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Abstract 

Retrospective methods for assessing maternal and child dietary diversity and 

women's time-use are labour-intensive and prone to misreporting. This thesis 

comprises the first-ever validation of an automated wearable camera (AWC), an 

inexpensive technology for prospectively and unobtrusively collecting data, in a low-

income country (LIC). The cross-sectional study was conducted in rural Uganda 

with mothers of a child aged 12-23 months (n=211) to (1) assess the feasibility of an 

AWC-based image-assisted recall (AWC-IAR); and (2) evaluated the concurrent 

criterion validity of the AWC-IAR method and the 24-hour recall (24HR) method, 

compared to observation for (a) assessing maternal and child dietary diversity, and 

(b) women's time use. Agreement was assessed using the Bland–Altman limits of 

agreement (LOA) approach. 

Most participants rated the AWC-IAR method as good or very good. Eight 

participants withdrew from the study and 27 were excluded due to AWC 

inoperability. The relative bias was low, for maternal and child dietary diversity 

estimated using semi-quantitative multiple-pass 24HR and image-assisted recall 

(IAR) methods, but the LOA were wide. For time use, the systematic bias varied 

from 1 minute (domestic chores) to 226 minutes (caregiving) for 24HR and 1 minute 

(own production) to 109 minutes (socializing) for IAR. The LOA were within 2 

hours for employment, own production, and self-care for 24HR and IAR but 

exceeded 11 hours (24HR) and 9 hours (IAR) for caregiving and socializing. 

The AWC-IAR method was feasible in this rural LIC context, although challenges 

remain. The IAR and 24HR methods provided an accurate estimate of median 

maternal and child dietary diversity and minutes women spend in employment, own 

production, and domestic chores. The median time women spent caregiving and 

socializing was underestimated by both methods. The high LOA indicate that, for 

research purposes, associations between either dietary diversity or time use and 

outcomes would be attenuated. 
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Chapter 1: Introduction 

BACKGROUND 

Undernutrition poses severe long-term consequences for women's and children's 

development, health, and well-being globally. Nearly one-half (45%) of all child 

deaths are attributable to undernutrition. (1) Suboptimal diet is among the leading 

causes of death globally. (2,3) The global economic cost of all forms of malnutrition 

is estimated to be approximately US$3.5 trillion per year, and an estimated annual 

gross domestic product (GDP) loss of up to 12% occurs in poor countries due to 

poor nutrition. (4,5) 

Globally, the prevalence of child stunting is decreasing, however 22% (149 million) 

of children under 5 years of age remain stunted. (6) The highest burden of child 

stunting is in Africa and Asia.  In Africa, although the prevalence of children under-

5 years of age who are stunted is decreasing, the number of children affected by 

stunted linear growth is actually increasing. 

The determinants of undernutrition are complex and interacting. (7,8) Inadequate 

dietary intakes and inadequate care are important immediate and underlying causes, 

respectively. The World Health Organization (WHO) indicators of minimum 

acceptable diet for children 6-23 months of age comprise both dietary diversity and 

meal frequency. (9) For infants and young children, "care" is comprised of several 

practices such as food preparation, feeding, psychosocial and cognitive stimulation, 

hygiene practices, and home health practices. (10) Good childcare takes time, and 

usually it is women's time, because around the world – despite high rates of women's 

engagement in income-generating work – the burden of childcare lies primarily on 

women's shoulders. (11,12) 

The most accurate and reliable way to collect diet and time-use data is through direct 

observation (OBS), which requires a researcher to be at the study participant's home 

all day, observing and recording everything they eat and do. (12–20) Although OBS 

is accurate and reliable, it requires a great deal of expertise, skill and motivation on 

the part of the observer; incurs high time and financial costs; and imposes a heavy 

burden on participants. (21–23) Having an observer present in the home can also 

influence participant behaviour, due to various forms of reactivity bias, including the 

Hawthorne effect, observer-expectancy effect, and observer bias. In lieu of OBS, in 
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low-income countries (LICs), a common method of data collection for diet or time 

use is the 24-hour recall (24HR). This is a structured interview where the interviewer 

asks the respondent about all the activities s/he performed and/or foods / beverages 

consumed the previous day. While less costly and less burdensome to the participant, 

there are well-documented drawbacks of recall methods in terms of data quality. 

(13,24–27) 

Specifically, as a retrospective method, the quality of data obtained via the 24HR 

depends on the enumerator's verbal probing skills and persistence, and the 

respondent’s motivation and capacities to understand the content of the questions 

asked, accurately recall the information needed, identify the relevant information, 

and respond in the format requested. Recall methods are also prone to respondent 

biases such as social desirability bias and approval bias, and researcher biases such 

as leading questions and wording. Deficits in any of these areas create opportunities 

for misreporting. Misreporting – be it intentional or unintentional - creates error in 

the data. For both diet and time use, that error may be underreporting, overreporting 

or a combination of underreporting and overreporting, depending on the food / 

beverage or activity. 

Automated wearable cameras (AWCs) are inexpensive technologies that 

prospectively and unobtrusively record activities as they are performed. In high-

income countries (HICs), the feasibility and/or validity of an AWC as a research 

method have been investigated and published in peer-reviewed publications for 

dietary intake, (28–38) food preparation practices, (39,40) food environment, 

(32,33,37,41–46) time use, (47–49) physical activity, (45,50–57) and activity space. 

(55,58–61) Only five of these studies indicate the location type in which the data 

were collected: two were conducted in urban areas (41,58) and the remaining were 

conducted in a mix of urban, suburban and rural areas. (56,60,61) These studies have 

shown that AWCs are overall, from a participant's perspective, feasible and 

acceptable for use by female and male children, teenagers, adults, and older adults in 

HICs. Although some participants in six studies reported stress induced by wearing 

the AWC, (28,34,52,60,62,63) the burden of wearing the device was not a major 

issue. These studies from HICs do, however, highlight potential feasibility 

challenges from a researcher's perspective. Loss of data due to device inoperability, 

(28,29,31,33,34,36,39,41,42,46,52,53,58,59) poor image quality (e.g., dark or blurry 
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images), (33,34,36,41,42,51,52,56,59–61,64–66) and poor camera positioning were 

commonly reported. (28,34,36,42,43,57,59,64,66) One study reported the cost of 

purchasing the AWCs, (47) but no studies compared the costs of AWC-based 

methods to traditional methods overall. Twelve studies reported that the amount of 

researcher time required to code AWC images was onerous. 

(31,33,39,41,42,45,47,50,56,61,65) 

The three dietary intake validation studies of AWC-based methods conducted in 

HICs assessed energy intake among adults by coding individual foods / beverages 

and portion sizes consumed. (34,36,38) Two were pilot studies having ten or fewer 

participants. (34,38) The results were consistent across the three studies. The AWC-

based method resulted in higher reported energy intake compared to 24HR (34,36) 

and food diary methods, (38) although energy intake still underestimated total 

energy expenditure. (36,38) All studies found that fewer foods were unreported 

when using the AWC compared to traditional methods.  

The three time use validation studies of AWC-based methods conducted in HICs 

assessed time allocated to activities among adults. These studies considered the 

automated wearable camera-based image-assisted recall (AWC-IAR) as the criterion, 

and the time-use diary (TUD) method as the comparator. Two of the articles 

analysed data from  the same study at different levels of aggregation. (48,49) The 

studies show that for most activities, differences in mean time allocation estimates 

were similar between the AWC-based method and the TUD method. Harms et al. 

(2019) and Gershuny et al. (2020) showed significant differences in mean time 

allocated to eating. (48,49) Kelly et al. (2015) showed significant time allocation 

differences for "hobbies/computing" and "media" only. (47) Kelly et al. (2015) also 

reported the number of activities performed. The AWC-IAR resulted in more 

reported activities than the TUD method. 

Only three AWC feasibility, acceptability and/or validity studies have been 

undertaken outside of HIC contexts, all of which were conducted in middle-income 

countries and published after the data for this thesis were collected. AWC have been 

evaluated for assessing dietary intake in China and Tonga, (67,68) food environment 

in Tonga, (68) and time use in Ghana. (69) None of these studies expressly assessed 

the feasibility or acceptability of the AWCs. Veatupu et al. (2019) indicates that 

some data may have been lost due to device inoperability and that the images were 
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not suitable for assessing the quantity of foods consumed, as initially intended. (68) 

Foods that are commonly shared, such as snacks, were especially difficult to assess. 

Only Zhou et al. (2019) reported on the feasibility of AWCs from the researcher 

perspective, indicating that it took approximately 40 minutes to code the foods and 

portion sizes in pre-selected images (n=6-8) captured by the AWC. (67) Zhou et al. 

(2019) also reported on the comparability of an AWC-IAR, as the stated reference 

method, to 24HR for assessing energy intake among school-age children in China. 

Compared to the 24HR method, the AWC-IAR method resulted in higher reported 

energy intakes. Laskaris et al. (2019) reported on the validity of AWCs for assessing 

the activities performed by e-waste workers in Ghana. (69) The agreement in time-

activity patterns between the AWC-based method and the TUD method was poor. 

Substantial gaps remain in determining the validity of AWCs as a research method. 

In particular, no feasibility or validity studies have been conducted in a LIC. Even 

among the studies conducted in middle- or high-income countries, none have 

focused on rural contexts or women caregivers of children under two years of age. 

Key characteristics of rural women residents of LICs, such as literacy, exposure to 

technology and social norms, are quite different compared to any of the populations 

targeted in the AWC research conducted thus far. The research environment in rural 

LICs also poses different challenges including, for example, limited access to 

electricity for lighting the activity space or charging devices, and higher chance of 

AWC exposure to dirt or liquids, and lack of enumerators having pertinent skills. 

Although results of studies investigating AWC-based methods in HICs are 

promising, research is needed to assess the feasibility and validity of AWC-based 

methods in rural low-income environments. 

CONTEXT 

Prior to the COVID-19 pandemic, the prevalence of stunting among children under 5 

years of age was decreasing in Uganda, from 45 percent in 2000-01 to 29 percent in 

2016. (70) In the Busoga region of Uganda, where this study took place, the 

prevalence of stunting among children less than five years of age in 2016 was 29 

percent. Among all Ugandan women of childbearing age in 2016, 8.7 percent were 

thin (<18.5 body mass index [BMI]) and nearly a quarter (23.8%) were overweight 

or obese, whereas in the Busoga region, 6.6 percent of women were thin and 16.9 

percent of women were overweight or obese.  
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In Uganda, the diversity of foods consumed by children aged 6-23 months is low. 

The 2016 Demographic and Health Survey (DHS) found that less than a third 

(30.3%) of children 6-23 months of age achieved minimum dietary diversity. (70,71) 

Dietary diversity was only slightly higher in the Busoga region (31.1%) compared to 

the national average.  

According to the Uganda Time Use Survey Report 2017-2018, Ugandan women 

spent most of their time (approximately 13 hours per day) engaged in so-called 

unproductive work1. (72) The activities and activity groups used by the Uganda 

Bureau of Statistics (UBOS) are available in Appendix 1. On average, another 6.7 

hours per day were spent doing unpaid work2, including 2.4 hours per day spent 

doing unpaid domestic services and 0.9 hours per day spent doing unpaid caregiving 

services. On average, only about 3.5 hours per day were spent doing productive 

work3, including employment (2.1 hours) and production of goods for their own final 

use (1.4 hours). In the Eastern Region (which encompasses the region formerly 

called Busoga), the amount of time allocated to unproductive work (14.0 hours) and 

unpaid work (7.5 hours) was higher than the national average. 

AIMS AND OBJECTIVES 

New research methods that improve data quality while minimizing participant 

burden are needed for assessing the immediate and underlying drivers of nutrition in 

LICs. The evidence from HICs indicates that AWCs as a research data collection 

method are feasible for a variety of populations and research areas and may decrease 

misreporting of dietary intake and time-use data. There is no evidence, however, 

regarding the feasibility or validity of AWCs from LICs, rural populations, or 

 

1 Unproductive work comprised socializing and communication, community participation and 

religious practices; culture, leisure, mass media and sports practices; and sleeping, eating, and 

drinking, personal hygiene and care, receiving personal health care and travels related to self-care and 

maintenance. 

2 Unpaid work comprised unpaid domestic services for household and family members; unpaid 

caregiving services for household and family members; unpaid volunteer, trainee, and other unpaid 

work; and learning. 

3 Productive work comprised employment and related activities, and production of goods for own 

final use. 
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women or children under two years of age. The aim of this thesis was to develop and 

validate a method using an AWC for assessing maternal and child dietary diversity 

and women’s time use in rural Eastern Region Uganda. Specifically, the objectives 

of this thesis were to: 

1. Assess the feasibility of an automated wearable camera-based image-assisted 

recall for use in collecting dietary and time-use data in rural Eastern Region 

Uganda. 

2. Evaluate the concurrent criterion validity, for assessing maternal and child 

dietary diversity, using a semi-quantitative automated wearable camera-based 

image-assisted recall method and a semi-quantitative multiple-pass 24-hour 

dietary recall method, compared to weighed food records in rural Eastern Region 

Uganda.  

3. Evaluate the concurrent criterion validity, for assessing women's time use, of an 

automated wearable camera-based image-assisted recall method and a 24-hour 

activity recall method, compared to direct observation in rural Eastern Region 

Uganda. 

It was hypothesized that an AWC-IAR method for assessing women's and children’s 

dietary diversity and women's time use was feasible in a rural LIC context and could 

provide accurate and reliable data compared to OBS, at least not worse than data 

gathered via 24HR. 

THESIS ROADMAP 

This thesis follows a research paper style, with seven chapters in total. The current 

chapter introduces and frames the thesis. Chapter 2 is a series of systematic scoping 

reviews summarizing three areas: (1) studies assessing the feasibility of AWCs for 

research data collection; (2) validation studies for methods of assessing dietary 

diversity, and (3) validation studies for methods of assessing women's time use. 

Chapter 3 provides an overview of the methods used in this thesis. Chapters 4-6 

comprise three articles. The first article (Chapter 4), under review with Nutrition 

Journal (as of November 2022), assesses the feasibility of the AWC-IAR method. 

The second article (Chapter 5), published in the British Journal of Nutrition, is a 

validation of an AWC-IAR method and 24HR method for assessing maternal and 

child dietary diversity. The third article (Chapter 6), published in Nutrients, is a 
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validation of an AWC-IAR method and 24HR method for assessing women's time 

use. Please note that the articles (Chapters 4-6) are published under my married 

name, Andrea L. S. Bulungu. The final chapter (Chapter 7) synthesizes key research 

findings and discusses how the research has advanced global knowledge regarding 

methods for assessing maternal and child dietary diversity and women's time use. 

COLLABORATING INSTITUTIONS AND FUNDING 

The collaborating institutions for this research included: London School of Hygiene 

and Tropical Medicine (LSHTM), the Africa Innovations Institute (AfrII), the 

University of Greenwich Natural Resources Institute (NRI), and the Sasakawa Africa 

Association (SAA). Funding for research costs was provided by UK Aid from the 

UK government and the Bill & Melinda Gates Foundation (BMGF) through the 

Innovative Methods and Metrics for Agriculture and Nutrition Actions (IMMANA) 

programme. 

ROLE OF THE CANDIDATE 

A snapshot of the thesis timeline is presented in Figure 1.1. Please note that I was a 

part-time student for the duration of the PhD. 

Proposal 

I made significant contributions to proposals for other studies before finally landing 

on the study that became the foundation for this thesis. When I joined the IMMANA 

study team in March of 2017, the overall conceptual design, research questions and 

objectives for the study were already defined. During this period, the IMMANA 

team –myself included–developed a proposal in response to the "Drivers of Food 

Choice" request, which built on the IMMANA study. Aspects of this proposal were 

incorporated into my upgrading report. I made major contributions to the proposal, 

which was ultimately funded. My contributions to the IMMANA study began with 

drafting the research instruments and contributing to the study design. I upgraded in 

August 2017. In November 2017, I joined the team in Uganda to begin final 

preparations for data collection. 
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Preparation 

In Uganda, I worked with Elaine, Joweria, Kate, Jan, and Gwen to aggregate and 

prepare all of the equipment and supplies used in the study4 (e.g., mobile phones, 

wearable cameras, and GPS trackers; tablet computers; sim cards, memory cards, 

and data banks; food weighing scales, anthropometric equipment, etc.) (Figure 1.2) 

The Information and Communication Technologies (ICTs) (i.e., wearable cameras, 

GPS trackers, tablet computers, data banks and peripherals), and food weighing 

scales used in the study were selected and purchased overseas by Jan Priebe (ICTs), 

Elaine Ferguson (scales) and Kate Wellard, and carried into Uganda by members of 

the research team. Mobile phones and sim cards (used for the IVR), and memory 

cards (used by the AWCs) were purchased in Uganda. Anthropometric equipment 

was borrowed from a Ugandan hospital. During this period, with guidance primarily 

from Elaine, I continued developing the diet and time-use assessment instruments 

and protocols for the three methods (OBS and weighed food records, 24-hour [24h] 

diet and activity recalls, and AWC-IAR), and the anthropometry instrument and 

protocol.  

Towards the end of December, I contributed to the training of 18 data collectors and 

3 supervisors for the IMMANA study. With Gwen, I trained data collectors on the 

mother's questionnaire. I led the training on the semi-quantitative multiple-pass 24h 

dietary recall method, the ICTs, and the AWC-IAR method. At the end of training, 

we assessed the data collectors' skills performing all methods. I assessed their 

competence in handling the ICTs and in facilitating the AWC-IAR. We then had two 

days of field practice.  

Following institutional review board (IRB) approval by both institutions (LSHTM 

and the Uganda National Council for Science and Technology [UNCST]) in January 

2018, we did iterative piloting of the AWCs and AWC-IAR instrument. 

Data Collection 

Data collection began 11 January 2018. Given the tight timeline between instrument 

piloting and refinement and data collection, all non-ICT data was collected on paper. 

 

4 This thesis was part of a broader research study to assess the validity of three innovative methods: 

an interactive voice response (IVR) system using rudimentary (button) mobile phones, global 

positioning system (GPS) trackers and the AWC. The focus of the thesis, however, is the AWC-IAR. 
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In the field, I was responsible for day-to-day study management and data quality 

control over the 6 weeks of data collection. I assigned teams to their respective 

communities each week, and each data collector to their respective households each 

day. Specifically, in the evening, between 9pm and 11pm I received all equipment 

from the 18 enumerators via their supervisor; checked in and organized all forms; 

labelled and archived data from each camera and GPS tracker; and charge all devices 

in preparation for the next day. While the devices and tablets charged, I prepared all 

data collection tools and device assignments for the following day and packaged all 

supplies by enumerator identification number (ID). During data collection, therefore, 

the brunt of my work occurred between 9pm and 3am.  

By 5am, the teams were heading to the field for another day of data collection. Gwen 

distributed the instruments, devices, and requisite supplies to supervisors that I had 

prepared the night before. During the day, while the teams were in the field, I 

reviewed the forms we had received the night before and addressed any issues that 

arose. In the penultimate week of data collection, I missed a few days due to typhoid. 

Data collection ended on 16 February 2018. 

Data Entry and Preparation 

Aside from the AWC-captured photos, GPS tracks, and IVR recordings, all study 

data used in this thesis was collected on paper. In the final week of data collection, I 

began developing data entry tools using EpiData. By March 2018 I had onboarded 

two data entry research assistants (RAs) who had been recommended by a colleague. 

Bernice, Sarah, and I would work together in Kampala for over a year to enter all 

study data, with the exception of the mother's questionnaire (which was entered by 

Gwen and Joweria). In general, qualitative data were entered via tools I created in 

EpiData, whereas more structured data (e.g., the time-use matrices) were more easily 

entered by the RAs via Excel. 

Data entry, preparation and analysis occurred in cycles, by instrument. As soon as 

the RAs completed data entry for an instrument, I would begin verifying, cleaning, 

and preparing it for analysis. Once the data was digitized, I worked closely with 

Elaine and Luigi to refine the data analysis plan and methods. With the exception of 

the Poverty Probability Index (PPI), which was analysed by Pamela, I did all of the 

data analysis. Elaine, Luigi, and I met on a fairly regular basis to review and discuss 

results and determine next steps. 
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Data Analysis, Manuscript Development, and Dissemination 

I started data analysis in May 2018, while the RAs continued with data entry. I began 

with the feasibility analysis. Preliminary results were accepted as a poster 

presentation at the Agriculture, Nutrition & Health Academy conference in Ghana in 

June. Also in June 2018, I was invited to give an "elevator pitch" on the AWC-IAR 

method at the American Society for Nutrition conference in Boston. 

Having realized that the feasibility analysis could not be completed until the dietary 

diversity and time use data had been cleaned and processed, I began preparing and 

analysing the dietary diversity data. Validation analyses of the dietary diversity data 

were carried out from September 2018 through April 2020, when the manuscript for 

the dietary diversity validation study was submitted for publication. Preparation and 

analysis of the dietary diversity data was relatively straightforward compared to the 

time-use data.  

Analyses of the time-use data began in November 2019, while the dietary diversity 

validation manuscript was being finalized. The time-use data was substantially more 

difficult to work with, in part because the AWC-IAR instrument was structurally 

different from the instruments used for collecting OBS and 24h activity recall data. 

To make the AWC-IAR data comparable to the OBS and 24h activity data required a 

lot of processing. Also, compared to dietary diversity data, there is little precedent 

for processing time-use data that accounts for concurrent activities. The approach we 

used for the time use data analysis, which was developed by me with guidance from 

Elaine and Luigi, is a novel contribution. Validation analyses of the time-use data 

continued until January 2022, when the manuscript was submitted for publication. 

With all dietary diversity and time-use data thoroughly processed, analysis of the 

feasibility data resumed in July 2021 and continued until May 2022, when the 

manuscript was submitted for publication. 

Publications and Conference Presentations 
Publications 

• Bulungu, A. L. S., Palla, L., Priebe, J., Forsythe, L., Katic, P., Varley, G., 

Galinda, B. D., Sarah, N., Nambooze, J., Wellard, K., & Ferguson, E. L. (2022). 

Validation of an Automated Wearable Camera-Based Image-Assisted Recall 

Method and the 24-Hour Recall Method for Assessing Women’s Time 
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Allocation in a Nutritionally Vulnerable Population: The Case of Rural Uganda. 

Nutrients, 14(9), 1833. https://doi.org/10.3390/nu14091833  

• Kimere, N. C., Nambooze, J., Lim, H., Bulungu, A. L. S., Wellard, K., & 

Ferguson, E. L. (2022). A food‐based approach could improve dietary adequacy 

for 12–23‐month‐old Eastern Ugandan children. Maternal & Child Nutrition. 

https://doi.org/10.1111/mcn.13311 

• Bulungu, A. L. S., Palla, L., Priebe, J., Forsythe, L., Katic, P., Varley, G., 

Galinda, B. D., Sarah, N., Nambooze, J., Wellard, K., & Ferguson, E. L. (2021). 

Validation of a life-logging wearable camera method and the 24-h diet recall 

method for assessing maternal and child dietary diversity. British Journal of 

Nutrition, 125(11), 1299–1309. https://doi.org/10.1017/S0007114520003530 

Conference presentations 

• Bulungu, A. L. S. Validation of an automated wearable camera-based image-

assisted recall method and the 24-hour recall method for assessing women’s time 

allocation in Uganda. 44th International Association for Time Use Research 

Conference. Montréal, Quebec, Canada. 17-19 August 2022. [Oral] 

• Bulungu, A. L. S. Validation of an automated wearable camera-based image-

assisted recall method and the 24-hour recall method for assessing women’s time 

allocation in rural Uganda. 117th American Sociological Association Annual 

Meeting. Los Angeles, California. 5-9 August 2022. [Oral] 

• Bulungu, A. L. S., Ferguson, E. L. Validation of a life-logging wearable camera 

method and the 24-hour diet recall methods for assessing maternal and child 

dietary diversity. 4th Annual Agriculture, Nutrition & Health (ANH) Academy 

Week. Hyderabad, India. 2019. [Poster and Elevator Pitch] 

• Bulungu, A. L. S. The Feasibility and Acceptability of Information and 

Communication Technologies (ICTs) for Collection of Diet and Time Use Data. 

3rd Annual Agriculture, Nutrition & Health (ANH) Academy Week. Accra, 

Ghana. 2018. [Poster] 

• Bulungu, A. L. S. ICTs for Nutrition and Time Use (INATU). Sight and Life 

Elevator Pitch Contest at the American Society for Nutrition (ASN) Annual 

Meeting. Boston, MA. 2018. [Elevator Pitch] 
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Invited presentations 

• Bulungu, A. L. S. Validation of an automated wearable camera-based image-

assisted recall method and the 24-hour recall method for assessing dietary 

diversity and time allocation in rural Uganda. Scuola Specializzazione in 

Statistica Sanitaria e Biometria, Sapienza Università di Roma, 16 March 2022. 

[Oral] 

• Bulungu, A. L. S. Assessing maternal and child dietary diversity and women’s 

time use using automated wearable cameras in Uganda. Drivers of Food Choice 

and Innovative Methods and Metrics for Agriculture and Nutrition Actions 

Stakeholder Dissemination Workshop, Kampala, Uganda, 2 December 2021. 

[Oral] 

• Bulungu, A. L. S. Assessing maternal and child dietary diversity and women’s 

time use using automated wearable cameras in Uganda. Program in International 

Nutrition, Cornell University, Ithaca, New York, USA, 7 October 2021. [Oral] 

• Bulungu, A. L. S. Validation of a life-logging wearable camera method and 

the 24-hour recall method for assessing dietary diversity and time allocation. 

Scuola Specializzazione in Statistica Sanitaria e Biometria, Sapienza Università 

di Roma, 15 June 2021. [Oral] 

Awards 

• Sight and Life Elevator Pitch Contest 3rd Place Award (2018)
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Figure 1.1. Thesis timeline 

Please note that I was a part-time student for the duration of my PhD. 

2014 2015
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Key PhD Milestone X X X X

Application X X

Project proposal X X X X X X X X X X X

Project preparation X X X X X X X X X X X X X X X X X X X X X X X

Data collection X X X X X X X X X X

Data entry X X X X X X X X X X X X X

Data preparation X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Data analysis X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Dissemination X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

2021 20222016 2017 2018 2019 2020
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Figure 1.2 ICTs used in the study  
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Chapter 2: AWC-based IAR and 24HR methods for 
assessing maternal and child dietary diversity and 
women's time use - Three systematic scoping reviews 

INTRODUCTION 

Globally, despite improvement, both the burden and cost of undernutrition remain high. 

Nearly one in five children globally are stunted. (6) Stunting carries increased risk for illness, 

early death, and poor development, which is ultimately measurable in terms of lost earnings 

and lost GDP at the country level. (1,4,5) Although globally the prevalence of stunting is 

decreasing, the highest burden of child stunting has been and remains in Africa and Asia. 

Africa is the only region where, although the prevalence of stunting among children under 5-

years of age is decreasing, the number of children affected by stunting is increasing. 

The causes of malnutrition are numerous and interacting. (7,8) The immediate and underlying 

drivers include poor dietary intake and inadequate care. Increasing the diversity of nutritious 

food groups in the diets of children aged 6 to 23 months, increases the likelihood of dietary 

adequacy, (73–76) and dietary diversity has been positively associated with linear growth. 

(77,78) Child care is comprised of several practices such as food preparation, feeding, 

psychosocial and cognitive stimulation, and hygiene and other home health practices. (10) 

The provision of quality childcare relies on caregivers' own health and nutritional status, and 

time availability. Around the world, women remain primarily responsible for food 

preparation and childcare. (79) Women's time availability is therefore likely to be an 

important factor related to the uptake of good diet and care practices for themselves and their 

children. 

Popkin (1980) first demonstrated that a mother’s time spent on childcare was positively 

associated with child nutrition status. (80) Time for care was subsequently included as a key 

factor driving maternal and child nutrition and overall well-being in the Engle et al. (1987) 

model of care. (10) Yet, decades of empirical studies have shown that the relationship 

between women’s time allocation and maternal and/or child nutrition to be complex. 

Gryoboski (1996) found that time allocated to childcare by aunts, sisters, and grandmothers 

was associated with increased caloric intake for children, (81) whereas the association 

between the mother’s time allocated to childcare and caloric intake was negative, and 

Komatsu et al. (2018) found that the association between women’s time allocated to 

“reproductive work” and child nutrition depended on the economic status of the household. 

(82) Other studies have taken the opposite approach, exploring instead the influence of 



 

 29 

women’s time allocated to productive work on their and/or their child’s nutritional status. 

The results of these studies have also been conflicting. Some have found that a mother’s time 

allocated to agriculture work was negatively associated with child nutritional status, (83,84) 

whereas others have found there to be no relationship between a mother’s time allocated to 

work and child nutritional status. (85,86) 

Previous studies indicate that the amount of time women allocate to both productive and 

reproductive work is severely undercounted, (16,87–92) which limits our ability to accurately 

assess how women spend their time and its influence on women’s and children’s nutrition, 

health, and well-being. (83,93–100) Accurate and timely maternal and child dietary diversity 

and women's time-use data are needed to understand relationships between women’s time use 

and child/maternal dietary quality, and to identify populations at risk of undernutrition due to 

the consumption of poor-quality diets. Such data are important for designing appropriate 

interventions and evaluating change in dietary quality or time-use patterns. 

The most accurate and reliable method of collecting diet and time-use data is OBS. (12–20) 

Although OBS is accurate and reliable, it requires a great deal of expertise, incurs high time 

and financial costs, may influence participant behaviour due to the presence of the observer, 

and imposes a heavy burden on participants and the research team. (21–23) In lieu of OBS, in 

LICs, a common method of data collection for dietary intake or time-use data is via 24HR 

methods. The 24HR method is recommended by the Food and Agriculture Organization of 

the United Nations (FAO), WHO and United Nations Children's Fund (UNICEF) for 

assessing the dietary diversity score (DDS) of women and children, respectively. (9,101) The 

24HR method is also used in the time-use modules of the Women's Empowerment in 

Agriculture Index (WEAI) and the Living Standards Measurement Study (LSMS). (102,103) 

While less costly and less burdensome to the participant, there are well-documented 

drawbacks of recall methods in terms of data quality. (13,24–27) Specifically, as a 

retrospective method, the quality of data obtained via 24HR depends on the enumerator's 

verbal probing skills and persistence, and the respondent’s motivation and capacities to 

understand the content of the questions asked, accurately recall the information needed, 

identify the relevant information, and respond in the format requested. Recall methods are 

also prone to respondent biases such as social desirability bias and approval bias, and 

researcher biases such as leading questions and wording. Deficits in any of these areas create 

opportunities for misreporting. Misreporting, whether it is intentional or unintentional, 

creates error in the data. 
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AWCs are inexpensive technologies that have been used in HICs to prospectively collect 

health-related data, including data on dietary intakes and time use. (28,29,31–38,47–49) The 

images captured by the AWC must be later coded for analysis. To date, images captured by 

AWCs have been coded in three ways: (1) via an image assisted recall (IAR) wherein the 

AWC images are used to "trigger" participants' memories, (2) by a researcher without the 

input of the study participant (referred to in this thesis as an enumerator image interpretation), 

and (3) via artificial intelligence (AI).  

There are numerous studies that have been undertaken using 24HR and AWC-based methods 

for assessing dietary intake and time use, broadly speaking. The purpose of these systematic 

scoping reviews was to summarize the evidence regarding the feasibility of AWC-based 

research methods generally, and the validity of the 24HR and AWC-IAR, specifically, for 

assessing maternal and child dietary diversity and women's time use, with particular interest 

on findings pertinent to rural LIC contexts. (104) That is, regarding the feasibility of AWC-

based research methods (regardless of the method used for coding the data), this review 

aimed to determine: (1) where AWC-based methods have been evaluated for feasibility; (2) 

for which populations, and for which health-related outcomes they have been assessed; and 

(3) the major feasibility issues identified. Regarding the validity of the 24HR and AWC-IAR 

(i.e., specifically using an image-assisted recall to code images captured by an AWC) for 

assessing dietary diversity and time use, this review aimed to determine: (1) the countries and 

contexts where the 24HR and/or AWC-IAR methods been used to assess dietary diversity 

and/or time use; (2) for which populations they have been validated; and (3) the validity of 

these two methods, for assessing dietary diversity and/or time use, in these different contexts 

and populations. 

SEARCH STRATEGY 

CINAHL Plus, EMBASE, Global Health, MEDLINE, PsycInfo, PubMed, Scopus, and Web 

of Science databases were searched electronically without date restrictions up to January 

2021. The systematic search was conducted between September and October 2021 using the 

search terms presented in Figure 2.1, Figure 2.3, and Figure 2.5. These terms reflected the 

methods, outcomes, and indicators of interest to identify relevant studies. To maximize the 

capture of relevant studies, no exclusion keywords were used. Manual searches of personal 

files and reference lists of identified studies were also conducted to supplement the search 

results.  
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INCLUSION AND EXCLUSION CRITERIA 

To be included in the review, studies were required to meet the following criteria: (1) 

published in the English language; (2) published in a peer-reviewed journal (3) open access 

or otherwise available to ALSB through the LSHTM library's special access rights or shared 

by the author(s); and (4) human subjects. Published abstracts (e.g., from conferences) without 

full text were excluded. Literature reviews were also excluded to avoid duplication and 

ensure that reported results fit the criteria of this study, although their references were 

reviewed for any pertinent studies not otherwise identified. 

IDENTIFICATION OF RELEVANT STUDIES 

Search results were aggregated and analysed in Excel, for flexibility and ease-of-use. 

Duplicates from across the eight databases were removed. The remaining studies were then 

screened iteratively to determine eligibility based on the above inclusion and exclusion 

criteria. The article titles and abstracts were first manually screened and those which did not 

meet the inclusion criteria were excluded. The remaining full-text articles were then reviewed 

for eligibility. Due to resource constraints, article screening was performed by one person 

(ALSB). Unclear cases were retained until they could be conclusively excluded or included. 

EXTRACTION AND SYNTHESIS OF EVIDENCE 

The following parameters were extracted from each eligible article: location; outcome of 

interest and objective; target population; sample size and sampling method; and key findings. 

SCOPING REVIEW 1: FEASIBILITY OF AWC-BASED RESEARCH METHODS  

Search Strategy 

Figure 2.1 presents the search terms used in the search for AWC-based methods feasibility 

studies. The first group included words related to the automated wearable camera, including 

brand names of specific wearable cameras commonly used in AWC research. The second 

group of search terms aimed to capture studies that had explored factors related to feasibility. 

The third group aimed to capture studies using the AWC as a method of research data 

collection, rather than as an intervention (e.g., a tool to aid memory for individuals suffering 

from cognitive disorders). 
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Figure 2.1. Search terms for feasibility of AWC-based research methods literature 

search 

 

Inclusion and Exclusion Criteria 

In addition to the inclusion and exclusion criteria applied to all three scoping reviews 

described above, the feasibility search included studies using both qualitative and quantitative 

methods. Studies with the following characteristics were excluded: (1) the AWC was 

assessed for a purpose other than research data collection (e.g., as a clinical intervention such 

as fall prevention or memory rehabilitation); (2) the outcome of interest was unrelated to 

feasibility; (3) the AWC was not actually worn by study participants (e.g., focus group 

discussions about the perception of AWC); (4) the camera was not automated (e.g., food 

photography); or (5) the camera did not take still photographs (e.g., wearable video cameras). 

Extraction and Synthesis of Evidence 

In addition to the extraction and synthesis of evidence steps described above, information 

was also extracted regarding the brand of AWC device used and its image capture frequency 

for the articles related to AWC feasibility. Results were tabulated and summarized by 

outcome of interest, research setting (i.e., level of economic development per the World Bank 

income classifications5), and issue (participant-, community-, or researcher-related). 

Results  

For the feasibility studies, the initial search yielded 1,725 studies, which were reduced to 40 

after removing duplicates, screening the titles, and screening the abstracts. (Figure 2.2) Of the 

feasibility studies included in the review, 60% were identified by Web of Science, 30% by 

PubMed, and 20% by Medline. Ten articles were found by more than one search engine. In 

addition, there were five articles included in the review that came from the author's (ALSB) 

personal files which were neither found by any of the search engines nor included in the 

reference lists of other articles. For three of these studies, despite using wearable cameras as a 

research method, did not include any variation of "wearable camera" in their keywords. It is 

 

5 The World Bank categories countries into four income categories: low income , lower-middle-income, upper-

middle income, and high income. (156) 

Feasibility, acceptability & usability 

1 wearable camera or wearable cameras or automated imaging or automated image-
capture or life-logging or lifelogging or SenseCam or Autographer or eButton or 

Vicon Revue or micro-camera or narrative clip 

2 feasibility or acceptability or usability 

3 assess or assessment or assessing or research or researching or data collection 

4 1 and 2 and 3 
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unclear why the other two, which did include "wearable camera" as a keyword, were not 

picked up by any of the search engines. There were no feasibility studies conducted in LICs.  

Figure 2.2. Flow diagram of study selection for the feasibility of AWC-based research 

methods literature search 

 

Description of Studies 

In total, 40 studies were found that examined the feasibility of using an AWC to capture data. 

(Table 2.1) The studies focused on a variety of research areas, including dietary assessment 

(11 studies), the food environment (10 studies), food preparation practices (2 studies), time 

use (3 studies), physical activity (7 studies), and activity space (5 studies). Five studies 

covered multiple research areas (e.g., dietary intake and the food environment). Seven studies 
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addressed other research areas, such as sun protective behaviours, exposure to blue space, 

and screen use.  

Included studies were conducted in Australia (n=1), China (n=1), Ghana (n=1), Ireland (n=2), 

New Zealand (n=15), Tonga (n=1), UK (n=12), and USA (n=9). A few studies were 

conducted in multiple countries. Among the included studies, 18 were conducted with adults, 

(28–30,34,36,40,42,45,47,48,50,51,53,55,56,59,61,62,66) 15 with children under the age of 

13 years, (31,32,37,39,41,43,44,46,52,58,64,65,67,68,105) eight with adolescents, 

(30,32,33,37,39,43,57,60) and three with older adults. (54,62,63) Some studies included 

participants from multiple age groups. One study was conducted with smokers, (66) three 

were conducted with university employees, (51,56,61) two were conducted with athletes, 

(30,56) two were conducted with parents, (40,45) one was conducted with e-waste workers, 

(69) and one was conducted with people having chronic pain. (63) 

The feasibility studies included in this review assessed a variety of AWC devices. Seventeen 

used SenseCam, (30,32–34,36,41,42,45,51,54–56,59–63) eleven studies used Autographer, 

(37,46–48,50,52,58,64,65,68,105) three used eButton, (31,39,40) and one study each used 

Brinno TLC, (57) GoPro, (69) and Narrative Clip. (67) In addition, four studies used a 

bespoke AWC (28,29,53,66) and for two studies the AWC was unspecified. (43,44) 

The included studies covered a range of issues related to feasibility, which can be categorized 

by audience, i.e., from a participant perspective (33 studies), from a community perspective 

(10 studies), and from a researcher perspective (38 studies). Most studies reported on 

feasibility issues from multiple perspectives. 

Feasibility from a participant perspective 

All the studies reporting on AWC usability (n=21) were conducted in HICs. Among them, 

ten studies indicated that the AWC may be cumbersome to wear, especially during physical 

activity. (28,31,32,45,47,52,54,57,62,63) Studies in which participants were responsible for 

operating the device (e.g., turning the AWC on and off at the start and end of the data 

collection day) commonly reported that participants forgot to wear or charge the AWC, 

(45,55,57,59,60,67,105) or had difficulty pressing the buttons on the device. (30,51,54,63) 

These issues occurred across all age groups. In seven studies (all conducted in HICs or upper-

middle-income countries [UMICs]), adults (28,30,34,47) and adolescents (30,32,33) and 

children (32,67) reported that viewing the images from the AWC helped them to recall 

pertinent details during the IAR. 
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Eighteen studies reported on the emotional burden of wearing the device. The single study 

conducted in a LMIC (69) indicated that the AWC reduced participant burden compared to a 

traditional TUD. In HICs, six studies indicated that a few participants felt emotional 

discomfort as a result of wearing the device, especially in public. (28,34,52,60,62,63). Nine 

studies (conducted in either HICs or UMICs) reported the study participation rates, which 

ranged from 16 to 100%. (28,31–33,45,52,59) Four studies, with refusal rates ranging from 

11 to 84%, explicitly attributed refusal to participate in the study to the AWCs. (33,45,59,63) 

Pertinent reasons given by individuals who refused to participate included concerns about 

wearing the device in the workplace, invasion of privacy, physical or emotional discomfort, 

fear of breaking the device, and fear of being unable to operate the device.  

Study withdrawal (31,32,47,59) and non-compliance (29,31,34,36,37,45,47,48,50–

54,56,57,59–63,67,68,105) were also reported. Three studies (all conducted in HICs with 

either children or the elderly) attributed withdrawal to the AWC. (31,32,63) Explanations for 

dropping out of the study were fear of operating the device, privacy concerns, and "negative 

attention". Participants in nine studies reported removing the camera while at their child's 

school; preparing their child for bed; reading confidential information; resting or at leisure; 

performing what they perceived to be "boring" or repetitive activities; playing in sports; at 

the doctor's office; or when others were made uncomfortable by the device, or due to fear of 

operating the device incorrectly. (32,41,45,47,48,52,57,62,63) Study participants also 

reported removing the device while practicing personal care activities such as toileting, 

however this would not ordinarily be categorized as non-compliance, per se. 

In accordance with the ethical framework outlined by Kelly et al. for AWC in health 

behaviour research, (106) most studies provided participants the opportunity to review the 

images captured by the AWC privately, before being viewed by the researchers, and to delete 

any images they desired. Among the seven studies reporting on the acceptability of the 

content captured by the AWC (all in HICs), six reported participants opting to delete images. 

(46,52,56,57,62,63) 

Only two studies (both in HICs) reported, specifically, on the acceptability of the AWC-IAR 

method, (28,47) both indicating participant satisfaction. 

Feasibility from a community perspective 

Ten studies (all in HICs) indirectly reported on issues related to community acceptability of 

AWCs worn by study participants. (32,41,47,48,52,54,55,57,62,63) Study participants 
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reported removing or covering the AWC at school, (32,41,47,48) work, (47) home, (52,57) 

the doctor's office, (48) and in public. (62) Three studies reported participants being 

approached about the AWC by members of the public without any request to remove the 

device. (54,55,63) 

Feasibility from a researcher perspective 

One of the biggest challenges to the use of AWCs as a research method is lost data due to 

device inoperability (e.g., insufficient battery life or another malfunction). Lost data due to 

AWC inoperability was reported in 17 studies spanning various country contexts (HIC, 

UMIC and LMIC) and populations (adults, adolescents, and children). (28–

31,33,34,36,39,41,42,46,52,53,57–59,68,69) Data losses, as a proportion of intended image 

capture, is commonly 15-20%, but can be as high as a third.   

Regardless of public response, five studies (all in HICs) reported hyper-awareness of the 

AWC among participants (33,34,41,45,63) and in six studies (also all in HICs) participants 

reported having modified their behaviour in reaction to being recorded. (28,29,34,41,45,52) 

Most studies reported that the images generated by the AWC were of sufficient quality to 

enable analysis. However, several image quality issues were common across all contexts 

(HIC, UMIC and LMIC), including sub-optimal camera angle / positioning; inadequate 

image capture frequency or otherwise off-camera key events; (28,33,34,36,42,43,57,59,68) 

dark images caused by low or artificial lighting or an obscured lens; (30–

32,34,36,41,42,51,52,54–56,59–61,65,66) and blurry or scrambled images (42,58,65)–all of 

which may contribute to data loss. The proportion of AWC images deemed "uncodable" 

ranged from 4-35%. 

A few studies also mentioned that AWC images were not suitable for very detailed analyses 

such as determining the quantity of food consumed, (68) specific items of clothing worn by 

children far away from the camera, (64) or detecting low intensity activities (e.g., fidgeting or 

activities performed while sitting down). (50)  

The use of AWC aims to maximize reporting accuracy while minimizing participant burden. 

Part of this burden is shifted to the research team. Many studies (all in HICs) highlight the 

heavy time burden required to process (41,54) or  manually code the AWC images for 

analysis, (31,33,39,41,42,45,47,50,56,61,65) and susceptibility to human error. (45,56) Not 

all studies quantified the amount time entailed but estimates of the time required to code 
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AWC images ranged from approximately 1 to 2 hours per participant day. (39–

42,44,46,47,51,56,57,59,60,64,65,67) 

Little information on other costs of AWC-based research is available. Only Kelly et al. 

(2015) reported on the cost of the device (Autographer, £300 each), indicating it was 

"resource intensive". (47) 

Discussion 

The feasibility of AWC-based research methods have been evaluated in HICs (Australia, 

Ireland, New Zealand, the UK, and the USA), UMICs (China and Tonga), and one LMIC 

(Ghana). The majority have been conducted in just three countries: the UK, New Zealand, 

and the USA. AWCs were used for collecting data related to dietary intake, the food 

environment, food preparation, time use, physical activity, and activity space, among others. 

Most of the feasibility studies have targeted children or adolescents, although studies have 

also been conducted with adults and the elderly. 

For participants, wearing the AWC can be cumbersome, especially during physical activity, 

and emotionally burdensome. In studies where participants were responsible for operating the 

device, they sometimes forgot to wear or charge it, and some participants had difficulty 

pressing the AWC's small buttons. Although several studies reported rates of refusal to 

participate, withdrawal and non-compliance, only a few concluded that the AWC was a 

contributing factor. Participants reported removing or covering the device during activities 

such as childcare, work, and leisure, and some participants reported modifying their 

behaviours because of wearing the AWC. When given the opportunity, in the studies in 

which it is reported, some participants opted to delete at least a few AWC-captured images. 

For researchers, the biggest AWC-related feasibility issues were data losses due to device 

malfunction, poor image quality, and the heavy resource burden required to process and 

analyse the data.  

There was considerable variability in the breadth of feasibility issues reported. Few studies 

(n=8) reported on feasibility from the community perspective. Most of the included studies 

concluded that AWCs were feasible for their respective populations and outcomes of interest, 

especially when used as an objective measure to complement traditional data collection 

methods, rather than to replace them. Several studies, however, highlighted major feasibility 

challenges, such as activities of interest to the research that were missed due to inadequate 

image capture frequency; device malfunction, which can result in high data losses; ethical 

concerns regarding privacy; and distress among community members of study participants; 
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and the time required for coding AWC-captured images. Davies et al. (2020), in particular, 

concluded that the benefits of AWCs notwithstanding, they are infeasible for large-scale 

studies. (50)  

The period for which participants need to wear the AWC would likely influence feasibility, 

so it is notable that the evaluation period ranged from less than one day to seven days for the 

included studies. It may be useful for a future study to assess associations between AWC 

wear-time and measures of feasibility. Gemming et al. (2015) and Wilson (2016) indicate 

decreased concerns regarding AWC acceptability over time, whereas feasibility challenges 

such as forgetting to charge or power the device, or device malfunction may increase with 

time. (36,63)  

Caution is warranted, however, in considering the implications of these studies for a rural, 

LIC context. Sample sizes varied widely (from 6 to 168), with 29 of the forty included 

studies having fewer than fifty participants, primarily recruited through convenience or 

purposive sampling. Most of the studies were conducted with children and/or adolescents, 

who are more likely than adults to be familiar with and comfortable using life-logging 

technologies. Yet, even among these high-income youth populations, refusal rates were 

sometimes 50% or higher. Feasibility issues may be more prevalent and/or severe among a 

less tech-savvy population. 

SCOPING REVIEW 2: VALIDITY OF THE 24HR AND AWC-IAR FOR ASSESSING 

DIETARY DIVERSITY 

Search Strategy 

Figure 2.3 presents the search terms used in the search for dietary diversity validation studies. 

The first group included words related to the 24HR method and the second group to words 

related to the AWC-IAR method. The third group of search terms aimed to capture studies 

that had explored factors related to validity. The fourth group included words related to 

dietary diversity as an outcome of interest. 
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Figure 2.3. Search terms for the dietary diversity validation literature search  

Inclusion and Exclusion Criteria 

For the dietary diversity criterion validity search, in addition to the inclusion and exclusion 

criteria applied to all three scoping reviews described above, validity studies were excluded if 

they did not assess concurrent criterion validity of either the 24HR or AWC-IAR methods. 

Studies were also excluded if the outcome of interest was not individual dietary diversity; the 

reference method was not either a food record or OBS (i.e., "gold standards" for dietary 

diversity); or the methods were administered exclusively to populations likely to have 

increased awareness of dietary consumption (e.g., elite athletes), people with disordered 

eating (e.g., bulimia nervosa, anorexia), people with cognitive disabilities (e.g., autism) or 

serious diseases (e.g., kidney disease, Huntington's disease, HIV/AIDS, cancer), or children 

below 13 years of age. 

Extraction and Synthesis of Evidence 

In addition to the extraction and synthesis of evidence steps described above, information 

was also extracted regarding the reference and comparator method(s), and number of days of 

validation for the validation articles. Results were tabulated and summarized by outcome of 

interest, research setting, and comparator method (24HR or AWC-IAR). 

Results  

The initial search yielded 5,819 studies, which were reduced to a single dietary diversity 

study. (Figure 2.4) This study was identified in six of the eight search engines (CINAHL 

Plus, Embase, Global Health, Medline, PubMed, and Web of Science). The lone dietary 

diversity criterion validity study pooled data from a LIC (Ethiopia) in addition to two lower-

middle-income countries (LMICs) (Cambodia and Zambia). 

1 24 hour recall or 24-hour recall or 24-hr recall or 24HR or 24-h recall or 24 h recall or 

24 hr recall or recall 

2 wearable camera or image-assisted recall or image assisted recall or IAR or image-

based 

3 validation or validity or reliability or accuracy 

4 diet quality or dietary diversity or diet diversity or dietary diversity score or diet 

diversity score or DDS or dietary or food intake or food group intake 

5 (1 or 2) and 3 and 4 
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Figure 2.4. Flow diagram of study selection for the dietary diversity validation 

literature search 

 

Description of Studies 

One criterion validity study for assessing dietary diversity was found. (107) (Table 2.2) This 

study used the 24HR method to assess the DDS and minimum dietary diversity for women of 

reproductive age (MDD-W). There were no studies found that assessed dietary diversity 

using an AWC-IAR method. The one validation study found pooled findings from one LIC 

(Ethiopia, n=431) and two LMIC (Cambodia, n=430 and Zambia, n=476), comparing the 

validity of list-based 24HR and open 24HR using weighed food records (WFR) as the 

reference method. Compared to the WFR, both 24HR methods (list-based and open recall) 
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significantly overestimated DDS (both p < 0.001) and MDD-W (30% for WFR vs 46% via 

the list-based 24HR method and 40% via the open 24HR method, both p < 0.001). The 

reliability of both list-based and open 24HR compared to WFR, measured via Cohen's kappa, 

were moderate (0.50 and 0.55 for the list-based and open recall, respectively). The food 

groups most likely to be misreported using 24HR were beans and peas, dark green leafy 

vegetables, vitamin A-rich fruit and vegetables, and other fruits. 

Discussion 

Regarding the validity of AWC-IAR or 24HR methods for assessing dietary diversity, the 

most striking result of this review is the overall lack of evidence. There is only one 

concurrent criterion validity study of the 24HR method, and none of the AWC-IAR method, 

for assessing dietary diversity. The 24HR study pooled data for women of reproductive age 

from Cambodia and Zambia, both LMICs, and Ethiopia, a LIC, which resulted in a large total 

sample size (n=1,337). The rigor with which this study was undertaken lends credibility to its 

finding that, compared to the WFR method, the 24HR method significantly overestimated 

DDS and MDD-W.  The implication is that, in similar contexts, when assessing dietary 

diversity using a 24HR method, women's diet quality would appear better than it actually is. 

SCOPING REVIEW 3: VALIDITY OF THE 24HR AND AWC-IAR FOR ASSESSING TIME-
USE 

Search Strategy 

Figure 2.5 presents the search terms used in the search for dietary diversity validation studies. 

The first group included words related to the 24HR method and the second group to words 

related to the AWC-IAR method. The third group of search terms aimed to capture studies 

that had explored factors related to validity. The fourth group included words related to time-

use as an outcome of interest. 

Figure 2.5. Search terms for the time-use validation literature search 

Inclusion and Exclusion Criteria 

For the time-use criterion validity search, studies were excluded if they did not assess 

concurrent criterion validity of either the 24HR or AWC-IAR methods. 

1 24 hour recall or 24-hour recall or 24-hr recall or 24HR or 24-h recall or 24 h recall or 

24 hr recall or recall 

2 wearable camera or image-assisted recall or image assisted recall or IAR or image-

based 

3 validation or validity or reliability or accuracy 

4 time-allocation or time-use or "time use" 

5 (1 or 2) and 3 and 4 
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Studies were also excluded if the outcome of interest was not individual time use (in minutes 

or hours); the reference was not either TUDs or OBS (i.e., "gold standards" for time use); or 

the methods were administered exclusively to populations having cognitive disabilities (e.g., 

autism), or to children below 13 years of age.  

Extraction and Synthesis of Evidence 

In addition to the extraction and synthesis of evidence steps described above, information 

was also extracted regarding the reference and comparator method(s), and number of days of 

validation for the validation articles. Results were tabulated and summarized by outcome of 

interest, research setting, and comparator method (24HR or AWC-IAR). 

Results  

For the validation studies, the initial search yielded 5,819 studies, which were reduced to 3 

time use studies. (Figure 2.6) Two of the included studies were identified in Web of Science, 

one of which was also identified in CINAHL Plus, Embase, Global Health, Medline, and 

PubMed. One article (AWC-related) included in the review came from the author's (ALSB) 

personal files; it was neither found by any of the search engines nor included in the reference 

lists of other articles. It is unclear why this study, which did include "wearable camera" as a 

keyword, was not picked up by any of the search engines. No time use criterion validity 

studies were conducted in a LIC, although one was conducted in a LMIC (Ghana). 



 

 43 

Figure 2.6. Flow diagram of study selection for the time-use validation literature search 

 

Description of Studies 

Three criterion validity studies for assessing time use were found. (48,49,69) (Table 2.3) Two 

studies, from the CAPTURE24 project conducted in the UK, validated the AWC-IAR for 

assessing time use compared to the TUD method. (48,49) Notably, these studies considered 

the AWC-IAR method to be the reference method. They were retained because the results are 

pertinent regardless of whether AWC-IAR or TUD are considered the reference. The period 

of validation was the waking hours of one day. The third time use validation study was 

conducted in a LMIC (Ghana) using TUD as the reference method. (69) The period of 

validation for this study was a partial work shift, i.e., less than one day. No criterion validity 

studies for assessing time use using the 24HR method were found.  
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The two CAPTURE24 studies were administered to adult men and women, whereas 16-50 

year old male workers at an e-waste site participated in the Ghanaian study. (69) The 

CAPTURE24 studies analysed participants' time allocated to activities of the Harmonised 

European Time Use Surveys (HETUS) framework in 10-minute timeslots using an 

Autographer camera that captured images at 20-30 s intervals. (108) Laskaris et al. (2019) 

analysed participants' time allocated to work-related tasks for a portion of the workday in 30-

minute timeslots using a GoPro camera that captured an image once per minute. (69) (See 

Table 2.3 for the list of activities tracked by each study.) The two CAPTURE24 studies built 

on the Kelly et al. (2015) pilot study, which was included in the feasibility review. (47) 

Harms et al. (2019) (n=131) compared time allocations at the HETUS "single-digit" level, 

comprising ten activity groups (sleep, personal care; eating and drinking; paid work and 

related; unpaid work, childcare; voluntary/civic activity; social activity, relaxation; physical 

activity; games, hobbies; media: tv, radio, read, it; travel: all types). (49) Time allocation 

differences between AWC-IAR and TUD were less than 10% for all but two activity groups. 

Physical activity (mean time: 25 m vs 21 m for TUD and AWC-IAR, respectively) and eating 

(mean time: 72 m vs 54 m for TUD and AWC-IAR, respectively) were underestimated by the 

AWC-IAR method compared to the TUD method. There were statistically significant 

differences, using pairwise t-tests, between AWC-IAR- and TUD-derived time allocations for 

sleep, personal care (p=.004); eating and drinking (p <.001); paid work and related (p=.025); 

and travel (p=.002). 

Drawing on the same dataset, Gershuny et al. (2020) (n=131) determined validity by 

comparing time allocations at a more granular (HETUS "two-digit") level than Harms et al. 

(2019), comprising 33 activity groups (sleep; eating; other personal care; main job;  other 

paid work–related; school or university; food management; household upkeep; make, care for 

textiles; gardening and pet-care; construction and repairs; shopping and services; household 

management; childcare; organizational work; help to other households; participatory 

activities; social and entertainment; entertainment and culture; resting and time out; physical 

exercise; arts and hobbies; computing; games; reading; television; radio and recordings; work 

travel; education travel; unpaid work travel; civic travel; leisure travel; exercise travel). (48) 

The study found significant AWC-IAR versus TUD differences, using pairwise t-tests, 

differences for eating (53.7 vs 71.7 for AWC-IAR and TUD, respectively; p <.001), other 

personal care (57.6 vs 51.8 for AWC-IAR and TUD, respectively; p <.05), food management 

(52.7 vs 47.9 for AWC-IAR and TUD, respectively; p <.05), reading (29.9 vs 24.2 for AWC-
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IAR and TUD, respectively; p <.05), and education travel (9.4 vs 11.8 for AWC-IAR and 

TUD, respectively; p <.05). 

Laskaris et al. (2019) (n=51) determined validity by assessing AWC-IAR versus TUD 

agreement for work-related activities (burning; dismantling; sorting and loading; buying, 

selling, weighing; transporting materials; repair; other), non-work-related activities (sitting; 

smoking while sitting; eating or drinking while sitting; other), and transportation-related 

activities (walking; bicycling; motorbike or car). (69) Overall, agreement between the 

methods was found to be "none to slight" (kappa=0.17). No activity-specific kappa statistics 

were reported. Mean time allocation comparisons between AWC-IAR and TUD were also 

presented, however no statistical tests of significance were performed. 

Discussion 

For assessing time-use, there were three concurrent criterion validity studies of the AWC-

IAR method, and none of the 24HR method. Two of the three AWC-IAR studies were 

separate analyses of the same UK-based data set, which considered the AWC-IAR method to 

be the reference rather than the comparator (TUD). Using AWC-IAR as a reference method 

is problematic given that, as revealed by this review, there is no evidence that it is a valid 

method for assessing time use. A strength of these two studies, however, is having used an 

international standard lexicon (the HETUS) of activity groups. For both studies, validity was 

assessed via comparisons of time allocations between the AWC-IAR and 24HR methods. 

Harms et al. (2019) analysed the results at a relatively high level (10 activity groups) and 

Gershuny et al. (2020) analysed the results at a relatively granular level (33 activity groups). 

(48,49) Both studies purported to analyse results at aggregate and individual levels, but key 

information was lacking, such as the statistical tests used and pertinent results. Nevertheless, 

consistencies across the studies (e.g., time allocated to eating being significantly higher when 

assessed by TUD than AWC-IAR) lend credibility to their respective findings. Both studies 

also reported the correlation between the time allocations derived via AWC-IAR and TUD, 

which is an inappropriate statistic for assessing validity between two methods. (109) Having 

used AWC-IAR as the reference method, no conclusions are made by the authors to its 

validity. 

The AWC-IAR validation study conducted in Ghana had a small sample size (n=51), 

assessed time allocations to highly granular activities relevant to only a narrow field of 

interest (e-waste workers), and was also methodologically quite weak. Although mean time 

allocations via the AWC-IAR and TUD methods were presented, no statistical tests of 
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significance were reported. Validity was assessed via an overall measure of agreement 

(kappa) and found to be quite poor. Nonetheless, the authors concluded that, based on this 

study, the AWC-IAR method would improve assessments of occupational exposures, which 

was not supported by the evidence presented. 

CONCLUSION 

Overall, this review indicates that there is insufficient evidence to determine the feasibility of 

AWC-based methods in rural, LIC contexts, or the validity of AWC-based or 24HR methods 

for assessing, specifically, dietary diversity or time use among mothers of infants and young 

children. The remaining gaps are substantial.  

Regarding AWC feasibility, key participant-related challenges identified by studies 

conducted in UMICs and HICs in this review (e.g., physical and emotional burden, and 

difficulty operating the device) are likely to be even more prevalent in rural LIC contexts, 

where exposure to electronic wearable devices is limited. Moreover, rural LIC contexts likely 

pose additional challenges not addressed in these studies, such as widespread illiteracy, 

rugged living and working conditions, and uncertain cultural norms and weak policy 

environment regarding photography for research purposes in public spaces.  

The number and extent of the validation analyses conducted thus far have also been limited. 

There are no studies validating the AWC-IAR method for assessing dietary diversity in any 

context, and no concurrent criterion validity studies of the AWC-IAR or 24HR methods for 

dietary diversity among infants and young children. There are no studies validating the 24HR 

method for assessing time use in any context, and no time-use studies at all that have targeted 

women, mothers of children under two years of age, or people living in rural contexts. There 

are also no AWC-IAR concurrent criterion validity studies conducted in any LIC. 

Although most of the validation studies conducted statistical tests of comparison, no studies 

assessed other important aspects of validity, such as random error or the patterns in the error 

across the spectrum from lower to higher DDSs / time allocations as obtained via the Bland-

Altman limits of agreement method. (109) Regarding time use, although Gershuny et al. 

(2020) describes the importance of accounting for simultaneous activities in calculating mean 

time allocations, none of the studies reported inter-method comparisons of the number of 

simultaneous activities performed by participants. (48) 

Accurate and timely maternal and child dietary diversity and women's time-use data are 

needed to understand relationships between women’s time use and child/maternal dietary 
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quality, and to identify populations at risk of undernutrition due to the consumption of poor-

quality diets. AWCs have been used in HICs to prospectively collect dietary intake and time-

use data and to ameliorate some of the data quality issues inherent to traditional recall 

methods. This review indicates, however, that more and more high-quality research is needed 

to determine if the AWC-IAR and 24HR methods are feasible, acceptable, and valid for 

assessing maternal and/or child dietary diversity and women's time use in rural LICs. 
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Table 2.1. Characteristics of included AWC feasibility studies 

Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Arab et al. 

(2011), USA 

[HIC] 

bespoke / 

10s 

dietary intake / 

feasibility 

healthy non-Hispanic 

Caucasian & African 

American adult men & 

women (i) (N=10) (ii) 

(N=14) / convenience 

(i) 2-3 days 

(ii) 6-10 

days 

Participant: AWC was cumbersome to wear; 

Most reported no technical difficulties; 

Wearing the AWC was burdensome; IAR 

aided recall; IAR was not burdensome. 

Community: Not reported. 

Researcher: AWC inoperability; Reactivity; 

Image quality issue; Image processing not 

onerous. 

a promising complementary 

technology for dietary recall, 

although challenges regarding 

the management of thousands 

of images and participant self-

consciousness remain 

Arab & 

Winter 

(2010), USA 

[HIC] 

bespoke / 

10s 

dietary intake: 

frequency of imaging 

needed to capture all 

foods eaten 

technologically savvy 

university employees 

(N=10) / convenience 

1 day Participant: No instances of non-

compliance. 

Community: Not reported. 

Researcher: AWC inoperability; Reactivity; 

Image quality issue. 

consumption of beverages and 

snacks are likely to be missed, 

even with AWCs having an 

image capture interval of 10s  

Barr et al. 

(2014), New 

Zealand 

[HIC] 

SenseCam / 

10s 

food environment: 

feasibility 

children aged 12 years 

(N=6) / convenience 

2 days Participant: Wearing the AWC was not 

burdensome; Non-compliance reported. 

Community: Acceptability issue. 

Researcher: AWC inoperability; Reactivity; 

Image quality issue; Image processing 

onerous; Image coding onerous. 

a feasible method for 

capturing children's exposure 

to food and beverage 

marketing 

Beltran et al. 

(2018), USA 

[HIC] 

eButton / 4s dietary intake: 

feasibility and 

intercoder reliability 

children aged 9-13 years 

(N=30) / convenience 

2 days Participant: AWC interfered with daily 

activities (excessive movement) and was 

physically uncomfortable to wear; withdrawal 

attributed to AWC. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue; Image coding onerous. 

feasibility challenges remain, 

which require additional 

training and/or technology 

improvement 

Chambers et 

al. (2017), 

New Zealand 

[HIC] 

Autographer 

/ 7s 

activity space: 

children’s leisure time 

activity space 

children aged 11-13 

(N=168) / stratified 

4 days Participant: Not reported. 

Community: Not reported. 

Researcher: Data loss, reasons unknown; 

Image quality issue. 

AWC-captured images, 

combined with GPS data, 

provides useful insight into 

children's activity spaces 
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Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Cowburn et 

al. (2015), 

UK [HIC] 

SenseCam / 

10-15s 

dietary intake & food 

environment: 

feasibility and 

acceptability 

male and female students 

aged 13–15 years (N=22) 

/ purposive 

4 days Participant: Most reported no technical 

difficulties; Wearing the AWC was not 

burdensome; refusal attributed to AWC; IAR 

aided recall. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue; Image coding onerous. 

AWC-captured images used 

in an IAR prompt detailed 

conversations and important 

insights into dietary 

behaviours, however 

feasibility challenges remain 

Davies et al. 

(2020), 

Australia 

[HIC] 

Autographer 

/ 30s 

physical activity: 

feasibility 

adults aged 18–30-years 

(N=78) / purposive 

3 days Participant: Not reported. 

Community: Not reported. 

Researcher: Data loss, reasons unknown; 

Image quality issue; Image coding onerous. 

AWC-captured images, 

combined with 

accelerometers, provides 

useful insight into physical 

activity behaviours, however 

AWCs are infeasible for 

large-scale studies 

Doherty et 

al. (2013), 

New Zealand 

& USA 

[HIC] 

SenseCam / 

20s 

physical activity: 

feasibility 

university workers 

(N=52) / convenience 

3 days Participant: Difficulty operating the AWC. 

Community: Not reported. 

Researcher: Image quality issue. 

the best available method for 

objectively categorising 

activity space 

Everson et 

al.  (2019), 

UK [HIC] 

Autographer 

/ 15s  

physical activity: 

validity and 

acceptability 

students aged 9–11-years 

(N=14) / purposive 

2 days Participant: AWC interfered with daily 

activities (excessive movement); Wearing the 

AWC was burdensome for some; refusal 

attributed to AWC; Non-compliance reported; 

Images deleted by participant. 

Community: Acceptability issue. 

Researcher: Reactivity; Image quality issue. 

AWC-captured images, 

combined with 

accelerometers, provides 

useful insight into physical 

activity behaviours, however 

technical and ethical 

challenges remain 

Gage et al. 

(2019), New 

Zealand 

[HIC] 

Autographer 

/ 7s 

other (sun-protective 

behaviours):  

feasibility 

children aged 11–13 

years (N=15) / stratified 

4 days Participant: Not reported. 

Community: Not reported. 

Researcher: Image quality issue. 

a feasible method for 

assessing sun-safety 

behaviour 
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Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Gemming et 

al. (2013), 

UK [HIC] 

SenseCam / 

20-30s 

dietary intake: validity adults aged 18-65 years 

(N=13) / convenience 

 2 days Participant: Wearing the AWC was 

burdensome for some; IAR aided recall. 

Community: Not reported. 

Researcher: AWC inoperability; Reactivity; 

Image quality issue. 

AWC-captured images used 

in an IAR improves dietary 

recall 

Gemming et 

al. (2015), 

New Zealand 

[HIC] 

SenseCam / 

20s 

dietary intake: validity adults aged 18–64 years 

(N=40) / convenience 

 

4 days Participant:  Non-compliance reported; 

Decreased concern for content of AWC-

captured images over time. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue; Image coding onerous. 

AWC-captured images used 

in an IAR improves dietary 

recall, although image capture 

intervals <20s may further 

improve accuracy 

Gemming et 

al. (2015), 

New Zealand 

[HIC] 

SenseCam / 

20s 

food environment: 

feasibility 

healthy adults (N=40) / 

convenience 

4 days Participant:  Non-compliance reported. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue. 

a feasible method for 

objectively capturing 

contextual information for 

dietary behaviours, as a 

complement to traditional 

recall methods 

Gershuny et 

al. (2020), 

UK [HIC] 

Autographer 

/ 20-30s  

time use: validity adults, 18 years and older 

(N=148) / convenience 

 

1 day Participant:  Non-compliance reported. 

Community: Acceptability issue. 

Researcher: Image quality issue. 

No AWC-related conclusions 

reported. 

Gurrin et al. 

(2013), 

Ireland 

[HIC] 

bespoke / 6s  physical activity: 

feasibility 

adults (N=47) / purposive 

 

1 day Participant:  Non-compliance reported. 

Community: Not reported. 

Researcher: AWC inoperability. 

Smartphones are a feasible 

alternative to stand-alone 

AWC devices for capturing 

health behaviour data 

Harvey et al. 

(2016), UK 

[HIC] 

SenseCam / 

11s 

physical activity: 

acceptability and 

feasibility 

older adults (mean age: 

68 years) (N=6) / 

convenience 

7 days Participant: AWC was not cumbersome to 

wear; Difficulty operating the AWC; Wearing 

the AWC was not burdensome. 

Community: No acceptability issue. 

Researcher: AWC inoperability; No 

reactivity; Image quality issue; Image coding 

onerous. 

acceptability was high; 

however, feasibility was 

hampered by operational 

issues 
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Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Imtiaz et al. 

(2020), USA 

[HIC] 

bespoke / 1s other (smoking): 

feasibility 

smokers aged 19–70 

years (N=10) / 

convenience 

1 day Participant: AWC was not cumbersome to 

wear; Wearing the AWC was not 

burdensome.  

Community: Not reported. 

Researcher: No reactivity; Image quality 

issue. 

a feasible method for 

objectively capturing 

contextual information for 

smoking behaviours 

Kamar et al. 

(2019), UK 

[HIC] 

SenseCam / 

20-30s 

dietary intake & food 

environment:  

feasibility 

children aged 11-16 years 

(N=8) / convenience 

3 days Participant: Poor AWC lanyard fit; Wearing 

the AWC was not burdensome; withdrawal 

attributed to AWC; IAR aided recall. 

Community: Acceptability issue. 

Researcher: AWC inoperability; Image 

quality issue. 

a feasible method for 

assessing dietary behaviour 

among children 

Kelly et al. 

(2011), UK 

[HIC] 

SenseCam / 

10s 

physical activity & 

activity space: validity 

well-educated adults aged 

24-60 years (N=20) / 

convenience 

 

<1 day Participant: Forgot to wear the AWC. 

Community: No acceptability issue. 

Researcher: Image quality issue. 

a feasible and acceptable 

method for assessing mode 

and duration of travel, which 

provides insight into the 

source of reporting errors in 

traditional methods 

Kelly et al. 

(2014), UK, 

USA, New 

Zealand 

[HIC] 

SenseCam / 

UNSP 

activity space: validity 

and reliability 

adults aged 19-60 years 

(N=84) / purposive 

 

3-4 days Participant: Forgot to wear and/or charge the 

AWC; refusal attributed to AWC. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue. 

provides insight into the 

magnitude of reporting errors 

in traditional methods 

Kelly et al. 

(2012), UK 

[HIC] 

SenseCam / 

UNSP 

activity space: validity adolescents aged 13–15 

years (N=17) / 

convenience 

UNSP Participant: Forgot to wear the AWC; 

Difficulty operating the AWC; Wearing the 

AWC was burdensome for some.  

Community: Not reported. 

Researcher: Image quality issue. 

a feasible method for 

assessing mode and duration 

of travel among children  
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Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Kelly et al. 

(2015), UK 

[HIC] 

Autographer 

/ UNSP 

time use: feasibility adults aged 21-58 years 

(N==14) / convenience 

 

1 day Participant: AWC was cumbersome to wear 

(excessive movement); Wearing the AWC 

was not burdensome; Non-compliance 

reported; IAR aided recall; IAR was not 

burdensome. 

Community: Acceptability issue. 

Researcher: No reactivity; Image processing 

not onerous; Image coding onerous; High 

cost. 

a feasible complementary 

technology, used in 

conjunction with a traditional 

recall method, for assessing 

time use 

Kerr et al. 

(2013), USA 

[HIC] 

SenseCam / 

10-15s  

physical activity: 

feasibility 

cyclists aged 18–70 years 

(N=40) / convenience 

 

3-5 days Participant: No issues with the AWC; 

Wearing the AWC was not burdensome; No 

instances of non-compliance; Images deleted 

by participant. 

Community: Not reported. 

Researcher: Image quality issue; Image 

coding onerous. 

a feasible complementary 

technology for assessing 

sedentary behaviour  

Laskaris et 

al. (2019), 

Ghana 

[LMIC] 

GoPro / 60s time use: validity male e-waste workers 

(N=142) / UNSP 

<1 day Participant: IAR reduced burden. 

Community: Not reported. 

Researcher: Data loss, reasons unknown; 

Image quality issue. 

a feasible complementary 

technology for assessing 

occupational exposures  

McKerchar 

et al. (2020), 

New Zealand 

[HIC] 

UNSP / 7s food environment: 

description of 

children’s interactions 

with food in 

convenience stores 

children aged 11–14 

years (N=37) / simple 

random 

4 days Participant: Not reported. 

Community: Not reported. 

Researcher: Image quality issue. 

No AWC-related conclusions 

reported. 

Mckerchar et 

al. (2019), 

New Zealand 

[HIC] 

UNSP / 7s food environment: 

feasibility 

children aged 11–13 

years (N=37) / simple 

random 

4 days Participant: Not reported. 

Community: Not reported. 

Researcher: Image quality issue. 

a promising method for 

assessing the food 

environment 
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Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Nebeker et 

al. (2016), 

USA [HIC] 

SenseCam / 

20s 

other (AWC ethics): 

acceptability 

adult men and women, 

aged 18–85 years (N=82) 

/ convenience 

 

7 days Participant: AWC interfered with daily 

activities; Wearing the AWC was 

burdensome for some; Images deleted by 

participant. 

Community: Acceptability issue. 

Researcher: Not reported. 

concerns regarding physical 

discomfort and privacy 

among participants and their 

community warrant review of 

the AWC ethical framework 

O’Loughlin 

et al. (2013), 

Ireland 

[HIC] 

SenseCam / 

UNSP 

dietary intake: validity athletes aged 16-24 years 

(N=47) / convenience 

1 day Participant: Difficulty operating the AWC; 

IAR aided recall. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue. 

a promising complementary 

technology for assessing 

quantitative dietary intake  

Oliver et al. 

(2013), New 

Zealand 

[HIC] 

SenseCam / 

10s 

activity space: 

feasibility 

adult university 

employees (N=15) / 

convenience 

 

3 days Participant: Not reported. 

Community: Not reported. 

Researcher: Image quality issue; Image 

processing not onerous; Image coding 

onerous. 

a feasible method for 

assessing the built 

environment 

Pearson et al. 

(2017), New 

Zealand 

[HIC] 

Autographer 

/ 7s 

other (blue space 

exposure): description 

children aged 11–13 

years (N=166) / simple 

random 

4 days Participant: Forgot to charge the AWC; 

Non-compliance reported. 

Community: Not reported. 

Researcher: Image quality issue. 

a reliable method for 

assessing blue space exposure 

Raber et al. 

(2018), USA 

[HIC] 

eButton / 4s food preparation 

practices: feasibility 

pre- and early adolescents 

aged 9-13 (N=13) / 

convenience 

1 day Participant: Not reported. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue; Image coding onerous. 

a feasible method for 

assessing food preparation 

behaviours among children 

Raber et al. 

(2020), USA 

[HIC] 

eButton / 

UNSP 

food preparation 

practices: feasibility 

parents of a child aged 5-

17 years (N=40) / 

convenience 

<1 day Participant: Not reported. 

Community: Not reported. 

Researcher: Image quality issue. 

a feasible complementary or 

reference method for 

assessing food preparation 

behaviours 
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Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Schrempft et 

al. (2017), 

UK [HIC] 

SenseCam / 

UNSP 

food environment: 

feasibility 

parents of children aged 

2-8 years (N=15) / 

convenience 

 

4 days Participant: AWC interfered with daily 

activities; Forgot to wear and/or charge the 

AWC; Wearing the AWC was not 

burdensome; refusal attributed to AWC; Non-

compliance reported. 

Community: Not reported. 

Researcher: Image quality issue; Image 

coding onerous. 

a promising method for 

objectively assessing the food 

environment 

Signal et al. 

(2017), New 

Zealand 

[HIC] 

Autographer 

/ 7s 

food environment: 

description 

children aged 11–13 

years (N=168) / simple 

random 

4 days Participant: Wearing the AWC was not 

burdensome; Images deleted by participant. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue. 

a promising method for 

objectively assessing 

children's exposure to food 

and beverage marketing 

Smith et al. 

(2019), New 

Zealand 

[HIC] 

Brinno TLC 

/ 15s 

other (screen use): 

feasibility and 

acceptability 

adolescents aged 13−17 

years (N=15) / 

convenience 

7 days Participant: AWC interfered with daily 

activities (excessive movement); Forgot to 

power the AWC on / off; Non-compliance 

reported; Images deleted by participant. 

Community: Acceptability issue. 

Researcher: AWC inoperability; Image 

quality issue. 

a feasible and acceptable 

method of assessing screen-

time behaviours among 

adolescents 

Smith et al. 

(2019), New 

Zealand 

[HIC] 

Autographer 

/ 7s 

dietary intake & food 

environment: 

description 

children aged 11-14 years 

(N=158) / simple random 

4 days Participant: Non-compliance reported.  

Community: Not reported. 

Researcher: Image quality issue. 

No AWC-related conclusions 

reported. 

Veatupu et 

al. (2019), 

Tonga 

[UMIC] 

Autographer 

/ 7s 

dietary intake & food 

environment: 

description 

children aged 10–12 

years (N=36) / simple 

random 

3 days Participant: No refusals to participate; Non-

compliance reported. 

Community: Not reported. 

Researcher: AWC inoperability; Image 

quality issue. 

No AWC-related conclusions 

reported. 

Watkins et 

al. (2019), 

New Zealand 

[HIC] 

Autographer 

/ 7s 

other (marketing 

exposure): feasibility 

students aged 11–12 

years (N=12) / purposive 

4 days Participant: Not reported. 

Community: Not reported. 

Researcher: Image quality issue; Image 

coding onerous. 

a feasible method for 

objectively assessing 

children's exposure to 

marketing 
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Author 

(year), 

country 

[LOD] 

Device / 

Image 

capture 

interval 

Topic / outcome Population (sample size) 

/ sampling method 

Study 

duration 

Key feasibility findings Conclusion 

Wilson et al. 

(2016), UK 

[HIC] 

SenseCam / 

30s 

other (AWC 

acceptability): 

acceptability and 

feasibility 

older adults with chronic 

pain (N=18) / purposive 

7 days Participant: AWC interfered with daily 

activities (excessive movement); Difficulty 

operating the AWC; Wearing the AWC was 

burdensome for some; refusal attributed to 

AWC; withdrawal attributed to AWC; Non-

compliance reported; Images deleted by 

participant. 

Community: No acceptability issue. 

Researcher: No reactivity. 

anticipated acceptability 

issues (at study launch) were 

a bigger challenge than 

experience acceptability 

issues, which contributed to 

non-compliance; operating 

the device was a feasibility 

challenge for this population 

of older adults 

Zhou et al. 

(2019), 

China 

[UMIC] 

Narrative 

Clip / UNSP 

dietary intake: validity 

and feasibility 

children aged 9–11 years 

(N=62) / purposive 

7 days Participant: AWC was not cumbersome to 

wear; No instances of non-compliance; IAR 

aided recall. 

Community: Not reported. 

Researcher: Not reported. 

a feasible complementary 

technology for assessing 

dietary behaviour among 

children, especially effective 

for improving reporting of 

snack consumption 

AWC, automated wearable camera; IAR, image-assisted recall; LOD level of development; HIC high-income country; UMIC upper-middle-income country; UNSP unspecified; 
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Table 2.2 Characteristics of included dietary diversity criterion validity studies 

Author (year), 

country [LOD] 

Comparator 

Method(s) / 

Reference 

Method 

(Validation 

Period) 

Outcome(s) 

of Interest 

Population, 

sample size / 

sampling 

method 

Analyses (statistical tests): findings Conclusion 

Hanley-Cook et al. 

(2020), Ethiopia 

[LIC] and 

Cambodia, 

Zambia [LMIC] 

Retrospective: 

list-based and 

open 24HRs / 

Prospective: 

WFR (1 day) 

MDD-W; 

DDS; 

women of 

reproductive 

age, Cambodia 

(n = 430) / 

convenience, 

Ethiopia (n = 

431) / 

representative, 

Zambia (n = 

476) / 

convenience; 

Comparisons 

MDD-W (McNemar’s chi-square tests): Proportion achieving MDD-W was 30% 

(95% CI: 28–33) via WFR; 46% (95% CI: 43–48) via list-based 24HR; and 40% 

(95% CI: 37–42) via open 24HR (both p < 0.001). 

DDS (Wilcoxon matched-pairs signed-rank test): Median DDS was 4 (3,5) via 

WFR, list-based 24HR, and open 24HR, however the results for the 24HR methods 

were statistically higher than those of WFR (both p < 0.001). 

Reliability 

MDD-W (Cohen's kappa): Moderate agreement for the 24HR methods vs WFR (k 

= 0.51–0.57). 

DDS (Weighted Cohen's kappa): Moderate agreement for the 24HR methods vs 

WFR (k = 0.47–0.52). 

Predictive power 

MDD-W (receiver operator characteristic (ROC) analysis): Pooled AUCs for the 

list-based and open recall methods were significantly different from those of WFR 

(both p < 0.001). 

Both list-based and 

open 24HR methods 

overestimate 

the prevalence of 

MDD-W and DDS 

in women of 

reproductive age in 

low- and middle-

income countries 

24HR 24-hour recall; DDS dietary diversity score; LIC low-income country; LMIC lower-middle-income country; LOD level of development; MDD-W minimum dietary diversity 

for women; WFR weighed food record. 



 

 57 

Table 2.3. Characteristics of included time use criterion validity studies 

Author (year), 

country 

[LOD] 

Comparator 

Method(s) / 

Reference 

Method 

(Validation 

Period) 

Outcome(s) of Interest [activity groups] Population, 

sample size / 

sampling 

method 

Analyses (statistical tests): findings Conclusion 

Harms et al. 

(2019), UK 

[HIC] 

Prospective: 

TUD / 

Retrospective: 

AWC-IAR* (1 

day) 

time allocated to activities; [HETUS single-digit activity 

groups: sleep, personal care; eating and drinking; paid 

work and related; unpaid work, childcare; voluntary/civic 

activity; social activity, relaxation; physical activity; 

games, hobbies; media: tv, radio, read, it; travel: all types;] 

adults, 18 years 

and older 

(N=131) / 

convenience; 

snowball; 

Comparisons 

TA: (no statistical tests of significance) 

With two exceptions (physical activity and 

eating), AWC-IAR vs TUD mean time 

allocations differed by <10%. 

No AWC-

related 

conclusions 

reported. 

Laskaris et al. 

(2019), Ghana 

[LMIC] 

 

Prospective: 

TUD / 

Retrospective: 

AWC-IAR* (1 

day) 

time allocated to activities; [work-related activities 

(burning; dismantling; sorting and loading; buy, sell, 

weigh; transporting materials; repair; other;); non-work-

related activities (sitting; smoking while sitting; eating or 

drinking while sitting; other;); transportation-related 

activities (walking; bicycling; motorbike or car;)] 

male e-waste 

workers aged 

16-50 years 

(N=51) / UNSP 

Comparisons 

TA: There appear to be substantial 

differences between TUD and AWC-IAR 

means for some activities, however no 

statistical tests of significance were 

reported. 

Agreement 

TA: (unweighted kappa) The agreement 

was low (0.17). 

AWCs can 

improve 

occupational 

exposure 

assessments. 

Gershuny et al. 

(2020), UK 

[HIC] 

 

Prospective: 

TUD / 

Retrospective: 

AWC-IAR* (1 

day) 

time allocated to activities; [HETUS two-digit activity 

groups: sleep; eating; other personal care; main job;  other 

paid work–related; school or university; food management; 

household upkeep; make, care for textiles; gardening and 

pet-care; construction and repairs; shopping and services; 

household management; childcare; organizational work; 

help to other households; participatory activities; social and 

entertainment; entertainment and culture; resting and time 

out; physical exercise; arts and hobbies; computing; games; 

reading; television; radio and recordings; work travel; 

education travel; unpaid work travel; civic travel; leisure 

travel; exercise travel;] 

adults, 18 years 

and older 

(N=131) / 

convenience; 

snowball; 

Comparisons 

TA: (pairwise t-tests) Out of the 33 

activities, there were significant 

differences via AWC-IAR vs TUD in 

eating (53.7 vs 71.7, p-value UNSP), 

reading (29.9 vs 24.2, p-value UNSP), and 

watching television (64.1 vs 74.6, p-value 

UNSP). 

No AWC-

related 

conclusions 

reported. 

AWC-IAR automated wearable camera-based image-assisted recall; HETUS, Harmonised European Time Use Surveys; HIC, high-income country; LMIC, lower-middle-income 

country; LOD, level of development; TUD, time-use diary; UNSP, unspecified. 

* These studies consider AWC-IAR to be a reference method, despite that its validity has not yet been demonstrated. 
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Chapter 3: Methods 

STUDY DESIGN 

This study was nested within a cross-sectional study of women with a child aged 

between 12 and 23 months inclusive (n=211), to examine the impact of a labour-

saving technology on the time women spent doing childcare, food preparation, 

feeding or serving others, and eating.6 The study was conducted between January 

and February 2018 in Bugiri and Kamuli Districts, Eastern Region, Uganda. 

As discussed in the Introduction (Chapter 1), in addition to evaluating the feasibility 

of the AWC-IAR method, this study assessed the concurrent criterion validity of 

both the AWC-IAR and 24HR methods, compared to observation for maternal and 

child dietary diversity, and women's time use.7 "Criterion validity" refers to how 

 

6 The umbrella study, "Using Information Communication Technologies (ICTs) to understand the 

relationships between labour-saving agricultural innovations, women’s time use and maternal and 

child nutrition outcomes", aimed to "enhance understanding of the impact of nutrition-sensitive 

agriculture interventions on women and young children in order to ensure they have a positive rather 

than a negative effect on maternal and child well-being". The specific objectives were to: (1) assess 

the feasibility of using an inter-active voice diary (later determined to be an interactive voice response 

[IVR] system accessed by participants via mobile phones) and a Global Positioning System [GPS] -

linked wearable camera (later determined, due to cost constraints, to be two separate devices - an 

AWC and a GPS tracker) to assess women’s workload, activity patterns and maternal and infant 

dietary intakes; (2) determine the relative validity of each of these two methods via 12-hour OBS; (3) 

compare the results generated using these two methods with those generated using traditional recall 

techniques; and (4) develop a framework of analysis for assessing the positive and negative impacts 

of alternative nutrition-sensitive interventions. Regarding objective (4), the study was designed to be 

conducted in 12 communities, half of which had access to a labour-saving device. The selected device 

was a maize sheller, which was being promoted by the Sasakawa Africa Association in these 

communities. However due to delays, data collection did not begin until after the post-harvest season, 

when the maize shellers would have been used. Only one out of 211 participants used a maize sheller 

during the period of data collection. Therefore, time-use comparisons could not be made between 

communities with and without a maize-sheller as originally intended.  

7 As part of the umbrella study, the concurrent criterion validity of the mobile phone based IVR was 

also evaluated for assessing maternal and child dietary diversity and women's time use. In addition to 

the AWC, participants also carried a mobile phone, receiving three IVR calls throughout the day, at 

10:00 am, 3:00 pm, and 8:30 pm. 
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well the scores of the measurement instrument(s) agree with the scores on the gold 

standard. (110,111) That is, I compared results obtained (for dietary diversity and 

time use) from OBS to (a) results obtained (for dietary diversity and time use) via 

AWC-IAR and (b) results obtained (for dietary diversity and time use) via the 

traditional method, 24HR. "Concurrent" refers to scores generated by different tests 

at the same time. (111) In this study, the three methods were administered to the 

same population for the same reference day. (Figure 3.1) 

Figure 3.1. Illustration of the reference day used in this concurrent criterion 

validity study 

 

For dietary diversity, the indicators compared across methods were DDS and MDD, 

which were collected for mother and child. For women, DDS is measured on a scale 

of 0 to 10 food groups (0-10 food groups (grains, white roots and tubers, and 

plantains; pulses; nuts and seeds; dairy products; meat, poultry, and fish; eggs; dark 

green leafy vegetables; other vitamin A-rich fruits and vegetables; other vegetables; 

and other fruits). (112) The MDD threshold for women is five out of the ten food 

groups. For children, DDS is on a scale of 0 to 7 food groups (grains, roots, and 

tubers; legumes and nuts; dairy products; flesh foods; eggs; vitamin A-rich fruits and 

vegetables; and other fruits and vegetables). (113) The MDD threshold for children 

is four out of the seven food groups. These analyses were conducted prior to the 

launch of the updated guidelines for administering the DDS for both women and 

children in 2021. (9,101) 

For time-use, the indicators compared across methods were the number of minutes 

allocated to 42 activities, categorized into nine mutually exclusive International 

Classification of Activities for Time‐Use Statistics (ICATUS) activity groups 

(employment; production for own use; domestic services; caregiving, unpaid 

volunteer; trainee and other unpaid work; learning; socializing and leisure; and self-
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care) and the number of concurrent activities performed across all 15-minute 

timeslots. 

Data were collected over five consecutive days, following one of two possible 

patterns. (Table 3.1) Specifically, for both patterns, on day 1, eligibility was 

confirmed, a structured socio-demographic and health questionnaire ("mother's 

questionnaire") was administered, and anthropometric data were collected for all 

participants. For half of the study population, on day 2, maternal and child food 

consumption and maternal time allocation data were collected using OBS and 

recorded on the AWC attached to the respondent. 

On day 3, the enumerator annotated the foods she thought were consumed and the 

activities she thought were undertaken by the participant, using the IAR form, based 

on what she could see in the photos captured on day 2 by the AWC (i.e., the 

enumerator image interpretation). The enumerator demarcated the series of foods 

and activities for review later that day with the respondent. Upon meeting with the 

respondent, maternal and child dietary diversity and women's time use were 

estimated using a 24HR method, followed by an IAR using the AWC-captured 

images. The enumerator revised her original annotations of foods / beverages 

consumed and activities undertaken by the respondent, as needed, based on the 

respondent’s feedback. On day 4, time allocation data were again recorded via AWC 

only (i.e., no observation). On day 5, an IAR was administered to estimate maternal 

and child dietary diversity and maternal time use using photos captured on day 4 by 

the AWC.  

The other half of the study population began with the AWC only (i.e., days 2 and 4 

were switched) and ended with all three methods (i.e., days 3 and 5 were switched). 

For all participants, on the 5th day, a final structured questionnaire (the "technology 

questionnaire") was also administered to capture information on their experience 

using the different methods. Data collection was distributed across all days of the 

week at the population level to account for a day-of-the-week effect, and for each 

respondent, the enumerator assigned to conduct the OBS was different from the 

enumerator assigned to administer the 24HR and IAR. 
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Table 3.1. Household data collection patterns 

Pattern DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
1 ICF 

MQ 
ANTHRO 

OBS 

AWC+IM 
24HR 

EII & IAR 
AWC+IM EII & IAR 

TQ 

2 ICF 
MQ 

ANTHRO 

AWC+IM EII & IAR OBS 

AWC+IM 
24HR 

EII & IAR 

TQ 

ICF, informed consent form; MQ, maternal questionnaire; ANTHRO, anthropometry; OBS, 

direct observation; AWC, automated wearable camera; IM, innovative methods questionnaire; 

24HR, 24-hour recall; EII, enumerator image interpretation; IAR, image-assisted recall; TQ, 

technology questionnaire. 

PARTICIPANTS AND SAMPLING 

Twenty-two villages were purposefully selected from Bugiri and Kamuli districts of 

the Eastern Region, for this study, of which eleven had access to labour-saving 

technology and eleven did not. These villages participated in the Sasakawa Global 

2000 Uganda (SG2000 Uganda) country programme (the local implementing partner 

for the parent study). 

The sample size calculation (n=264; twenty-two communities, twelve households 

per community) was based on requirements of the time allocation study within 

which this current study was nested. A sample size of 132 participants per group 

enabled detection of a 30-min inter-group difference between women with access to 

a labour-saving device and households without access to a labour-saving device, 

assuming a standard deviation (SD) of 49 min, a design effect of 1·47, 80% power 

and P value of 0·05 and allowing for 10% attrition.  

Data for time saved via labour-saving devices and design effect is sparse. The SD 

used here originated from Ounpuu (1988). (114) Due to the lack of pertinent 

reference studies, a statistician (Stephen Young, NRI) simulated the design effect.8 

Regardless, the design effect was not critical for this validation study because 

comparisons were made between results derived from different methods within the 

same population rather than between different populations. The sample size for the 

 

8 The design effect for this study was assessed retrospectively and found to be lower (1.04 for child 

dietary diversity) than the 1.47 used. 



 

 62 

parent study was more than adequate for the Bland–Altman method of analysis. 

(109,111,115,116) 

The sampling frame, for each village, was a household listing of all mothers with 

children born between 1 January 2016 and 1 May 2017 inclusive (to recruit children 

aged 12–24 months at the time of data collection). Sasakawa community-based 

facilitators visited households in their communities to collect the names of the 

household head, mother and child, and child's age, for those who qualified. Twelve 

mother–child dyads in each village were randomly selected to participate in the 

study; substitutions were made, as needed, until twelve mother–child dyads who met 

the inclusion/exclusion criteria were recruited. 

Mother–child dyads were excluded if the child was <12 months or >23 months of 

age, was not yet eating solid foods on a regular basis, was a multiple-birth child, the 

mother was unable to communicate in Lusoga, Luganda or English; either the 

mother or child had a severe disability; the mother was not the biological mother of 

the child; the mother was a co-wife with another mother selected to participate in the 

study; or either the mother or child was not available for the duration of the study. 

RECRUITMENT AND SENSITIZATION 

The Sasakawa Africa Association was instrumental in accessing the study 

communities, garnering the trust of local leaders and community members, and 

completing the study in the allotted six-week timeframe. Following random selection 

of mother-child dyads, Sasakawa community-based facilitators notified mothers of 

their selection and invited them and their families to participate in a village-level 

sensitization meeting. Selected mothers were encouraged to bring their husband or 

other household or family members who were important for determining whether 

they could participate in the study. Mothers were also asked to bring their child’s 

immunization card or other official document so that the study team could confirm 

the child's age. 

Sensitization and recruitment were led by one of the study principal investigators 

(PIs) (Joweria Nambooze), with support from local leaders and accompanied by a 

Sasakawa community-based facilitator. During the sensitization meeting, selected 

mothers and members of the community were provided an overview of the study 

objectives and activities, key aspects of informed consent and incentives, and each of 
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the methods that would be administered. All equipment used in the study, including 

the devices such as the AWC, were demonstrated. The meeting concluded with a 

question and answer session and summary of key points. The sensitization meeting 

took approximately two-and-a-half hours. See Appendix 2 for the sensitization 

agenda.  

Participating mothers were given a bar of soap, one kilogram of sugar, a half-litre of 

cooking oil and a T-shirt on the final day of the study. On the final day, they were 

also given a photo of their family taken by a supervisor using a polaroid camera. 

PROTOCOLS AND INSTRUMENTS 

As noted in Chapter 1, this thesis was part of a broader research study to assess the 

validity of three ICT methods: an IVR system using rudimentary (button) mobile 

phones, GPS trackers and the AWC. The focus of the thesis is the AWC combined 

with an IAR (AWC-IAR). Some details about the other methods are included below 

in footnotes, however, for context. 

Structured questionnaires 

The enumerators administered two structured questionnaires to the mother.  

The first questionnaire collected information on: household socio-demographics, 

wealth (adapted from the Uganda 2012 PPI), expenditure and production (adapted 

from the Abbreviated WEAI); knowledge, attitudes and practices regarding infant 

and young child feeding and care; factors related to women’s empowerment (adapted 

from the Abbreviated WEAI) and the child’s health (adapted from the DHS). This 

paper-based questionnaire was administered on the first day of the data collection 

period, immediately following the informed consent. See Appendix 3 for the 

mother's questionnaire. 

The second questionnaire was administered at the end of each participant’s period of 

data collection (i.e., on day 5). Response options in this questionnaire included a 

four-point Likert for questions related to participants’ perceptions of their 

experiences with each of the four data collection methods (AWC-IAR, 24HR, OBS, 

IVR), and categorical scales for questions related to mobile phone access, ownership 

and use, and willingness to participate in a future study using the 24HR, AWC-IAR 

or IVR, in addition to open-ended comments on their experiences. This questionnaire 

was kept brief, in consideration that it came at the end of five days of intensive data 
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collection. Ideally, a less structured method, such as a focus group discussion, would 

have been used to elicit more in-depth feedback on the feasibility and acceptability 

of the AWCs, however we felt that the burden on participants and enumerators was 

too high. See Appendix 4 for the technology questionnaire. 

A third brief semi-structured questionnaire (the "innovative methods" questionnaire), 

administered at the end of each AWC data collection day, is described below. 

Anthropometric measurements 

On the first day of data collection, following administration of the questionnaire, 

duplicate, serial anthropometric measurements of weight and height/length were 

taken from participating mothers and children.  The weight of the mother and child 

were measured using a SECA digital floor scale with mother-baby tare (± 100 g), 

and the mother's height and child's length were measured using a microtoise wall-

mounted measuring tape (± 1 mm / 1/8") and UNICEF length board (± 0.2 cm), 

respectively. At the start of each anthropometric data collection day, the SECA scale 

was calibrated using an object of known weight, and the length board and microtoise 

were calibrated using a rod of known length. Microtoise adjustments (the distance 

from the end of the tape at its longest point to the floor) were recorded on the 

anthropometry form, as needed. An enumerator and supervisor experienced in 

anthropometry did the measurements. One positioned the participant and the other 

made and recorded the measurement. See Appendix 5 for the anthropometric 

measurements form for mothers and children. 

Weighed food records  

A one-day WFR was the criterion diet assessment method. Specifically, enumerators 

weighed and recorded all foods/beverages consumed by mothers and children, from 

approximately 06.00 to 21.00 hours using dietary scales (±1 g, Salter Disc Electronic 

Digital Scale Model 1036) and a standard WFR protocol. (117) Recipe data were 

also collected by weighing the recipe ingredients and final cooked food and 

recording the cooking methods (e.g., fried, boiled and stewed). If the child was left 

in the care of another person, the enumerator remained with the mother and 

information about foods or beverages consumed, while the child was away, were 

collected from the secondary caregiver via recall upon their return. The amounts of 

foods/beverages consumed by the mother or child before 06.00 or after 21.00 hours 
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were recalled and recorded. See Appendix 6 for the weighed food records 

instruments and related guides. 

Direct time-use observations  

For the criterion time allocation assessment method (i.e., OBS), enumerators 

recorded all activities undertaken by the respondent in 15-minute intervals 

('timeslots') from approximately 06:00 to 21:00, using a structured paper-based 

instrument comprising 44 activities. The time-use matrix used to record activities 

was based on a module developed for the WEAI, which was itself based on the 

Lesotho Time Budget Study. (103,118) See Appendix 7 for the OBS instruments. 

24h dietary recalls 

On the day after the WFR was collected, two semi-quantitative multiple-pass 24h 

dietary recalls were administered to the mother to collect information on all foods 

and beverages consumed the previous day – one for her child and then one for 

herself. (117) For each recall, in the first pass, the mother was asked to list 

everything she (or her child) consumed the previous day; in the second pass, 

additional details about each food were recorded, including the time of consumption 

and ingredients in mixed dishes. In the third pass, mothers were asked to confirm the 

food groups consumed and not consumed. Specifically, for themselves and their 

child, mothers were queried regarding thirteen food groups, using a list-based 

method adapted for Uganda, that could be condensed into the 10- and 7-level dietary 

diversity score indicators used for women and children 6-23 months of age, 

respectively9. (112,113) The enumerator first listed all of the food groups the mother 

reported as having been consumed the previous day and verified, "is that correct?" 

The enumerator then listed all the food groups the mother reported as having not 

been consumed the previous day and verified, "is that correct?" Any discrepancies 

were resolved and recorded in a separate column. The quantity of each food 

consumed was not recorded. See Appendix 8 for the 24h dietary recall instruments. 

 

9 The thirteen food groups comprised: (1) foods made from grains, (2) white roots and tubers and 

plantains, (3) vitamin A-rich vegetables, roots and tubers, (4) dark green leafy vegetables, (5) other 

vegetables, (6) vitamin A-rich fruits, (7) other fruits, (8) organ meat, meat and poultry, and fish and 

seafood, (9) eggs, (10) pulses (beans, peas, and lentils), (11) nuts and seeds, (12) milk and milk 

products, and (13) insects and other small protein foods. 
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24h women’s activity recalls 

Also, on the day after the observation day, a multiple pass 24h activity recall was 

administered to the mother to collect information on all activities she performed the 

previous day. The protocol followed the same approach used in the 24h dietary 

recall. In the first pass, the respondent was asked to list everything she did the 

previous day; in the second pass, additional details about each activity were probed 

to help the enumerator classify it into one of the 44 activity categories and any 

concurrent activities were recorded. The time and duration of each activity 

performed was recorded in 15-minute increments using a structured paper-based 

instrument, similar to that used for OBS. In the third pass, the enumerator confirmed 

with the respondent that each activity was recorded correctly. See Appendix 9 for the 

24h women's activity recall instruments. 

On average, the three 24HRs (i.e., the 24h dietary recall for the child, and the 24h 

dietary recall and 24h activity recall for the mother) took approximately 72 minutes 

to complete. 

AWC 

The AWC used in this study was the iON SnapCam Lite (dimensions 42 x 42 x 13 

mm)10, a small and lightweight wearable camera that automatically took a picture 

every thirty seconds, which was saved to a memory card. (Figure 3.2) Examples of 

the photos obtained by device are provided in Figure 3.3. 

 

10 To achieve the sample size required in the allotted timeframe, more than thirty AWCs were needed. 

It was critical that all participants used the same AWC model to minimize variability. The device was 

therefore selected based on both cost and availability. At the time of purchase, the iON SnapCam Lite 

was no longer manufactured but could still be purchased from resellers for less than $100. 
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Figure 3.2. The iON SnapCam Lite 
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Figure 3.3. Illustrative photos obtained from the iON SnapCam Lite AWC 
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The AWC was attached to a study-provided t-shirt worn by the participant at 

approximately 06:00 and removed at approximately 21:00. (Figure 3.4) For 

administrative purposes, at the start of each data collection day, the enumerator was 

responsible for taking a single picture of the participant, her child and a placard 

displaying her study ID, using the designated function of the AWC. The enumerator 

reminded each participant of key points covered during sensitization, i.e., that at any 

time during the study she could remove or cover the device or request all images to 

be deleted; that the device was splash-proof but should not immersed in water; and 

to do exactly the activities she would have normally done. The AWC automatically 

recorded a picture every 30-seconds, storing all photos (approximately 1,500) on a 

memory card.  

Figure 3.4. The AWC affixed via a bespoke clip to the neckline of participants' 

clothing 

 

At the end of the data collection day, the AWCs were collected from participants by 

their assigned enumerator, aggregated by each team supervisor, and returned to me 

for processing. Upon receipt of the devices, I saved a copy of the images recorded on 

each AWC memory card to a local drive. I then assigned a tablet (16GB Samsung 

with a 10” screen, using Simple Gallery software for image display) and two 

participants' memory cards (still containing the 1,500 images) to an enumerator 

having no prior engagement with the participant (e.g., OBS or 24HR). 
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Semi-Structured "innovative methods" questionnaire 

While retrieving the AWC from the study participant at the end of the data collection 

day, a brief "innovative methods" questionnaire was administered to assess the 

participant's experiences wearing the AWC, including any technical issues or 

reactions from members of their household or community. Each participant was also 

asked to reconfirm her consent to use the images captured by the AWC. See 

Appendix 10 for the "innovative methods" questionnaire.  

AWC-based enumerator image interpretation 

The next day, in the morning, each enumerator inserted the memory card for the first 

assigned participant into the tablet to review the photos captured by the AWC. In the 

left-most column of the IAR instrument (i.e., paper-based form), (See Appendix 11) 

the enumerator annotated the foods / beverages she thought were consumed and the 

activities she thought were undertaken by the participant, and their corresponding 

image numbers, based on what she saw in the photos i.e., the enumerator image 

interpretation. Based on her interpretation, the enumerator demarcated the series of 

foods and activities for review later that day with the respondent. After completing 

the annotation for the first assigned participant, the enumerator completed the same 

steps for the second assigned participant. Each enumerator image interpretation took 

approximately 1-2 hours to complete. 

AWC-based image-assisted recall 

Upon meeting with the respondent in the afternoon (i.e., the same day, after 

completing the enumerator image interpretation), the enumerator administered the 

24h dietary recall for the child, followed by the 24h dietary recall and 24h activity 

recall for the mother, i.e., three 24HRs. The enumerator then oriented the mother to 

the first-person perspective photos by viewing, on the tablet (16GB Samsung with a 

10” screen, using Simple Gallery software for image display) with the inserted 

memory card, five pre-selected photos captured by the AWC: a picture of the mother 

herself, a picture of her child, a picture of her home, a picture of her garden, and a 

picture where her own hand is visible while performing a task (e.g. while preparing 

or cooking food, digging, or using a mobile phone). The enumerator rated and 

recorded the participant's ability to recognize the content of these five photos on a 

three-point scale: recognized, recognized with help, or did not recognize.  
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The enumerator then administered the IAR. During this interview, the enumerator 

used "verbal probing" to elicit from the participant additional relevant information 

about the activities performed, for example to elaborate on what she was doing, who 

she was with, where she was going and why, etc. (119,120) Now using the right-

most column of the IAR instrument, the enumerator revised her original annotations 

(i.e., the enumerator image interpretation) of foods/beverages consumed and 

activities undertaken by the respondent, as needed, based on the respondent’s 

feedback. Unlike the 24HR method, in the IAR, information about the 

foods/beverages consumed and activities performed were elicited simultaneously, in 

the order in which they occurred during the previous day. On average, each IAR 

took approximately 78 minutes to complete. 

 The IAR protocol was adapted from one described by Kelly et al. (2015). (47) The 

protocol followed ethical guidelines for AWC research to ensure privacy of the 

participants was maintained. (106) Participants were free to request deletion of any 

or all photos during the IAR. See Appendix 11 for the IAR instruments. 

Field notes 

Each ICT used in this study (AWCs, GPS trackers, mobile phones) were labelled 

with a unique ID for the purposes of logistics and quality control. Over the six weeks 

of data collection, I recorded the AWCs found to be inoperable once deployed in the 

field using this ID. I also recorded in field notes other issues reported by the data 

collection team that may have affected study participation or compliance. For 

example, in Kamuli, fear among study participants periodically arose of the AWCs 

being a nefarious tool of recruitment into "the Illuminati". I noted these instances in 

order to be able to later assess whether the fear of "the Illuminati" influenced 

participants to be non-compliant or drop-out of the study. 

PILOT TESTING 

All instruments and protocols were pilot tested prior to the start of data collection, in 

rural areas of Central Region, Uganda. Special emphasis was given to the AWC and 

AWC-IAR protocols, given that they were truly novel. These tools underwent 

iterative piloting (approximately six iterations between late 29 November and 28 

December 2017), with modifications to the instruments and protocols after each 

round. 
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FIELD TEAM TRAINING 

The study field team (enumerators and supervisors) were recruited by a study PI 

(Joweria Nambooze). All members of the field team had a university degree and 

were fluent in in Luganda and/or Lusoga. Enumerators had prior experience 

collecting nutrition data. To avoid potential gender-based sensitivities posed by 

having an observer at the home for an extended period, all enumerators were female. 

Supervisors had prior experience leading teams and collecting nutrition and/or other 

sensitive data among low-income Ugandan households. Training for all protocols 

and instruments took place over one week (December 18-22, 2017). The training 

comprised classroom training, role-play practice, and an assessment with 

individualized feedback. Training also included two days of field practice. 

DATA COLLECTION AND MANAGEMENT 

Aside from the images captured by the AWCs, all data were collected on paper, due 

to the tight timeline between instrument piloting and refinement and data collection. 

The forms and equipment requirements varied according to the data collection day. 

(See Table 3.1. Household data collection patterns.) I made household assignments, 

prepared all forms, and oversaw outgoing and incoming materials (new and 

completed forms, all WFR equipment and AWCs) at the start and end of each data 

collection day.  

At the end of each data collection day, before leaving the field, the supervisors 

reviewed and signed off on all completed forms collected from their team of 

enumerators. Upon returning from the field, the supervisors turned in the completed 

and reviewed forms and all equipment to me. I checked all forms and equipment to 

ensure that no data or supplies had been left behind. The completed forms were 

organized and stored in a locked trunk. I then downloaded the data from each AWC 

(and other devices) to a secured laptop while charging the devices and tablets in 

preparation for the next day. After the devices were fully charged, I compiled the 

pre-assigned packets of instruments and equipment required for the next day by 

supervisor.  

As most of this work occurred at night, from about 9pm to 3am, Gwen Varley 

(another PhD candidate) was responsible for distributing the pre-assigned and 

collated materials (clean data collection forms and newly charged AWCs) to the 

supervisors at the start of the following day, around 5am.  
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During the day, while the field teams were collecting data, I spot-checked the 

completed WFR, OBS, 24HR, and IAR forms. In particular, during the first two 

weeks of data collection, I paid special attention to the quality of the WFR and IAR 

data. During the first week in the field, Elaine Ferguson provided supplementary 

WFR training. During the second week in the field, I provided personalized feedback 

to enumerators and additional training to those who were still struggling with these 

intensive methods. 

Gwen Varley performed quality control for the completed mother's questionnaires. 

See the checklists for the coordinator (Appendices 12), supervisors (Appendix 13) 

and enumerators (Appendix 14). 

DATA ENTRY 

In general, qualitative data were entered via tools I created in EpiData, whereas more 

structured data (e.g., the time-use matrices) were more easily entered by the RAs via 

Excel. 

Administrative, anthropometric, and socio-economic data 

I entered the IMMANA administrative and anthropometric data into Excel from the 

household listings, informed consent form, recruitment form, and anthropometry 

form. The socio-economic data (from the mother's questionnaire) was entered and 

cleaned by Gwen Varley and Joweria Nambooze. 

Dietary diversity data 

Two RAs (Nakimuli Sarah and Bernice D. Galinda) double-entered the dietary 

diversity data using EpiData forms that I created. WFRs were entered separately for 

mothers and children using two EpiData forms: (1) food intake and (2) recipes. In 

order to expedite analysis, WFR data (from food intake and recipes forms) were used 

to double-enter diet diversity data directly (instead of deriving it from the WFR) 

using an EpiData form. One WFR-based dietary diversity form was completed for 

each mother and one for each child. 

For the 24HR dietary diversity data, one EpiData form was completed for the data 

collected from the mother and one for the child. Both the mother's initial report for 

each group and her final report, after having been asked to confirm the foods / 

beverages consumed and not consumed (as described above) were entered, so that 

changes between the initial report and confirmation could be assessed. Pass 1 (open 
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recall of all foods consumed) and pass 2 (details for each food) data were not 

entered, due to limitations in available resources. 

Similarly, for the IAR dietary diversity data, one EpiData form was completed for 

the mother and one for the child. 

Time-use data 

The OBS and 24HR time-use data were double-entered by Sarah and Bernice into an 

Excel-based matrix with each column representing a 15-minute time slot and each 

row representing a time-use activity. One worksheet was completed for each 

participant day. For ease of data entry, the Excel template had the same format and 

structure as the paper-based data collection form. I imported the Excel worksheets 

into Stata, appended and reshaped the data into one database with all participants and 

timeslots for OBS and one database with all participants and timeslots for 24HR. For 

the 24HR, pass 1 (open recall of all activities) and pass 2 (details for each activity) 

data were not entered, due to limitations in available resources.  

The IAR time-use data, collected via an open- rather than closed-format, were 

double-entered by Sarah and Bernice. At the start of data entry, the RAs numbered 

each series of images on the completed IAR forms. Using an EpiData form that I 

created, the RAs entered the administrative data (household ID, enumerator ID, visit 

number, date of record, start time, end time, etc.) for each completed form once. 

They then entered data (series number, starting image number, ending image 

number, activities performed, etc.) for each series of images, including the activities 

performed. The activities performed per each series were recorded in two ways. 

First, the RAs typed the activity description verbatim, as it was recorded by the 

enumerators in the field. Second, the RAs coded the activity description into the 44 

standard IMMANA activities (i.e., the same activities used in the OBS and 24HR 

data collection forms). Each series was coded with one or more activities. I imported 

the completed EpiData forms into Stata, appended and reshaped the data into a 

single database with all participants and their respective image series.  

The RAs therefore did not interpret the AWC images directly, but rather coded the 

image series using the descriptions recorded in the field. I made a rubric to handle 

instances where insufficient information was provided by the field enumerator to 

conclusively determine the activity, so the data would be coded consistently. For 

example, mothers could have been chopping and peeling cassava or shelling 
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groundnuts for either immediate consumption (coded as food preparation) or for 

storage (coded as post-harvest processing). Where insufficient information was 

provided, these activities were coded as food preparation. 

Technology questionnaire and AWC data 

Data from the technology questionnaire and innovative methods questionnaire were 

also double entered by Sarah and Bernice into an EpiData form that I created. I 

reviewed all image sets captured by the AWC to ensure that they were correctly 

identified per the date and ID displayed on the nameplate at the start of each data 

collection day. 

DATA CLEANING 

I imported all data into Stata for verification, cleaning, processing and use in 

analyses. For double-entered data, I verified discrepancies against the paper forms, 

and made changes as needed. 

DATA PROCESSING 

Anthropometric and socio-economic data 

Weight-for-age z-score, length-for-age z-score and weight-for- length z-score were 

calculated for each child using the 2006 WHO growth standards, and BMI was 

calculated for each mother by dividing her body weight by her height squared. (121) 

To protect privacy, all mothers were weighed regardless of their pregnancy status, 

although women who had indicated in the first questionnaire that they were pregnant 

were excluded from anthropometric analyses. The proportions of children who were 

underweight (<–2 SD from median weight-for-age z-score), stunted (<–2 SD from 

median length-for-age z-score) and wasted (<–2 SD from median weight-for-length 

z-score) were calculated. 

The proportions of mothers who were thin (BMI < 18·5 kg/m2), normal (BMI 18·5–

24·9 kg/m2) and overweight/obese (BMI ≥ 25·0 kg/m2) were also calculated. The 

Ugandan 2012 PPI was calculated, as well as the proportion of the population living 

below $1·25/d. (122) 

Dietary diversity data 

The foods/beverages recorded over a period of 24 hours were coded into food 

groups, and a DDS was calculated for each mother and child for each method (WFR, 

24HR and AWC-IAR). The DDS for children was based on seven food groups used 

to calculate the minimum dietary diversity indicator for infant and young children: 
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namely grains, roots and tubers; legumes and nuts; dairy products; flesh foods; eggs; 

vitamin A-rich fruits and vegetables; and other fruits and vegetables. (113) The DDS 

for women was based on the ten food groups used to calculate the minimum dietary 

diversity for women indicator: namely grains, white roots and tubers, and plantains; 

pulses; nuts and seeds; dairy products; meat, poultry and fish; eggs; dark green leafy 

vegetables; other vitamin A-rich fruits and vegetables; other vegetables; other fruits. 

(112,123) The percentages of children and women achieving minimum dietary 

diversity (MDD) was calculated using the 2010 and 2016 guidelines, respectively 

because data collection for this thesis preceded the recent updates to the WHO-

UNICEF (9) and FAO (101) guidance. Therefore, the threshold MDD used for 

women was five food groups out of ten, and the threshold MDD for children was 

four food groups out of seven.11 

Time-use data 

Additional processing was required to convert the IAR time-use data to the structure 

used by OBS and 24HR for comparison. As elaborated in Chapter 4, the AWC's 

timestamp meta-data was unreliable, seemingly due to a flaw in the device. As a 

work-around, I used the start time on the innovative methods form and the fact that 

the AWCs captured one photo every 30 seconds to identify the starting time and 

ending time for each image series and the activities the series comprised. The 

derived start and end times per activity were used to generate a time-use matrix with 

each column representing a 15-minute time slot and each row representing a time-

use activity for each respondent day. The IAR time-use data was then reshaped into a 

single database with all participants and their respective image series (i.e., the same 

structure OBS and 24HR).  

Although time allocations to discreet activities may be useful for some research 

purposes, for the purpose of method validation, it is more practical to compare time 

allocations to activities at a higher level. We had initially intended to analyse the 

results based on the activity groups used in the WEAI time-use module, however in 

2019 (after data collection but before analysis) the United Nations Statistics Division 

 

11 Per the 2010 WHO-UNICEF guidelines, breast milk intake was not included in the DDS 

calculations. 
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launched the ICATUS‐2016 framework in an effort to standardize time-use statistics 

for the purpose of internationally comparison. (103,124) The advantages of using the 

ICATUS framework included international comparability, and also the ability to 

analyse the data at six levels of granularity. 

For all methods, then, the number of minutes allocated to each of 44 activities 

recorded over the fifteen-hour period was calculated for each respondent and for 

each of the 3 data collection methods, in 15-minute intervals ('timeslots'). The 

discrete activities were categorized into the nine mutually exclusive International 

Classification of Activities for Time-Use Statistics (ICATUS) major divisions 

("activity groups"): (1) employment and related activities ("employment"), (2) 

production of goods for own final use ("own production"), (3) unpaid domestic 

services for household and family members ("domestic chores"), (4) unpaid 

caregiving services for household and family members ("caregiving"), (5) unpaid 

volunteer, trainee and other unpaid work, (6) learning, (7) socializing and 

communication, community participation and religious practice ("socializing"), (8) 

culture, leisure, mass media and sports practices ("leisure"), and (9) self-care and 

maintenance ("self-care"). (124) See Appendix 15 for the ICATUS time-use 

activities and corresponding major divisions. 

Of the 44 activities tracked in this study, four were considered to be "simultaneous", 

i.e., they could be performed while also performing other activities: care of the index 

child, care of other children or adults, chatting with friends or family, and watching 

TV or listening to the radio.12 When just one activity was performed in a timeslot, 

 

12 We explore the implications of several options for processing the time-use data on total time 

allocation, most important being the traditional approach of equally proportioning time across all 

activities. Although this approach keeps "real time", in the sense that a day never exceeds 24 hours, it 

treats simultaneous activities as if they were instead performed sequentially. I assert that this is 

neither an accurate nor fair reflection of mothers' time allocated to care of infant children, at least not 

in this rural Ugandan context. When we made this decision, I believed that, for the purposes of 

method validation, the choice between alternative approaches to time-use processing was less 

important than it would be in a typical time use study, given that the time use data was analysed the 

same way across all three methods. This assumption was born out for the AWC-IAR validation, 

because we found that the median number of concurrent activities identified was the same via AWC-

IAR and OBS. For 24HR, however, the median number of concurrent activities identified was 
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the activity performed counted for the entire 15-minutes. The simultaneous activities 

were always credited the full 15 minutes. However, for all other activities, when 

more than one activity was performed per timeslot, the 15 minutes were evenly 

distributed across the activities performed. For example, if in a 15-minute timeslot, 

the participant was caring for livestock (own production) and then started preparing 

food (domestic chores) while caring for the index child (caregiving), then 

caregiving–a simultaneous activity–was credited 15 minutes and own production and 

domestic chores were each credited 7.5 minutes. 

DATA ANALYSIS 

Data were analysed using Stata/SE version 15.1. P values <0·05 were considered 

significant for all tests. Details regarding each analysis (the feasibility and the 

validations for assessing maternal and child dietary diversity and women's time use) 

are included in each chapter's respective data analysis section. The dietary diversity 

and time-use validations followed similar data analysis processes. I will provide an 

overview of the analyses and rational for methods used here. 

As noted above, for dietary diversity, the primary outcome variables analysed for 

both mothers and children were DDS and MDD. Following convention, the ordinal 

DDS variable (ranging from 0 to 7 for children and 0 to 10 for women) was treated 

as a continuous measure. Cases with incomplete maternal and/or child dietary 

diversity data for any of the three methods (WFR, 24HR or AWC-IAR) were 

eliminated from analysis.  

Although the intention was to assess dietary diversity over 15 hours, actual 

observation starting and ending times differed between participants. Dietary intake 

data outside of these observed hours would have been based solely on participant 

recall. Only a third of participant days exceeded 14 hours of observation whereas 

approximately 80 percent of participant days exceeded 13 hours of observation. 

Therefore, a minimum threshold of 13 hours of observation and photos from the 

 

significantly lower than was identified via OBS, opening the possibility that the choice of time-use 

processing approach may have affected the validation results. As noted in Chapter 6, the trade-offs 

and implications of different time-use processing approaches warrant further exploration and 

transparency. 
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AWC were deemed adequate to ensure the integrity of the inter-method 

comparisons. Any cases not meeting this threshold were eliminated from analysis. 

Out of 422 participant days (2 days per participant), 92 (22%) were excluded from 

analysis due to having less than 13 hours of AWC-captured images.  

As also noted above, for time use, the primary outcome variables analysed were the 

total number of minutes allocated to each of the nine ICATUS major divisions 

(minutes/day) and the number of concurrent activities performed across all 15-

minute timeslots. Due to the inter-participant differences in actual observation start 

and end time and technical challenges with insufficient light in the early morning 

and evening, the analyses were limited to the 12-hour period from 8am to 8pm. Out 

of 422 participant days, 13 (3%) were excluded from analysis due to having less than 

12 hours of AWC-captured images. 

Comparisons of key socio-demographic characteristics for participating and 
missing households 

First, I compared socio-demographic characteristics for women and children 

included in the study versus those who dropped out or were excluded from the study. 

Key socio-demographic characteristics for participating and missing households 

were compared using the Mann–Whitney13 two-sample statistic for continuous data, 

and the Fisher Exact14 test for categorical data. The Fisher Exact test was used for 

the categorical data instead of a chi-square test because one or more of the cells had 

a frequency of five or less. For example, when comparing mothers’ age by DHS 

group, there was only one mother aged 40-49 years among the excluded households. 

Different statistical tests reflect different facets of validity. It has been argued that 

performing multiple tests that reflect different facets of validity is superior to 

performing any single test. (125) The comparison of key socio-demographic 

characteristics for participating and missing households was therefore followed by a 

series of three inter-method comparisons aimed at determining the criterion validity 

 

13 The Mann-Whitney U test is a non-parametric analogue to the independent samples t-test that is 

used when the dependent (ordinal) variable is not normally distributed. Its purpose is to compare the 

medians for two independent groups. 

14 The Fisher Exact test is used to compare categorical variables when at least one of the categories 

has an n<5, in lieu of the chi-square test. 
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of the AWC-IAR and 24HR methods, in comparison to OBS (the gold standard). 

Terms of measurement properties, for example "validity", "reliability", 

"reproducibility", "accuracy", "repeatability", etc., are commonly used 

interchangeably in the literature. (110) In this study, we use the definitions provided 

by Mokkink et al. (2010) for "criterion validity" ("The degree to which the scores of 

an ... instrument are an adequate reflection of a ‘‘gold standard") and "reliability" 

("The extent to which scores for [participants] who have not changed are the same 

for repeated measurement under several conditions: for example ... by different 

persons on the same occasion (interrater)..."), and Altman and Bland (1983) for 

"agreement".15  

Inter-method comparison 1: Comparisons of the distributions obtained via 
OBS v. 24HR or AWC-IAR.  

The first inter-method comparison aimed to compare the distributions obtained via 

OBS versus 24HR, or AWC-IAR using the Wilcoxon16 signed rank sum for DDS, 

time allocation and concurrent activities, and McNemar’s test17 for MDD. Wilcoxon 

signed rank sum was used instead of a paired t-test because the DDS and time-use 

data were not normally distributed. The medians of the differences (24HR minus 

WFR and AWC-IAR minus WFR) were computed, and the distributions of the 

median differences were also compared. 

Comparisons of the distributions obtained via OBS v. 24HR or AWC-IAR were also 

made at the food group level (i.e., grains, roots and tubers; legumes and nuts; dairy 

products; flesh foods; eggs; vitamin A-rich fruits and vegetables; and other fruits and 

vegetables for children; grains, white roots and tubers, and plantains; pulses; nuts 

and seeds; dairy products; meat, poultry and fish; eggs; dark green leafy vegetables; 

other vitamin A-rich fruits and vegetables; other vegetables; other fruits for women) 

and activity level using the Wilcoxon signed rank sum.  (See Appendix 16 for the 

time-use activities used in this study.) 

 

15 As used by Bland and Altman, the definition of "agreement" is that two methods give the same 

measurement, wherein “the same” means “not significantly different”. (125) 

16 The Wilcoxon signed rank sum is used to compare the medians of two related observations. 

17 McNemar's test is used to compare proportions for two dependent groups. 
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Inter-method comparison 2: Comparisons of the inter-tool agreements 
between OBS and 24HR or AWC-IAR using the Bland–Altman limits of 
agreement method 

The Bland-Altman approach is used when assessing agreement18 between two 

different methods of measuring some quantity, for example for the purpose of 

replacing an established method with a new method. (109,126) In this study, we are 

comparing the AWC-IAR (i.e., the "new" method) to OBS (i.e., the "established" 

method") of measuring dietary diversity and time use. Historically, comparisons of 

agreement between a new method and an established one were made using 

correlation. However, in their seminal 1986 article, "Statistical Methods for 

Assessing Agreement Between Two Methods of Clinical Measurement", J. M. Bland 

and D. G. Altman demonstrated that the use of correlation (or regression analysis) 

for these purposes is misleading and inappropriate, as evidenced by the following: 

(1) perfect correlation may be achieved if the measurements of two methods lie 

along a straight line, whereas perfect agreement is only achieved if the 

measurements lie along a line of equality; (2) a difference in the scale of the 

measurement does not affect the correlation, but it affects the agreement; (3) the 

correlation will be higher  when the range of the true quantity of the sample is wide 

rather than narrow, whereas agreement is not influenced by the range of the true 

quantity in the sample; (4) the test of significance is irrelevant to the question of 

agreement; and (5) data which are in poor agreement can produce high correlations. 

(109,126) Similarly, as a measure of correlation, the Lin's concordance correlation 

coefficient would not be an appropriate measure of agreement. 

Instead, to investigate the relationship between the measurement error and the “true” 

value, Bland and Altman called for visually inspecting a plot of the difference 

(method A – method B) against the mean (mean of method A and method B). (115) 

In a Bland-Altman plot (BAP), the mean of the differences is a measure of 

systematic bias, whereas the 95% limits of agreement (LOA; mean difference ±2 SD 

of the differences) are a measure of random error. The shape of the plot indicates 

how the systematic bias and the amount of random error changes for participants on 

 

18 As used by Bland and Altman, the definition of "agreement" is that two methods give the same 

measurement, wherein “the same” means “not significantly different”. (126) 



 

 82 

the lower end of the measured outcome versus those at the higher end of the 

measured outcome. For example, a fan-shaped plot that opens to the right indicates 

that the random error increases as the measure (e.g., DDS or number of minutes 

allocated) increases. The Bland-Altman LOA approach was used to assess inter-

method agreement for estimating the median DDS, median time allocation per 

ICATUS activity groups, and the median number of concurrent activities. 

Inter-method comparison 3: Comparisons of the inter-tool reliability between 
OBS and 24HR or AWC-IAR using Cohen's kappa and Cronbach's 
coefficient alpha  

To determine reliability in criterion validity studies, where the dependent variable is 

ordinal, de Vet et al. (2011) recommends using weighted kappa. (111) Typically, 

Cohen's kappa is used to assess consistency between multiple raters on the same 

data set. In our study, however, rather than assessing "the extent to which scores for 

[participants] who have not changed are the same for repeated measurement ... by 

different persons on the same occasion (interrater)...", we assess the reliability 

between different methods, i.e. inter-tool reliability. (110) That is, for this analysis, I 

used Cohen's kappa to assess the reliability between the gold standard (OBS) and the 

AWC-IAR or 24HR methods when measuring the same phenomenon. Previous 

studies have also used Cohen kappa in this way, as a measure of inter-tool reliability. 

(69,127) 

Similarly, Cronbach’s coefficient alpha was used as the measure of reliability for the 

time use data. The intraclass correlation coefficient (ICC) is recommended by de Vet 

et al (2011) for determining reliability in criterion validation studies where the 

dependent variable is continuous. (111) ICC quantifies the proportion of the variance 

of the measurement that is due to the difference between methods, compared to 

overall variance of the measurement, which in our study was time-use. However, due 

to the difficulty in interpreting ICC for the purposes of this study, we chose instead 

to use Cronbach’s coefficient alpha as a simple statistical measure of agreement.  

The results were interpreted against benchmark scales. Regardless of the outcome 

measured, Cohen's kappa is conventionally interpreted as follows: <0·00 poor 

agreement; 0·00–0·20 slight agreement; 0·21–0·40 fair agreement; 0·41–0·60 

moderate agreement; 0·61–0·80 substantial agreement; 0·81–1·00 almost perfect 

agreement. (128,129) Similarly, Cronbach's coefficient alpha is conventionally 
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interpreted as follows: <0.70 unacceptable; >0.70 acceptable; >0.80 moderate; 0.90-

0.95 high; >0.95 suspect. (130)  

Supplementary validation analyses 

To assess whether we could further reduce participant burden by forgoing the IAR, 

we compared the distributions of DDS and time allocated to different ICATUS 

activity groups obtained via the criterion method (OBS) versus those obtained when 

the enumerator coded the images prior to administering the IAR (i.e., the AWC-

based enumerator image interpretation) using the Wilcoxon signed rank sum test. 

Differences in results between OBS and AWC-based enumerator image 

interpretation or AWC-IAR would be attributable to the additional benefit of 

engaging participants in the interpretation of the image data. 

Also, to assess the possible influence of the observer on the foods/beverages 

consumed and/or activities performed, DDS and time allocations collected via 

AWC-IAR were calculated for the non-observation day and compared with those of 

the corresponding observation day, using the Wilcoxon signed-rank sum (DDS, time 

allocation, concurrent activities) and McNemar’s tests (MDD). We also compared 

these differences for households that were administered OBS with AWC-IAR before 

the AWC-IAR without an observer versus households that were administered OBS 

with AWC-IAR after the AWC-IAR without an observer. 

Finally, the frequency of DDS and time allocation differences, and OBS vs. 24HR or 

AWC-IAR correlations were also calculated. 

ETHICAL CONSIDERATIONS 

Ethical approval was obtained from the Uganda National Council for Science and 

Technology (A24ES), the London School of Hygiene & Tropical Medicine 

Observational/Interventions Research Ethics Committee (project ID: 1420) and the 

University of Greenwich Faculty of Engineering and Science Ethics Committee 

(project ID: B0501). The data collection protocols followed the ethical guidelines for 

AWC research to ensure that privacy of the participants was maintained. (106) See 

Appendix 17 for ethical approval letters. 

Mothers who were randomly selected to participate in the study were notified a day 

in advance (by Sasakawa community-based facilitators) of the sensitisation meeting 

in order to give them the chance to discuss participation with their family. Upon 
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notification, they were also encouraged to bring with them to the sensitisation 

meeting friends or family with whom they might want to discuss participation prior 

to signing the informed consent form. Only after the community sensitisation, 

including demonstration of all equipment and devices used in the study (see the 

Recruitment and Sensitization section above), was written consent or thumb print 

obtained from mothers who choose to participate in the study. 

Each AWC data collection day, participants were reminded that they were free to 

remove or cover the device at any time. Participants were also given multiple 

opportunities to delete some or all images. 
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Chapter 4: Automated wearable cameras for 
improving recall of diet and time use in Uganda: A 
feasibility study 

ABSTRACT 

Background: Traditional recall approaches of data collection for assessing dietary 

intake and time use are prone to recall bias. Studies in high- and middle-income 

countries show that automated wearable cameras are a promising method for 

collecting objective health behaviour data and may improve study participants' recall 

of foods consumed and daily activities performed. This study aimed to evaluate the 

feasibility of using automated wearable cameras in rural Eastern Ugandan to collect 

dietary and time use data.  

Methods: Mothers of young children (n=211) wore an automated wearable camera 

on 2 non-consecutive days while continuing their usual activities. The day after 

wearing the camera, participants' dietary diversity and time use was assessed using 

an image-assisted recall. Their experiences of the method were assessed via a 

questionnaire.  

Results: Most study participants reported their experiences with the automated 

wearable camera and image-assisted recall to be good (36%) or very good (56%) and 

would participate in a similar study in the future (97%). None of the eight study 

withdrawals could be definitively attributed to the camera. Fifteen percent of data 

was lost due to device malfunction, and twelve percent of the images were 

"uncodable" due to insufficient lighting. Processing and analysing the images were 

labour-intensive, time-consuming, and prone to human error. Half (53%) of 

participants had difficulty interpreting the images captured by the camera.  

Conclusions: Using an automated wearable camera in rural Eastern Uganda was 

feasible, although improvements are needed to overcome the challenges common to 

rural, low-income country contexts and reduce the burdens posed on both 

participants and researchers. To improve the quality of data obtained, future 

automated wearable camera-based image assisted recall studies should use a 

structured data format to reduce image coding time; electronically code the data in 

the field, as an output of the image review process, to eliminate ex post facto data 

entry; and, ideally, use computer-assisted personal interviews software to ensure 
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completion and reduce errors. In-depth formative work in partnership with key local 

stakeholders (e.g., researchers from low-income countries, representatives from 

government and/or other institutional review boards, and community representatives 

and local leaders) is also needed to identify practical approaches to ensuring that the 

ethical rights of automated wearable camera study participants in low-income 

countries are adequately protected. 
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BACKGROUND 

Traditional recall approaches of data collection for assessing dietary intake and time 

use are prone to recall bias. (13,24,131) Prospective methods, which avoid recall 

bias, such as self-report diaries are not practicable in rural low-income country 

contexts due to low literacy, whereas direct observation is labour intensive.  An 

alternative prospective approach is the use of automated wearable cameras. These 

devices are inexpensive technologies that prospectively and unobtrusively record 

activities as they are performed. Automated wearable cameras have been used to 

collect human behaviour data in middle- and high-income countries, but their 

feasibility in rural, low-income country settings has not yet been determined. 

Automated wearable cameras have been evaluated in middle- and high-income 

countries as a method for improving individuals' recalls of dietary intakes (i.e., food 

and beverage consumption, eating episodes, and energy intakes), (28,30,32–

34,36,67,132,133) the food environment (i.e., food and beverage marketing 

exposure, purchase, and consumption context), (32,33) and time allocated to daily 

activities. (47–49) In studies using automated wearable cameras, the captured images 

have been coded by topical experts, (29,37,39–46,50–52,56–61,64–66,68,105,134) 

artificial intelligence, (53) or an enumerator with the assistance of the participant via 

an image-assisted recall. (28,31–36,47–49,55,62,67,135,136) (Figure 1) In an image-

assisted recall, photographs which have been taken either automatically via an 

automated wearable camera or by the participant themselves are used as an memory 

cue (i.e., recall trigger) to help respondents reconstruct key details from their 

previous day. (47,137–139) Most image-assisted recall studies provide participants 

the opportunity to review and delete the images captured by the device privately, 

before being viewed by the researchers. (106) 
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Figure 1. Illustration of the relationships between studies utilizing AWCs for 

data collection  

 

The "feasibility" of automated wearable cameras for collecting health data comprises 

an array of perceived and objective measures. Perceived measures include the 

emotional burden on study participants and the people they interact with; ease-of-use 

of the device; acceptability of image content captured by the wearable camera; and 

utility of the images captured by the wearable camera in aiding recall. Objective 

measures include participation refusal, non-compliance, and study withdrawal; 

device malfunction; observed or reported interactions regarding the camera with 

members of participants' households and communities; image quality and fit for 

purpose; time and other resources required for image processing, coding, and 

analysis; and device cost. Feasibility issues can further be categorized by audience, 

i.e., from a participant, community, and/or researcher perspective. 

Feasibility from a participant perspective 

In several studies, some participants found the automated wearable camera 

cumbersome to wear, especially during physical activity. 

(28,31,32,45,47,52,54,57,62,63) Studies in which participants were responsible for 

operating the device (e.g., turning the automated wearable camera on and off at the 

start and end of the data collection day), commonly reported that participants forgot 

to wear or charge the device, (45,55,57,59,60,105) or had difficulty pressing the  

devices' small buttons. (30,51,54,63) Participants have also reported emotional 
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discomfort due to wearing the device, especially in public. (33,34,41,45,63) 

Heightened awareness of an automated wearable camera may result in a reactive 

change in the study's behaviour of interest. (28,29,34,41,45,52) In six studies 

participants reported having modified their behaviour in reaction to being recorded.  

Concerns about either wearing the camera or what it might capture may also 

negatively influence the rates of recruitment and completion. Response rates varied 

substantially across automated wearable camera-based studies (16% to 89% where 

reported). (28,31,33,45,52,59) Several of the studies, which explicitly investigated 

the impact of an automated wearable camera on response rates, attributed 

recruitment challenges to the device. (33,45,52,59,63,140) Study withdrawal (31,32) 

and non-compliance (47,52,57) have also been attributed to the use of automated 

wearable cameras.  

For studies using the image-assisted recall method, participants across all age groups 

reported that viewing the images captured by the automated wearable camera helped 

them to recall pertinent details of the data collection period. (28,30,32–34,47,67) 

Participants reported that neither the length of time nor the process of reviewing their 

automated wearable camera-captured images (i.e., the image-assisted recall) was 

onerous. (28,47)  

Among the 28 studies reporting on automated wearable camera feasibility from a 

participant perspective, only three were conducted outside of high-income country 

contexts. (67–69) The evidence from these three studies, which were conducted in 

middle-income countries, is sparse but consistent with the results already reported. 

There were no issues related to recruitment or retention, and neither the automated 

wearable camera nor the image-assisted recall was overly burdensome, however the 

battery life of the device was insufficient. 

Feasibility from a community perspective 

Study participants reported removing or covering the automated wearable camera at 

school, (32,41,47,48) work, (47) home, (52,57) and in public. (62) Three studies 

reported participants being approached about the automated wearable camera by 

members of the public, but they were not requested to remove it. (54,55,63)  

No studies outside of high-income country contexts have assessed the feasibility of 

using an automated wearable camera from the community perspective. 
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Feasibility from a researcher perspective 

Lost data due to device inoperability (e.g., insufficient battery life or another 

malfunction) is among the most commonly reported challenges to the use of 

automated wearable cameras as a research method. (28–

31,33,34,36,39,41,42,46,52,53,57,59,141) Reported data losses due to device 

inoperability, as a proportion of intended image capture, ranged from 11-50%. 

(30,31,33,34,38,42,58,59) Most studies report that the images generated by the 

automated wearable camera are of sufficient quality to enable analysis for the 

intended purpose. However, several image quality issues are commonly reported 

across a variety of contexts, including sub-optimal camera angle and positioning, 

inadequate image capture frequency, and key events that occur off-camera; 

(28,29,32–34,36,39,42,43,50,57,64,134) dark images caused by low or artificial 

lighting or obscured lens; (30–32,34,37,41,42,54–57,59–61,64,65) and blurry or 

scrambled images. (29,37,40,42,57,58,64–66) Furthermore, automated wearable 

camera images have been reported to be unsuitable for detailed analyses, for specific 

research areas, such as determining specific items of clothing worn by children far 

away from the camera, (64) or detecting low intensity activities (e.g., fidgeting or 

activities performed while sitting down). (50) The proportion of automated wearable 

camera images reported to be "uncodable" ranged from 1-35%. (37,40–

42,44,46,51,52,54,56,57,60,61,64–66)  

The results were again sparse but consistent for the two studies conducted in middle-

income countries with results related to automated wearable camera feasibility from 

a researcher perspective. (68,69) In these studies, the cause of data losses was 

indeterminant and, although the image quality was acceptable, in one study the 

images captured were unfit for research purpose (determining the quantity of food 

consumed). (68) 

The use of automated wearable cameras for research data collection aims to 

maximize reporting accuracy while minimizing participant burden. Part of this 

burden is shifted to the research team, and several studies highlight the heavy time 

burden required to manually code the automated wearable camera images for 

analysis, (31,33,39,41,42,45,47,56,61,65,134) and its susceptibility to human error. 

(45,56) Not all studies quantified the amount of time entailed, but where reported, 

the estimated time required to code automated wearable camera images range from 
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approximately 1 to 2 hours per participant day. (39–

42,44,46,47,51,56,57,59,60,64,65,67) Little information on other costs of automated 

wearable camera-based research is available. Only Kelly, et al. (2015) reported on 

the cost of the device (Autographer, £300 each), adding that it was "resource 

intensive". (47) 

Although many studies acknowledged some feasibility limitations, especially for use 

in large-scale studies, nearly all concluded that automated wearable cameras are a 

promising method for collecting objective health behaviour data in a free-living 

setting. Furthermore, despite the challenges described above, studies in high-income 

countries provide evidence that automated wearable cameras may help to improve 

study participants' recall of foods consumed, (36) and daily activities performed. 

(47)  

The available evidence for automated wearable camera feasibility, however, almost 

exclusively derives from studies conducted in high-income and upper-middle income 

countries. Key characteristics of rural women residents of low-income countries, 

such as literacy, exposure to technology and social norms, are quite different 

compared to any of the populations targeted in the automated wearable camera 

research published thus far. The research environment in rural low-income countries 

also poses different challenges including, for example, limited access to electricity 

for lighting the activity space or charging devices, and higher chance of device 

exposure to dirt or liquids, and lack of enumerators having pertinent skills. 

Feasibility needs to be explored in low-income countries, especially in rural 

contexts, given that the environmental conditions (which may affect device 

operability and image quality), social norms (which may affect acceptability by 

participants and the public), and familiarity with technological devices (which may 

affect ease-of-use) are all quite different than in high-income and/or upper-middle-

income countries.  

This study was therefore undertaken to assess the feasibility of using an automated 

wearable camera for data collection, in rural Eastern Uganda, on the dietary practices 

of women and young children and time-use patterns of women. The results can 

inform future automated wearable camera studies conducted in similar contexts. 
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METHODS 

This study is presented per the Strengthen the Reporting of Observational Studies in 

Epidemiology (STROBE) protocol. (142) 

Study design 

This study was nested within a cross-sectional study of women with a child aged 

between 12 and 23 months inclusive (n=211), to examine the impact of a labour-

saving technology on women’s time for childcare, food preparation and dietary 

practices. It was conducted between January and February 2018 in Bugiri and 

Kamuli Districts, Eastern Region, Uganda. It validated the use of three methods of 

collecting data on dietary practices and women’s activities, which were the 

automated wearable camera-based image-assisted recall, interactive voice response 

collected via a mobile telephone, and 24-hour recalls, using direct observation as the 

reference method.  Only results related to the automated wearable camera-based 

image-assisted recall are reported here.  

In our study, maternal and child dietary diversity and women's time allocation were 

assessed via an image-assisted recall using photos captured the previous day with an 

automated wearable camera. The methods are described in detail elsewhere. 

(131,143)  However, in brief, for each respondent, dietary intake and time allocation 

data were prospectively collected using photographs automatically taken every 30 

seconds by a wearable camera attached to the participant. The next day, using the 

photos captured by the automated wearable camera during the previous day, an 

enumerator first independently coded the images for foods / beverages consumed by 

the mother and child and activities performed by the mother. Then, the enumerator 

administered an image-assisted recall to the participant. On the day before data 

collection began, a structured socio-demographic questionnaire was administered, 

and anthropometric measurements were made. On the final day of data collection, a 

structured questionnaire was administered to assess participants' perceptions of the 

automated wearable camera-based image-assisted recall method. Each participant 

wore the automated wearable camera for two non-consecutive days and completed 

two image-assisted recalls, which meant enumerators met participants on a total of 

four days to collect two days of data on dietary practices and women’s activities. 

Ethical approval was obtained from the Uganda National Council for Science and 

Technology (UNCST) (A24ES), the London School of Hygiene & Tropical 
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Medicine Observational Research Ethics Committee (Project ID: 1420), and the 

University of Greenwich Faculty of Engineering and Science Ethics Committee 

(Project ID: B0501). Community sensitization was done to ensure the study 

participants and other community members understood the study objectives and data 

collection methods.  It included a review of key aspects of informed consent, 

demonstration of the devices used in the study (i.e., automated wearable camera, 

mobile phone, and GPS tracker), and a detailed description of the methods that 

would be used in the study, and time was allowed for questions. Following 

community sensitization, written informed consent (signature or thumb print) was 

obtained from all respondents who participated in the study. 

Participants and sampling 

Twelve mother-child dyads were randomly selected from 22 purposefully selected 

villages in two districts of Eastern Region Uganda, as described elsewhere. (131) 

Mother-child dyads were excluded if the child was less than 12 months or greater 

than 23 months of age, was not yet eating solid foods on a regular basis, or was a 

multiple-birth child; the mother was unable to communicate in Lusoga, Luganda or 

English; either the mother or child had a severe disability; the mother was not the 

biological mother of the child; the mother was a co-wife with a selected mother; or 

either the mother or child was not available for the duration of the study. Participants 

were given a bar of soap, one kilogram of sugar, a half-litre of cooking oil and a t-

shirt on the final day of the study. Also on the final day, they were given a photo of 

their family taken by a supervisor using a polaroid camera. 

Instruments and protocol 

The enumerators administered two structured questionnaires to the respondent. The 

first questionnaire collected information on household socio-demographics and 

assets, and factors related to women’s empowerment. The second questionnaire, 

which was administered on the final day of data collection, collected information on 

household mobile phone access and ownership, and participants' perceptions of their 

experiences with the automated wearable camera-based image-assisted recall and 

other data capture methods assessed in this study that are not reported here (i.e., 

direct observation, 24-hour recall, and mobile phone-based interactive voice 

response). Specifically, participants were asked to rate the automated wearable 

camera-based image-assisted recall method using a 4-point Likert scale (very bad, 
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bad, good, or very good). Participants were also asked to select their favourite and 

least favourite method among the four data capture methods assessed, and whether 

they would be willing to participate in an automated wearable camera-based image-

assisted recall study again. Although not specifically requested, any comments 

provided by the participants in answering these questions were translated and 

transcribed by the enumerators. A brief "innovative methods' questionnaire was also 

completed at the end of each data collection day to assess participants' experiences 

wearing the automated wearable camera, including any technical issues or reactions 

from members of their households or communities. Each participant was also asked 

to reconfirm her consent to use the images captured by the automated wearable 

camera. No data on automated wearable camera acceptability among other members 

of the household or community were collected. 

As described elsewhere, (131) a small, lightweight, automated wearable camera 

(iON SnapCam Lite, dimensions 42 x 42 x 13 mm) was attached to a t-shirt worn by 

the respondent at approximately 06:00 and removed at approximately 21:00. 

Participants were instructed to wear the automated wearable camera while 

continuing their usual activities, and to cover or remove the camera as needed for 

privacy. A bespoke plastic clip using a safety pin was designed to keep the device 

firmly attached at the neckline of the t-shirt and well-positioned to minimize 

interference with clothing. (Figure 2) The wearable camera automatically recorded a 

picture every 30-seconds, storing all photos (approximately 1,500) on a micro-SD 

memory card and with the image number (e.g., 4) as the filename (e.g., 

SNAP0004.JPG). Examples of the photos obtained by device are provided in 

Supplementary Figure 1. 
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Figure 2. The AWC affixed via a bespoke clip to the neckline of participants' 

clothing 

 

The automated wearable camera was turned on at the beginning of the day and 

turned off at the end of the day by the enumerator. The t-shirt was provided by the 

study and worn by the participant over her clothing, so that if the participant needed 

to remove the camera, she would remove the entire t-shirt rather than handling the 

device. For administrative purposes, at the start of each data collection day, the 

enumerator took a single picture of the participant, her child and a placard displaying 

her study ID using the designated function of the device. After attaching the 

automated wearable camera to the project-provided t-shirt, the enumerator reminded 

the participant of key points covered during sensitization, i.e., that at any time during 

the study she could remove or cover the device or request all images to be deleted; 

that the device was splash proof but could not withstand immersion in water; and to 

do exactly the activities she would have normally done. Upon picking up the 

automated wearable camera at the end of the data collection day, the enumerator 

completed the innovative methods questionnaire. In addition, the first author (ALSB) 

kept records of inoperable devices, and members of the data collection team 

monitored issues (e.g., negative rumours about the automated wearable cameras) that 

may have affected study participation or compliance. 

Upon collection of the devices used by the study participants, ALSB saved a copy of 

the images recorded on each automated wearable camera memory card to a local 

drive, and assigned two participants' memory cards (i.e., data for two participants) to 
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an enumerator who had not been engaged in direct observation of the participant the 

previous day. The following day, the enumerator inserted the assigned memory card 

for the first participant into a tablet (16GB Samsung with a 10” screen, using Simple 

Gallery software for image display) to review the photos captured by the automated 

wearable camera. Using the image-assisted recall form, the enumerator annotated the 

foods she thought were consumed and the activities she thought were undertaken by 

the participant, and their corresponding image numbers, based on what she could see 

in the photos. Based on her interpretation, the enumerator demarcated the series of 

foods and activities for review later that day with the respondent. After completing 

the annotation for the first assigned participant, the enumerator completed the same 

steps for the second assigned participant.  

Upon meeting with the participant, the enumerator oriented the mother to the photos 

captured by the automated wearable camera by viewing, on the tablet with the 

inserted memory card, five pre-selected images: a picture of the mother herself, a 

picture of her child, a picture of her home, a picture of her garden, and a picture 

where her own hand is visible while performing a task (e.g., while preparing or 

cooking food, digging, or using a mobile phone). The enumerator rated the 

participant's ability to recognize the content of these five photos on a three-point 

scale: recognized, recognized with help, or failed to recognize. The enumerator then 

administered the image-assisted recall. During this interview, the enumerator used 

"verbal probing" (119,120) to elicit from the participant additional relevant 

information about the activities performed, for example to elaborate on what she was 

doing, who she was with, where she was going and why, etc. The enumerator revised 

her original annotations of foods / beverages consumed and activities undertaken by 

the participant, as needed, based on the participant’s feedback. 

The image-assisted recall protocol was adapted from one described by Kelly et al. 

(2015). (47) The protocol followed ethical guidelines for automated wearable camera 

research to ensure privacy of the participants was maintained. (106) All protocols 

were pilot tested and refined prior to the start of the study. 

Enumerator training for all devices, protocols, and instruments took place over one 

week (December 18-22, 2017). The training comprised classroom training, role-play 

practice, and an assessment with individualized feedback. Training also included two 

days of field practice. 
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Data analysis 

In this study, feasibility was assessed using administrative data (non-compliance and 

withdrawal; camera malfunction; image quality; researcher time allocated to data 

coding and analysis); participants' self-reported ratings of their experiences with the 

automated wearable camera and other methods used in the study; enumerators' 

ratings of participants' ability to interpret the images captured by the wearable 

camera; non-technical (e.g., fear of health or spiritual harm caused by the automated 

wearable camera) and/or technical (e.g., depleted battery) issues regarding the 

wearable camera reported by study participants or members of the data collection 

team; and requests by participant to delete wearable camera captured images. 

Participants' self-reported experiences with the automated wearable camera and 

method ratings were double entered via EpiData. Administrative and demographic 

data and participant image-assisted recall orientation ratings were entered via Excel. 

Information about the data processing and analysis of demographic, dietary diversity 

and time-use data has been previously published. (131,144) 

Because the data were not normally distributed, the Mann-Whitney U test and 

Fisher's Exact test were used to compare method ratings for participating households 

and households lost to the study. Data were analysed using Stata/SE version 17. P-

values less than 0.05 were considered significant for all tests. 

RESULTS 

Characteristics of the sample 

Overall, 211 women were recruited into the study. Among those recruited, twenty-

seven participants were eliminated from analysis due to incomplete image-assisted 

recall data (n=27), including eight participants who voluntarily withdrew from the 

study (n=8) and two participants who were unavailable for the image-assisted recall 

due to a funeral (n=1) or medical emergency (n=1). (Supplementary Figure 2) The 

remaining seventeen (n=17) instances of lost data were due to administrative errors 

(e.g., inadequate number of tablets or other enumerator-caused image-assisted recall 

non-complete). No differences in demographic data were found between participants 

who were excluded from the analyses and those who were analysed. (Supplementary 

Table 1) The median household size was six members, and approximately one-fifth 

of participating households lived below $1.25/day. The mean age of participants was 

26 years. Most participants were married and had attended primary school. Only half 
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of participants were literate. Slightly more than half of the participants identified as 

Christian. 

Feasibility from a participant perspective 

Most participants rated their experience of wearing the automated wearable camera 

and reviewing the photos the following day (image-assisted recall) as either good 

(36%) or very good (56%). (Supplementary Table 2) For over a quarter of 

participants (26%), the automated wearable camera-based image-assisted recall was 

their favourite of the four research methods assessed, which was significantly higher 

than the proportion who preferred the 24-hour recall method (4%). (Supplementary 

Table 3a - Supplementary Table 3d) These participants reported that they enjoyed 

looking at the photographs and that the photographs helped them remember key 

details. 

For over a quarter (29%) of study participants, the automated wearable camera-based 

image-assisted recall was their least favourite of the four research methods assessed. 

For these participants, invasion of privacy, fear of the device and fear of others' 

reaction to the device (emotional burden) were contributing factors. This result was 

not significantly different than the proportions who rated direct observation (24%), 

24-hour recall (32%), or the mobile phone-based interactive voice response (15%) as 

their least favourite method. (Supplementary Table 4a - Supplementary Table 4d)  

Nearly all (96%) participants reported that they would be willing to wear an 

automated wearable camera to record their food intake and daily activities in a future 

study. Furthermore, none of the eight study withdrawals can be definitively 

attributed the automated wearable camera. In three cases, the participant's husband 

declined after she had initially consented. One participant withdrew after expressing 

frustration with one of the other data capture methods (i.e., mobile phone-based 

interactive voice response) assessed in this study ("I am tired, tired, tired of your 

things"). Two reported being called away to attend a burial and no rationale for 

withdrawal was provided by the remaining dropouts (n=2). Most (n=6) of the 

withdrawals occurred in one of the two study districts (Kamuli) which resulted in a 

higher withdrawal rate in this district than in Bugiri (i.e., 9% in Kamuli vs 1% in 

Bugiri). 

Across all participants, including those who withdrew, none requested that their 

image data be entirely deleted either at the end of the data collection day or after 
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viewing their photos during the image-assisted recall. Seven participants requested 

that a few specific photos be deleted. In two cases, the participants were aware that 

the camera had likely captured private activities (bathing children and using the 

latrine) and requested pictures to be deleted at the time of device pick-up. In three 

cases, the participant vaguely indicated they wanted "a few" images deleted but did 

not specify which images at the time of data collection or during the image-assisted 

recall. In the remaining two instances, participants requested specific images to be 

deleted after seeing them in the image-assisted recall. 

Feasibility from a researcher perspective 

An additional 15% of data (n=27) had an insufficient number of images captured due 

to inoperability of the automated wearable camera. The causes and/or nature of these 

automated wearable camera malfunctions were usually unclear. In only about a half 

(n=16) of these cases were operability issues reported at the time of data collection 

(usually identified by either the failure of the device to display a blue light indicating 

a photo had been taken or to beep in response to button pressing) by either the 

participant or a member of the research team. In five instances the enumerator 

inadvertently recorded a video, which may have depleted the device battery or 

storage capacity. There were also instances (n=15) where an operability issue was 

reported but, if a malfunction occurred, it did not substantially reduce the number of 

images captured. The number and proportion of inoperable automated wearable 

cameras increased over the course of the study. (Supplementary Table 5) Only 6% of 

the study population in Bugiri was affected by inoperable devices versus 26% in 

Kamuli. Photos taken by the automated wearable camera before dawn, in the 

evening, or indoors were often too dark to determine foods or activities. Overall, 

about twelve percent of images captured by the automated wearable camera were too 

dark to interpret. 

Approximately half (53%) of participants had difficulty interpreting at least one of 

the five pre-selected "orientation" images (i.e., a picture of the mother herself, a 

picture of her child, a picture of her home, a picture of her garden, and a picture 

where her own hand is visible while performing a task). Ease-of-recognition of two 

types of orientation photos improved between the first and second image-assisted 

recall - the photo of the participant's garden (from 93% to 97%) and the photo of her 

own hand while performing a task (from 89% to 96%). (Supplemental Table 6)  
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DISCUSSION 

Principal Results 

This is the first study to investigate the feasibility of an automated wearable camera-

based image-assisted recall for collecting maternal and child dietary diversity or 

women's time-use data in a low-income country context. We assessed the feasibility 

of the automated wearable camera-based image-assisted recall method with mothers 

of young children in rural Eastern Region Uganda using administrative data and 

participant-reported perceptions. Results showed the collection of food / beverage 

intake and women’s time-use data, using an automated wearable camera, was 

feasible, although data loss was high. 

There were no reports of physical discomfort due to the automated wearable camera. 

Unlike previous studies that have hung the automated wearable camera on a lanyard, 

which may swing and get in the way of daily activities, in this study a bespoke clip 

was used to securely fasten the automated wearable camera to a t-shirt that was large 

enough to fit over the participant's clothing. Camera malfunction was minimized 

because participants in this study were not responsible for operating the device. 

Accordingly, there also were no instances of lost data due to participants forgetting 

to wear the automated wearable camera or failing to recharge it, nor were any 

usability issues reported. There were, however, eight instances of inadvertent video 

recording, possibly indicating a usability issue with the device when operated by the 

trained enumerator. These cases can lead to lost data because video recording uses 

more battery and storage space. 

Based on the high participant retention rate and the participants’ end-of-study 

method ratings, the acceptability of the automated wearable camera among 

participants of this study was high. Although a fifth of participants deemed it their 

least favourite method among those assessed in this study, 92% still rated the 

automated wearable camera-based image-assisted recall method as good or very 

good and 97% were willing to participate in an automated wearable camera-based 

image-assisted recall study in the future.  

Although eight participants withdrew from the study, none could be definitively 

attributed to the automated wearable camera. Three of the eight withdrawals 

occurred because the participant's spouse refused to participate (after the participant 

had consented), which underscores the importance of careful sensitization of not 
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only potential participants but also their families and their communities prior to 

recruitment. Careful monitoring (e.g., for rumours) during the period of data 

collection is also critical to address any concerns before they become a more 

widespread problem. This also underscores the importance of having a field team 

that speaks the local language and is familiar with the local culture, as well as strong 

engagement with and support of community leaders. Notably, a higher proportion of 

the participants who withdrew were from Kamuli than Bugiri, which may indicate 

that social acceptability can vary across small-scale geographies. In small close-knit 

communities such as the ones where this study was conducted, a single negative 

event (e.g., illness or death of a community member or family member) or rumours 

(e.g., that the automated wearable camera causes spiritual harm) can influence 

participation. Because the automated wearable camera-based image-assisted recall 

method requires two days of data collection - one day to wear the camera and the 

next day to review the images captured by the automated wearable camera - it is 

vulnerable to unanticipated absences. Future research to explore the influence of 

social networks on automated wearable camera study participation may be 

warranted.  

Participants in this study were offered multiple opportunities to delete all or some of 

the images captured by the automated wearable camera. None of the participants 

requested that their data be entirely deleted and only seven participants requested 

that a few specific photos be deleted. This low level of deletion indicates that 

participants found the content of the automated wearable camera images acceptable, 

or that they did not feel comfortable asking the enumerators for the photos to be 

deleted. Among the seven studies reporting on the acceptability of the content 

captured by the automated wearable camera (all in high-income countries), six 

reported participants opting to delete images. (46,52,56,57,62,63)  Drawing 

comparisons between this study and previous studies is difficult because, for most 

image-assisted recall studies, participants are not obligated to report if or how many 

images they deleted. The ethical framework outlined by Kelly et al. for the use of 

automated wearable cameras in health behaviour research (106) recommends that 

participants are provided time to review their images in private before being viewed 

by the research team, and to delete any images desired. This approach is impractical 

in a low-literacy population with limited exposure to digital technologies. This 
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constraint and other recommendations of the Kelly framework warrant review by 

key local stakeholders, such as researchers from low-income countries, 

representatives from government and/or other institutional review boards, and 

community representatives and local leaders, to identify practical approaches to 

ensuring that the ethical rights of automated wearable camera study participants in 

low-income countries are adequately protected.  

This study was not designed to assess acceptability from the community perspective. 

In the end-of-day innovative methods questionnaire, however, there were no 

reported requests from the public to remove the automated wearable camera, 

although one participant reportedly removed the device after being "threatened by 

others that she is being recruited for the Illuminati" (supervisor's field notes). Future 

studies need to investigate acceptability from the community perspective given the 

substantial socio-cultural differences between high-income country contexts and 

rural low-income country contexts, and across different low-income countries. 

Fifteen percent of data was lost due to automated wearable camera malfunction 

(n=27), which is similar to reported data losses due to device malfunction in other 

studies.(30,31,33,34,36,42,58,59) The relatively low rate of device malfunction may 

be because they were operated by the enumerators rather than the participants, and 

could be quickly replaced when an enumerator was present on the observation day. 

Indeed, the number instances of lost data due to inoperability was higher on days 

when the observer was not present at the home (n=24 and n=32 when the observer 

was and was not present, respectively). (Supplementary Table 7) Nevertheless, any 

amount of lost data is a waste of study and participant resources and may decrease 

the power of the study to detect the outcomes intended. Automated wearable camera 

operational issues increased over the course of the study, which suggests that wear 

and tear on the devices or the SD cards rather than inadequate battery charging were 

at fault. Back-up devices may need to be procured so that malfunctioning automated 

wearable cameras in the field can be replaced. However, it was not always evident 

when a device was inoperable until the end of the data collection day when the 

images were downloaded. Future studies will need to over-recruit participants in 

anticipation of higher-than-usual attenuation compared with the 24-hour recall or 

direct observation methods. 
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Overall, the quality of images captured by the automated wearable camera was 

sufficient for the purposes of assessing dietary diversity and time use, however, 

twelve percent of the images were "uncodable" due to insufficient lighting (i.e., too 

dark to determine foods or activities). This result is within the range of uncodable 

images reported in previous studies. (37,40–42,44,46,51,52,54,56,57,60,61,64–66) 

Due to long periods of indecipherable activities at the beginning and end of each 

day, however, the time use validation study analysis was reduced from 15 to 12 

hours. Constraints on the period of data collection limits the comparability of results 

obtained via automated wearable camera-based image-assisted recall versus other 

methods, for example, because of missing behaviours of interest that only occur in 

low-lit contexts, such as storytelling with children before bed or consumption of 

more nutritious dishes in the evening than during the day. Future studies are advised 

to explore unobtrusive options for improving ambient light when the participant is 

indoors or in the morning or evening when sunlight is low. 

In addition, automated wearable camera photos captured during vigorous activity, 

for example while sweeping or riding a bicycle, were sometimes blurry, although for 

the purposes of this study interpretation was not hindered when viewed in context of 

the surrounding images. The image quality was sometimes inadequate to determine 

slight colour variations that are important for dietary assessment, such as the 

difference between white and yellow sweet potatoes, which would be important in 

studies where the coding was performed by the researcher without the assistance of 

the participant. Food consumption and preparation steps may have also been missed 

between 30-second photo increments. Fruit, in particular, is often picked and 

consumed quickly, appearing in just 1 or 2 frames (out of approximately 1,500), or 

not at all. These issues may be addressed with an automated wearable camera with a 

higher frequency capture rate, although Arab & Winter (2010) reported that foods 

are still missed even when using an automated wearable camera with 10-second 

frequency of data capture, (29) and a higher image capture frequency would also 

increase the number of images that need to be coded, posing an additional burden on 

the research team.  

The automated wearable camera used in this study (iON SnapCam Lite) named the 

captured images by image number rather than timestamp. Although the timestamp 

was embedded in the file's metadata, it was not possible to see at-a-glance the time 
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the photograph was taken to determine, for example, the timeslot in which the 

activity occurred or to easily calculate elapsed time. Furthermore, the automated 

wearable camera tended to "lose" time over the course of the study. (Each day the 

automated wearable camera's clock became increasingly out-of-sync with real time.) 

Therefore, even the timestamp embedded in the image's metadata was not reliable, 

although it could be used to determine activity duration.  

The positioning of the automated wearable camera around the neckline of the mother 

may also have resulted in missed data related to food/beverage consumption and 

activities, especially as it pertains to childcare and child feeding. For example, there 

was no visual record of foods consumed by the child under the care of someone else, 

potentially nutrient-rich ingredients added to a recipe prepared by another member of 

the household, passive caregiving when the mother was not facing her child and 

socializing while simultaneously engaged in other activities such as washing clothes. 

Future studies should carefully consider the placement of the automated wearable 

camera given the study objectives. 

Finally, some participants had difficulty interpreting first-person perspective 

photographs captured by the wearable camera. This is notable because the image-

assisted recall method is designed to "trigger" the participant's recall of activities, 

however the images provide no assistance to (or worse, may misdirect) a 

participant’s recall of events if they cannot interpret what they see in the photo. 

Although participants easily identified the photos of their children and themselves, a 

substantial proportion struggled to interpret the photos of themselves engaged in a 

task. This issue has never before been reported, and it’s unclear what, if any, 

predictive value a participant's skill at identifying a single still "action" image may 

have for their overall image-assisted recall performance. To reduce the burden of the 

method for participants and researchers in future studies, it would be useful to 

determine the minimum number of photos and the type of photo (e.g., a well-chosen 

single image) that is effective for improving recall.  

A thorough analysis of the validity of automated wearable cameras and the 24-hour 

recall methods were reported separately. (3,60)  

Strengths 

Scalability is an important decision when choosing research methods. This feasibility 

study was conducted in communities with free-living participants, which reflects the 



 107 

conditions in which research is typically carried out in rural low-income countries. 

Compared to previous automated wearable camera feasibility studies, which are 

commonly conducted with populations less than a hundred, this study was conducted 

with a relatively large number of participants. 

This study also reports two innovative and beneficial research design choices. First, 

participants in this study were not responsible for operating the devices, which, 

although increasing the burden on the research team, likely reduced lost data. 

Second, an orientation to the automated wearable camera-captured images was 

added at the start of the image-assisted recall to help participants with little previous 

experience viewing first-person photography to use the images to trigger their 

memories. Future studies should explore whether these practices are effective in 

reducing reporting error.  

Limitations 

This feasibility study was nested within a rigorous validation study, which 

necessitated the concurrent administration of multiple methods (e.g., 15-hour direct 

observation, 24-hour recalls and interactive voice response).  To reduce the burden 

imposed on participants, the methods used to assess their perceptions of the AWC 

and IAR were limited to a brief semi-structured questionnaire at the end of each 

AWC data collection day and a simple survey of closed-ended questions at the end 

of the 5-day data collection period. Future studies should incorporate more robust 

qualitative methods to assess "acceptability" of the AWC in rural LIC contexts. For 

example, that nearly all participants rated the automated wearable camera-based 

image-assisted recall method as good or very good and were willing to participate in 

an automated wearable camera-based image-assisted recall study in the future was a 

surprising result. In-depth qualitative investigation is needed to unpack this finding. 

Also due to the concurrent collection of data via multiple methods, the interaction 

between the study team and participants was more intense in this study than would 

occur in typical studies using the automated wearable camera. Consequently, lost 

data was possibly lower in this study than it would ordinarily be because an observer 

in the home would have more readily identified a malfunctioning automated 

wearable camera and alerted the research team for quick replacement. Acceptability-

related study withdrawals may have been lower in this study because the observers 

also helped to monitor negative rumours so the research team could address them 
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early. However, acceptability may have been adversely affected because of high 

participant burden due to multiple simultaneous methods. 

This study was conducted in a single population and so the results cannot be 

generalized to other populations, even to other rural populations in Uganda.  

Participants in this study spent most of their time at home. The feasibility of an 

automated wearable camera may be lower for participants who work away from 

home. The feasibility of the image-assisted recall, which took approximately 1-2-

hours to administer, may also be lower in periods when workloads are heavy, and 

participants are experiencing time constraints e.g., during the planting or harvest 

seasons. 

Although the lack of significant differences in the household characteristics among 

those included and excluded from the study indicates that neither selection bias nor 

self-selection bias diminished the internal validity of the results among those 

recruited, the possible effect of the automated wearable camera on recruitment was 

not investigated. Future studies should try to monitor the reasons why people refuse 

to participate. For example, to better understand the factors that had influenced 

recruitment rates, non-participants could be asked to provide the reason, as done by 

Cowburn et al. (2015). (33) Research to assess the perceptions of study participants' 

family and community members regarding the automated wearable camera is also 

needed, as is research to estimate the cost-effectiveness of the automated wearable 

camera-based image-assisted recall method versus traditional recall methods, 

accounting for all equipment costs (including but not limited to the automated 

wearable cameras) and researcher time required.   

Conclusions 

In conclusion, this study showed that using an automated wearable camera in rural 

Eastern Uganda was feasible.  The results inform future studies about investments to 

improve feasibility in these contexts, including the need for higher quality devices, 

more automated data management processes, and more in-depth sensitization of 

study participants, their families, and communities. 

The most critical issues were those that resulted in substantial lost and/or unusable 

data, e.g., automated wearable camera malfunction, poor image quality, and poor 

device usability. Although these challenges may be alleviated by an investment in 

higher quality cameras, they are commonly reported in other automated wearable 
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camera studies using top-of-the-line devices explicitly designed for the purpose of 

behavioural research data collection.  

Coding the automated wearable camera images for analysis was also resource 

intensive, a factor that must be considered in weighing the trade-offs between 

different data collection methods. This challenge, too, is commonly reported in other 

automated wearable camera studies. Rough estimates calculated ex post facto for this 

study, indicate that automated wearable camera image coding took approximately 

five researcher hours per participant day, substantially more than previously 

reported. Although not insurmountable, innovations engaging stakeholders in a wide 

array of fields (e.g., computer science, engineering, and social science) are needed to 

improve hardware, software, and data analysis methods for the automated wearable 

camera-based image-assisted recall method to be scalable, regardless of country 

context. 

More unique to rural, low-income country settings, and therefore warranting special 

consideration for future studies in these contexts, are the lack of exposure to first-

person photos, insufficient experience operating a computer (e.g., to independently 

review automated wearable camera-captured images), and different socio-cultural 

norms compared to the contexts in which current automated wearable camera 

protocols have evolved. In this study, separate tools were used by the participant to 

review their photos (a tablet computer) and by the enumerator collect the recall data 

(a paper-based, unstructured instrument). The image-assisted recall data was 

transcribed verbatim in the field and coded into the designated categories ex post 

facto. To improve the quality of data obtained via automated wearable cameras, 

future image-assisted recall studies should use a structured data format to reduce 

automated wearable camera image coding time; electronically code the data in the 

field, as an output of the image review process, to eliminate ex post facto data entry; 

and, ideally, use computer-assisted personal interviews (CAPI) software to ensure 

completion and reduce errors. In high-income countries, automated wearable 

camera-based image-assisted recall researchers have used the SenseCam browser, 

(145) specifically designed for the purpose of administering image-assisted recalls, 

to scroll through the images while simultaneously coding them in a controlled 

environment. Similar applications are needed for rural low-income country contexts 

where the image-assisted recall is administered at the participant's home (likely 
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without access to electricity) and participants lack the skills to operate a computer. 

For these challenges, in-depth formative work is needed to specifically design 

automated wearable camera-based image-assisted recall methods that work for these 

contexts. 

There is no comparable method for capturing such rich and diverse data 

simultaneously and prospectively, on dimensions the participant may not think to 

report, or for enabling analysis of new questions that emerge after the data has been 

collected. Further work to design automated wearable camera-based image-assisted 

recall protocols is needed, however, to overcome the challenges common to rural, 

low-income country contexts and reduce the burdens posed on both participants and 

researchers and data losses. 
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Supplementary Figure 1. Illustrative photos obtained from the iON SnapCam Lite AWC 
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Supplementary Figure 2. Study population. 
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Supplementary Table 1. Characteristics of households and mothers included in and excluded from the study. 

 Included  Excluded  P 

 n (%) Median 25th-75th  n (%) Median 25th-75th  

Number of household members  6.0 4.5, 8.0   7.0 5.0, 8.5  .55 

Living below $1.25/day (2005 PPP) 149 (20.1)    14 (20.1)    .65 

Age (years)  26 22, 30   23 20, 29  .16 

Marital status 

Married or living together 

Divorced / Separated or Widowed 

Never married and never lived together 

 

154 (85.6) 

8 (4.4) 

18 (10.0) 

    

23 (95.8) 

0 (0.0) 

1 (4.2) 

   .51 

Level of education - attended 

None 

Primary 

Post-primary 

 

13 (7.1) 

125 (67.9) 

46 (25.0) 

    

1 (4.2) 

17 (70.8) 

6 (25.0) 

   1.00 

Cannot read and write 90 (50.0)    12 (50.0)    1.00 

Christian 108 (58.7)    15 (62.5)    .72 

PPP, purchasing power parity; P, p-value using Mann-Whitney U test to compare the medians and Fisher’s Exact test to compare the categorical data. 
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Supplementary Table 2. Participants' rating of their experience with the 

automated wearable camera-based image-assisted recall method.a (N=184) 

Rating n (%) 

Good or Very Good 

Good 

Very good 

170 (92.4) 

67 (36.4) 

103 (56.0) 

Bad or Very bad 

Bad 

Very bad 

9 (4.9) 

9 (4.9) 

0 (0.0) 

a How would you rate your experience with wearing the camera and 

looking at the photographs the next day? 
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Supplementary Table 3a. Participants' most favourite method. 

 n (%) P1 

AWC-IAR 44 (25.9) <0.001 

OBS / WFR 67 (39.4) 

24HR 7 (4.1) 

MP-IVR 52 (30.6) 
1 P, p-value using the chi-square goodness-of-fit test 

to compare the categorical data 

Supplementary Table 3b. Participants' most favourite method: AWC-IAR vs 

OBS / WFR 

 n (%) P1 

AWC-IAR 44 (25.9) 0.029 

OBS / WFR 67 (39.4) 
1 P, p-value using the chi-square goodness-of-fit test to 

compare the categorical data. 

* Indicates significant at 5% level, with the Bonferroni 

adjustment for 3 hypothesis (=0.017). 

Supplementary Table 3c. Participants' most favourite method: AWC-IAR vs 

24HR 

 n (%) P1 

AWC-IAR 44 (25.9) <0.001* 

24HR 7 (4.1) 
1 P, p-value using the chi-square goodness-of-fit test to 

compare the categorical data 

* Indicates significant at 5% level, with the Bonferroni 

adjustment for 3 hypothesis (=0.017). 

Supplementary Table 3d. Participants' most favourite method: AWC-IAR vs 

MP-IVR 

 n (%) P1 

AWC-IAR 44 (25.9) 0.414 

MP-IVR 52 (30.6) 
1 P, p-value using the chi-square goodness-of-fit test to 

compare the categorical data 

* Indicates significant at 5% level, with the Bonferroni 

adjustment for 3 hypothesis (=0.017). 



 138 

Supplementary Table 4a. Participants' least favourite method. 

 n (%) P1 

AWC-IAR 37 (28.5) 0.041 

OBS / WFR 31 (23.9) 

24HR 42 (32.3) 

MP-IVR 20 (15.4) 
1 P, p-value using the chi-square goodness-of-fit test 

to compare the categorical data 

Supplementary Table 4b. Participants' least favourite method: AWC-IAR vs 

OBS / WFR 

 n (%) P1 

AWC-IAR 37 (28.5) 0.467 

OBS / WFR 31 (23.9) 
1 P, p-value using the chi-square goodness-of-fit test to 

compare the categorical data. 

* Indicates significant at 5% level, with the Bonferroni 

adjustment for 3 hypothesis (=0.017). 

Supplementary Table 4c. Participants' least favourite method: AWC-IAR vs 

24HR 

 n (%) P1 

AWC-IAR 37 (28.5) 0.574 

24HR 42 (32.3) 
1 P, p-value using the chi-square goodness-of-fit test to 

compare the categorical data 

* Indicates significant at 5% level, with the Bonferroni 

adjustment for 3 hypothesis (=0.017). 

Supplementary Table 4d. Participants' least favourite method: AWC-IAR vs 

MP-IVR 

 n (%) P1 

AWC-IAR 37 (28.5) 0.024 

MP-IVR 20 (15.4) 
1 P, p-value using the chi-square goodness-of-fit test to 

compare the categorical data 

* Indicates significant at 5% level, with the Bonferroni 

adjustment for 3 hypothesis (=0.017). 
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Supplementary Table 5. Insufficient number of images due to AWC inoperability, by week 

Issue  Participants Affected by Week 

Total 

(N=184) 

Bugiri (N=142) Kamuli (N=69) 

 WK1 WK2 WK3 WK4 LD Total WK5 WK6 LD Total 

n (%) n n n n n (%) n n n (%) 

Participants with insufficient 

number of images due to AWC 

inoperability* 

27 (14.7) 0  4 1 4 9 (6.3) 7 11 18 (26.1) 

* Defined as 12 hours of images (1,440) per 15-hour day (1,800). 

WK, week; IAR, image-assisted recall. 
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Supplementary Table 6. Participant's ability to recognize selected image types 

during the first and second image-assisted recall orientation. 

Orientation photo type  IAR1 IAR2 P* 

 n (%) n (%)  

Photo of herself 

Recognized 

Did not recognize 

 

171 (98.8) 

2 (1.2) 

 

172 (97.7) 

4 (2.3) 

0.688 

Photo of her child 

Recognized 

Did not recognize 

 

184 (100.0) 

0 (0.0) 

 

180 (98.9) 

2 (1.1) 

0.500 

Photo of her home 

Recognized 

Did not recognize 

 

180 (97.8) 

4 (2.2) 

 

178 (97.3) 

5 (2.7) 

1.000 

Photo of her garden 

Recognized 

Did not recognize 

 

136 (93.2) 

10 (6.9) 

 

142 (96.6) 

5 (3.4) 

0.039 

Photo of her own hand while 

performing a task 

Recognized 

Did not recognize 

 

 

164 (89.1) 

20 (10.9) 

 

 

175 (95.6) 

8 (4.4) 

0.036 

P, p-value using McNemar's exact test to compare the paired categorical data. 

Supplementary Table 7. Lost data due to AWC inoperability - with and without 

observer present 

 Lost data due to inoperability 

 Observer present Observer NOT present 

AWC-IAR1 (n=184) 8 20 

AWC-IAR2 (n=184) 16 12 

Total 24 (6.5) 32 (8.7) 
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Additional Table 1. Characteristics of households, mothers, and children 

participating in and lost to the study. 

 Participating Missing 
P 

n % n % 

Mothers 

Mobile phone type 
Button phone 
Smart phone 

 
156 

5 

 
96.9 
3.1 

 
26 
1 

 
96.3 
3.7 

0.870 

Frequency of mobile 
phone use 

Daily 
Weekly 
Rarely 

 
46 
47 
54 

 
31.3 
32.0 
36.7 

 
10 
10 
7 

 
37.0 
37.0 
25.9 

0.333 

P, p-value using Mann-Whitney U test to compare the 
medians and Fisher’s Exact test to compare the 
categorical data. 

 

Additional characteristics of the study population are presented and compared with 

participants who were lost to follow-up or excluded from the analyses, in Additional 

Table 1. Most participants used button phones. The frequency of mobile phone use 

varied but was equally distributed among participants. There were no significant 

differences between participants and those lost to follow-up or excluded from the 

study. 

Notably, only 3% of participants had access to a smart phone and, although no other 

data was collected in this study regarding access to other visual media, in 2016 only 

7% of rural Ugandans owned a television. (70) Participant's exposure to first-person 

perspective imagery may therefore be limited. 
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Chapter 5: Validation of a life-logging wearable 
camera method and the 24-h diet recall method for 
assessing maternal and child dietary diversity 

ABSTRACT 

Accurate and timely data are essential for identifying populations at risk for 

undernutrition due to poor-quality diets, for implementing appropriate interventions 

and for evaluating change. Life-logging wearable cameras (LLWC) have been used 

to prospectively capture food/beverage consumed by adults in HICs. This study 

aimed to evaluate the concurrent criterion validity, for assessing maternal and child 

dietary diversity scores (DDS), of a LLWC-based image-assisted recall (IAR) and 

24-h recall (24HR). Direct observation was the criterion method. Food/beverage 

consumption of rural Eastern Ugandan mothers and their 12–23-month-old child (n 

211) was assessed, for the same day for each method, and the IAR and 24HR DDS 

were compared with the weighed food record DDS using the Bland–Altman limits of 

agreement (LOA) method of analysis and Cohen’s κ. The relative bias was low for 

the 24HR (–0·1801 for mothers; –0·1358 for children) and the IAR (0·1227 for 

mothers; 0·1104 for children), but the LOA were wide (–1·6615 to 1·3012 and –

1·6883 to 1·4167 for mothers and children via 24HR, respectively; –2·1322 to 

1·8868 and –1·7130 to 1·4921 for mothers and children via IAR, respectively). 

Cohen’s κ, for DDS via 24HR and IAR, was 0·68 and 0·59, respectively, for 

mothers, and 0·60 and 0·59, respectively, for children. Both the 24HR and IAR 

provide an accurate estimate of median dietary diversity, for mothers and their young 

child, but non-differential measurement error would attenuate associations between 

DDS and outcomes, thereby under-estimating the true associations between DDS – 

where estimated via 24HR or IAR – and outcomes measured.  
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MANUSCRIPT 

 

Validation of a life-logging wearable camera method and the 24-h diet recall

method for assessing maternal and child dietary diversity
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Abstract

Accurate and timely data are essential for identifying populations at risk for undernutrition due to poor-quality diets, for implementing appro-

priate interventions and for evaluating change. Life-logging wearable cameras (LLWC) have been used to prospectively capture food/beverage

consumed by adults in high-income countries. This study aimed to evaluate the concurrent criterion validity, for assessing maternal and child

dietary diversity scores(DDS), of aLLWC-based image-assisted recall (IAR) and 24-h recall (24HR). Direct observation wasthe criterion method.

Food/beverage consumption of rural Eastern Ugandan mothersand their 12–23-month-old child (n 211) wasassessed, for the same day for each

method, and the IAR and 24HR DDSwere compared with the weighed food record DDSusing the Bland–Altman limits of agreement (LOA)

method of analysis and Cohen’s κ. The relative bias was low for the 24HR (–0·1801 for mothers; –0·1358 for children) and the IAR(0·1227 for

mothers; 0·1104 for children), but the LOA were wide (–1·6615 to 1·3012 and –1·6883 to 1·4167 for mothersand children via 24HR, respectively;

–2·1322 to 1·8868 and –1·7130 to 1·4921 for mothersand children via IAR, respectively). Cohen’sκ, for DDSvia24HRand IAR, was0·68 and 0·59,

respectively, for mothers, and 0·60 and 0·59, respectively, for children. Both the 24HRand IARprovide an accurate estimate of median dietary

diversity, for mothers and their young child, but non-differential measurement error would attenuate associations between DDSand outcomes,

thereby under-estimating the true associations between DDS– where estimated via 24HR or IAR– and outcomes measured.

Key words: Validation studies: Diet assessment: Wearable cameras: Bland–Altman meth od

Globally, undernutrition is the single biggest contributor to child

mortality(1). Although the underlying determinants of undernu-

trition are complex and interacting, inadequate nutrient intake

is an immediate cause(2,3). The prevalence of undernutrition is

decreasing; however, there are still 144 million children under

5 years who suffer from chronic malnutrition, more than a third

of whom live in Africa(4). Accurate and timely data are essential

for identifying populations at risk for undernutrition due to poor

quality diets, for implementing appropriate interventions and for

evaluating change(5–8).

Current methods of quantitative dietary assessment are reli-

able but resource-intensive. To address the need for a rapid,

inexpensive and simple-to-administer method with alow partici-

pant burden, reliable population-level food group indicators for

measuring diet quality requiring only semi-quantitative dietary

data were developed. Cross-country analyses assessing their

performance for predicting nutrient adequacy have shown

moderate, but variable, associations(9–11). Two indicators in

particular – a dietary diversity score (DDS) for children under

5 years and a DDS for women of reproductive age living in

low- and middle-income countries – have been validated and

are now in widespread use globally(12–14). Corresponding global

minimum dietary diversity (MDD) standard thresholdshave also

been validated and are in widespread use(12,13,15). Assessing

dietary diversity using the DDS or other food group-based

indicators is, in comparison, much simpler and requires only

assessing whether any representative foods of each food group

in the index were consumed.

‘Gold standard’ quantitative dietary assessment methods,

such as direct observation and repeated weighed food records

(WFR), are used to accurately and reliably assess the foods

consumed aswell as the amount of eatable portion of each food

consumed by individual consumers. They are seldom used to

routinely collect dietary datadue to high financial and time costs,

Abbreviations: 24HR, 24-h recall; DDS, dietary diversity score; EII, enumerator image interpretation; IAR, image-assisted recall; LIC, low-income country; LLWC,

life-logging wearable camera; LOA, limit of agreement; MDD, minimum dietary diversity; WFR, weighed food record.
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SUPPLEMENTARY MATERIALS 
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Supplementary Table 1a. Inter-method comparisons of the median dietary diversity scores (DDS) (extended). 

 

Supplementary Table 1b. Inter-method comparisons of the percentage achieving minimum dietary diversity (MDD) (extended). 
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Supplementary Figure S1. Frequency of DDS differences 

 

 

Supp. Fig. 1. Frequency of maternal and child diet diversity score  (DDS) differences via 24-hour recall (24HR) or image-assisted recall (IAR) versus weighed food 
record (WFR). (a) Frequency of DDS differences for the mother via 24HR vs. WFR, (b) Frequency of DDS differences for the mother via IAR vs. WFR, (c) Frequency 

of DDS differences for the child  via 24HR vs. WFR, and (d) Frequency of DDS differences for the child  via IAR vs. WFR.

(a) (b)

(c) (d)
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Supplementary Table 2a. Inter-method comparisons of the food groups consumed by the mother. 

 

Supplementary Table 2b. Inter-method comparisons of the food groups consumed by the child. 
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ADDITIONAL MATERIALS (NOT INCLUDED IN THE MANUSCRIPT)
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Additional Table 1. Proportion of mothers reported in the 24HR to have consumed food groups before and after confirmation. 

 24HR before 

confirmation 

24HR after 

confirmation 

 

 n (%) n (%) P* 

Grains, white roots and tubers, and plantains 189 (99.5) 189 (99.5) 1.000 

Pulses 79 (41.6) 81 (42.6) 0.500 

Nuts and seeds 65 (34.2) 65 (34.2) 1.000 

Dairy 37 (19.5) 38 (20.0) 1.000 

Meat, poultry, and fish 114 (60.0) 115 (60.5) 1.000 

Eggs 5 (2.7) 6 (3.2) 1.000 

Dark green leafy vegetables 13 (6.9) 14 (7.4) 1.000 

Other vitamin A-rich fruits and vegetables 32 (16.8) 33 (17.4) 1.000 

Other vegetables 177 (93.2) 183 (96.3) 0.031 

Other fruits 112 (59.3) 118 (62.4) 0.070 

24HR, 24-hour recall. 

*P-value of McNemar's test of the proportion for food group consumption reported in the 24HR after confirmation 

compared to before confirmation <0.05 

 

In the 24HR instrument and protocol, both the mother's initial report for each group and her final report, after having been asked to confirm the 

foods / beverages consumed and not consumed (as described above) were entered, so that changes between the initial report and confirmation 

could be assessed. Mothers reported, for themselves, higher consumption of other vegetables in the 24HR after confirmation. For all other food 

groups, there were no significant differences before and after confirmation.
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Additional Table 2. Proportion of children reported in the 24HR to have consumed food groups before and after confirmation. 

 24HR before 

confirmation 

24HR after 

confirmation 

 

 n (%) n (%) P* 

Grains, roots, and tubers 189 (99.5) 187 (98.4) 0.500 

Legumes and nuts 114 (60.0) 118 (62.1) 0.125 

Dairy products 47 (24.7) 48 (25.3) 1.000 

Flesh foods 100 (52.6) 110 (57.9) 0.002 

Eggs 5 (2.7) 7 (3.7) 0.500 

Vitamin A-rich fruits and vegetables 48 (25.3) 51 (26.8) 0.508 

Other fruits and vegetables 183 (96.3) 183 (96.3) 1.000 

24HR, 24-hour recall. 

*P-value of McNemar's test of the proportion for food group consumption reported in the 24HR after confirmation 

compared to before confirmation <0.05 

 

In the 24HR instrument and protocol, both the mother's initial report for each group and her final report, after having been asked to confirm the 

foods / beverages consumed and not consumed (as described above) were entered, so that changes between the initial report and confirmation 

could be assessed. Mothers reported, for their children, higher consumption of flesh foods in the 24HR after confirmation. For all other food 

groups, there were no significant differences before and after confirmation. 
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Additional Figure 1. Inter-method comparison of the distribution of DDS for mothers. 

WFR 24HR AWC-IAR 

   

WFR, weighed food record; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 

Additional Figure 2. Inter-method comparison of the distribution of DDS for children 

WFR 24HR AWC-IAR 
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Chapter 6: Validation of an Automated Wearable 
Camera‐Based Image‐Assisted Recall Method and the 
24‐Hour Recall Method for Assessing Women’s Time 
Allocation in a Nutritionally Vulnerable Population: 
The Case of Rural Uganda 

ABSTRACT 

Accurate data are essential for investigating relationships between maternal time‐use 

patterns and nutritional outcomes. The 24 h recall (24HR) has traditionally been used 

to collect time-use data, however, automated wearable cameras (AWCs) with an 

image‐assisted recall (IAR) may reduce recall bias. This study aimed to evaluate 

their concurrent criterion validity for assessing women’s time use in rural Eastern 

Ugandan. Women’s (n = 211) time allocations estimated via the AWC‐IAR and 

24HR methods were compared with OBS (criterion method) using the Bland–

Altman limits of agreement (LOA) method of analysis and Cronbach’s coefficient 

alpha (time allocation) or Cohen’s κ (concurrent activities). Systematic bias varied 

from 1 min (domestic chores) to 226 min (caregiving) for 24HR and 1 min (own 

production) to 109 min (socializing) for AWC-IAR. The LOAs were within 2 h for 

employment, own production, and self‐care for 24HR and AWC-IAR but exceeded 

11 h (24HR) and 9 h (AWC‐IAR) for caregiving and socializing. The LOAs were 

within four concurrent activities for 24HR (−1.1 to 3.7) and AWC‐IAR (−3.2 to 3.2). 

Cronbach’s alpha for time allocation ranged from 0.1728 (socializing) to 0.8056 

(own production) for 24HR and 0.2270 (socializing) to 0.7938 (own production) for 

AWC‐IAR. For assessing women’s time allocations at the population level, the 

24HR and AWC‐IAR methods are accurate and reliable for employment, own 

production, and domestic chores but poor for caregiving and socializing. The results 

of this study suggest the need to revisit previously published research investigating 

the associations between women’s time allocations and nutrition outcomes. 
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SUPPLEMENTARY MATERIALS 
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Table S1. Household data collection patterns. 
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Table S2. Time use activities and ICATUS major divisions. 

ICATUS-2016 Major Divisions* 
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1 Cash crop farming X         

2 Cooking food - business X         

3 Working – employed X         

4 Working - own business X         

5 Supervising employees X         

6 Food crop farming  X        

7 Fish farming  X        

8 Livestock rearing  X        

9 Fish-livestock product processing  X        

10 Shelling maize – hand  X        

11 Shelling maize –machine  X        

12 Wild food gathering & fishing  X        

13 Fetching fuel (incl. travel)  X        

14 Fetching water (incl. travel)  X        

15 Chopping / splitting firewood   X       
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ICATUS-2016 Major Divisions* 
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16 Other domestic work   X       

17 Other shopping   X       

18 Washing clothes   X       

19 Cooking food - family / friends   X       

20 Food collection – garden / farm   X       

21 Food collection – shop / vendor   X       

22 Food preparation   X       

23 Other post-harvest processing   X       

24 Travel to / from farm - food   X       

25 Travel to / from market - food   X       

26 Other travel   X       

27 Care of index‡    X      

28 Care of other children or adults‡     X      

29 Accessing services    X      

30 Breast feeding index    X      

31 Feeding index food or drinks    X      
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ICATUS-2016 Major Divisions* 
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32 Feeding other children or adults    X      

33 Playing w index    X      

34 Studying      X    

35 Chatting w friends / relatives‡       X   

36 Religious activities        X   

37 Social activities & hobbies       X   

38 TV/radio/reading‡        X  

39 Personal care         X 

40 Eating or drinking         X 

41 Resting§          

42 Sleeping§          

43 Answering the phone for the study§          

44 Other interactions for the study§          

* United Nations Statistics Division. (2019). International Classification of Activities for Time-Use Statistics 2016 (ICATUS 2016). New York: United Nations. 

† There were no activities that mapped to ICATUS MD5, Unpaid volunteer, trainee, and other unpaid work. 

‡ Simultaneous activity 

§ The following activities were not included in the analysis:  resting or sleeping (due to known inconsistencies with recording) or answering the phone for the study or other 

interactions for the study. 
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Figure S1. Plots of the quantiles of activities against the quantiles of the normal distribution (Q-Q plot) for employment and related activities [MD1] 

(a) OBS, (b) 24HR, and (c) IAR; production of goods for own final use [MD2] ] (c) OBS, (e) 24HR, and (f) IAR; unpaid domestic services for 

household and family members [MD3] ] (g) OBS, (h) 24HR, and (i) IAR; unpaid caregiving services for household and family members [MD4] ] (j) 

OBS, (k) 24HR, and (l) IAR; socializing and communication, community participation and religious practice [MD7] ] (m) OBS, (n) 24HR, and (o) 

IAR; culture, leisure, mass media and sports practice [MD8] ] (p) OBS, (q) 24HR, and (r) IAR; and self-care and maintenance [MD9] ] (s) OBS, (t) 

24HR, and (u) IAR.  
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Table S3. Inter-method comparison of the median time allocated in minutes to activity groups, including enumerator image interpretation (EII). 

ICATUS Activity Group OBS (N=175)  24HR (N=175)  EII (N=175)  IAR (N=175) 

 Median 

(minutes) 

25th, 

75th 

 Median 

(minutes) 

25th, 

75th 

MD P  Median 

(minutes) 

25th, 

75th 

MD P  Median 

(minutes) 

25th, 

75th 

MD P 

Employment and related activities [MD1] 0 0, 5  0 0, 0 0 0.7987  0 0, 0 0 0.6050  0 0, 35 0 0.1123 

Production of goods for own final use 

[MD2] 

45 10, 79  49 15, 90 -3 0.0043  35 0, 75 5 0.0230  43 18, 81 0 0.8619 

Unpaid domestic services for household 

and family members [MD3] 

318 263, 370  320 245, 396 6 0.7903  295 218, 355 25 <0.0001  311 251, 374 8 0.1836 

Unpaid caregiving services for household 

and family member [MD4] * 

491 388, 608  180 96, 390 264 <0.0001  315 208, 445 153 <0.0001  418 324, 541 56 <0.0001 

Socializing and communication, 

community participation and religious 

practice [MD7] * 

405 270, 525  195 75, 330 180 <0.0001  90 15, 225 225 <0.0001  285 105, 465 105 <0.0001 

Culture, leisure, mass media and sports 

practices [MD8] * 

0 0, 30  0 0, 0 0 <0.0001  0 0, 0 0 <0.0001  0 0, 0 0 <0.0001 

Self-care and maintenance [MD9] 68 50, 88  58 39, 80 11 0.0010  49 31, 78 14 <0.0001  79 53, 111 -9 0.0002 

OBS, observation; 24HR, 24-hour recall; EII, enumerator image interpretation; IAR, image-assisted recall; MD, median of the time allocation differences (versus OBS); P, p-value of Wilcoxon 

signed rank sum test of time allocated compared to OBS. 

* Activity group contains one or more simultaneous activities. 
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Table S4. Inter-method comparison of the median time allocated in minutes to activity groups for participating women only. 

ICATUS Activity Group N OBS 24HR IAR 

  Median 

(minutes) 

25th, 75th Median 

(minutes) 

25th, 75th Median 

(minutes) 

25th, 75th 

Employment and related activities [MD1] 77 16 0, 64 10 0, 60 53 4, 135 

Production of goods for own final use [MD2] 159 50 15, 83 60 26, 94 45 24, 85 

Culture, leisure, mass media and sports practices [MD8] * 73 45 15, 165 0 0, 0 0 0, 60 

OBS, observation; 24HR, 24-hour recall; IAR, image-assisted recall. 

* Activity group contains one or more simultaneous activities. 

NB: There were no activities that mapped to ICATUS MD5, Unpaid volunteer, training, or other unpaid work. 

NB: This table does not include resting or sleeping (due to known inconsistencies with recording) or answering the phone for the study or other interactions for the study. 
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Table S5. Inter-method comparison of the median number of concurrent activities. 

 N OBS 24HR IAR 

  Median 25th, 75th Median 25th, 75th Median 25th, 75th 

Median concurrent activities 175 3.0 2.5, 4.0 2.0† 1.0, 2.0 3.0 2.0, 4.0 

OBS, observation; 24HR, 24-hour recall; IAR, image-assisted recall. 

† P-value of Wilcoxon signed rank sum test of median time allocated compared to OBS <0.05. 

NB: This data reflects the medians across the 40 discrete activities, not (the 9) activity groups. 

NB: This table does NOT include resting or sleeping (due to known inconsistencies with recording) or answering the phone for the study or other interactions for 

the study. 

Table S6. Inter-method comparison of the median number and proportion of timeslots containing concurrent activities.  

Timeslots OBS 24HR IAR 

Median number (out of 48) 42 26 40 

Median proportion 88% 54% 83% 

OBS, observation; 24HR, 24-hour recall; IAR, image-assisted recall. 
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Table S7a. Inter-method comparison of the median time allocated in minutes to activity groups, observation day verses non-observation day. 

ICATUS Activity Group NON OBS  

EII (N=174) 

OBS  

EII (N=175) 

P  NON OBS 

IAR (N=174) 

OBS  

IAR (N=175) 

P 

 Median 25th, 

75th 

Median 25th, 

75th 

  Median 25th, 

75th 

Median 25th, 

75th 

 

Employment and related activities [MD1] 0 0, 8 0 0, 0 0.0691  0 0, 26 0 0, 35 0.6984 

Production of goods for own final use [MD2] 53 8, 104 35 0, 75 0.0005  60 16, 109 43 18, 81 0.0021 

Unpaid domestic services for household and family members [MD3] 267 188, 345 295 218, 355 0.0525  296 224, 376 311 251, 374 0.0678 

Unpaid caregiving services for household and family member [MD4] * 235 140, 398 315 208, 445 0.0014  339 206, 480 418 324, 541 <0.0001 

Socializing and communication, community participation & religious practice [MD7] 

* 

150 45, 285 90 15, 225 0.0141  278 150, 450 285 105, 465 0.3588 

Culture, leisure, mass media and sports practices [MD8] * 0 0, 0 0 0, 0 0.6070  0 0, 0 0 0, 0 0.4107 

Self-care and maintenance [MD9] 49 28, 79 49 31, 76 0.4350  74 44, 110 79 53, 111 0.2469 

NON-OBS EII, non-observation day enumerator image interpretation; OBS EII, observation day enumerator image interpretation; P, p-value of Wilcoxon signed rank sum test of time allocated, 

non-observation day compared to observation day; NON-OBS IAR, non-observation day image-assisted recall; OBS IAR, observation day image-assisted recall. 

* Activity group contains one or more simultaneous activities. 
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Table S8. Frequency of inter-method time allocation differences. 

ICATUS Activity Group Method Frequency of 

no 

differences 

N (%) 

Frequency of 

differences  

<15 min 

N (%) 

Frequency of 

differences 

<30 min 

N (%) 

Frequency of 

differences 

>1 hr 

N (%) 

Frequency 

of 

differences 

>2 hr 

N (%) 

Employment and related activities 

[MD1] 

24HR 114 (65) 126 (72) 138 (79) 26 (15) 11 (6) 

IAR 105 (60) 118 (67) 132 (75) 23 (13) 8 (5) 

Production of goods for own final 

use [MD2] 

24HR 26 (15) 74 (42) 111 (63) 27 (15) 6 (3) 

IAR 29 (17) 84 (48) 121 (69) 17 (10) 5 (3) 

Unpaid domestic services for 

household and family members 

[MD3] 

24HR 1 (1) 20 (11) 43 (25) 98 (56) 46 (26) 

IAR 1 (1) 29 (17) 54 (31) 73 (42) 19 (11) 

Unpaid caregiving services for 

household and family member 

[MD4] * 

24HR 0 (0) 7 (4) 9 (5) 159 (91) 139 (79) 

IAR 1 (1) 10 (6) 25 (14) 125 (71) 84 (48) 

Socializing and communication, 

community participation and 

religious practice [MD7] * 

24HR 5 (3) 5 (3) 10 (6) 151 (86) 134 (77) 

IAR 4 (2) 4 (2) 12 (7) 144 (82) 112 (64) 

Culture, leisure, mass media and 

sports practices [MD8] * 

24HR 109 (62) 109 (62) 123 (70) 37 (21) 25 (14) 

IAR 110 (63) 110 (63) 125 (71) 36 (21) 22 (13) 

Self-care and maintenance [MD9] 24HR 1 (1) 52 (30) 97 (55) 19 (11) 4 (2) 

IAR 2 (1) 46 (26) 96 (55) 30 (17) 11 (6) 

min, minute; hr, hour. 

* Activity group contains one or more simultaneous activities. 
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Table S9. Frequency of inter-method median concurrent activities differences. 

 Method Frequency of no 

differences 

N (%) 

Frequency of 

differences <1 

CA 

N (%) 

Frequency of 

differences <2 

CA 

N (%) 

Frequency of 

differences >4 

CA 

N (%) 

Median concurrent activities 24HR 30 (17) 43 (25) 92 (53) 1 (1) 

IAR 37 (21) 55 (31) 129 (74) 8 (5) 

CA, concurrent activities; 24HR, 24-hour recall; IAR, image-assisted recall. 

Table S10. Inter-method comparison of the median concurrent activities bias and limits of agreement 

(LOA). 

 Bias* 

(activities) 

LOA† 

24HR 1.3 -1.1 3.7 

IAR 0.0 -3.2 3.2 

LOA, limits of agreement; 24HR, 24-hour recall; IAR, 

image-assisted recall. 

* Mean difference. 

† +/- 2 SD from the mean difference. 

NB: A negative indicates that 24R / IAR overestimated 

OBS. 

Table S11. Inter-method comparison of reliability for median concurrent activities. 

  24HR IAR 

 % 

Agree. 

Cohen’s 

kappa† 

P 95% CI % 

Agree. 

Cohen’s 

kappa† 

P 95% CI 

Median concurrent 

activities 

0.7091 0.0281 0.198 -0.0149 0.0710 0.8521 0.0308 0.487 -0.0565 0.1181 

24HR, 24-hour recall; IAR, image-assisted recall; CI, confidence interval. 

† Using weighted Cohen’s (reliability) kappa. Landis and Koch (1977) suggest the following benchmark scale for interpreting the 

kappa statistic: <0.00 Poor; 0.00-0.20 Slight; 0.21-0.40 Fair; 0.41-0.60 Moderate; 0.61-0.80 Substantial; 0.81-1.00 Almost Perfect. 
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Table S12. Inter-method comparison of the median time allocated in minutes to discrete activities. 

  OBS 24HR EII IAR 

 N Median 25th, 75th Median 25th, 

75th 

MD P Median 25th, 75th MD P Median 25th, 75th MD P 

ICATUS MD1 - Employment and related activities 

Cash crop farming 175 0 0, 0 0 0, 0 0 0.7550 0 0, 0 0 0.0334 0 0, 0 0 0.2040 

Cooking food - business 175 0 0, 0 0 0, 0 0 0.2328 0 0, 0 0 0.0009 0 0, 0 0 0.0067 

Working – employed 175 0 0, 0 0 0, 0 0 0.9968 0 0, 0 0 0.1573 0 0, 0 0 0.1573 

Working - own business 175 0 0, 0 0 0, 0 0 0.8234 0 0, 0 0 0.0616 0 0, 35 0 0.0003 

Supervising employees 175 0 0, 0 0 0, 0 0 0.0833 0 0, 0 0 0.0833 0 0, 0 0 0.0833 

ICATUS MD2 - Production of goods for own final use 

Food crop farming 175 0 0, 0 0 0, 0 0 0.1136 0 0, 15 0 0.0740 0 0, 0 0 0.5500 

Fish farming 175 0 0, 0 0 0, 0 0 0.3173 0 0, 0 0 . 0 0, 0 0 . 

Livestock rearing 175 0 0, 5 0 0, 0 0 0.4705 0  0, 0 0 <0.0001 0 0, 8 0 0.9048 

Fish-livestock product processing 175 0 0, 0 0 0, 0 0 0.6491 0 0, 0 0 0.1573 0 0, 0 0 0.9954 

Shelling maize – hand 175 0 0, 0 0 0, 0 0 0.9968 0 0, 0 0 0.1573 0 0, 0 0 0.1573 

Shelling maize –machine 175 0 0, 0 0 0, 0 0 0.1831 0 0, 0 0 0.0455 0 0, 0 0 0.1764 

Wild food gathering & fishing 175 0 0, 0 0 0, 0 0 0.3173 0 0, 0 0 0.3173 0 0, 0 0 0.3173 

Fetching fuel (incl. travel) 175 0 0, 8 0 0, 0 0 0.4273 0 0, 0 0 0.0003 0 0, 10 0 0.8883 

Fetching water (incl. travel) 175 20 0, 45 28 0, 60 0 0.0069 13 0, 43 0 0.2054 20 0, 45 0 0.8087 

ICATUS MD3 - Unpaid domestic services for household and family members 

Chopping / splitting firewood 175 0 0, 8 0 0, 0 0 <0.0001 0 0, 0 0 <0.0001 0 0, 0 0 0.0014 

Other domestic work 175 83 50, 114 53 23, 90 27 <0.0001 58 25, 83 23 <0.0001 68 34, 98 19 <0.0001 

Other shopping 175 0 0, 0 0 0, 0 0 0.1508 0 0, 0 0 0.0013 0 0, 0 0 0.0137 

Washing clothes 175 0 0, 20 0 0, 15 0 0.9219 0 0, 23 0 0.0165 0 0, 26 0 0.6586 

Cooking food - family / friends 175 85 56, 111 100 60, 158 -15 0.0001 64 38, 96 20 0.0001 70 48, 100 13 0.0023 

Food collection – garden / farm 175 0 0, 15 0 0, 15 0 0.2274 0 0, 0 0 0.0002 0 0, 15 0 0.9843 

Food collection – shop / vendor 175 0 0, 0 0 0, 0 0 0.6527 0 0, 0 0 0.0013 0 0, 5 0 0.0755 

Food preparation 175 51 30, 74 45 15, 73 4 0.1814 48 23, 78 0 0.9477 49 26, 79 1 0.9976 

Other post-harvest processing 175 0 0, 13 0 0, 0 0 <0.0001 0 0, 24 0 0.0023 0 0, 28 0 <0.0001 
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  OBS 24HR EII IAR 

 N Median 25th, 75th Median 25th, 

75th 

MD P Median 25th, 75th MD P Median 25th, 75th MD P 

Travel to / from farm - food 175 0 0, 20 0 0, 15 0 0.6650 0 0, 0 0 0.0056 0 0, 13 0 0.0352 

Travel to / from market - food 175 0 0, 0 0 0, 0 0 0.7101 0 0, 0 0 0.5086 0 0, 11 0 0.0003 

Other travel 175 11 0, 33 0 0, 23 0 0.0259 15 0, 53 0 0.0017 15 0, 53 0 0.0043 

ICATUS MD4 - Unpaid caregiving services for household and family members 

Care of index * 175 405 285, 510 105 30, 300 225 <0.0001 240 135, 360 120 <0.0001 315 210, 465 60 <0.0001 

Care of other children or adults * 175 255 105, 390 30 0, 150 150 <0.0001 120 45, 255 90 <0.0001 165 45, 270 45 <0.0001 

Accessing services 175 0 0, 0 0 0, 0 0 0.6585 0 0, 0 0 0.0254 0 0, 0 0 0.9943 

Breast feeding index 175 44 0, 78 0 0, 23 15 <0.0001 0 0, 0 26 <0.0001 0 0, 45 0 <0.0001 

Feeding index food or drinks 175 35 21, 57 20 10, 33 14 <0.0001 31 15, 50 4 0.1069 46 28, 70 -9 0.0001 

Feeding other children or adults 175 21 10, 33 15 5, 26 6 0.0001 19 8, 33 0 0.6409 25 11, 38 -2 0.1400 

Playing w index 175 15 0, 35 0 0, 0 13 <0.0001 0 0, 0 13 <0.0001 0 0, 15 8 <0.0001 

ICATUS MD6 - Learning 

Studying 175 0 0, 0 0 0, 0 0 . 0 0, 0 0 . 0 0, 0 0 . 

ICATUS MD7 - Socializing and communication, community participation and religious practice 

Chatting w friends / relatives * 175 390 270, 525 180 75, 315 195 <0.0001 90 15, 225 225 <0.0001 270 105, 450 105 <0.0001 

Religious activities 175 0 0, 0 0 0, 0 0 0.2514 0 0, 0 0 0.0254 0 0, 0 0 0.7202 

Social activities & hobbies 175 0 0, 0 0 0, 0 0 0.2302 0 0, 0 0 0.0044 0 0, 0 0 0.5385 

ICATUS MD8 - Culture, leisure, mass media and sports practices 

TV/radio/reading * 175 0 0, 30 0 0, 0 0 <0.0001 0 0, 0 0 <0.0001 0 0, 0 0 <0.0001 

ICATUS MD9 - Self-care and maintenance 

Personal care 175 30 19, 45 26 8, 38 8 0.0024 0 0, 13 23 <0.0001 29 15, 49 1 0.4473 

Eating or drinking 175 35 24, 48 30 19, 45 3 0.0819 38 24, 63 -6 0.0071 40 28, 63 -6 <0.0001 

OBS, observation; 24HR, 24-hour recall; EII, enumerator image interpretation; IAR, image-assisted recall; MD, mean proportion difference (versus OBS); P, p-value of Wilcoxon signed rank 

sum compared to OBS. 

* Simultaneous activity. 

NB: There were no activities that mapped to ICATUS MD5, Unpaid volunteer, trainee, and other unpaid work. 

NB: This table does not include resting or sleeping (due to known inconsistencies with recording) or answering the phone for the study or other interactions for the study. 
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Table S13. Within-method comparison of time allocation - with and without simultaneous activities. 

 Allowing for SA Traditional 

Approach 

% Change Allowing for SA Traditional 

Approach 

% Change Allowing for SA Traditional 

Approach 

% 

Change 

ICATUS 

Activity Group 

OBS OBS  24HR 24HR  IAR IAR  

 Median 

(minutes) 

25th, 

75th 

Median 

(minutes) 

25th, 

75th 

 Median 

(minutes) 

25th, 

75th 

Median 

(minutes) 

25th, 

75th 

 Median 

(minutes) 

25th, 

75th 

Median 

(minutes) 

25th, 

75th 

 

Employment 

and related 

activities [MD1] 

0 0, 5 0 0, 3 0% 0 0, 0 0 0, 0 0% 0 0, 35 0 0, 24 0% 

Production of 

goods for own 

final use [MD2] 

45 10, 79 26 6, 43 -42% 49 15, 90 38 8, 75 -22% 43 18, 81 29 11, 61 -33% 

Unpaid 

domestic 

services for 

household and 

family members 

[MD3] 

318 263, 

370 

185 143, 

223 

-42% 320 245, 

396 

250 180, 

318 

-23% 311 251, 

374 

208 168, 

275 

-33% 

Unpaid 

caregiving 

services for 

household and 

family member 

[MD4] 

491 388, 

608 

274 211, 

341 

-44% 180 96, 

390 

140 75, 

223 

-22% 418 324, 

541 

237 194, 

299 

43% 

Socializing and 

communication, 

community 

participation 

and religious 

practice [MD7] 

405 270, 

525 

137 89, 

165 

-66% 195 75, 

330 

108 38, 

169 

-47% 285 105, 

465 

97 39, 

140 

-66% 

Culture, leisure, 

mass media and 

sports practices 

[MD8] 

0 0, 30 0 0, 8 0% 0 0, 0 0 0, 0 0% 0 0, 0 0 0, 0 0% 

Self-care and 

maintenance 

[MD9] 

68 50, 88 41 31, 57 -40% 58 39, 80 48 30, 68 -17% 79 53, 

111 

57 40, 82 -28% 
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OBS, observation; 24HR, 24-hour recall; EII, enumerator image interpretation; IAR, image-assisted recall; MD, mean proportion difference (versus OBS); P, p-value of Wilcoxon signed rank 

sum compared to OBS. 
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ADDITIONAL MATERIALS (NOT INCLUDED IN THE MANUSCRIPT) 
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Additional Figure 1. Inter-method comparison of the distribution of time allocated to employment and related activities. 

OBS 24HR AWC-IAR 

   

OBS, observation; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 

Additional Figure 2. Inter-method comparison of the distribution of time allocated to Production of goods for own final use. 

OBS 24HR AWC-IAR 

   

OBS, observation; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 
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Additional Figure 3. Inter-method comparison of the distribution of time allocated to unpaid domestic services for household and family members. 

OBS 24HR AWC-IAR 

   

OBS, observation; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 

Additional Figure 4. Inter-method comparison of the distribution of time allocated to unpaid caregiving services for household and family members. 

OBS 24HR AWC-IAR 

   

OBS, observation; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 
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Additional Figure 5. Inter-method comparison of the distribution of time allocated to socializing and communication, community participation and 

religious practice. 

OBS 24HR AWC-IAR 

   

OBS, observation; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 

Additional Figure 6. Inter-method comparison of the distribution of time allocated to culture, leisure, mass media and sports practices. 

OBS 24HR AWC-IAR 

   

OBS, observation; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 
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Additional Figure 7. Inter-method comparison of the distribution of time allocated to self‐care and maintenance. 

OBS 24HR AWC-IAR 

   

OBS, observation; 24HR, 24-hour recall; AWC-IAR, automated wearable camera-based image-assisted recall. 
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Chapter 7: Thesis discussion and conclusions 

In this final chapter, the main findings from the research paper chapters of this thesis 

(Chapters 4-6) will be integrated and summarized as they relate to the primary 

objectives of the thesis. Additionally, the strengths and limitations of the study 

design, the relevance of the findings as they relate policy and program 

considerations, and areas for future relevant research will be discussed. 

MAIN FINDINGS 

A systematic literature review (Chapter 2) showed there was insufficient evidence to 

determine the feasibility, acceptability, or validity of the AWC-IAR or 24HR 

methods for assessing maternal or child dietary diversity or women's time use, in 

rural LICs, and that the evidence gaps were substantial.  

To my knowledge, no AWC feasibility or acceptability studies have been completed 

and published in a LIC. Among AWC feasibility and/or acceptability studies 

conducted in other (non-LIC) contexts, none have targeted women, mothers of 

children under two years of age, or people living in rural areas.  

There were no criterion validation studies of the AWC-IAR method for assessing 

dietary diversity in any context, and only one criterion validation study of the 24HR 

method for assessing dietary diversity among women of reproductive age, which, 

consistent with our study, found that 24HR methods (list-based and open recall) 

overestimated the DDS and MDD-W compared to WFRs. (107,131) There were no 

criterion validation studies of either the AWC-IAR or 24HR methods for assessing 

infant and young child DDS. 

For assessing time-use, there were no criterion validation studies of the 24HR 

method in any context and no AWC-IAR criterion validation studies in LICs. There 

were also no criterion validation studies of either the AWC-IAR or 24HR methods 

for assessing time use among mothers of infants and young children. 

The absence of studies demonstrating the validity of 24HR methods for assessing 

dietary diversity or time use is surprising given their widespread use, globally. These 

findings underscore the importance of the research undertaken in this thesis.  The 

main findings of this thesis are summarized in Table 7.1. 
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Table 7.1. Thesis main findings 

Objective Main Findings 

1 Assess the feasibility of an 

automated wearable 

camera-based image-

assisted recall for use in 

collecting dietary and time-

use data in rural Eastern 

Region Uganda. 

• Most study participants reported their experiences with 

the AWC and IAR to be good or very good and would 

participate in a similar study again. 

• None of the eight study withdrawals could be 

definitively attributed to AWC acceptability, but three 

occurred because the participant's spouse refused to 

participate after the participant had consented. 

• AWC acceptability appeared to have varied between 

the two study districts. 

• Providing participants time to review their AWC-

captured images in private before being viewed by the 

research team, a practice promoted to ensure study 

participants' ethical rights, was infeasible in this 

context, due to low-literacy and limited exposure to 

digital technologies. 

• Fifteen percent of data was lost due to AWC 

malfunction, and twelve percent of the AWC images 

were "uncodable" due to insufficient lighting. 

• The manual methods used to process and analyse the 

AWC data in this study, were labour-intensive, time-

consuming, and prone to human error. 

• Some participants had difficulty interpreting first-

person perspective photographs.  

2 Evaluate the concurrent 

criterion validity, for 

assessing maternal and 

child dietary diversity, 

using a semi-quantitative 

automated wearable 

camera-based image-

assisted recall method and 

a semi-quantitative 

multiple-pass 24-hour 

dietary recall method, 

compared to weighed food 

records in rural Eastern 

Region Uganda.  

• Systematic bias was low for both 24h dietary recall 

and AWC-IAR, indicating that both methods provide 

an accurate estimate of the median DDS in this rural 

Ugandan context. 

• Random error was high, indicating that DDS estimated 

via 24HR and AWC-IAR were unreliable at the 

individual level. Estimates of DDS could differ by 

more than two food groups from observed values, and 

over a third of DDS were misclassified,  

• BAPs showed a consistent and uniform pattern across 

the range of mean DDS, indicating that 24HR and 

AWC-IAR methods performed equally well for 

participants at both the lower and higher ends of the 

DDS spectrum. 

3 Evaluate the concurrent 

criterion validity, for 

assessing women's time 

use, of an automated 

wearable camera-based 

image-assisted recall 

method and a 24-hour 

activity recall method, 

compared to direct 

observation in rural Eastern 

Region Uganda. 

• For both the 24h activity recall and AWC-IAR 

methods, systematic bias was low for women's time 

allocation to employment, own production, domestic 

chores, and self-care, indicating that both methods 

provide an accurate estimate of median time allocated 

to these activities in this rural Ugandan context. 

• Women's time allocations to caregiving and 

socializing were underestimated by both methods. 

• For most activities, random error was high (>2 hrs), 

most notably for caregiving and socializing (>7 hrs), 

indicating estimates of time allocated to these 

activities via 24HR and AWC-IAR were unreliable at 

the individual level. 

• The time allocation BAPs showed varying patterns 

across activity groups.  
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• Only the IAR method generated cloud-shaped plots 

(domestic chores, caregiving, and socializing), 

indicating the method performed equally well for 

women spending little time doing these activities and 

women spending substantial time doing these 

activities.  

• Both the 24HR and the IAR methods had fan‐shaped 

plots for employment, own production (IAR only), and 

leisure, indicating the amount of random error 

increased as the mean time allocated to the activity 

group increased. 

• The 24HR method had several downward‐sloping 

BAPs (own production, domestic chores, caregiving, 

and self‐care), and IAR had one downward‐sloping 

plot for self‐care, indicating that, for these activities, 

the methods underestimated time allocations for 

women on the lower end of the spectrum and 

overestimated time allocated to the activity for women 

at the upper end of the spectrum. 

In this thesis, I investigated aspects of AWC feasibility and acceptability from the 

perspectives of participants and the research team. (See Chapter 4) Collection of 

food / beverage intake and women’s time-use data, using an AWC, was acceptable 

and feasible. Most participates rated their experiences with the AWC-IAR as either 

good or very good and would be willing to participate in a similar study again in the 

future.  

There were no reports of physical discomfort due to the AWC. There also were no 

instances of lost data due to participants forgetting to wear the AWC or the 

researcher failing to recharge it. Nor were any usability issues reported. We aimed to 

minimize interaction between the participant and the AWC to avoid the usability-

related loss of data seen in previous studies. To reduce excessive movement of the 

device, as noted in other studies wherein participants wore the AWC on a lanyard 

around their neck, a member of the research team (Jan Priebe) custom-designed a 

clip that securely fixed the AWC to an article of clothing. To standardize the AWC 

placement at the neckline, the device was clipped to a study-provided t-shirt worn by 

the participant over their usual clothing. Instead of handling the AWC, participants 

were instructed to remove the t-shirt when they wanted privacy. AWCs were 

delivered and affixed to study participants at the start of the data collection day and 

collected from the participants at the end of the data collection day and charged 

overnight by a member of the research team (ALSB).  
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The difficulty some participants had when interpreting first-person perspective 

photographs was an unanticipated feasibility challenge. The AWC-IAR method is 

designed so that images prospectively capture by the AWC can be used later in an 

IAR to "trigger" participants memories. It is therefore notable that half of 

participants had difficulty interpreting at least one of the AWC orientation images. 

Among the five image types included in the orientation, the photo of the participant's 

own hand while performing a task was the most problematic. 

We were also surprised to find that the enumerator-only image interpretation (i.e., 

the enumerator coding the images alone, based on what she could see in the images, 

without the assistance of the participant) performed poorly. Although several 

previous studies have used an enumerator image interpretation approach, 

(28,29,31,33,37,67,68) we would conclude from this study that engagement from the 

participant is required to accurately interpret the foods / beverages consumed and 

activities performed. 

Although eight participants voluntarily withdrew from the study, none of these could 

be definitively attributed to AWC acceptability. Three of the eight withdrawals 

occurred because the participant's spouse refused to participate after the participant 

had consented, which underscores the importance of careful sensitization of not only 

potential AWC-based study participants but also their families and their 

communities. Another unanticipated finding was that a higher proportion of the 

participants withdrew from one study district compared to the other (i.e., 9% in 

Kamuli vs 1% in Bugiri), which may indicate that acceptability can vary across 

small scale geographies. Data collection in Kamuli occurred in the last two weeks of 

the intensive six-week study. During this period, the field coordinator (ALSB) 

became severely ill with typhoid, which stretched the capacities of the remaining 

team members. It is therefore also possible that the field team, fatigued after a month 

of 15-day observations and overstretched, may have lacked the bandwidth to 

adequately attend the needs of study participants during observation or while 

facilitating the recalls. 

It is common practice in AWC-based research in HICs to allow participants time to 

review their images in private before being viewed by the research team, and to 

delete any images desired. This approach, however, is impractical in a low-literacy 

population with limited exposure to digital technologies. We attempted to overcome 
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this challenge by asking the participant at the end of each data collection day, before 

images had been viewed by the participant or the researcher, whether they would 

like us to delete all images or, with the assistance of the researcher, to delete some 

selected images. Participants were also invited to request deletion of any or all 

images as they viewed them with the researcher during the IAR. Despite being 

repeatedly offered the opportunity to do so, none of the participants requested that 

their data be entirely deleted either at the end of the data collection day or after 

viewing their photos during the IAR. We cannot determine, with the available data, 

whether the lack of any requests to delete all photos occurred because the 

participants found the content of the AWC images acceptable or, instead, that they 

did not feel comfortable asking the enumerators for the photos to be deleted. Seven 

participants did request for a few images to be deleted, however, suggesting that the 

protocol was at least acceptable for some. 

Among the most grievous feasibility challenges was the loss of data due to AWC 

malfunction. Twenty-seven participant days were lost due to AWC inoperability, and 

twelve percent of images were too dark to interpret. These issues have important cost 

implications for future AWC-based research study designs, either for recruiting more 

participants in anticipation of lost data and / or procuring higher quality devices. A 

larger sample size will not, however, address the problem of poor AWC image 

quality due to low-light conditions. In this study, for the purpose of method 

validation, we restricted the period of comparison to daylight hours. We also 

determined that neither foods groups consumed nor activities performed before 8am 

or 8pm were different than those during the period of comparison. However, for 

future stand-alone AWC studies, the results may be biased if the outcome of interest 

occurs more or less frequently in low-light conditions. In these cases, new solutions 

are needed for artificially lighting the activity space. 

Processing and analysing the AWC data was labour-intensive, time-consuming, and 

prone to human error. The time and expertise required to process and analyse AWC-

derived data is a major obstacle for adoption in large-scale studies. Integrated 

software for simultaneous viewing and coding of AWC-captured images that work 

on tablet computers could potentially decrease the burden for research teams. AI is 

another potential labour-saving option. AI has been used to determine portion size 

from food photos in lab conditions, however, to the best of my knowledge the 
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approach has not yet been attempted on AWC-captured images from participants in 

free-living conditions. (146–148) 

The AWC-IAR performed similarly to 24HR in assessing dietary diversity for 

mothers and children. (See Chapter 5) Both the 24h dietary recall and AWC-IAR 

methods provided an accurate estimate of the median DDS for women and children, 

as illustrated by the low systematic bias and consistent cloud-shaped pattern, in the 

BAPs. These results indicate that both the 24h dietary recall and the AWC-IAR 

methods are valid for assessing median maternal and child DDS at the population 

level. The extent of the random error for both methods, however, was high. 

Estimates of DDS could differ by more than two food groups from observed values 

and over a third of DDS were misclassified. The BAPs showed a consistent and 

uniform pattern across the range of mean DDS, which indicates that both methods 

perform similarly for women and children across the range from low to high DDS. 

The results of the analyses of the AWC-IAR and 24h activity recall methods were 

different. (See Chapter 6) For both the 24h activity recall and AWC-IAR methods, 

systematic bias was low for women's time allocation to employment, own 

production, domestic chores, and self-care. For these activities, both the 24h activity 

recall and the AWC-IAR methods are valid for assessing women's median time 

allocation at the population level. Women's time allocation to caregiving and 

socializing, however, was underestimated by both methods (>1 hr). Underestimation 

of time allocated to these activities was apparently higher for the 24h activity recall 

than the AWC-IAR (i.e., 226 m vs. 62 m for time allocated to caregiving and 172 m 

vs. 109 m for time allocated to socialising for 24h activity recall and AWC-IAR, 

respectively). For most activities, the random error, for both methods, was high 

(95% confidence limits >2 hrs). For caregiving and socializing, the 95% confidence 

limits for random error exceeded 7 hours. These results indicate that for most 

activities, neither the 24h activity recall nor the AWC-IAR are valid for estimating 

time use at the individual level.  

The shape of the time-use BAPs varied by activity. The 24HR method had several 

downward‐sloping BAPs (own production, domestic chores, caregiving, and self‐

care), and IAR had one downward‐sloping plot for self‐care, indicating that, for 

these activities, the methods underestimated time allocations for women on the lower 

end of the spectrum and overestimated time allocated to the activity for women at 
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the upper end of the spectrum. Both the 24HR and the IAR methods had fan‐shaped 

plots for employment, own production (IAR only), and leisure, indicating the 

amount of random error increased as the mean time allocated to the activity group 

increased. Only the IAR method generated cloud-shaped plots (domestic chores, 

caregiving, and socializing), indicating the method performed equally well for 

women spending little time doing these activities and women spending substantial 

time doing these activities. That only the IAR method resulted in BAPs exhibiting 

the ideal shape (cloud-shaped) suggests that, for assessing time allocation to 

domestic chores, caregiving, and socializing, the AWC-IAR method may result in 

more predictable bias compared to 24h activity recall method. 

METHODOLOGICAL CONSIDERATIONS 

Strengths 

This thesis comprises the first studies, to our knowledge, to have rigorously assessed 

the feasibility and acceptability of AWCs, and the concurrent validity for assessing 

maternal and child dietary diversity and women's time use, of an AWC-IAR method 

and 24HR methods in a rural LIC context. "Gold standard" reference methods were 

used for dietary diversity (WFRs) and time use (OBS). The Bland-Alman LOA 

method was used for data analysis, which allowed us to assess both the systematic 

bias and random error, and how it changes across the spectrum from low to high 

DDS and/or time allocation.  

This study was conducted in communities with free-living participants which reflects 

conditions in which research is typically carried out in rural LICs. Compared to 

previous AWC feasibility studies, the majority of which (88%) were conducted with 

populations less than a hundred, this study was conducted with a relatively large 

number of participants.  

It also reports on several research design innovations that were used to adapt AWC-

based research protocols commonly used in HICs to a LIC context. First, participants 

in this study were not responsible for operating the AWC devices, which, although 

increasing the burden on the research team, likely reduced lost data. Second, an 

orientation to the AWC-captured images was added at the start of the IAR to help 

participants with little previous experience viewing first-person photography to use 

the images to trigger their memories. Third, the IAR protocol designed for this study 



 222 

did not require the participant to operate the computer. Instead, a touchscreen tablet 

was used so that the participant and enumerator could review the images together, 

while the enumerator simultaneously recorded the foods / beverages consumed and 

activities performed. Furthermore, whereas dietary diversity and time-use data were 

collected using separate 24HR instruments, the AWC-IAR protocol we designed 

integrated data collection in a single instrument. This reduced repetitiveness 

compared to successive 24HRs (i.e., one for dietary diversity and one for time use) 

and, by simultaneously capturing of a behaviour of interest (i.e., dietary intake) and 

the social contexts in which it is performed (e.g., position in a series of activities, 

location, other individuals involved) may have helped to improve the quality of the 

information obtained. Finally, having the enumerator first code participants' images 

captured by the AWC before reviewing the images with the participant enabled us to 

assess whether the mothers' participation in image interpretation and analysis is 

necessary. It also reduced the time required to administer the IAR because the 

enumerator could direct the interview to image segments requiring clarification 

rather than scrolling through all images one-by-one. 

Limitations 

This study was conducted in a single population and so the results cannot be 

generalized to other populations, even to other rural populations in Uganda. In rural 

contexts, seasonality has a heavy influence on diets, due to the fruits and vegetables 

that are available, and time use, due to the agricultural work cycle. Therefore, the 

results of this study, undertaken during the dry season, cannot be generalised to other 

seasons. The acceptability of the IAR, which took approximately 1-2-hours to 

administer, may be lower in periods when workloads are heavy, and women are 

experiencing time constraints e.g., during the planting or harvest seasons.  

The feasibility of an AWC may be lower for participants who work away from 

home, for a myriad of reasons including that participants may be more likely to be 

forbidden by formal employers from wearing the device; the implications of 

forgetting to wear the AWC may be more severe if participants cannot easily and 

quickly access the device; active or passive interactions with a higher number of 

members of the public may expose the participant to more negative reactions; and, if 

the work performed by commuting participants is indoors, for example in a large 
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market, poor lighting may result in a higher proportion of images that are too dark to 

code. 

Different foods or diets may be more or less difficult to identify with the AWC 

captured images. The foods consumed by participants in this study were almost 

exclusively prepared at home and simple, and diets were fairly consistent across 

participants. More foods may be missed by the AWC in contexts where snacking is 

common. It may also be difficult to objectively determine the food groups consumed 

in contexts where foods prepared outside the home comprise a large proportion of 

the diet. The foods consumed may be more reliably captured by an AWC worn at the 

neckline in context where eating primarily occurs at a table, rather than on the 

ground. 

Different activities may also be more or less difficult to identify with the AWC 

captured images.  Participants in this study spent most of their time at home. The 

validation results may be different in a population in which a larger proportion of 

women spent more time in employed work, where the activities performed may be 

less varied, making coding simpler, especially if they are engaged in more formal 

work, such as administrative support in an office. However, activities commonly 

performed while commuting, such as reading, chatting, or listening to music on a 

mobile phone, may be missed. 

Because the feasibility study was nested within a rigorous validation study, which 

necessitated the concurrent administration of multiple methods, the methods used to 

assess their perceptions of the AWC and IAR were somewhat short-changed. More 

in-depth qualitative methods (such as focus group discussions with participants, and 

their families and communities) could have helped to better understand the 

surprisingly positive favourability ratings obtained. 

The extensive interaction between the study team and participants, due to the 

concurrent collection of data via multiple methods (e.g., 15-hour OBS, 24HRs and 

IVR), may have biased the feasibility results in several ways. For example, the 

number instances of lost data due to inoperability was higher on days when the 

observer was not present at the home (n=24 and n=32 when the observer was and 

was not present, respectively). Lost data was possibly lower in this study than it 

would be in a stand-alone AWC-based study because an observer in the home would 
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have more readily identified a malfunctioning AWC and alerted the research team 

for quick replacement. Acceptability-related study withdrawals may have been lower 

in this study because the observers helped to monitor negative rumours so the 

research team could address them early.  

Conversely, acceptability may have been adversely affected because of high 

participant burden due to multiple simultaneous methods. For example, on the day 

after observation day, four separate recall methods were administered to the 

participant in succession (24h dietary recall for children, 24h dietary recall for 

women, 24h activity recall for women, and the IAR). The AWC-IAR method itself 

concluded with a dietary diversity checklist for women, dietary diversity checklist 

for women, similar to those used in the respective 24HR methods, and women's 

activities checklist. The intensive succession of seemingly repetitive questions likely 

posed an especially heavy burden on both participants and interviewers that is not 

typical of most studies, which may have contributed to poorer performance on the 

AWC-IAR than would otherwise have been the case. Resource constraints prohibited 

administering the 24HR methods on a different day than the AWC-IAR. 

Whereas the OBS and 24h activity recall protocols were both closed-ended and 

shared a similar matrix structure of pre-defined activity categories, the AWC-IAR 

structure was open-ended. Keeping a similar structure to the other methods would 

have posed less burden on the field enumerators and data entry RAs. Had resources 

been available, a CAPI (Computer-Assisted Personal Interviews)-based data 

collection tool (compared to paper-based data collection) that, for example, 

prompted enumerators when a series of recorded activities was incomplete, may 

have further reduced the burden on field enumerators, the amount of data that needed 

to be entered by the RAs ex post facto and error related to incomplete data capture. 

Coding the time-use data was substantially more challenging than the dietary intake 

data. Although the field enumerators and data entry RAs received the same training 

in the coding of activities, there were variations in how the same or similar activities 

were coded. Inconsistencies in the coding of activities within activity groups posed 

no problem, since the time allocation was analysed at the (aggregated) activity group 

level. For example, playing with a young child and feeding a young child are 

somewhat ambiguous activities, but both fell under the caregiving activity group. 

Underestimations in one activity would have offset overestimates in another activity 
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within the same activity group. Due to the balancing out that occurs when time 

allocated to activities are aggregated, the results may vary depending on the level of 

aggregation and composition of the activity groups. Time-use results can only be 

compared (e.g., within the same population over time or between studies) when a 

standard lexicon (e.g., ICATUS or HETUS) is used. 

A different enumerator conducted the observation than administered the recall 

methods (i.e., 24HRs and IAR). Between field enumerator differences in how the 

same activity was coded for activities in the same activity group would also have 

cancelled out when aggregated for comparison. Between enumerator coding 

difference for activities in different activity groups, however, would have been more 

problematic. If the recall enumerator was always paired with the same observation 

enumerator, between-enumerator coding difference for activities in different activity 

groups would have appeared as systematic errors. If the observation / recall 

enumerator pairings were randomized, then between-enumerator coding difference 

for activities in different activity groups would have appeared as random errors. 

Future validation studies should randomize the recall enumerator to reduce study-

induced systematic errors. 

OBS and 24HR methods were coded in the field, using a predefined list of activities. 

The IAR, however, was captured in the field using an open format, which was then 

later coded (by a different team of RAs) using the lexicon used for OBS and 24HR 

methods. A few activities were coded into different activity groups by field 

enumerators and data entry RAs. For example, peeling sweet potatoes and shelling 

and pounding groundnuts were variably coded as food preparation (domestic chores) 

or post-harvest processing (own production). To address this issue, post-harvest 

processing activities were remapped to the domestic chores activity group. While 

this issue was caught, other coding discrepancies may have contributed to the 

random error seen for the AWC-IAR in this study. Formative research prior to 

undertaking a time-use study would also help to identify activities commonly 

performed by the study population and ensure similar activities are well defined for 

the research team. 

There are a few aspects of acceptability that this study did not address. The possible 

effect of the AWC on recruitment was not investigated. Also, our study did not 

assess acceptability from the perspective of participants' family members or 
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community, who might be incidentally caught on camera. In-depth qualitative 

research would have been helpful to better understand these and other considerations 

regarding AWC acceptability for participants and their communities. Further 

research is also needed to estimate the cost-effectiveness of the AWC-IAR method 

versus traditional recall methods, accounting for all equipment costs (including but 

not limited to the AWCs) and researcher time required.   

Whereas study enumerators had prior experience performing OBS and facilitating 

24HRs (other data collection methods assessed in this study), the IAR was a new and 

complex method that required strong verbal probing skills and attention to detail. 

Although enumerators were provided guidance and training in how to facilitate an 

IAR, there was no predetermined script provided. Enumerators had to figure out how 

to elicit the information from each participate based on the images before them on 

the tablet. In training, we found that some enumerators picked up the IAR technique 

easily whereas other enumerators really struggled. Future AWC-IAR studies should 

ensure adequate time for enumerator training, evaluation of enumerator IAR 

facilitation skills prior to field work, and supportive supervision during data 

collection. 

RESEARCH AND PROGRAM IMPACT EVALUATION IMPLICATIONS 

I hypothesized that an AWC-IAR method for assessing women's and children’s 

dietary diversity and women's time was feasible in a rural LIC context and could 

provide accurate and reliable data compared to OBS. The results of this thesis 

indicate that AWCs are indeed feasible and acceptable for research data collection in 

rural LIC contexts, although challenges remain.  

The AWC-IAR method provided valid results for maternal and child DDS and MDD 

at the population level and performed well for women and children at lower and 

higher ends of the DDS spectrum. Prior to this study, it was known that, in 

quantitative dietary assessment, measurement error (the difference between reported 

energy and nutrient intakes and true intakes) commonly occurs. This study showed 

that a high degree of measurement error also occurs when diet quality is assessed by 

the number of food groups consumed. That the AWC-IAR method is inappropriate 

for assessing DDS at the individual level (as indicated by high random error) is true 

also for 24h dietary recall methods and, for this reason (among others), neither 

24HR- or AWC-IAR-derived DDS should be used to assess associations between 
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dietary diversity and other outcomes of interest (e.g., stunting, overweight / obesity, 

or other diet-related non-communicable diseases). Given their similar performances 

when compared to WFR, with regard to validity, the AWC-IAR may be a viable 

option to the 24HR method for researchers seeking to assess maternal and/ or child 

dietary diversity in rural, low-income contexts. 

For assessing women's time use, the results of this thesis show that neither the 

AWC-IAR nor the 24h activity recall methods are equally valid at the population or 

individual levels across all activities. In particular, both the AWC-IAR and 24h 

activity recall methods perform most poorly for activities commonly performed by 

women in rural LIC contexts (caregiving and socialising). The implications of these 

findings are perhaps the most urgent for the 24h activity recall method. The WEAI 

and LSMS, for example, use similar but different lexicons than the ICATUS used in 

this study. Given the poor results obtained in this study for assessing some activities 

via the 24HR method, and the widespread use of the WEAI and LSMS time-use 

modules across low- and middle-income countries, it seems prudent to conduct 

similar validation studies using these protocols. 

Prior to this study, it was known that traditional time use assessment methods tended 

to underestimate women’s time use and did not adequately account for multi-tasking. 

This study showed that 24h activity recall may underestimate women’s time 

allocated to caregiving up to 60%.  

For dietary diversity, the AWC-IAR method and 24HR methods performed 

similarly. For time allocations to domestic chores, caregiving and socializing 

especially, the results of this study suggest that time-use estimates obtained via the 

AWC-IAR method are more accurate and reliable than those obtained via the 24HR 

method. The BAP shapes indicate that, via the 24h activity recall, as the mean time 

allocated to these activities increased, the magnitude and/or direction of the error 

appeared to change. Overall, however, this thesis reveals the need for new thinking 

regarding time-use assessment methods because, for most activities, neither method 

performed well. 

The benefits of the AWC-IAR method must be carefully weighed against the 

additional burdens imposed on the research team and potential for data losses. 

Although issues related to AWC malfunction, poor image quality, and poor device 
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usability seen in this study may be alleviated by an investment in higher quality 

cameras, these challenges are commonly reported in other AWC studies using top-

of-the-line devices explicitly designed for the purpose of behavioural research data 

collection. Moreover, the cost of the devices is only one of the costs incurred when 

conducting an AWC-based study. The true cost of the AWC-based method must also 

account for, among other things, the cost of tablets to view the images, peripherals to 

transfer and store the data, and either bespoke software and/or researcher time to 

analyse the data. When comparing two equally valid methods, as is the case for the 

24HR and AWC-IAR methods in assessing dietary diversity, comparative cost-

effectiveness studies that account for all aspects of the methods are needed in order 

to assess the trade-offs. In the immediate future, AWS-based studies should over-

recruit in anticipation of lost data due to malfunctioning equipment. Consideration 

must also be given to the reference period to ensure adequate lighting, and/or 

innovative solutions to artificially light the activity space of participants.  

A final important implication of this thesis regards research ethics. Low literacy and 

limited exposure to computers among residents of most rural LIC areas necessitate 

adjustments to AWC ethics protocols commonly used in HIC contexts. Kelly et al.'s 

(2013) AWC ethical framework is based on the Declaration of Helsinki (1964) and 

Nuremberg Code (1947) principles of respect for autonomy, beneficence, non-

maleficence, and justice. (106) Among other ethical guidelines, it calls for 

participants of AWC-based studies to "have the opportunity to view (and delete if 

necessary) their images in privacy". In rural LIC contexts, however, participants may 

not have the skills to review their AWC-captured images independently. As social 

norms and individual capacities may differ in and among LICs, other aspects of the 

framework may also warrant review for appropriateness and applicability. 

FUTURE RESEARCH  

This thesis marks an important step in understanding the feasibility and validity of an 

AWC-IAR method in a rural LIC context. Together, the three sets of analyses are the 

first evidence for: the feasibility and acceptability of AWC-based research methods 

among women, mothers of infants, and/or persons living in a rural LIC area; the 

feasibility of AWC-based research in rural LIC contexts for the research team; and 

the validity of an AWC-IAR method in a rural LIC context for assessing maternal 

and child dietary diversity and women's time use. The thesis, as far as I’m aware, 
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also comprises the first criterion validation of a 24HR method for assessing time use 

in any country, and the second for assessing dietary diversity in a LIC. The thesis 

therefore provides a strong foundation for future research regarding AWC-based 

data collection methods generally and AWC-IAR methods specifically in LICs, and 

AWC-IAR and 24HR methods for assessing maternal and child dietary diversity and 

women's time use in rural LIC contexts. Below I summarize my recommendations 

for the use of AWC-based research in LICs based on the findings of this thesis. 

Although the AWCs were found to be feasible for participants in this study, further 

work is needed to improve the feasibility of AWC-based methods for researchers. 

First, a review of the applicability of the Kelly et al. (2013) AWC ethics framework 

by LIC stakeholders is urgently needed. (106) Researchers from LICs, 

representatives from government and/or IRBs, potential study participants, local 

leaders, and other members of civil society should be convened for a multi-

stakeholder workshop to identify the gaps and concerns, and to adapt (or create) a 

framework that both adheres to the key ethics principles of respect for autonomy, 

beneficence, non-maleficence, and justice and is applicable to typical LIC norms and 

constraints. The inability of a large portion of the population in LICs to reliably 

operate a computer for the purpose of independently reviewing AWC-captured 

images is one obvious example. The Kelly framework also seems to assume a robust 

policy environment, where laws regarding e.g., the use of recording devices by the 

public and the right to personal privacy are in place and observed, which is not 

always the case for LICs. 

In order for AWC-based research to be conducted at scale, robust field tools that 

reduce data losses and the time required to process and code AWC images are 

needed. This includes new solutions for illuminating the activity space when 

electricity is unavailable or cost-prohibitive (for participants), a CAPI for collecting 

IAR data in the field, and improved protocols for efficiently reviewing and coding 

the images with participants. Notably, AWCs are now no longer being 

manufactured, having been replaced by wearable video cameras. These devices are 

generally more expensive than AWCs, and also generate far more images for the 

same amount of data collection time, imposing additional storage challenges and 

burden on the research team for data analysis. The time is ripe for new thinking 

regarding the use of these tools in research. For example, it may be easier and faster 
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for the participant to review a lower number of representative photos pre-selected by 

the enumerator rather than scrolling through all 1,500 images, or to review the 

images as a video rather than individual pictures. 

Also, future studies may explore opportunities for reducing the labour involved in 

analysing AWC-captured data. In HIC contexts, researchers are using AI to 

automatically identify and/or quantify foods (147,149–152) and determine activity-

related information (153–155) using images captured via an AWC. These studies are 

primarily undertaken in controlled environments, but perhaps there is an opportunity 

to use AI to assist image coding in LIC contexts too. Although AI may not be able to 

replace a human researcher, it seems plausible that it could be used to substantially 

reduce the number of photos a researcher must inspect. For example, AI may not be 

able to identify a single mango in a series of 1,500 images, but it may be able to 

identify series of photos where foods are being consumed. 

Additional AWC feasibility and acceptability studies are needed in other rural, peri-

urban, and urban settings of LICs, where time use and dietary patterns, levels of 

education and/or exposure to technology, for example, might be quite different. 

Future studies should carefully track the participation rate (that is, the proportion of 

individuals who choose to participate in the study out of the total number invited) 

and, where possible, the reasons for their decision. More work is also needed to 

assess acceptability from the perspective of the public. Future studies should 

investigate the analytical benefits of AWCs unique capacity to simultaneously 

capture data on a variety of individual-, household- and community-level factors that 

influence maternal and child health and nutrition, in comparison with standardized 

stand-alone tools. Studies are also needed to assess the validity of the AWC-IAR 

method for measuring behaviour change over time, for example before and after an 

intervention. 

This thesis reveals that both the AWC-IAR and 24HR methods are poor for 

estimating women's time allocated to caregiving. Even when viewing photos of 

themselves supervising a child, study participants often neglected to report 

caregiving as an activity. The WEAI time-use module, a 24HR method, has recently 

been modified to explicitly query women's caregiving responsibilities at every 

timeslot. To the best of my knowledge, however, no before- or after-validation 

studies have been conducted to determine if the change has resulted in more accurate 

and reliable reporting. Future AWC-based studies might explore techniques for 
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helping time use study participants to take notice of caregiving and other "taken for 

granted" activities. (140) 

Finally, although the BAPs make visible changes in the extent and/or direction of 

measurement error across the spectrum from low to high of the measured outcome, 

we do not know the implications of the three BAP shapes seen in this study (cloud, 

fan, and downward sloping) on attenuation or how attenuation may vary depending 

on the outcome measured. Further research is needed to model the error for different 

shaped BAP patterns and outcomes of interest. 

CONCLUSIONS 

This thesis comprises the first-ever AWC feasibility and validity research conducted 

in a LIC, and important findings regarding traditional (24HR) methods. The research 

findings indicate that an AWC-IAR is a feasible method for collecting maternal and 

child dietary diversity and women's time-use data in a rural LIC context, although 

challenges remain. The AWC-IAR and 24HR methods provided an accurate estimate 

of median maternal and child dietary diversity and minutes women spent in 

employment, own production, and domestic chores. The median time women spent 

caregiving and socializing, however, was underestimated by both methods, and, for 

these activities, the extent of the underestimation via the 24h activity recall was 

apparently higher than via the AWC-IAR. High LOA for dietary diversity and time 

allocation indicated that associations between either dietary diversity or time use and 

outcomes would be attenuated. For dietary diversity, the BAPs for both methods 

showed a consistent and uniform pattern across the range of mean DDS. The 

consistent BAPs of the AWC-IAR compared with the fan-shaped or downward trend 

shaped BAPs of the 24 hour activity recall method indicate that the AWC-IAR 

method for assessing time allocation to domestic chores, caregiving, and socializing 

may result in more predictable bias compared to 24h activity recall method. 

Currently, however, AWC-based research methods pose a heavy burden on 

researchers, which must be considered among the trade-offs when designing future 

studies. For DDS, the validity of the AWC-IAR method was similar to the 24HR 

method, whereas the time required to analyse the data was substantially higher. With 

the current set of tools available, the added value of the AWC-IAR may not 

outweigh the resource costs for the research purpose. Conversely, for time-use, the 

validity of the AWC-IAR method was substantially better than the 24HR for several 
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activity groups in this study context. The case for using the AWC-IAR method for 

future time use studies is much stronger. 

To be a more viable method for collecting data at scale in LICs, improvements are 

needed in study protocols and data collection tools. In particular, the AWC ethical 

framework commonly used in HICs needs to be reviewed for applicability to LIC 

contexts, new solutions are needed to overcome challenges posed by the limited 

access to electricity, and protocols and tools for coding and analysing AWC-

captured images that work in LIC contexts and reduce participant and researcher 

burdens are needed. Nonetheless, AWCs offer a unique opportunity for 

simultaneously capturing data at individual, family, and community levels that might 

otherwise go unreported by study participants because it never made an impression.
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