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Abstract
Objective: To validate digitally displayed photographic portion-size estimation aids
(PSEA) against a weighedmeal record and compare findings with an atlas of printed
photographic PSEA and actual prepared-food PSEA in a low-income country.
Design: Participants served themselves water and five prepared foods, which were
weighed separately before the meal and again after the meal to measure any left-
overs. Participants returned the following day and completed a meal recall. They
estimated the quantities of foods consumed three times using the different PSEA
in a randomized order.
Setting: Two urban and two rural communities in southern Malawi.
Participants: Women (n 300) aged 18–45 years, equally divided by urban/rural
residence and years of education (≤4 years and ≥5 years).
Results: Responses for digital and printed PSEA were highly correlated (>91%
agreement for all foods, Cohen’s κw= 0·78–0·93). Overall, at the individual level,
digital and actual-food PSEA had a similar level of agreement with the weighedmeal
record. At the group level, the proportion of participants who estimated within
20% of the weighed grams of food consumed ranged by type of food from
30 to 45% for digital PSEA and 40–56% for actual-food PSEA. Digital PSEA consis-
tently underestimated grams and nutrients across foods, whereas actual-food PSEA
provided a mix of under- and overestimates that balanced each other to produce
accurate mean energy and nutrient intake estimates. Results did not differ by urban
and rural location or participant education level.
Conclusions: Digital PSEA require further testing in low-income settings to improve
accuracy of estimations.
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Collection of accurate dietary intake data is necessary
to inform health and nutrition policies nationally and
globally(1,2). The weighed food record, in which an
observer weighs all foods and beverages consumed by a
specific individual for a certain period of time, is considered
the gold standard for dietary data collection at the individ-
ual level in low-income countries(3,4). However, this
method is expensive and impractical on a large scale,
and the presence of an observer in the household may
result in reactivity bias. The 24 h dietary recall method is a

commonly used alternative, whereby the participant is
asked to recall the types and quantities of foods and
beverages consumed during the previous day(5). One of
the main sources of error in 24 h recalls is inaccurate esti-
mation of portion sizes consumed(6,7) because participants
must remember and visualize the quantity of food they ate
the previous day(8–10).

To help participants recall portion sizes, researchers
have developed portion-size estimation aids (PSEA). In
low-income countries, non-photographic PSEA include
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actual salted foods and proxies, such as dry rice, water or
play dough, that the participant or research assistant uses to
estimate portion size bymeasuring out the recalled quantity
of food consumed, preferably into their own dish or using a
standard set of household utensils (bowls, plates, cups and
spoons), so that the amount can be weighed and, when
necessary, subsequently converted to the gram equivalent
of the portion consumed(11). Pictorial PSEA include draw-
ings or photographs of different quantities of the same
foods and can be printed or digitally displayed. Foods in
the images are often shown next to a standard-size object
or on gridlines to help the participant visualize the scale of
the portions if they are not shown life size(10).

Most published validation studies of PSEA to date have
been carried out in high-income countries with high
literacy rates(12). Only eight validation studies have been
conducted with adults in low- and middle-income
countries (LMIC)(7,13–19). Two of these used life-size printed
photographs as PSEA(14,18), four used smaller-than-life-size
printed photographs(13,15–17), and one used smaller-
than-life-size printed photographs and digital photographs
taken by the participants themselves as a memory aid(7).
A recent study in Brazil, a middle-income country,
compared digitally displayed and printed photographic
PSEA in a small sample of adults(19). To date, there are no
studies with adults in low-income countries that assessed
the validity of a digitally displayed photographic PSEAor that
included more than one type of PSEA for comparison.

The primary aim of the present study was to validate a
digitally displayed photographic PSEA (referred to hence-
forth as ‘digital PSEA’) against a weighed record of foods
eaten during lunch and a snack offered ad libitum to
women of reproductive age in Malawi. We included
printed photographic and actual-food PSEA as other
methods for comparison. Actual-food and proxy PSEA
are commonly used methods in low-income settings(5,11).
The secondary aims of the research were to compare the
validity of the digital PSEA according to the geographic
location (i.e. urban/rural) and level of education of the par-
ticipants and to measure participants’ perceptions of the
acceptability and ease of use of the different types of PSEA.

Methods

Study setting and participants
The present study was conducted in Chikwawa and
Blantyre Districts in the southern region of Malawi. We
recruited a total of 300 women, aged 18–45 years, from
two rural subsistence farming villages in Chikwawa
(n 150) and two neighbourhoods in Blantyre city
(n 150). We chose this target group because women of
reproductive age are typically the participants in studies
and surveys assessing dietary intake in low-income
countries. Level of education could have an impact on
participants’ ability to use PSEA(13); therefore, we recruited

women using quota sampling such that half in each location
had 4 or fewer years (low or no literacy) and half had 5 or
more years (moderate to high literacy) of formal education.

Development of portion-size estimation aids
We developed PSEA for five foods commonly consumed in
Malawi and water. The foods were chosen to represent
types of food that present different challenges for estimat-
ing portion sizes: amorphous foods (e.g. stew made of
kidney beans, stew made of green leafy vegetables),
single-unit foods (e.g. bananas), small pieces (e.g. roasted
groundnuts) and shaped foods (e.g. patties of nsima or stiff
maize porridge). Nsima is the staple food of Malawi and
accounts for a large part of nutrient intakes. Foods like
green leafy vegetables and beans also play an important
role in dietary intakes in this setting. We created the images
used in the present study based on a formative research
phase, which has been described elsewhere(20), and
published guidance on the development of PSEA(8–10).
Briefly, we tested feasibility, acceptability and accuracy
of several visual characteristics of PSEA in print and digital for-
mat, includingnumber of portion-size options, portion shapes
v. photographs, 45° v. 90° photographic angle and simultane-
ous v. sequential presentation of images in relation to a
weighed meal record. Based on the findings from the forma-
tive phase, we prepared PSEA for the present study’s valida-
tion phase comprising three portion sizes using photographic
images taken at a 45° angle and presented simultaneously.
The portions were based on the 25th, 50th and 75th percen-
tiles of the weighedmeal record of each food consumed dur-
ing the formative phase of the study (n 96). We used these
data because no other study or population-level intake data
from non-pregnant women in Malawi were available.

A photographer in Malawi took photographs of the
foods, prepared using typical local preparation methods,
on a standard-size white plate using a Nikon D5100
camera. A spoon was included in the photographs as a
fiducial marker. The focal length of the camera lens
was set at 29 mm, shutter speed to 0·10 s and aperture
to f/20. The photographs were taken at a 45° angle using
a tripod. The photographs were edited using Photoshop
(version 16) to ensure that the plate was uniform in scale
in all photographs and the colour balance was consistent.
The photographs were cropped to 62 mm × 50 mm so
they could fit in a single row on a Samsung Galaxy
Tab A with a 10·1-inch display. We chose this size tablet
because it is commonly used for field-based survey data
collection, which would allow digital PSEA to be inte-
grated easily into other data collection tools. We used
the same images in the digital and print formats. The dig-
ital images were incorporated into the tablet-based data
collection tool locked to the horizontal orientation
(Fig. 1). The print images were printed on card stock,
laminated and bound together into a food atlas the same
size and orientation as the tablet screen.
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Data collection
Community leaders invited potentially eligible women to
report to a central location in each community where
research assistants described the study and screened them.
Women were eligible if they were 18–45 years of age, had
not participated in the formative phase of the study and lived
within 2 km of the data collection site. Women who were
interested and eligible participated in an informed consent
procedure. Trained research assistants then invited the
women to serve themselves groundnuts and eat them as a
snack while research assistants collected data on their
self-reported age, socio-economic status, household food
insecurity and media exposure. The women then served
themselves a lunch of nsima, kidney bean stew and green
leafy vegetable stew, with each food item on a separate, stan-
dard-size plate, and water in a standard-size cup. Bananas
were served after the meal as a dessert. The research assist-
ants used a Salter Aquatronic digital kitchen scale (model
1020BKSS; accurate to ±0·1 g) to weigh each food and water
before consumption and the leftovers afterward.

Research assistants asked thewomen to return on the fol-
lowing day to complete a meal recall and estimate quantities
consumed using each of the PSEA – digitally displayed
photographs, printed photographs and actual foods – in a
balanced randomized order. Testing the actual-food PSEA
involved asking the women to use the standard-size study
plates and actual prepared foods tomeasure out the portions
of the foods they had consumed the previous day. Research
assistants then weighed each food item separately.

Data collection toolswere developed in English and trans-
lated into Chichewa. Socio-economic questions were taken
from the Malawi Demographic and Health Survey(21) and
household hunger was measured using the Household
Food Insecurity Access Scale(22). The questionnaire used dur-
ing the recall included closed- and open-ended questions on
portion-size selection and participant preferences and per-
ceptions of ease of use of the three PSEA methods. The
socio-economic and recall questionnaires were administered
by trained research assistants, who entered responses on dig-
ital tablets and uploaded the data daily to a secure server.

Sample size
A sample size of 300 for the study was estimated using a
two-tailed t test, a significance level of 0·0167 for carrying
out multiple comparisons using Bonferroni adjustment, a

power of 80 %, a Cohen’s effect size of 0·2 and assuming
a 15 % dropout rate.

Interviews were recorded for forty participants, includ-
ing ten per study site equally divided by education level.
Participants were randomly selected within those catego-
ries. The purpose of recording a sub-sample was to obtain
a more detailed record of the participants’ responses to
open-ended questions than could be obtained from the
interviewers’ typed tablet entries and to use the data for
qualitative analysis. The qualitative sample sizewas chosen
based on the assumption that twenty interviews per rural/
urban and education subgroups would be sufficient to
achieve data saturation(23). Previous research indicates that
a minimum of six to twelve interviews are needed to attain
saturation in qualitative research(24,25).

Data analysis
Descriptive statistics were calculated for participant charac-
teristics and participants’ perceptions of the different PSEA.
Average portion-size estimateswere calculated in grams for
each of the foods as recalled using each of the PSEA. Mean
gram differences between the weighed meal record and
estimated grams from each PSEA were compared using
Wilcoxon matched-pair signed-rank tests. We calculated
the percentage of participants whose portion-size estima-
tions using each PSEA were within 20 % of the grams
recorded from the weighed meal record(26) and compared
these results between urban and rural locations, as well as
low and high education levels, usingMcNemar’s χ 2 test. For
the digital PSEA, we calculated the percentage of partici-
pants who selected the ‘correct’ photograph, defined as
the photograph with the gram weight closest to the gram
weight consumed. We used weighted Cohen’s kappa sta-
tistic (κw) to assess the correlation between portion-size
selections made by participants using digital and printed
PSEA. κw values from 0·61 to 0·80 indicate substantial agree-
ment and values from 0·81 to 1 indicate almost perfect
agreement(27). We used Bland–Altman and limits of agree-
ment plots to assess agreement between each PSEA and the
weighed meal record. When using the Bland–Altman
method, measures are considered comparable if >95 %
of data points fall within the 95 % limits of agreement.
Differences between each pair of methods (e.g. digital
PSEA and weighed meal record or actual-food PSEA and
weighed meal record) were plotted against the mean of

Fig. 1 (colour online) Example of photos used in digital and print portion-size estimation aids

3142 VL Flax et al.

https://doi.org/10.1017/S1368980019002428 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980019002428


the two methods to examine the spread of differences
between the methods and the presence of systematic
bias(28). For each PSEA, we performed these calculations
on all foods combined and on each food item separately.
Outliers below the 1st and above the 99th percentiles for
each individual food estimate were excluded (n 18).

We calculated mean energy and nutrient (protein, fat,
carbohydrate, vitamin A, folate, iron and zinc) content
based on the consumed and estimated portion sizes using
a Malawi food composition table and compared mean
energy and selected nutrient intakes with those estimated
with different PSEA using Wilcoxon rank-sum tests. We
chose to include these particular micronutrients because
women often have insufficient intakes of them in Malawi
and other low-income countries. All quantitative analyses
were conducted using the statistical software package
Stata version 15.0.

For qualitative data, the recorded interviews were
transcribed verbatim in Chichewa and translated into
English. The open-ended questions in the questionnaire
were used to develop a set of deductive codes, and the
data were coded in Dedoose 7.0.23 (SocioCultural
Research Consultants LLC, Los Angeles, CA, USA) using
thematic content analysis methods(23). We double-coded
10 % of the data and discussed and recoded discrepan-
cies to ensure intercoder reliability. To facilitate analysis,
we entered illustrative quotations from the coded data
into a matrix with key themes in the columns and partici-
pant ID in the rows(29). The matrix also included columns
for urban/rural location and the participant’s education
level to facilitate subgroup analysis.

Results

Participant characteristics
On average, women in the study were 29 years of age and
had three children, and approximately 70 % were married
(Table 1). Women in the low education group had a mean
of 2·9 (SD 1·5) years of education and those in the high
education group had 8·6 (SD 2·0) years. Participants’
socio-economic status was low. They owned, on average,
two out of twelve household items and 40 % had moderate
or severe household hunger. They had limited media
access, including little access to or use of smartphones,
televisions, computers, tablets and the Internet.

Validation: accuracy
We obtained a total of 5349 responses out of 5400 possible
portion-size estimations, because some participants chose
not to eat certain foods.We found a high level of agreement
(>91 % for all foods and water) in portion-size estimations
using the digital and print PSEA. Values of κw ranged from
0·78 to 0·93 for comparison of the portion sizes selected
using digital and print PSEA for the different foods/water

tested. Given the similarity in the findings for digital and
print PSEA and our focus on the validity of the digitally
displayed PSEA,we present only the digital and actual-food
PSEA results henceforth.

The fraction of observations for all foods combined that
fell within the 95 % limits of agreement was 94 % for the
actual-food PSEA (Fig. 2(a)) and 93 % for the digital PSEA
(Fig. 2(b)). In Fig. 2(b), the three diagonal rows of data
points on the right side of the plot represent nsima
portion-size selections and indicate that most of the points
outside the 95 % limits of agreement for digital PSEA were
for nsima, while the clustered data points on the left side of
the plot represent all other foods. Overall, the 95 % limits of
agreement were wide for both methods: actual-food PSEA
(−167 g, 145 g) and digital PSEA (−189 g, 147 g). For all
foods combined, Bland–Altman analysis showed that both
the actual-food and digital PSEA resulted in underestimates
in relation to the weighed meal record. The mean differ-
ence between the weighed record and estimated portion
sizes was −11 g for the actual-food PSEA and −21 g for
the digital PSEA.

The mean difference in grams between the weighed
meal record and actual-food and digital PSEA indicated that
most foods, except for bananas (both methods) and
groundnuts (actual-food PSEA), were significantly incor-
rectly estimated at the group level (Table 2). The largest
incorrect estimations in grams were for nsima (−68·9 g
actual-food PSEA and −59·1 g digital PSEA) and water
(−68·2 g digital PSEA). On average, digital PSEA underesti-
mated groundnuts, beans and water, while actual-food
PSEA slightly overestimated these foods. The largest
difference in estimated grams between PSEA methods
was for water (difference of 79·6 g), which was underesti-
mated with digital PSEA and overestimated using actual
water to estimate the portion. The largest percentage
differences between grams consumed and estimated
(data not shown) were for groundnuts (−25 %) and water
(−22 %) using digital PSEA.

An assessment of portion-size estimation at the group
level is shown in Table 3. The proportion of participants
who estimated their portion sizes within 20 % of the
measured gram weight using actual-food or digital PSEA
varied by type of food and ranged from 30 to 56 %.
Participants had a higher percentage of correct portion-size
estimations (i.e. within 20 % of gram weight of the weighed
portion of food consumed) using actual-food PSEA than
digital PSEA for groundnuts (50 v. 30 %, P< 0·001), bananas
(56 v. 42 %, P = 0·001) andwater (56 v. 42 %, P< 0·001), but
we found no differences for other foods. We also found no
significant differences in the percentage of portion-size
estimations correct (i.e. within 20 % of the gram weight
of the weighed portion of food consumed) by level of
education using actual-food or digital PSEA or by urban/
rural location for digital PSEA; although for actual-food
PSEA, fewer urban compared with rural participants esti-
mated their portions of beans within 20 % of the measured
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gram weight (35 % urban v. 53 % rural, P= 0·001). In
addition, we assessed the percentage of participants who
selected the digital photographic portion size closest to
the gram weight of the food consumed (see online supple-
mentary material, Supplemental Table S1). We found that a
higher percentage of portion-size selections for ground-
nuts, nsima, beans and vegetables were ‘correct’ using this
definition compared with the percentage within 20 % of
the measured gram weight.

When participants used actual-food PSEA to estimate
their portion sizes, mean estimated nutrient intakes for
the group were not significantly different from the weighed
meal record for energy, protein, fat, carbohydrates, iron
and zinc, but they did differ for vitamin A (−3·8 retinol
activity equivalents, P < 0·001) and folate (þ30·5 μg,
P< 0·001; Table 4). For portion sizes estimated using digital

PSEA, mean intakes for the group for all nutrients were
significantly underestimated when compared with the
weighed meal record.

Participants’ preferences and experiences using
portion-size estimation aids
In our analysis of responses related to participants’ prefer-
ences and experiences using PSEA, we found no differences
in responses by urban/rural location or level of education.
Therefore, we present the results overall with quotations
selected regardless of these factors.

Seventy-three per cent of participants preferred using
actual food as a PSEA to estimate their portion sizes
because they felt it captured the true amount of food they
ate better than the digital and print photographic PSEA, and
using actual foods was easy:

Table 1 Participants’ characteristics and media access†: women (n 300) aged 18–45 years from
two urban and two rural communities in southern Malawi, January–April 2018

n or mean % or SD

Participant characteristics
Age (years), mean and SD 29·1 7·6
Number of children, mean and SD 2·9 1·9
Number of household members, mean and SD 4·8 1·8
Education (years), mean and SD 5·8 3·3
Household items (0–12 items), mean and SD 2·4 2·0
Literacy
Cannot read at all 75 25
Able to read part of sentence 43 14
Able to read whole sentence 182 61

Marital status
Married 213 71
Separated/divorced/widowed 65 22
Single 22 7

Household hunger scale
Little to no hunger 180 60
Moderate hunger 103 34
Severe hunger 17 6

Media access
Number of mobile phones in household, mean and SD 0·8 0·8
Number of smartphones in household, mean and SD 0·1 0·4
Type of phone owned by participant (n 156)
Cell phone in household, but no personal phone 48 31
Basic mobile phone 96 62
Smartphone 12 8

Frequency of watching television
Never 222 74
Less than once per week 31 10
Once per week 15 5
Several times per week 16 5
Daily 13 4
Don’t know 3 1

Frequency of computer use
Never 299 100
Several times per week 1 <1

Frequency of tablet use
Never 295 98
Once per week 2 1
Daily 2 1
Don’t know 1 <1

Frequency of Internet access
Never 297 99
Once per week 1 <1
Several times per week 2 1

†Data are presented as n and % unless indicated otherwise.
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‘[I prefer measuring] because the ones on the paper
and the phone [digital] do not show the exact amount
the way the weighed one does.’ (Participant with
lower education in urban area)

However, more than 80 % of participants said that both
digital PSEA and actual foods were easy or very easy to use
for most foods except nsima, for which 66 % of the partici-
pants said digital PSEA were easy or very easy (Fig. 3).
Participants explained that they were the ones to serve
themselves the food the previous day, so they knew how
much they had served and eaten and thus could remember
and put the same amount on the plate during the recall if
they were using actual foods or could select the appro-
priate portion-size photograph:

‘I had no problem [using actual foods] because yes-
terday I measured a spoon [of groundnuts] and today
I measured a spoon, the way I measured yesterday.’
(Participant with higher education in rural area)

‘It was very simple [to use the digital PSEA] because I
rememberedwhat and howmuch I ate yesterday. So,
when I saw this, I could easily remember that this
was the amount [of groundnuts] I ate yesterday.’
(Participant with lower education in rural area)

Someparticipants noted the digital imageswere not clear or
were hard to see, particularly for water. Many participants
also indicated during their meal recall that they conceptu-
alized the amount of nsima they ate in terms of number of
patties and that the patties in the images were not the same
size they had eaten:

‘The [digital and printed PSEA] are almost the same,
but I would say the tablet pictures [are] least [easy to
use] because the tablet is delicate, and the pictures
are not as clear, especially the pictures of water.’
(Participant with lower education in rural area)

Participant: ‘It was hard [to select a portion size of
nsima from the photographs], because yesterday
I had two nsima patties. One was big and the other
small.’

Interviewer: ‘So, are you saying the amount of the
one you ate cannot be seen here?’

Participant: ‘No, I can’t see the correct sizes.’
(Participant with lower education in urban area)

Across the different types of foods in the study, approxi-
mately 60 to 70 % of participants said that the portions in
the pictures represented the amount of food they normally
eat. The remainder tended to think that the portions in the
pictureswere too large for groundnuts (33 %),nsima (27 %),
beans (25 %) and vegetables (22 %), and too small for water
(25 %) andbananas (16 %). In thequalitative data,manypar-
ticipants said that the digital PSEA were easy to use because
theportion sizes they consumedof different foods andwater
were represented in the portion-size image options:

‘Itwas easiest [to use the digital PSEA] because the por-
tion of beans I ate yesterday, it’s the same as on the
image.’ (Participantwith lower education in rural area)

However, some participants had the opposite feeling. They
said it was difficult to use the digital PSEA because they did
not feel like the portion size they ate was represented
among the options:

‘It was also difficult [to use the digital PSEA] because
none of the pictures [of vegetables] represented the
amount I ate yesterday. I ate less than what is on
the pictures.’ (Participant with higher education in
rural area)
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Fig. 2 (colour online) Bland–Altman plots assessing the perfor-
mance of the portion-size estimation aids (PSEA) against a
weighed meal record in women (n 300) aged 18–45 years from
two urban and two rural communities in southern Malawi,
January–April 2018. The difference between the weight esti-
mated by the PSEA and the actual weight is plotted v. the mean
of the weight obtained by the two methods for (a) actual-food
PSEA and (b) digital PSEA, for all foods. represents the
mean difference and represents the limits of agreement
(LOA) (actual-food PSEA, using prepared foods to estimate
the quantity consumed on the previous day; digital PSEA, using
digital photos displayed on a tablet to select a portion closest to
the portion consumed on the previous day)
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Discussion

The present studywas designed to assess the validity of dig-
itally displayed photographic PSEA against a weighedmeal

record and compare findings with actual-food PSEA and
printed photographic PSEA. Overall, Bland–Altman plots
indicated similar levels of agreement between digital
PSEA and actual-food PSEA in relation to the weighed

Table 2 Mean grams consumed byweighedmeal record, and reported differences between portion-size estimation aids (PSEA) andweighed
meal record, among women (n 300) aged 18–45 years from two urban and two rural communities in southern Malawi, January–April 2018

Weighed meal
record (g)

Difference between
actual-food PSEA
and weighed meal

record (g)

Percentage
difference actual
v. weighed meal

record

Difference between
digital PSEA and
weighed meal
record (g)

Percentage
difference digital
v. weighed meal

record

Mean SD Mean SE % Mean SE %

Groundnuts 76·8 31·0 4·2 1·8 5 −19·0*** 1·6 −25
Bananas 134·9 46·3 4·4 2·7 3 8·6 3·4 6
Nsima 509·2 161·8 −68·9*** 8·0 −14 −59·1*** 9·2 −12
Beans 162·9 61·3 15·8*** 3·3 10 −26·9*** 3·3 −17
Vegetables 113·0 46·2 −8·6*** 2·5 −8 −9·9*** 2·5 −9
Water 310·5 84·0 11·4*** 5·5 4 −68·2*** 5·3 −22

Actual-food PSEA, using prepared foods to estimate the quantity consumed on the previous day; digital PSEA, using digital photos displayed on a tablet to select a portion
closest to the portion consumed on the previous day.
***P< 0·001.

Table 3 Percentage of reported portion sizes of foods and beverages correct, underestimated and overestimated by actual-food and digital
portion-size estimation aids (PSEA) comparedwith theweighedmeal record amongwomen (n 300) aged 18–45 years from two urban and two
rural communities in southern Malawi, January–April 2018

Actual-food PSEA Digital PSEA

Under Correct Over Under Correct Over

n % n % n % n % n % n %

Groundnuts 60 20 149 50 91 30 162 54 91 30 47 16
Bananas 53 18 167 56 80 27 83 28 125 42 92 31
Nsima 118 39 142 47 40 13 105 35 135 45 60 20
Beans 46 15 132 44 122 41 120 40 116 39 64 21
Vegetables 115 38 119 40 66 22 98 33 121 40 81 27
Water 54 18 167 56 79 26 137 46 128 42 35 12

Actual-food PSEA, using prepared foods to estimate the quantity consumed on the previous day; digital PSEA, using digital photos displayed on a tablet to select a portion
closest to the portion consumed on the previous day.
Under (underestimated), more than 20% under the gram weight of the weighed food portion consumed; correct, within 20% of the gram weight of the weighed portion of food
consumed; over (overestimated), more than 20% over the gram weight of the weighed food portion consumed(26).

Table 4 Mean nutrient content of meals and snacks consumed, and differences between nutrients consumed and
estimated using portion-size estimation aids (PSEA), among women (n 300) aged 18–45 years from two urban
and two rural communities in southern Malawi, January–April 2018

Weighed food
consumed

Difference between
actual-food PSEA
and weighed food

consumed

Difference between
digital PSEA and
weighed food
consumed

Mean SD Mean SE Mean SE

Energy (kJ) 6788·5 1652·3 18·4 88·3 –859·0*** 86·6
Energy (kcal) 1622·5 394·9 4·4 21·2 −205·3*** 20·7
Protein (g) 69·0 19·9 2·4 1·0 −10·4*** 1·0
Fat (g) 53·1 13·5 −0·2 0·9 −8·3*** 0·7
Carbohydrates (g) 236·8 64·3 −0·7 3·2 −24·5*** 3·4
Vitamin A (RAE) 67·2 25·8 −3·8*** 1·5 −4·7** 1·4
Folate (μg) 392·6 124·4 30·5*** 6·3 57·1*** 6·0
Iron (mg) 21·0 6·0 0·3 0·3 −3·0*** 0·3
Zinc (mg) 9·7 2·8 0·0 0·1 −1·3*** 0·1

RAE, retinol activity equivalents.
Actual-food PSEA, using prepared foods to estimate the quantity consumed on the previous day; digital PSEA, using digital photos displayed on
a tablet to select a portion closest to the portion consumed on the previous day.
**P< 0·01; ***P< 0·001.
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meal record. However, analysis by type of food showed
that participants consistently underestimated the measured
grams consumed for all foods and consequently energy
and selected nutrient intakes when using digital PSEA.
Findings from digital and printed PSEA were highly
correlated, indicating that the print PSEA also resulted in
underestimated intakes. Use of actual-food PSEA led to a
mix of under- and overestimates depending on the type
of food, which balanced each other out so that mean
energy and intakes of selected nutrients, except for folate
and vitamin A, were similar to those from theweighedmeal
record. Like our findings for digital PSEA, underestimates of
energy and nutrient intakes at the group level are common
in LMIC when using recall methods with actual food, food
drawings or food photographs as PSEA(30–34). Only two
studies in LMIC have demonstrated that actual-food or
photographic PSEA are accurate for estimating energy
and nutrient intakes at the group level among adults(5,16).

Although the goal of dietary recall is often an overall
estimate of energy and nutrient intakes, it is important to
understand where mistakes are made in portion-size estima-
tion for specific foods and how that influences estimates of
energy and nutrient intakes at both the group and individual
levels. Several studies have reported variations in the accu-
racy of estimation of portion size by type of food(8,15,18,35,36),
as reported here. In the present study, however, we found
that accuracy of portion-size estimation varied not only by
type of food, but also by PSEA, with grams of nsima being
underestimated using both digital and actual-food PSEA.
This finding is important because nsima is the staple food
in Malawi and often the main source of energy and nutrients
in the diet(5,37). Underestimation of nsima could be related to
the flat slope phenomenon, whereby larger portions are

underestimated and smaller portions are overestimated(8,9,13).
In the present study, the sizeof thensimaportions consumed
was the largest among all foods offered. Inaccurate estima-
tion of nsima portions using digital PSEA might be reduced
by using photographs of individual nsima patties in different
sizes (e.g. small, medium, large) and asking participants to
report how many whole and partial patties they consumed,
rather than showing whole and partial nsima patties repre-
senting the gramweight of specific centiles, as practised here.
Other researchers have described difficulties with estimating
solid foods if the shape or geometry in the photographs
differs from what was habitually served(38,39).

As reported by other researchers, in our study, single-
unit foods, like bananas, were accurately estimated using
both digital and actual-food PSEA. Across settings, amor-
phous foods tend to be difficult for participants to estimate
correctly(13,15,18,35), as noted here where estimates were
inconsistent. Participants tended to underestimate vegeta-
ble stew consumption using both digital and actual-food
PSEA, whereas actual-food PSEA yielded overestimates
and digital PSEA yielded underestimates for bean stew.
We also found a difference in estimation of water using
the two PSEA methods. Participants struggled to select an
appropriate photograph among the digital PSEA options
for water. We noted in the formative phase of the study that
participants had trouble seeing the water in the digital and
print PSEA(20), so before the validation phase, we changed
the photographs to make it easier to see the amount of
water in the glass. However, measuring out the quantity
of water consumed remained more accurate than selecting
from a few photographic options.

We examined accuracy of portion-size estimation by
urban/rural residence and level of education of participants
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and found almost no differences for any of the selected foods
based on these characteristics. Given that our participants
had very little exposure to media, regardless of urban/rural
location, and equal numbers of participants were enrolled
by high/low levels of education, it is not surprising that
geographic location did not influence their ability to estimate
portion sizes. Two other studies in sub-Saharan Africa
assessed the influence of education on portion-size estima-
tion; one found that a higher level of educationwas associated
with more accurate estimation(13), while the other did not(18).

A large proportion of participants said they preferred
using actual foods to estimate portion sizes because it
was easy for them to measure out what they remembered
putting on their plates. This finding suggests that the
cognitive burden is lowest for the use of actual-food
PSEA to estimate the size of portions eaten. Participants also
said that all PSEA methods – digitally displayed photo-
graphs, printed photographs and actual foods – were easy
to use. This finding is encouraging because, at times,
researchers may need to use research methods that are
more cognitively challenging (e.g. food photographs or
proxies) because they are more practical logistically.
Some participants felt that the photographs included
images similar to the portion size they consumed, but most
others perceived the portions in the photographs as larger
than what they habitually ate, which may explain, in part,
why participants underestimated portions when they used
digital PSEA. This limitation of the photographs used
here potentially could be addressed through further
calibration of the portion sizes depicted in future
photographic PSEA.

Our study had several other limitations. Our main goal
was to validate digitally displayed photographic PSEA and
determine if they differed in accuracy, participant prefer-
ences and ease of use comparedwith printed photographic
PSEA and actual-food PSEA. To simplify this process, we
tested only a small number of foods, selected to represent
different food types: pieces, single item, solid and
amorphous. A wider range of foods and liquids should
be tested in future studies of digital PSEA in LMIC. We
offered food to participants ad libitum, which seemed to
lead to larger-than-usual portions and more leftovers,
especially of nsima, beans and green leafy vegetables.
This may explain, in part, why participants inaccurately
estimated these foods because during the portion-size
estimation process participants thought about the amount
of food they served themselves rather than the amount they
consumed. Social desirability bias has been cited as a factor
in underestimation of energy intake in some settings for
specific types of food(33,34,40). In our study, portion sizes
were underestimated across all foods, suggesting that it
was not related to social desirability.

In the present study, use of digital PSEA resulted in under-
estimates of grams consumed and hence mean intakes of
energy and nutrients, which might be explained by incorrect
sizes of portions in the images, insufficient number of portion-

size options or the size of the images.We calibrated the quan-
tities of food in the portion-size photographs using data from
the formative phase of the study, and portions consumed
during the validation phase were in the same range. We
offered only three portion-size options in our photographic
PSEA because this number of portion sizes was preferred
and slightlymore accurate than five portion sizes or threewith
four virtual portion-size options in the formative part of the
study(20). There is little consistency in the literature for the opti-
mal number of food photograph portion sizes(8), which
ranges from one to eight and varies by type of food in some
studies(9,10,13–18,34,35,41–43). Photographic PSEA force partici-
pants to fit the quantity they ate into categories, even though
the quantity consumed varies on a continuous scale.
Presenting a specific number of portion-size options in digital
PSEA could be circumvented by allowing the portion of food
to be resized by the participant using her fingers to increase or
decrease the portion size on a photograph of a standard-size
plate. Thiswouldmakeportion sizes continuous and enable a
better match with the quantity consumed. In terms of photo-
graph size, we used relatively small photographs so that three
portion sizes could be viewed simultaneously on a digital tab-
let. Although life-size photographs could reduce the mental
effort involved in translating the size of the portion, it is not
clear from existing research whether the size of the images
is important in portion-size estimation. One study that com-
pared smaller-than-life-size and life-size photographic PSEA
found that life-size photographs were more accurate(44), but
several other studies in LMIC validated smaller-than-life-size
photographic PSEA and also found them to yield accurate
estimates of portion size(13,15–17).

Although our study had some limitations, digitally
displayed photographic PSEA could be improved with fur-
ther testing and the advantages and disadvantages of using
different types of PSEA should be considered. Our findings
showed that digitally displayed and print photographic
PSEA were comparable, which is consistent with findings
from two studies in the USA(35,36) and one from Brazil(19).
This indicates that even in a setting with low media expo-
sure, digitally displayed PSEA can be used interchangeably
with printed food atlases of the same dimensions, provided
the accuracy of the PSEA is adequate. Digital PSEA would
simplify data collection as part of a tablet- or phone-based
digital dietary intake data collection application and elimi-
nate the need for enumerators to carry large, heavy photo-
graphic atlases in the field. It is possible, however, that a
tablet loaded with thousands of photographs needed for
24 h recalls may compromise the speed of data collection
and performance of the tablet. If digital PSEA are used
for 24 h recalls, it would be necessary to ask participants
about the thickness or density of some foods, especially
porridges or gruels which vary substantially in thickness,
to ensure appropriate conversion to gram amounts and
nutrient intakes. Actual-food PSEA are more challenging
logistically than photographic PSEA because only a limited
number can be prepared and carried by enumerators along
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with measuring utensils and scales. Proxies, such as dry
rice, water or play dough, may be good alternatives to
actual-food PSEA because they are easy to visualize and
are more practical than actual foods for large-scale
surveys.

Conclusions

PSEA in dietary data collection remain essential because
collecting weighed food records on a large scale is not
feasible. We found that our digitally displayed PSEA did
not have sufficient accuracy to be scaled up in Malawi in
their current form. This finding is consistent with recent
results from Brazil showing that digital PSEA displayed on
a tablet led to more underestimation than other
methods(19). However, given that these are the first studies
in LMIC to validate digitally displayed photographic PSEA,
we expect that future studies could refine digital PSEA to
improve accuracy for estimating usual individual intakes
or intake of specific nutrients and for measuring differences
in intakes between groups. We recommend that future
research in LMIC: (i) validates digital PSEA using food
prepared and eaten by participants in their homes to
simulate real portions; (ii) tests photographs of a wider
variety of foods; (iii) assesses the optimal number of
portion-size photographs to use or uses resizable portions
to improve accuracy of portion-size estimation; and (iv)
compares different size images. Improved methods for
portion-size estimation in LMIC are needed to help facilitate
large-scale surveys of dietary intake and diet quality and to
evaluate the effectiveness of interventions to improve
dietary intake.
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