using the data to answer research questions and 
it can be either concurrent or sequential. This research used a 
concurrent approach whereby all data were collected, analysed 
and interpreted at roughly the same time. That means different 
methods were used simultaneously to collect data and the 
findings from each method were complementary [21]. This is 
contrary to a sequential design where one method and findings 
are used to inform the subsequent methods and phases of study 
[21].

The logistics of triangulating methods in research has 
been documented as a key challenge [25] and the experience 
of triangulating multiple methods in this study concurs with 
that general appraisal. More specifically, the researchers 
involved in this pilot study found triangulation to be resource 
and time intensive, both in terms of designing the research and 
its execution. The choice to trial new methods necessitated 
specialist GIS training before the GPS data could be analysed, 
and the general coordination activity involved-especially 
during data collection-added another unanticipated layer 
of complexity to the research process which ultimately 
lengthened the timeframe for data collection. Notwithstanding 
the above-mentioned challenges, there are several benefits to 
be derived from triangulating multiple methods in research 
as compared to using a single method approach. In this study, 
methodological triangulation provided the means to explore the 
multi-factorial complex issues of obesity by giving broader and 
different perspectives of the determinants of obesity and food 
environments [26].

Other benefits of methodological triangulation highlighted 
in the literature include the potential to yield more insightful 
and comprehensive data completeness and confirmation of 
findings and enhancing validity [28-31]. It is also suggested that 
triangulation of methods enables researchers to get the best of 
each method meanwhile overcoming each method’s deficiencies 
[32]. Several researchers have also posited that triangulation 
could be helpful to overcoming the bias inherent in single-
method research designs or mitigating the shortcomings of 
using a single research approach [33,34].

Discussion
Overall, the researchers consider the triangulation of 

multiple methods to have been successful in this pilot study as 
it provided them with a valuable way to collect insightful data 
on an individual’s activity within food environments. Although 
it was not possible to perform statistical tests due to the small 
sample size used, interesting patterns did emerge from the 
data, specifically regarding the frequency with which certain of 
food outlets near the workplace were accessed - and those en 

route between home and the workplace. This supports Kwan’s 
observation that an individual’s activity of daily living (ADL) is 
complex and extends beyond the residential neighbourhood [35]. 
This reinforces the argument raised by other researches who 
contest the home neighbourhood as the unit of measurement 
for being too narrow [10]. It is expected that the full-scale study 
involving a larger sample size will shed more light on such 
emergent patterns.

From this study, it was observed that a high level of 
commitment was required from both participants and 
researchers and furthermore, that participants needed to have 
good levels of functional literacy for the successful collection 
of good quality data. This is corroborated by the fact that the 
burden of multiple data collection was eased by the wrap around 
support, encouragement and motivation offered to participants 
from the research team despite all the participants being highly 
educated, moderate-to-high socioeconomic status (SES) and 
employed with established routines. It is noteworthy that the 
lead researcher had to be available throughout the week of data 
collection to ensure participants were being compliant. Knowing 
all this, we now consider that to engage a much wider cohort 
of people at the lower end of SES gradient, with a lower level 
of education and the likelihood of greater stress, (i.e. typically 
those who are most likely to be obese or at risk of being obese), 
would be very challenging indeed. This implies that triangulating 
data in a similar fashion to this study might best be effective in 
a small-to-moderate scale study involving committed and well-
supported participants.

One way to address the challenges with triangulating 
methods in food environment research could be through the 
integration of dietary and geospatial data collection methods 
into a user-friendly tool like a smartphone app. Information 
and communication technology (ICT) has shown great potential 
of engaging a wide audience in a cost-effective and flexible 
way [36]. Mobile phones have been found to be an intuitively 
appealing platform given that they are portable, engaging 
and ubiquitous[37,38]. Studies have shown that apps like ‘My 
Meal Mate’ (MMM) and ‘My Fitness pal’ (MFP) are feasible and 
highly acceptable for use in weight management interventions 
compared to other approaches like web-based or paper-based 
methods [22,39-41].

The use of smartphone applications in food environment 
research is still underutilised. This is an area with a lot of 
potential and more exploration on the integration of dietary, 
physical activity and geospatial data collection methods needs to 
be considered. This would make data collection more innovative 
and accessible across a greater diversity of individuals and 
communities-including the growing number of smart-phone 
users in developing nations-countries whose populations 
are now beginning to reflect a trend toward obesity already 
established in the West.

Conclusion
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Methodological triangulation is feasible in food environment 
research and it can be useful if its benefits and challenges are well 
considered before the outset of research. Where appropriately 
deployed, methodological triangulation can provide a deeper 
and wider view of the issue under investigation despite the 
challenges that exist. With the complexity of food environments 
and obesity, triangulation offers promising prospects and 
avenues to advance research in these domains.
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