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Introduction
Measurement is indisputably an important element
of the process through which we advance knowledge. It is indispensable when we need to highlight
changes such as the progress toward set targets. To
contribute to knowledge and to allow correct assessments, however, measurement should be valid and
reliable, posing two fundamental but distinct problems regarding what is being measured and how it is
done.
Assessing validity and reliability of measures is
particularly problematic in the social sciences, where
the phenomena we wish to measure are often not
directly observable. The definition of what is being
measured may become confounded with its measurement to the point that use of different measures
would imply adoption of different notions of the
phenomenon being analyzed, an issue that could
easily go unappreciated by less sophisticated readers.
Confusion may thus arise, especially when dealing
with complex constructs.
This problem, we argue, has been particularly evident in the academic and political debates on food
security definition and measurement over the last
half century. Hundreds of indicators have been proposed, ranging from quantification of food supplies

at the country level, to more or less detailed characterizations of food consumption at the household
or individual level, and including measures of nutritional outcomes with respect to growth and nutritional deficiencies. Some of these indicators are
presented as “measures” of food security, others are
combined in various ways to produce “indexes,” but
questions remain regarding whether they can indeed
be considered proper measures.
With such questions in mind, in this paper we discuss a few of the existing indicators of food security.
After highlighting some of the elements of the debate
that are relevant for the definition of a measurable
food security construct, we introduce a conceptual
framework that distinguishes the validity of a measurement tool from the reliability of the measures it
produces. We then apply the proposed framework to
indicators belonging to two categories: those based
on the concept of food consumption adequacy, and
those that treat food insecurity as a condition that
can be identified and characterized by experiences
and behavioral responses that appear to be common
across most cultures. In the first group, we consider
the prevalence of undernourishment (POU, which is
currently used as the official indicator to monitor the
target 1C of the first Millennium Development Goal
to eradicate extreme poverty and hunger), the Food
doi: 10.1111/nyas.12594
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Consumption Score (FCS, used by the World Food
Programme in their food security and vulnerability
assessments), and the Household Dietary Diversity
Score (HDDS, which has been proposed as perhaps
the simplest possible proxy for the adequacy of food
consumption at the household level).
In the second group, we include a number
of experience-based food security scales, starting
from the Household Food Security Survey Module (HFSSM, developed by the United States Department of Agriculture and used in the United
States and Canada), and continuing with the
Household Food Insecurity Access Scale (HFIAS,
promoted by the Food and Nutrition Technical
Assistance-II (FANTA-II) initiative), the harmonized Latin American and Caribbean Food Security Scale (ELCSA, from the Spanish Escala Latinoamericana y Caribeña de Seguridad Alimentaria),
and the recently launched Food Insecurity Experience Scale (FIES), developed and adopted by the
Food and Agriculture Organization (FAO) in collaboration with the Voices of the Hungry Project.
We conclude, based on our analysis, that the inadequacy of food consumption can be reliably measured at the country level as the percentage of the
population that does not have access to enough food
to fulfil normal requirements. Proposed metrics of
food consumption adequacy at the household or
individual levels, unfortunately, do not possess the
analytic foundations required to determine their
empirical validity as food security measures. In particular, there is no basis to establish the reliability
of the measures obtained in practice or to ensure
comparability across applications.
Experience-based scales, on the other hand,
emerge as very promising tools to measure a valid
concept of food insecurity at the household and
individual levels. Their use, especially if coupled
with other indicators of individual or household
socioeconomic condition or nutritional status,
can contribute to a better understanding of the
determinants and consequences of household and
individual food insecurity.
In our discussion, we also draw conclusions on
the suitability of these indicators as elements of a
monitoring system at the global scale, in the hope
of providing a timely, useful contribution to the
process leading to the definition of the post-2015
Development Agenda, where a specific goal on food
security will likely be included.
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Toward the definition of a measurable
construct of food securitya
In the early years, the “food problem” was fundamentally identified with having enough supplies to
cover the needs of the population.1–3 It was only after 1974 that the expression “food security” started
to be widely used, even though mostly still referring to adequacy of country-level food supplies.
In the 1980s, the focus shifted to looking at the
food problem from the perspective of people’s access to food, owing to the growing evidence of
widespread malnutrition and famines in the developing world, even in periods of relatively abundant
food supplies.4 To mark the difference in these different approaches, the qualified expression “household food security” began to be used, stressing the
idea that evidence of food insecurity was to be investigated at the household level. In the 1990s, another
shift occurred from considering food security essentially a matter of dietary energy adequacy to including economic, social, nutritional, and psychological
considerations.5,6 This evolution in thinking about
food security has been described as a process characterized by the occurrence of “important and overlapping paradigm shifts:” (a) “from the global and
the national to the household and the individual, (b)
from a food-first perspective to a livelihood perspective, and (c) from objective indicators to subjective
perception.”7
The search for indicators has always been present
in the debate that has accompanied the continuing
evolution in thinking about food security, with a
proliferation of definitions and hundreds of indicators being proposed for different uses.8
It is perhaps with the World Food Summit
(WFS)9 and, later, the United Nations Millennium
Declaration on the Millennium Development Goals
(MDG),10 when globally endorsed, time-bound targets associated with the overarching goal to eradicate
hunger were set,b that the relevance of measurement

a

Retracing the history of food security definitions is beyond the scope of this paper, and we focus here only on
elements that are relevant for measurement. For a thorough review of the evolving definition of food security,
mainly from the institutional and political perspective,
see the volume by Shaw;5 see also Gibson.6
b
The WFS set the target to halve, by the year 2015, the
“number of people suffering from hunger.” Four years
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and its relation with the definition of the object being measured emerged in all its importance. While
the goal and the targets were framed with respect
to hunger, the choice of indicators revealed the difficulty in operationalizing the concept as a measurable construct. Estimates of the prevalence and
number of undernourished individuals, as provided
by the FAO,11 and of the percentage of children under 5 years of age that are underweight, as provided
by UNICEF,12 were adopted as official indicators of
the MDG monitoring framework. Neither of the two
estimates, however, can be considered a measure of
hunger. Rather, they reflect respectively, the extent
of insufficiency of food consumption in a country
and the presence of symptoms of child malnutrition.
In the extensive debate around food security measurement, including that generated from the 2002
International Scientific Symposium hosted by the
FAO,13 it has clearly emerged that the demand for
measures of food security reflecting the various dimensions of availability, access, utilization, and stability (as captured by the definition set forth by the
WFS in 1996c,14 ) has not yet been adequately fulfilled. This ongoing debate has been summarized
in several recent publications where indicators are
reviewed.15–19
Most notably, the need has emerged to go beyond
the national level when assessing the state of food
insecurity in a country, owing to the fact that relevant differences in developmental achievements are
seen more within, rather than between, countries.
This consideration, along with the increased statistical capacity in many countries, has promoted an
increased use of data from population surveys as
opposed to national accounts and macroeconomic
data. Relying more directly on survey data is justified also as a response to another identified need,
namely to improve the way the food access dimension is captured at the individual or household levels. To respond to the new need, efforts have been
later, the MDG proposed to “halve, between 1990 and
2015, the proportion of people who suffer from hunger”
(a much less demanding target in the presence of a fast
growing population).
c
“Food security, at the individual, household, national,
regional and global levels [is achieved] when all people, at
all times, have physical and economic access to sufficient,
safe and nutritious food to meet their dietary needs and
food preferences for an active and healthy life.”
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made in several directions. We focus here on two
of these efforts: the improvement of measures of
food consumption and the development of direct,
experience-based measures of the severity of food
insecurity, defined as the inability to obtain adequate food in quantity and quality because of a lack
of money or other resources.
Validity and reliability of household food
security measures
In choosing the criteria to assess the overall quality
of the indicators we review, we are primarily guided
by the consideration that individual or household
food security metrics should be effective means to
monitor progress toward the goal of ensuring food
security for all, mindful of the prospect that such
a goal will likely be agreed upon by the international community when defining a renewed, post2015 Development Agenda.d
The criteria we apply are those of validity and
of reliability (which in turn includes accuracy and
precision) in a framework that partly overlaps with
the one proposed by Frongillo.20
Validity
The terms validity and validation have been used
with different meanings in different occasions, and
general consensus may still not exist.e,21
Wikipedia provides a very broad definition of validity as follows: “In science and statistics, validity is
the extent to which a concept, conclusion or measurement is well-founded and corresponds accurately
to the real world.”22 We believe this definition is too
broad and that the issues of whether a measurement
is well-founded and whether it is accurate are two

d

At the time this paper was written, the most authoritative proposal for a relevant target on food security to be considered in the post-2015 Development Agenda reads as follows: “By 2030, end hunger
and ensure that all people have access to adequate,
safe, affordable, and nutritious food all year round.”
(Zero draft of the introduction and proposed goals and
targets on sustainable development for the post-2015
Development Agenda, produced by the Open Working Group on Sustainable Development Goals, available at http://sustainabledevelopment.un.org/content/
documents/4523zerodraft.pdf).
e
The International vocabulary of metrology22 does not
have an entry for the term validity.
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separate issues. Knowing whether a measurement
tool is inadequate because the underlying theoretical conceptual framework is poorly grounded or
because of the inaccuracy of the measures it produces, may be useful, for example, in guiding research aimed at improving them.
With reference to food security measurement, researchers often considered criterion validity and concurrent validity,23 by suggesting that validation of a
measurement tool could be sought by comparing
the measures it produces with, respectively, an existing gold standard or with other measures capturing
other aspects of the same construct obtained at the
same time on the same objects. However, as food security is a nonmaterial, unobservable construct (i.e.,
a latent trait), for which no objective benchmark exists, we cannot strictly rely on criterion validation,
while concurrent validation must rely on the a priori
assumption that the concurring measures are valid.
In reviewing validation studies of food security measures, it is difficult to separate judgment of the appropriateness of the underlying conceptualization
of food security from the technical properties of the
specific measurement tool being validated. To do so,
we need to somehow steer away from criterion and
concurrent validation as the proper means to assess
validity.23 Thus far, the processes of defining food
security as a measurable construct and of validating
proposed metrics have been so inextricably linked
that judgments on technical characteristics of the indicators have often been confused with judgments
on the appropriateness of the underlying concepts.
This has led to two opposite and equally dangerous
mistakes: concerns regarding the appropriateness of
the concept have been presented as limitations of the
measures, and acceptance of the appropriateness of
the concept has been considered sufficient to claim
validity of the indicators.
For these reasons, and by extending a definition
accepted in the educational and psychological testing domains, we propose that validity be intended
as the degree to which both evidence and theory
support the interpretations of measures entailed by
proposed uses of the tool.24–26 This definition has
the advantage that both theoretical and empirical
considerations have a role in assessing validity. The
explicit need to formulate a model that links theory and evidence in a probabilistic setting, moreover, may force analysts to take statistical aspects
into proper consideration, which, in our opinion,
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has been greatly overlooked in most discussions on
food security measurement.
Reliability f
A measurement tool is reliable if it consistently produces good results. It is a judgment on the overall
degree of uncertainty that inevitably surrounds the
measures.
Traditionally, reliability has been considered the
combination of two distinct qualities, accuracy (or
trueness) and precision, respectively related to the
two kinds of errors that may affect a measure. The
first is a measure of how small the systematic error
is, while the second is a measure of how small the
accidental (or random) error is.
According to Frongillo, “accuracy is assessed by
in-depth analysis and by relating the measure to a
criterion measure, which may be a more definitive
measure, determinant or consequence.”21 However,
as the food insecurity construct is unobservable,
there is clearly no definitive direct measure in the
more traditional sense. Establishing accuracy must
therefore confront the issue of also considering how
the measure is related to the indirect evidence on the
attribute of interest through a theoretical model.
The possibility to assess the presence and the extent of systematic measurement error therefore depends on the appropriateness of the model that links
changes in the attribute of the object of interest (the
measurand)27 to changes in the observed evidence
(the data).
Reliability is important also for another reason,
as it implies, for example, invariance of the measure
obtained when the tool is applied to the same object
under different conditions.g In the area of food security measurement, this means that measures have
f

A note of caution is appropriate here. The most recent
edition of the International Vocabulary of Metrology22
has dropped the term reliability and changed the meaning
associated with the term accuracy, which is defined now as
a synonym of what we still call reliability, as the result of the
combination of trueness and precision. We have decided to
continue to use the terms reliability instead of accuracy,
and accuracy instead of trueness, as we believe they still
reflect the most common, albeit imprecise, understanding
of the concepts.
g
As some measurement error is unavoidable, invariance
here must be intended in a probabilistic sense, meaning
that the expected size and direction of measurement errors
are not affected by the object being measured.
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no bias and are similarly precise when applied to
different populations. It has thus a strict relation to
the possibility of meaningfully comparing measures
obtained from different population groups within a
country or across countries. Lacking means to assess
reliability, it is difficult to defend comparability.
Before moving on, it is worth noting that a fundamental underlying theme when discussing measures
is feasibility—intended as the possibility that sufficiently reliable and valid measures can be obtained
under normal conditions. While feasibility is key, as
practically relevant measures should be feasible to
produce, we should not make the mistake of considering a measure to be acceptable only because it
is feasible.
A review of selected food security
indicators
From the perspective of the procedure to establish
validity outlined in the previous section, we discuss indicators on the basis of measures of access to
food. A distinction is made between two categories
of indicators: those that are based on the concept of
adequacy of food consumption and those that are
founded on the severity of the constraints on food
access, also called experience-based food security
indicators.h
Measures of the adequacy of food
consumption
It has often been suggested that the extent of food
insecurity in a population could be conceived as
the proportion of individuals who do not consume
enough food and that it would suffice to “take a large

h

There are several examples of indexes and scores (including some of the ones we review here) that are commonly—
but perhaps too loosely—presented as measures of household or individual food security. Sometimes also explicit
reference is made to the multidimensionality of the food
security concept, hinting that the proposed indicator
might be intended to capture more than one attribute of
household food security, including, for example, the utilization dimension. A thorough discussion on the problems with multidimensional measurement is beyond the
scope of this paper and we limit ourselves to the analysis of validity of the proposed indicators as measures of
the main attribute they have been designed to capture,
namely food access.
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sample of people and determine how many aren’t
eating enough” to measure it.28
While intuitively appealing, such an approach
poses several theoretical and practical challenges. To
start with, even defining food as a generic measurable entity presents nontrivial problems. Nutrition
studies have revealed how not only the quantity, but
also the quality and the variety of foods and how they
are combined, contribute to determining the overall
nutritional value of what is consumed. How to define and measure the food aggregate for the purpose
of assessing its adequacy is thus problematic. Different solutions have been adopted, leading to different
operational definitions of food. The most common
solution is to use the dietary energy content to aggregate the quantities of different foods and to conduct
the assessment with respect to the resulting total
dietary energy consumption (DEC). Inadequacy is
then defined as when habitual food consumption
fails to provide the amounts of dietary energy required for an active and healthy life,29 a choice that
has been criticized because energy-rich diets may be
deficient of essential nutrients. The energy content
of a certain combination of foods, while measurable, is not the best way to capture adequacy with
regard to nutritional value.i

i

The use of total dietary energy as a metric to capture the
nutritional adequacy of food has traditionally been justified by the consideration that “it would seem improbable
that a dietary intake which is sufficient to cover energy
requirements will be insufficient to meet protein requirements, except for the possible exception of populations
which subsist on starchy roots, tubers, plantains, etc., all
of which are extremely low in protein content. On the
other hand, if a diet is adequate in protein content but
the quantity of food eaten is insufficient to meet energy
needs, some of the protein intake will be used as a source
of energy and the diet would in practice be deficient both
for energy and protein requirements.”35 More recently,
the debate has moved beyond energy and protein consideration to include micronutrient adequacy. A meaningful
measure of the overall diet that would reflect its nutritional value, especially with reference to micronutrients,
would require detailed observation on the quantity and
quality of food consumed, as well as how it is prepared.
Reference to average consumption of individual foods or
nutrients, in this case, is likely to be of limited use. For
example, assessing the quantity of citrus fruits and of
dark leafy vegetables independently does not provide the
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A related problem is how to establish adequacy
of the food consumed. This is still an active area of
research, aimed at reconciling consistency between
nutritional theory and feasibility of data collection.
Requirements have been established for individual
macronutrients and of their combination, as well
as for micronutrients, with reference to a series of
parameters linked to sex, age, body mass and composition, physical activity level, physiological status
of pregnancy or lactation, and to possibly idiosyncratic levels of metabolic efficiency.30–32 This means
that adequacy of the food consumed by an individual should be ideally assessed against each person’s
own specific needs. This in turn would call for detailed information on the characteristics listed above
to be able to assess the nutritional requirements of
individuals. A single threshold could be used for a
group only if variability of the requirements within
the group is known to be very small, possibly smaller
than the measurement errors that can be expected to
affect the variable that is used to measure consumption, lest increasing the risk of one of two possible mistakes. Failing to recognize inadequacy when
it is there, or identifying inadequacy of consumption when, in reality, it is not there. With the data
usually available through household and individual
surveys measuring food consumption, it is impossible to reduce the uncertainty on individual nutrient
requirements to such negligible size as to prevent
misclassification. This is why, for example, nutrient
requirements are always specified as ranges of values within a class or population group.j The main
consequence of this is that the extent of nutrient adequacy in a sample of individuals or in a population
can only be properly assessed in probabilistic terms,
which in turn requires defining a model to link the
probability of inadequacy to the observed food consumption level and the other relevant characteristics
of the individual.
Another problem relates to the reference period
for food consumption measurement. Actual food
intake can vary from day to day without serious implications for the human body, which has the ability
to store energy and to use it flexibly. It is thus clear

proper evidence on the effective level of iron intake, which
improves by combining the two foods.
j
See, for example, UNU/WHO/FAO,31 in particular, page
5.
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that adequacy of food intake cannot be established
by considering what is eaten in a day or over a very
short period. This also has nontrivial implications
for data collection and methods of analysis.
In summary, when defining indicators of food security on the basis of food consumption data, one
has to make several choices on various aspects and
clearly define the concept of adequacy of food consumption so that it is unambiguously understood
before even considering how to measure it. Acceptance of the validity of the concept should then not
be confused with considerations of the feasibility of
reliable assessments.
In the following section, four indicators of the
inadequacy of food consumption will be considered:
the FAO’s estimates of the POU, indicators of caloric
inadequacy based on food consumption data from
household surveys, dietary diversity, and the FCS.
The FAO’s estimates of prevalence of
undernourishment
The first attempts at measuring the incidence of
undernutrition by considering the distribution of
food consumption within populations were made
by the FAO as early as 1974 and published in
1977 for 70 countries, covering 90% of the world’s
population.33,34
The specific indicator, first introduced by
Sukhatme in 1961,35 is an estimate of the prevalence of people with insufficient access to food in a
population. It is based on the concept of adequacy of
DEC relative to dietary energy requirement (DER)
and is calculated using information on availability of
food for domestic consumption, food energy needs
in the population, and inequality in access to food.
In practice, the distribution of food consumption in a population is represented by a probability distribution for the levels of habitual (i.e., annual averages) daily DEC of the average individual
in the population.k Such distribution is then used
to estimate the extent of food consumption inadequacy by evaluating the probability mass below a
certain threshold, which is termed the prevalence of
undernourishment.36 It can be described as equivalent to the probability that a randomly selected
k

The average or representative individual in the population is a statistical concept that summarizes the distribution of the population by age, gender, body mass, and
physical activity levels.
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individual in the population is found to be consuming, on a regular basis during the year, an amount
of food that is insufficient to provide the energy
required for an active and healthy life.
Validity. On the basis of the short description
given above, it should be recognized that, contrary
to widespread misconceptions, the FAO undernourishment indicator is not simply an assessment of average availability of food against requirements at the
national level. Rather, it is a carefully devised statistical method to estimate the prevalence of dietary
energy inadequacy in the population on the basis
of a valid concept of food deprivation.37 It cannot
be deemed an indicator of household food security,
however, because it is intended to be applied to the
entire population and not to individual households,
even if data collected from households are of crucial importance to inform the measure. Since the
POU is composed of information regarding food
supply as well as access, it can provide information
regarding the extent to which high prevalence rates
of undernourishment are due to low levels of overall
food availability as opposed to particularly unequal
distribution of access to food.
Reliability. Accuracy of POU estimates has been
the subject of a long debate.38–41 The main issue
was the choice of the threshold used to evaluate
the probability of DEC inadequacy. Critics questioned the use of a single threshold, claiming that
it would imply large biases in the estimate.40,41 It
turns out that the arguments advanced in supporting this claim are based on the wrong presumption
that estimates are obtained from the analysis of the
marginal distribution of DEC as derived from a joint
bivariate distribution, requiring observation of both
DEC and DER. This criticism has been shown to be
unfounded.38,42
Even if there is no convincing argument to claim
that POU estimates may be systematically biased,
questions can be raised on their precision. FAO bases
their estimates on three major sources of data: (1)
official data on population size and composition;
(2) production and trade data from official sources;
and (3) data on food acquisition from nationally
representative Household Income and Expenditure
Surveys (HIES). Indirect methods are used when
data are insufficient to provide direct estimates of
the needed parameters, as it has often been the case
236

for the parameters describing the inequality in food
consumption.37
Errors in the estimates may be due to the quality of the data used to inform the estimates of the
parameters of the model and to the methods and
assumptions made to impute them indirectly.
Population data are used both to calculate food
availability per capita and to estimate the range of
DER necessary to assess the threshold used for classification. Through their impact on the calculated
average dietary energy supply (DES), periodic revisions of official population assessments have thus
direct consequences on the POU.
Production and trade data are input into the compilation of food balance sheets (FBSs), which provide the estimate of total availability of food in a
country.42 The net supply of each food source is
converted into dietary energy, and an estimate of
the per capita DES is obtained by dividing the total
DES by the country’s population size.43
FBSs are routinely produced by the FAO for a large
number of countries. Concerns have been raised
with respect to the reliability of the underlying official data on production and trade, and of the accuracy of assessment of nonfood uses, especially of
stock variations. Such concerns are particularly serious when referred to the individual components
of the elements that compose an FBS, or to the
overall estimate in any single year, which may be
affected by measurement errors that are difficult
to quantify. Efforts are made to reduce the potential impact of such errors on the POU by crossvalidating the various elements of the balance, for
example, by checking the consistency of feed use
of crop products against assessments of the size
of livestock herds in the country, or by reporting
estimates as 3-year averages, thus greatly reducing
the impact of inaccurate measures of yearly stock
variations.
Another concern regarding the use of FBSs to
estimate average DEC relates to the difficulty in accounting for food losses. Food supply, as recorded
in the FBS, may overestimate the quantity available
for household consumption when food losses at the
level of retail distribution are not negligible, as recently suggested.44
Feasibility. The parametric approach informing
undernourishment estimates is at the root of its feasibility. Series of POU estimates for most countries

C 2014 New York Academy of Sciences.
Ann. N.Y. Acad. Sci. 1331 (2014) 230–248 

Cafiero et al.

in the world have been published yearly by the FAO
since 1999. This has been possible only through use
of a series of indirect methods to estimate the needed
parameters in the absence of direct evidence, which
may prove to be quite unreliable. When new evidence has become available, such as, for example,
when suitable data from surveys have been made
available to revise the indirectly estimated coefficient of variations, the series of POU have been
significantly revised, for example, with the release
of the 2012 edition of the State of Food Insecurity
in the World.
Survey-based indicators
Spurred by the concerns on the reliability of POU estimates and by the rising popularity of using household surveys to inform poverty analyses,45–47 food
security assessments have been increasingly based
on data from household surveys.19,48,49
In principle, if household surveys collected information on relevant concepts of food consumption and on the characteristics needed to assess the
requirements of household members, it would be
possible to identify households that do not consume enough food and to measure the extent of
food inadequacy at the household level. Which data
on household food consumption to collect and how
to determine adequacy, however, have proven to be
difficult questions to answer. An obvious temptation
has been to apply the same concept of dietary energy
inadequacy that informs the estimates of the POU
at the national level in the analysis of survey data to
produce individual- or household-level measures of
food consumption inadequacy.
Measures of DEC can be obtained by converting
the quantities of food items reported as acquired
or consumed by a household or an individual into
the corresponding dietary energy. Accumulated
evidence suggests, however, that these are not
reliable measures of the actual dietary energy
intakes of individuals. A recent experiment with the
Living Standard Measurement Survey, for example,
demonstrates how different designs of the food
consumption module can lead to differences of
up to 884 kcal even in the average DEC measured
over comparable groups of households in a
representative survey in Tanzania.50
Much work thus still needs to be done to improve quantitative food consumption data collection through large-scale representative surveys in
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order to inform reliable measures of household food
consumption adequacy.18,51 Even if systematic measurement errors can successfully be reduced, quantitative food data collection will remain an expensive
endeavor. For this reason, researchers and agencies
over the past two decades have attempted to define indicators that could be informed by easierto-collect data in the hope that it may still provide
relevant information on the adequacy of food consumption.
Dietary diversity score
Dietary diversity has been considered one approach
to assess adequacy of food consumption at the
household level for use as a food security indicator.
Quantitative indicators of dietary diversity, termed
dietary diversity scores (DDSs), have been defined
as simple counts of the number of food groups consumed in a reference period.52 (For a discussion
of other possible dietary diversity measures, see,
among others, Drescher et al.53 ).
Validity. There is no doubt that variety is a key
element of high-quality diets and that variety or
diversity can be meaningfully measured. The relevant issue in this discussion though is whether,
and to what extent, variations in the DDS reflect
differences in the food security status of an individual or a household and do so in a consistent
way.
The HDDS was developed by the Food and Nutrition Technical Assistance (FANTA) Project as a
proxy measure of household food access,54 whereas
individual dietary diversity measures reflect nutrient adequacy of the diet, as validated against quantitative 24-h intake nutrient data. Both are defined
as how many of a predefined set of different food
groups are consumed by an individual or a household over a given reference period, even though the
number and composition of the food groups may
vary.55
The original validation study of household dietary diversity as a food security indicator— leading to development of the HDDS—was a 10country analysis that showed a strong association
between the number of food groups consumed by
the household during the previous 24 h and measures of per capita consumption and dietary energy
availability, as obtained from data collected on the
same households.56 The HDDS tool could thus be a
good, and much less expensive, substitute for more

C 2014 New York Academy of Sciences.
Ann. N.Y. Acad. Sci. 1331 (2014) 230–248 

237

Validity and reliability of food security measures

Cafiero et al.

demanding consumption modules to assess food
access problems in a group of households.
A subsequent validation of the HDDS was included in a three-country analysis comparing use
of the FCS and different versions of DDSs, including the HDDS.57 Both the FCS and the various
DDSs were found to be significantly, although not
strongly, correlated with measures of calorie consumption as gauged from 7-day household recall
data.
An alternative approach has been to validate DDS
as proxies for the food access dimension of food
security conceptualized more broadly than simple
dietary energy adequacy. A number of field studies have found that household dietary diversity is
consistently associated with household food security, as measured through the Household Food Insecurity Access Scale (HFIAS), with food expenditure, and with various indicators of socioeconomic
status.58–61
Cross-analysis of the HDDS with household
food security status can indeed help to understand
the impact of food insecurity on access to specific
foods, thus guiding policy and programming.
In a two-round survey across seasons in Central
Mozambique, food-insecure households had lower
fish consumption than food-secure households at
both pre- and postharvest times, and had a 66%
reduction in fish consumption in the postharvest
time compared to a 36% reduction in food-secure
households after severe flooding destroyed fish
ponds.62
Reliability. Even though DDS values are expressed
as integer numbers defined over a finite range, it is
still unclear whether they comprise even an ordinal scale of the construct they are meant to capture.
Lacking a formal theory that links the number of
food groups consumed to levels of either nutrient
adequacy or food insecurity, it is difficult to assess
how DDS values obtained in different contexts can
be accurate and precise indicators of the construct
they are intended to capture. There are open questions remaining on the optimal number of food
groups to consider or the minimal size of servings
needed for consideration in a food group. No solid
conclusions can be thus drawn, in general, on the
reliability of DDSs as food security measures. The
HDDS has been validated against household caloric
availability, but no cut-off point has been defined to
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classify households with low or adequate household
diversity.56
One of the major attractions of dietary diversity
tools is that they can be easily computed with data
obtained through relatively inexpensive collection
methods as “rapid, user-friendly and easily administered low-cost assessment tools.”56 Ease of computation, however, has a potential cost in that errors—
for example, in wrongly classifying food items into
food groups—may induce discrete jumps in the diversity score. Reliability of the classification can be
improved when food groups are adapted to locally
available foods.56
A fair conclusion is that, although they cannot be
considered comprehensive measures of food security, DDSs somehow reflect energy consumption at
the household level. Analyzed together with other
food security–related information, they can provide
a holistic picture of the food security status and its
impact on access to a diverse diet.
Food consumption score
The FCS, which has been used by the WFP to inform
Comprehensive Food Security Vulnerability Assessments (CFSVA) and Emergency Food Security Assessments (EFSA), is defined as “the frequencyweighted diet diversity score calculated using the
frequency of consumption of different food groups
consumed by a household during the 7 days before
the survey.”62
It is computed from data on occurrence and frequency of consumption of food from different food
groups, collected through surveys, and on its value
used to classify households’ food consumption levels as poor, borderline, and acceptable on the basis
of the FCS.
Collecting simply the occurrence (yes/no) and the
frequency of consumption (how many days during
the last week) of a number of food groups was originally thought to be a relatively inexpensive method
to obtain information on the nutritional adequacy
of food consumption, in an effort to substitute more
demanding food intake modules.63
Validity. The FCS is an ambitious attempt at
defining an original concept of food consumption that would reflect both quantity and quality,
on the basis of a parsimonious set of data collected through household surveys. The score aims at
summarizing the three aspects reflected in the food
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frequency data: dietary diversity, frequency of food
group consumption, and nutritional value of food.
In principle, data reduction techniques, such
as Exploratory Factor Analysis or Latent Trait
Analysis,64 could have been used to identify an underlying latent trait captured by the food consumption variables, in the hope that such a latent trait
could be interpreted as the appropriate food consumption construct. Use of such techniques might
have helped in defining ways to combine the observed elementary variables into a single index or
score.
Multivariate data analysis techniques have been
considered in the construction and interpretation
of the FCS, and the Food Consumption Analysis
guidelines published by the WFP still list principal
component analysis (PCA) of the unweighted 7-day
recall food consumption data and cluster analysis of
the identified components as very important steps in
defining the appropriate classifications. It remains
unclear though if and how results of these analyses
have been used to define the weighting scheme.65
The adopted solution to compute a weighted sum
of the truncated frequency of consumption of eight
food groups, with weights based on what has been
described as “an interpretation by a team of analysts
of ‘nutrient density,’ which is a term used to subjectively describe a food group’s quality in terms of
caloric density, macro and micro nutrient content,
and actual quantities typically eaten,”58,66 appears
to be rather ad hoc.
Subsequent validation studies of the FCS58,67 and
published reportsl do not help in resolving the ambiguity regarding which construct the FCS has been
designed to capture.
Validation has been attempted in two ways: by
measuring the correlation of household-level FCSs
with measures of household dietary energy availability and by comparing classifications of households on the basis of the FCS with those of the
same households obtained by using dietary energy
inadequacy. As for the first, FCSs revealed correlations with calorie availability in line with those of
various definitions of the DDS, which—as already

l

A query of WFP’s Survey Data Portal (http://nada.
vam.wfp.org/index.php/catalog) involving a search for
“Food Consumption Score” in the variable descriptions
returned 24 surveys (query run on September 14, 2014).
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commented—are statistically significant, but not of
a magnitude sufficient to claim that the FCS would
accurately predict household average DEC, a result
confirmed by other studies.68 It has been suggested
that improvements in FCS ability to predict calorie
consumption could be obtained by excluding food
groups consumed in small quantities,58 but the recommendation does not appear to have been adopted
thus far in refining the FCS methodology, as it seems
to be difficult in practice to exclude small quantities.
Regarding the second type of validation, crosstabulation of food consumption groups based on
the FCS with those based on calorie consumption
suffer from the drawbacks that are (1) conditional
on acceptance of the appropriateness of the thresholds used to classify caloric consumption, and (2)
highly dependent on the particular dataset being
used.
Similar exercises have been used to fine-tune the
thresholds used for classification with the FCS for
specific datasets. No thresholds could be found that
would yield classifications close to those obtained
with caloric consumption thresholds, even for different areas in a country.69
All of these attempts have been, thus far, disappointing. It has not yet been possible to identify suitable thresholds, leading to the conclusion
that the current FCS needs to be improved and
that, in any case, it will be necessary “to go beyond the score” to provide inputs into nutritionsensitive programming.69 This raises serious concerns regarding the possibility of creating a globally
valid standard classification on the basis of the FCS.

Reliability. According to the WFP, the FCS has
been a “reliable indicator of food insecurity in all
the CFSVAs and EFSAs where it has been applied.”69
No information is provided, however, to understand
how reliability is assessed. As is the case for the simpler HDDS, it is not clear that the FCS comprises
even a simple ordinal scale of food consumption adequacy over the numeric range where it is defined.
Measures of accuracy or precision would require
that the actual scale of adequacy be defined in a way
that would allow for an assessment of the likely extent and direction of errors in measuring the underlying construct, something that is simply impossible
given the current definition of the indicator and the
existing evidence.
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The FCS lacks minimal characteristics, starting
from a proper definition of the construct it aims
at measuring, to assess precision and reliability of
the measures and to ensure comparability across applications. These properties are considered crucial
for a measure of food security to be adopted in an
international monitoring framework.
Experience-based food insecurity scales
The problems with the analysis of food consumption data, and the need for measures encompassing a
broader concept of food insecurity, created the context within which experience-based food insecurity
scales emerged.
Ethnographic research carried out in the United
States to understand the experience of food insecurity and hunger among low-income households
revealed it to be a process initially characterized
by uncertainty and anxiety, associated with worry
about being able to get enough food. As conditions worsened, it resulted in a decreased amount
of stored food in the home, followed by worsening quality and variety of the diet. With increasing severity of the food insecurity condition, the
quantity of food consumed per meal was decreased,
portion sizes were reduced, and households were
forced to skip meals. In the more severe situations,
adults and children experienced hunger and did not
eat for a whole day or more. Different experiential
domains—uncertainty and worry about food, consumption of low-quality food or unbalanced diets,
and reductions in the quantity of food consumed—
were identified as defining characteristics of household food insecurity.70–72
This conceptual understanding of the experience
of food insecurity formed the basis to develop the
U.S. Household Food Security Survey Module (U.S.
HFSSM), which has been applied annually in the
United States to monitor the food security situation since 1995,73 and has served as a model for the
creation of many other household experience-based
food insecurity scales around the world,74–77 including for the Food Insecurity Experience Scale (FIES)
recently developed at the FAO.78
Validity. The substantial innovation brought
about by experience-based food insecurity measures
is the possibility of capturing the food insecurity situation directly and analyzing it from a behavioral
perspective, on the basis of the well-grounded assumptions that (1) food insecurity is a condition
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that may affect overall welfare in different ways, depending on the type and strength of the constraints
faced; (2) food insecurity is characterized by behavioral responses to the different conditions, and (3)
both the conditions that characterize it and the overall welfare impact of food insecurity can be located
along a scale of severity. This makes it possible to
speak legitimately of subjects not only with respect
to being food insecure or not, but also as being more
or less food insecure than others, depending on the
situations they report to be experiencing.
From an analytic point of view, the approach is
founded on conceptualization of the severity of food
insecurity as a latent attribute that, even though
inherently unobservable, can be measured over a
one-dimensional scale.
Dealing with latent trait measurement significantly changes the perspective of how to look at
validity (and reliability) of measurement tools.79
In this context, a precise causal direction running
from the concept to the evidence, from the measurand to the data, defines validity; namely, that
changes in the latent trait induce detectable changes
in the data used for measurement.80 When applied to experience-based food security scales, this
is equivalent to requiring that, for example, a higher
severity of food insecurity increases the probability of occurrence of experiences in those domains,
which will therefore be more frequently observed in
representative samples of the population.
Validity of a particular experience-based scale as
a food security measurement tool thus depends on
two conditions: (1) that the severity of food insecurity indeed involves the domains that have been
considered in creating the items that compose the
scales, and (2) that the occurrence of experiences in
those domains can be reliably detected and meaningfully linked, albeit in a probabilistic sense, to the
severity of food insecurity.
The existence of fundamental domains of food
insecurity experiences as identified by the pioneering ethnographic research in the United States
has been extensively validated. Additional ethnographic studies aimed at understanding the experience of hunger from the perspective of the elderly,
and of immigrants in the United States and lowincome families in Quebec, Canada, revealed similar
patterns.81–85 Although the original ethnographic
study was based on a small number of households
in a wealthy country, a review conducted years later
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of experience-based scales in over 20 countries and
settings around the world concluded that these dimensions of the experience of hunger appear to
be common across cultures.78 These analyses suggest that these common domains are robust across
cultures, in their broad definition and ranking of
severity.78,86,87
Verification of the second requirement, namely
to theoretically and empirically validate the link
between observed experiences and a measure of
food insecurity severity, is possible through application of the Rasch model,88 a probabilistic measurement method pioneered in psychometrics and
educational testing that bears fundamental similarities with latent variable analysis and discrete choice
models in econometrics.89–91 As applied to food insecurity, the Rasch model assumes that the probability that a respondent characterized by a certain
level of food insecurity would report having experienced the condition described by one of the
items can be represented by an increasing function of the distance between the respondent’s position on the scale and that of the item.92 The
model further assumes that items are ranked in the
same order of severity by all respondents independently of their food insecurity condition, and that
the more food insecure a respondent is, the more
likely it is that he or she would affirm any given
item.
This rather simple logic defines the criteria
through which the relative severity both of the items
and of the respondents can be estimated and, most
importantly, allows evaluating the empirical validity of any given set of items as contributing to the
measure of a single, underlying one-dimensional
trait. This is obtained by evaluating the degree of
consistency between observed patterns of responses
and those that would be expected if the restrictions
imposed by the theory were true.
The logic behind the analytic procedure used to
reach a conclusion on the validity of the measures
is as follows: first, as the probability of affirming an
item is expected to decrease with the severity of the
experience it represents, the order of severity of the
various items included in the scale is derived from
the shares of respondents that affirm them.m Item

m

This makes sense, because, unless there is a problem
in understanding the questions, the fewer the number
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Response Theory (IRT) in general and the Rasch
model in particular provide formal tests of adherence of the data to the theoretical requirements for
invariant measurement through the analysis of item
misfit statistics.93 Measures of item infit statistics
and of reliability can be used to ascertain whether
all of the items included in the scale, or at least
a subset of them, conform to the requirements of
the theory. Virtually all studies reporting applications of experience on the basis of food insecurity
measures in a broad range of countries and conditions include an analysis of infit statistics confirming, in the vast majority of the cases, adequacy of
the item chosen.93–96,n In a recent application of
the eight-item FIES questionnaire in 20 countries
across Latin America, Africa, and Asia, only one
of the items in just one instance revealed an infit
value of 1.4, slightly higher than ideal, but still productive for measurement. All other infits were in
the range 0.84–1.24, indicating minimal violation
of the assumptions that the Rasch model imposes,
and confirming that the current version of the FIES
is indeed adequate for internationally comparable
use.97
In conclusion, we can say that there are strong
conceptual and empirical bases to claim that the
fundamental construct underlying these tools, best
described as “resource-constraint food insecurity”98
is indeed a valid and measurable concept.
Reliability. It has been a rather standard practice to test accuracy of the experience-based scales
by studying associations between the measures obtained with the scale and the classifications they produce with those obtained using other variables that
are theoretically part of the same construct food insecurity and/or that would vary in an expected way
across different levels of food insecurity, when these
variables are measured concurrently in the same
subjects.

of people report having suffered from an experience, the
more severe (on average) that experience must be.
n
Of the various different categories of items that had been
tested for use in food security scales, only those related
to the experience of having to procure food in socially
unacceptable ways were found to be inadequate, as they
would not meet the required standards by showing infit
values outside the range 0.8–1.2. See Coates et al.77
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National studies conducted in Brazil,99,100
Mexico,101 Bolivia, Burkina Faso, and the
Philippines,102 showed an inverse relationship between the severity of household food insecurity
and the consumption or purchase of high nutritional quality foods. A study in Albania showed
that dietary diversity (number of food groups consumed in a 24-h period) in three vulnerable areas declined with increasing severity of household
food insecurity, consistent with the underlying theoretical construct of food insecurity.103 Similar results had been previously found in rural Mexico.104
Explorations have been made of associations between biological indicators of nutritional status
and experience-based measures of food insecurity.
One study conducted with children in Colombia
reported increasing probability of being stunted
with increasing severity of food insecurity, as measured by an experience-based scale.105,o Interestingly, food insecurity classifications obtained with
experience-based food security scales have shown
correlations with overweight and obesity, especially
among women in the United States106 but also
in some developing countries, such as Brazil and
Mexico.107,108
While these associations may be informative for
programmatic purposes, examples of concurrent
validation cannot be deemed sufficient evidence of
validity or reliability of a food security measurement tool, as we have argued earlier. Food consumption and nutritional status are not prototype
gold standards for food security. The experience
of food insecurity, even in the absence of food
energy deficits or negative effects on nutritional
status, is still a serious problem in itself, indicating a violation of the Human Right to Adequate
Food and with potentially negative consequences for
well-being.79
Reliability must thus be assessed in a different
way, and IRT provides the means to do so. We have
linked the validity of experience-based food security scales to the empirical consistency between the
data and the latent trait being measured. Notice that

o

Results of such comparisons are likely to be misleading
and difficult to interpret, particularly when food insecurity refers to the condition of adults, or when the timing of
the assessments of food insecurity and nutritional status
is not properly considered.
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this does not mean, however, that each and every
set of responses to an experience-based questionnaire must be fully consistent, since reliability can
be assessed as a measure of the degree of empirical consistency. Discrepancies in actual responses
in relation to the pattern expected according to the
underlying theory (i.e., a respondent who affirms
a given item also affirms all less severe items, and
upon denying a given item, also denies all the more
severe ones) may exist without undermining validity, as they can be attributed either to normal sample variability or to measurement error. IRT models
make it possible to assess the size and distribution
of such discrepancies to draw conclusions on the
reliability of the measures obtained. This is one of
the aspects that sets these methods apart from the
other methods to measure food security that have
been presented in this paper. This has very relevant
implications for the possibility of defining a proper
global reference standard for food security measurement and the comparability of measures obtained
in different countries and different years. Analyzing patterns of responses through the lenses of the
theory can guide the choice of which items to include in a global reference scale and which ones to
consider common when reporting measures in one
country or in 1 year, as compared to such common
standards.
This is still a relatively unexplored feature of these
methods but results thus far are extremely encouraging. Beginning in 2014, the FAO has inserted the
R
World Poll (GWP), a branch
FIES into the Gallup
of Gallup, Inc. conducting nationally representative surveys annually in more than 150 countries.
Preliminary analysis of the results obtained from
20 countries revealed measures of Rasch reliability
ranging from 0.69 to 0.78, with a median of 0.73
(Rasch is a measure of overall fit of the data to the
measurement model, with theoretical values ranging from 0 to 1, with 1 indicating a perfect fit). This
is a remarkable result, given that the countries covered, including Russia, Brazil, Indonesia, and Sierra
Leone, among others, are very different from each
other with respect to food insecurity prevalence.109
The same data have led the FAO to define a provisional version of a global food insecurity severity
reference scale on the basis of the FIES that can
be used for equating prevalence of food security at
medium and high levels of severity across countries and years. Research is also ongoing to develop
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methods to equate prevalence levels obtained
through other experience-based food security scales
used in many countries, such as national scales developed in Brazil and Mexico, and the ELCSA and
the HFIAS used in many countries in Latin America,
Asia, and Africa.
Conclusions and Recommendations
An overview of the evolution of the international
debate regarding the concept of food security has
revealed how the problems of understanding, monitoring, and communicating about it have been
deeply interlinked.
The measurement issue has received much attention and many indicators have been proposed and
applied over the years in recognition of the complexity of food security as defined by the international community. But, as we have argued, this has
happened often without due consideration of the
theoretical requirements to define proper measures.
Even though the daily practice of fighting food
insecurity does not allow for exhaustive and longterm inquiries on validity and reliability, which may
be practical only within the most rigorous academic environments, a solid understanding by those
proposing the different indicators of the importance
of adherence to minimal quality criteria for measurement is imperative.
To shed light on the issue, we have discussed a
few of the methods proposed to compile indicators of food security and have critically evaluated
the available evidence regarding their validity and
reliability. Many proxy indicators of food insecurity have been based on food consumption data.
However, feasibility of collecting sufficiently precise data to allow reliable assessment on a regular
basis, and with enough disaggregation of the data
to be useful in providing meaningful policy guidance, is compromised by the burden it may impose
on the resources available to countries for such an
endeavor.
The need for cost effectiveness and timeliness of
reporting has driven the search for innovative ways
to obtain reliable measures with universal applicability. For food consumption, attempts have been
made at defining relatively simple indicators—the
HDDS and the FCS—to be applied at the household
level. These are based on concepts of food adequacy
that explicitly include dietary quality considerations
as captured by dietary diversity, and they have the
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advantage of being relatively parsimonious with regard to data collection. Unfortunately, the lack of
an explicit model linking dietary diversity and food
consumption frequency to food consumption adequacy and food security has prevented, thus far,
establishing their validity as worldwide comparable
measures of food access at the household or individual levels.
Improvements in measures of food consumption
adequacy are certainly necessary and worthwhile.
However, from the perspective of assessing food insecurity, they will always leave something to be desired. These types of measures are consistent with
an approach that relies on proxy measures. An analytic framework to link different aspects of the food
consumption experience—such as the quantity and
quality of food consumed, or the extent and frequency of episodes of inadequacy—is necessary to
interpret them as relevant for the overall food security condition of an individual or household.
The use of experienced-based food insecurity
scales, from this perspective, has indeed been a
paradigmatic change, both conceptually and in
practice. It has provided a clear unifying concept
leading to the development of direct measures of
food insecurity severity at the household and individual levels. It puts people’s experiences and behavioral responses at the core of the definition of what
food insecurity means, promoting the shift toward
“third generational indicators” that had been invoked long ago.110,111 Recent experience shows not
only that these tools produce valid, cross-country
comparable measures, but also that they can be applied in a relatively simple and inexpensive way.
Indicators of the severity of experienced food insecurity can be used within broader concepts of multidimensional poverty, consistently with a focus on
unequal access to food and sociocultural aspects of
the experience of hunger,112 and can enhance investigation of associations between food insecurity
and various forms of malnutrition, including both
under- and overnutrition. Food insecurity can affect
health and well-being in many ways, with potentially negative mental and social consequences, in
addition to physical well-being, even in the absence
of measurable negative effects on nutritional status. One of the unique contributions of experiencebased food security measures is that they also capture psychosocial aspects associated with anxiety or
uncertainty regarding the ability to procure enough
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food, an element of the experience of hunger and
food insecurity that other measures do not consider.
It is imperative that those in charge of food security assessments understand in depth the underlying conceptual framework and therefore the pros
and cons of the different indicators. Moreover, they
need to assure that the framework is understood by
those interpreting the outcomes of the assessments
and by those designing the food security programs
and policies. One of the results of our discussion
on validity of current approaches to food security
measures is that validating indicators on the basis
of their association with other “food security” measures cannot be deemed conclusive, because it is
not possible to determine which of the compared
measures validates the other. Although an adequate
assessment of food insecurity need not be restricted
to the indicators described above, it is worrisome
that the measurement field is widely populated by
an array of indicators that have not been scrutinized
to the level required by the importance and magnitude of the phenomenon that we aim to measure
and address.113
In order to promote food security more effectively, it is imperative to be able to measure it
in a more valid and reliable way. The lack of a
gold standard should not discourage validation efforts, which would greatly contribute to identifying
ways of improving the suitability of the proposed
tools and to designing programs that better target those in need. Given the very limited resources
available in daily practice, easy-to-apply tools are
certainly in high demand. Nevertheless, this reality should not be seen as justification for acquiring and applying tools only because of their low
cost.
On the basis of the evidence we have reviewed,
we conclude that experience-based food insecurity
measures are the most promising tools among those
currently available and constitute a valuable instrument that can be applied together with other indicators to better understand the determinants and
consequences of household and individual food insecurity. They are founded on a valid concept of food
insecurity that covers common domains across cultures and socioeconomic conditions and thus have
the potential to form the basis for a valid measure
worldwide. Moreover, they promise to effectively
combine desirable features of cost effectiveness and
rapidity of monitoring with sufficient precision and
244

reliability, and to do so in a way that is applicable
worldwide and at the global, national, and subnational levels. The work that the FAO is conducting
to promote the FIES will go a long way toward providing the necessary evidence to guide successful
practical implementation of a global measurement
standard. Research is demonstrating that the FIES,
even in its current form, is indeed capable of comparably measuring the prevalence of food insecurity at different levels of severity across populations
that differ in their linguistic, cultural, and socioeconomic aspects. Results so far are extremely encouraging and point to the possibility that a global
standard to measure household and individual food
insecurity is possible. This is a worthy endeavor, and
we can anticipate that the development of such a
global standard will generate enormous benefits for
researchers, analysts, advocates, and policy makers
interested in eradicating food insecurity and hunger
by providing the necessary tool to monitor progress
in a timely and consistent way, both within and
across countries.
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