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This article reviews evidence for validity and cross-context equivalence of experienced-based measures of food
insecurity for estimating and monitoring prevalence of countries globally. The measures assess uncertainty,
compromised dietary quality, eating less, and going hungry. Their performance is consistent with construction
based on factor analysis, Rasch analysis, order of item responses, and cognitive interviewing; reliable based on
internal consistency; and accurate based on comparisons with definitive measures and theoretically close de-

terminants and consequences. The measures are construct equivalence across contexts, but responses to some
items depend on contexts. By calibrating each country to a global measure, the Food Insecurity Experience Scale
provides a valid and scalar-equivalent measure suitable for estimating and monitoring prevalence in a compa-

rable way across countries.

1. Introduction

Food security exists “when all people, at all times, have physical,
social, and economic access to sufficient, safe, and nutritious food to
meet their dietary needs and food preferences for an active and healthy
life” (FAO, 1996). The concept of food security can be used at individual,
household, community, national, regional, and global levels (Pelletier
et al.,, 2012; Leroy et al., 2015). Beginning about thirty years ago, as
documented by qualitative research (Radimer et al., 1992) and com-
munity work (Wehler et al., 1992), food insecurity has been understood
as being experienced by households and individuals. These experiences
can include uncertainty about food availability and access, insufficiency
in the right foods for health, insufficiency in the amount of food, using
socially unacceptable ways to acquire food, and feelings of deprivation
(Maxwell, 1996; Wolfe et al., 2003; National Research Council, 2006).
Food insecurity affects well-being through compromising dietary intake
and nutrition (Gunderson and Ziliak, 2015; Jones, 2017) and is also a
powerful stressor that affects physical and mental well-being through
physical hunger, distress and adverse family and social interactions,
worry and anxiety, deprivation and alienation (Hamelin et al., 2002;
National Research Council, 2006; Nanama and Frongillo, 2012; Chilton
et al.,, 2014; Koyanagi et al., 2019; Weaver and Hadley 2009), and
compromised ability to manage chronic diseases such as HIV (Weiser

et al., 2015) and diabetes (Mendoza et al., 2018).

Food security has been measured in many ways, including based on
household income or expenditure, food consumption, home production
of food, market distance, and per capita food availability (Maxwell and
Frankenberger, 1992; Wolfe and Frongillo, 2001; Cafiero et al., 2014).
The understanding that food insecurity was experienced by households
and individuals prompted the development in the United States of a
method to measure food insecurity that entailed using survey items
administered to individuals representing either themselves or their
households about their experiences (Radimer et al., 1992). The survey
questions were developed drawing on concepts and language from
in-depth interviews with individuals in households at high risk of food
insecurity. This method originated in the United States and was
extended to other countries in the following years (Studdert et al.,
2001). During the past thirty years, extensive research has been done to
develop, adapt, and establish the validity and cross-cultural equivalence
of experience-based measures of food insecurity in many countries.
Because the four most commonly used experienced-based measures of
food insecurity share lineage and are composed of similar sets of items
covering four universally experienced sub-constructs of food insecurity,
studies of the validity and cross-cultural equivalence of these measures
have created a shared body of evidence. The aim of this article is to
review the evidence for the validity and cross-context equivalence of
experience-based measures of food insecurity, in particular the Food
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Abbreviations

ELCSA  Latin American and Caribbean Food Security Scale
FAO Food and Agriculture Organization

FIES Food Insecurity Experience Scale

HFIAS  Household Food Insecurity Access Scale

HFSSM  Household Food Security Survey Module

Insecurity Experience Scale, for estimating and monitoring prevalence at
the country level globally.

2. Concepts of validity and cross-context equivalence

A measure of food insecurity assigns numbers to households or in-
dividuals to represent the relative degree of food insecurity (Frongillo
et al., 2019a). An indicator of food insecurity, in contrast, reflects the
presence or absence of a given degree of food insecurity. Indicators are
important to describe and communicate about a population, often by
presenting a prevalence. For experience-based measures of food inse-
curity, indicators are usually constructed by classifying values of the
measure (i.e., a scale formed from multiple survey items), with the
classification based on degree and/or specific meaning of items corre-
sponding to values of the measure (Frongillo et al., 2004).

Two conceptual systems for validity exist in the literature: biometric
and psychometric (Frongillo et al., 2019a). In the biometric conceptual
system for validity (Frongillo, 1999), “validation is the process of
determining whether a measure or indicator is suitable for providing
useful analytical measurement for a given purpose and context. A
measure or indicator is valid if each of six criteria are met: 1) its con-
struction is well-grounded in theory; 2) its performance is consistent
with that theory; it is 3) precise, 4) dependable, and 5) accurate within
specified performance standards; and 6) its accuracy is attributable to
the well-grounded theory for that purpose and context. That is, a valid
measure or indicator will be well-constructed and perform according to
its construction; reliable (i.e., precise and dependable); and accurate,
with accuracy that is attributable to the theory underlying the con-
struction” Frongillo et al. (2019a). Validity of a measure or indicator is
always tied to a particular purpose and context because the measure or
indicator can be valid for one purpose or in one context but not others.
Possible purposes at the group (i.e., population) level are estimation of
prevalence, monitoring, determination of causes and consequences,
early warning, targeting, and impact evaluation of programs (Frongillo
et al., 2019a). Possible purposes at the individual (i.e., within popula-
tion) level are screening, diagnosis of problem, diagnosis of solution,
and monitoring.

Cross-context equivalence refers to whether a measure or indicator
performs consistently across contexts (Frongillo et al., 2019a). In psy-
chometrics, measurement invariance is a concept parallel to
cross-cultural equivalence. Four types of cross-context equivalence are
construct, item, measurement, and scalar. Construct equivalence means
that a given construct is comparable across contexts. Item equivalence
means that an item tapping a given construct is comparable across
contexts because the content of the item is understood and interpreted in
the same way. Measurement equivalence means that differences in
values of a measure between two individuals are comparable across
contexts because the constructs, items, and units are the same. Scalar
equivalence means that, in addition, zero is defined the same across
contexts (or could be defined the same using a simple, known trans-
formation, e.g., Celsius and Fahrenheit scales for temperature) resulting
in comparable average scores and prevalence values.
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3. Experience-based measures of food insecurity

Four experienced-based measures of food insecurity are commonly
used (Leroy et al., 2015), although context-specific experienced-based
measures have also been developed in several countries (Marques et al.,
2014). These four commonly used measures are composed of similar sets
of items covering four sub-constructs of food insecurity: uncertainty,
compromised dietary quality or preferences, eating less, and going
hungry (i.e., experiencing physical hunger) (Table 1).

The Household Food Security Survey Module (HFSSM) was devel-
oped beginning in early 1994 to estimate and monitor the prevalence of
food insecurity in the United States among groups of households (Bickel
et al., 2000), although it has also been used for targeting interventions,
impact evaluations (Frongillo and Wolfe, 2010; Weiser et al., 2015;
Heberlein et al., 2016; Frongillo et al., 2019b), and research on the
causes and consequences of food insecurity (Leroy et al., 2015). The
HFSSM was created by combining and adapting items from two prior
scales (Radimer et al., 1992; Wehler et al., 1992). The HFSSM consists of
18 items, with eight items specific to households with children. The
items ask whether an experience occurred, with some items also asking
how often they occurred. A six-item version has been developed Blum-
berg et al. (1999), and an adapted HFSSM was tested in several devel-
oping countries, including Bolivia, Philippines, and Burkina Faso
(Melgar-Quinonez et al., 2006).

The Latin American and Caribbean Food Security Scale (ELCSA) was
derived from the Brazilian Food Insecurity Scale, which was adapted
from the HFSSM; it was also informed by survey instruments used in
Colombia and Venezuela (Pérez-Escamilla et al., 2004; FAO, 2012). The
ELCSA was harmonized for use across Latin America and the Caribbean.
The harmonized version has been adopted in other Spanish-speaking
countries and other regions. The scale consists of 15 items which ask
whether an experience occurred, with seven items specific to households
with children (Pérez-Escamilla et al., 2004; FAO, 2012).

The Household Food Insecurity Access Scale (HFIAS) was developed
by the Food and Nutrition Technical Assistance Project to provide
development organizations with a measure to use in evaluating food
security programs in low-income countries (Coates et al., 2007). The
HFIAS has nine items, each of which asks if the experience described
occurred and, if so, how often it occurred.

The Food Insecurity Experience Scale (FIES) was developed by the
Food and Agriculture Organization (FAO) with the intention to provide
comparable estimates of prevalence across countries that would provide
the consistency needed for global monitoring (Cafiero et al., 2018). The
FIES has eight items that ask individuals about whether an experience
occurred. FAO has implemented the FIES in the nationally representa-
tive Gallup World Poll each year starting with 2014 in about 150
countries.

These four experienced-based questionnaires to measure food inse-
curity were designed to be administered to adults, with the FIES
administered to individuals ages 15 and greater. Adults are asked in the
HFSSM and the ELSCA questionnaires to report on the experiences of
their children. The experiences of children and adolescents with food
insecurity, however, differ from the experiences of adults. Children and
adolescents experience food insecurity in three sub-constructs of
awareness (i.e., cognitive, emotional, and physical awareness) and three
sub-constructs of taking responsibility (i.e., participation in adult stra-
tegies to address food needs, initiation of strategies, and generation of
resources) (Fram et al., 2011; Bernal et al., 2012). Reports by children
and adolescents of their experiences of food insecurity are weakly
associated with adult reports of household or child and adolescent food
insecurity (Fram et al., 2013; Bernal et al., 2016; Frongillo et al., 2019c¢),
and adult reports of child food insecurity are inaccurate compared with
child and adolescent reports of their own food insecurity (Bernal et al.,
2016). Therefore, a globally applicable questionnaire to assess the
food-insecurity experiences of children and adolescents directly from
them is being developed and field tested (Fram et al., 2015).
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Table 1

Comparison of items from the Household Food Security Survey Module, Latin
American and Caribbean Household Food Security Measurement Scale, House-

hold Food Insecurity Access Scale and Food Insecurity Experience Scale.

Sub-construct Household Latin American ~ Household Food

Food and Caribbean Food Insecurity

Security Household Insecurity Experience

Survey Food Security Access Scale  Scale

Module Measurement

Scale

Inthelast 12  During the last In the past During the

months (or 3 months: four weeks: last 12

30 days): months, was
there a time
when:

Uncertainty We worried Were you Did you You were

whether our worried that worry that worried you
food would you would run your would run
run out out of food household out of food
before we before being would not because of a
got money to  able to buy or have lack of
buy more. receive more enough money or
Was that food? food? other

often true, resources?
sometimes

true, or

never true

for your

household?

The food Did you run

that we out of food

bought just before having

didn’t last, money to buy

and we more?

didn’t have

money to get

more. Was

that often,

sometimes,

or never true

for your

household?

Compromised We couldn’t Did you run Were youor  You were
dietary afford to eat out of money any unable to eat
quality or balanced to have a household healthy and
preferences meals. Was healthy and member not nutritious

that often, varied diet? able to eat food because
sometimes, the kinds of of a lack of
or never true foods you money or
for your preferred other
household? because of a  resources?
lack of
resources?
Did you have Did you or You ate only
to consumejust  any a few kinds
a few foods household of foods
because you member because of a
ran out of havetoeata  lack of
money? limited money or
variety of other
foods due to  resources?
a lack of
resources?
Did you or
any
household
member
have to eat
some foods
that you
really did
not want to

eat because
of a lack of
resources to
obtain other

Table 1 (continued)
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Sub-construct Household Latin American ~ Household Food
Food and Caribbean Food Insecurity
Security Household Insecurity Experience
Survey Food Security Access Scale  Scale
Module Measurement

Scale
types of
food?

Eating less Did you or Did you or any Did you or You had to
other adults adult in your any other skip a meal
in your household ever  household because
household reduce the size member there was
ever cut the of meals or have to eat not enough
size of your skipped meals fewer meals money or
meals or skip  because there in a day other
meals wasn’t enough because resources to
because money to buy there was get food?
there wasn’t food? not enough
enough food?
money for
food?

Did you ever  Did you ever Did you or You ate less
eat less than eat less than any than you
you felt you what you household thought you
should thought you member should
because should because  havetoeata  because of a
there wasn’t there wasn’t smaller lack of
enough enough money meal than money or
money for to buy food? you felt you other
food? needed resources?
because
there was
not enough
food?
Going hungry Was there Your
ever no food  household
toeatof any  ran out of
kind in your  food because
household of a lack of
because of money or
lack of other
resources to resources?
get food?
Were you Did you ever Did you or You were
ever hungry feel hungry but  any hungry but
but didn’t didn’t eat household did not eat
eat because because there member go because
there wasn’t wasn’t enough to sleep at there was
enough money to buy night not enough
money for food? hungry money or
food? because other
there was resources for
not enough food?
food?
Did you lose Did you lose
weight weight because
because you you didn’t
didn’t have have enough
enough money to buy
money for food?
food?
Did you or Did you or any  Did you or You went
other adults other adult in any without
in your your household eating for a
household household ever = member go whole day
ever not eat go without awholeday  because of a
for a whole eating for a and night lack of
day because whole day or without money or
there wasn’t  just had one eating other
enough meal in a anything resources?
money for whole day because
food? because there there was
wasn’t enough not enough
money to buy food?

food?

The Household Food Security Survey Module and the Latin American and
Caribbean Household Food Security Measurement Scale have both adult-
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referenced and child-referenced items; for the comparison only the adult-
referenced items are shown.

4. Evidence of validity of experience-based measures
4.1. Construction

In-depth qualitative research from multiple countries established
that individuals in food-insecure households have experiences that can
fall into one or more of four constructs: quantity of food, quality of food,
psychological, and social (Wolfe et al., 2003; Nanama and Frongillo,
2012). Experiences in the quantitative construct range from (least to
most severe) food depletion (i.e., low food stocks) to having to eat less
food than usual to going one or more days without food (i.e., physical
hunger) (Radimer et al., 1992; Wolfe et al., 2003). Experiences in the
qualitative construct range from having to buy and eat less-preferred
foods to having to eat a nutritionally inadequate diet to not able to eat
the right food and meals for health. The psychological construct involves
how an individual knows, perceives, and feels in two sub-constructs: 1)
an uncertain food situation and not having the right foods for health lead
to feelings of worry and anxiety worry, and 2) lack of choice and need to
make compromises lead to feelings of deprivation and embarrassment.
The social construct involves two sub-constructs: 1) accessing food in
socially unacceptable ways such as having to rely on a food pantry (less
severe), buying food on credit (less severe), having to ask others for food
or meals (more severe), and borrowing money for food (more severe),
with severity also depending on frequency; and 2) socially or culturally
less normative patterns of eating (Radimer et al., 1992; Wolfe et al.,
2003).

The HFSSM was developed to yield a scale that behaved as one
dimension; having one dimension was deemed important for simplicity
of construction and communication to achieve the primary purpose of
having a measure for national monitoring (Bickel et al., 2000). Rasch
modeling was used to help guide selection of items to be included in the
scale (Bickel et al., 2000). Rasch modeling assumes one latent dimen-
sion, equal discrimination of items, conditional independence of items
on the latent dimension, and that items can be ranked by degree of
difficulty or severity, with fewer affirmations expected for items that are
deemed more severe. The HFSSM also assumed that the items would
exhibit a near-Guttman property meaning that most individuals
affirming a given item would also affirm all items deemed less severe. As
a result of the focus in this development of yielding a one-dimensional
scale, the psychological sub-construct of feeling deprived and embar-
rassed and the two social sub-constructs were not included among the
set of items that were selected. The other three commonly used scales
are similar in the sub-constructs included. One item about feeling
ashamed was tested in Costa Rica but was not included in the HFIAS
because it loaded more poorly than the other items in a factor analysis (i.
e., did not fit well with the one dimension) (Gonzalez et al., 2008) and
because asking about social unacceptability and feelings of shame might
be difficult to do in a way that was equivalent across contexts. Other
experienced-based measures of food insecurity developed for specific
contexts have included items assessing these psychological and social
sub-constructs (Frongillo and Nanama, 2006). For each of these scales,
the number of affirmed items (and the frequency of them for the HFIAS)
are summed to create a score and then thresholds are applied to create
indicators.

A detailed review of the HFSSM by the United States National
Research Council [2006] confirmed that the HFSSM is well-constructed
and performs in a manner consistent with its construction. The HFSSM is
well-constructed because of its grounding in understanding gained from
formal in-depth interviews and informal contact with food-insecure in-
dividuals and households (Frongillo, 1999). The performance of the
HFSSM being consistent with construction has been demonstrated in
four ways (Frongillo, 1999). Factor analysis confirmed the conceptual-
ized sub-constructs in empirical data. The proportion of affirmative
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responses reflects the conceptualized sequence of severity, i.e., items
assumed to be more severe are affirmed less frequently. Cognitive
interviewing ensured that items ask a meaningful question that re-
spondents can answer and interpret as intended. The patterns of affir-
mative responses were consistent across sub-groups of the population.

The ELCSA, which was adapted from the HFSSM with input from
focus groups to ensure good construction, also performs consistent with
construction (Leroy et al., 2015). The HFIAS was constructed by a team
of experts (Coates et al., 2007) using information from a review of the
commonalities in the experience of food insecurity and how it is
expressed across cultures (Coates et al., 2006) and performs as expected.

The FIES was constructed after consultation with a broad set of
stakeholders (Cafiero et al., 2018). The FIES was constructed assuming a
Rasch model, meaning one latent construct. Factor analysis with FIES
data showed that one factor explained a high proportion of the variance,
consistent with one latent construct (Grimaccia and Naccarato, 2020).
Using the FIES data, each respondent to the survey module is assigned a
probability of having severity equal to or greater than a specified
threshold of severity (Cafiero et al., 2018). The scales from different
countries are made comparable by calibrating each against a common
global reference scale. The global reference scale was developed based
on median normalized severities of each FIES item. This global reference
scale was used to calibrate the scale for each country separately by
equating the mean and standard deviation of the Rasch severity pa-
rameters of the items that appear to be common between the country
scale and the global reference scale, providing anchoring points. Four or
more items could be used as anchoring points in nearly all (151 of 153)
countries, and 6 or more items could be used as anchoring points for 121
countries (79%). Two specific severity thresholds were used to obtain
for individuals the probability of severe food insecurity and the proba-
bility of moderate and severe food insecurity. From 2014 FIES data for
Sub-Saharan Africa, the Rasch assumptions of equal discrimination and
conditional independence were found to be largely met, but about
one-third of countries had evidence of lack of fit for one item on “went
without eating for a whole day”; these results confirm that FIES is useful
in that region, but the one item could benefit from further cognitive
interviewing in a few countries (Wambogo et al., 2018).

4.2. Reliability

Reliability of scales at the individual level is usually assessed by in-
ternal consistency of items, which does not differentiate precision and
dependability. Internal consistency of the HFSSM, ELCSA, and HFIAS
has been uniformly high, with Cronbach alpha >0.85 (National
Research Council, 2006; Gonzalez et al., 2008; Leroy et al., 2015).
Reliability across countries for the FIES estimated through the Rasch
model was 0.740 on average (range 0.68-0.83) and greater than 0.70 for
88% of countries in 2014 (Cafiero et al., 2018). Reliability for the FIES
estimated as Cronbach alpha was 0.93 (Grimaccia and Naccarato, 2020).
Unreliability in estimating country prevalence for a sample size of 1000
as is typical of the Gallup World Poll is much smaller than at the indi-
vidual level and small compared to sampling error (Cafiero et al., 2018).

4.3. Accuracy

Accuracy is the extent to which a measure provides unbiased
assessment of what is intended (Frongillo, 1999; Leroy et al., 2015,
Frongillo et al., 2019a). Accuracy is most often demonstrated by
comparing the measure to one or more criterion measures. Ideally the
criterion used is a definitive measure which sometimes is called a
gold-standard measure. A definitive measure “relies on first principles (i.
e., the fundamental and self-evident basis) to achieve high accuracy, i.e.,
with little or no error, and reflects in a fundamental way the theoretical
structure” of what it purports to represent (Frongillo et al., 2019a).
When a definite measure is not available, accuracy can be demonstrated
by comparing with a theoretically closely related determinant or
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consequence as a criterion measure.

The accuracy of the HFSSM in comparison to a definitive measure
has been done in three studies. The definitive measures were obtained
by classifying households or individuals using in-depth information
from interviews (Frongillo et al., 1997; Wolfe et al., 1998; Wolfe et al.,
2003). Good sensitivity (84%, 92%, and 89%) and specificity (71%,
75%, and 69%) were found, demonstrating that the HFSSM accurately
classified households that were truly food secure as food secure and that
were truly food insecure as food insecure (Table 2). In addition, a
context-specific experienced-based measure of food insecurity devel-
oped in Burkina Faso was compared with a definitive classification ob-
tained by having an observer with in-depth knowledge classify
households; the measure had accuracy of 0.68-0.72 from area under the
receiver operating characteristic curve (Frongillo and Nanama, 2006).
An experienced-based measure of food insecurity developed in the
United States for children aged 6-17 years was compared with a
definitive classification obtained by in-depth interviews; for four child
sub-constructs of food insecurity (Fram et al., 2011), the measure had
accuracy of 0.77-0.85 from area under the receiver operating charac-
teristic curve (Fram et al., 2013).

The accuracy of the HFSSM also has been demonstrated using cri-
terion measures such as poverty status, education, program participa-
tion, and quantity and quality of dietary intake in groups of households
(Frongillo, 1999; Leroy et al., 2015). In one early study, the percentage
of households with income < $10,000 per year was 11.2, 31.7, 36.2, and
50.9, respectively, in comparison to four ordinal categories of food
insecurity from food secure to severely food insecure (Kendall et al.,
1995). A measure of dietary quality, the frequency (times/week) of
consumption of fruits and vegetables, was 27.6, 22.2, 20.7, and 15.5,
respectively, in comparison to the ordinal categories of food insecurity
(Kendall et al., 1996). The validity of the 6-item HFSSM has been
demonstrated in Hawaii and among Latinos (Blumberg et al., 1999). The
HFSSM adapted to Bolivia, Philippines, and Burkina Faso was negatively
associated with expenditures reflecting both quantity and quality of food
(Melgar-Quinonez et al., 2006). For instance, daily per capita expendi-
ture on animal-source foods was associated with food insecurity score,
with correlations 0.38, 0.26, and 0.31 in Bolivia, Philippines, and Bur-
kina Faso, respectively. Furthermore, from a large number of studies, the
HFSSM measure of food insecurity has been demonstrated to be asso-
ciated, accounting for other social and economic variables, with many
adverse health and developmental consequences in children and adults
that are both nutritional and non-nutritional in nature: higher preva-
lence of inadequate intake of key nutrients, risk of overweight in women
and some girls, depressive symptoms and risk of suicide in adolescents,
behavior problems and shame in children, academic and social devel-
opmental delays in children, and poor physical and mental health (Na-
tional Research Council, 2006; Cotugna and Forbes 2008; Sharkey et al.,
2012; Chilton and Rabinowich, 2012; McIntyre et al., 2013; Bernal et al.,
2014; To et al., 2014; Fram et., 2015; Jackson and Vaughn, 2017;
Frongillo et al., 2021).

The accuracy of the ELCSA has been demonstrated for households in
comparison to determinants or consequences of food security including
quantity and quality of food (Pérez-Escamilla et al., 2004; Melgar-Qui-
nonez et al., 2005; Pérez-Escamilla and Pinheiro de Toledo Vianna,
2012; Pinheiro de Toledo Vianna et al., 2012). Across multiple samples
for example, 13-32% of households with severe food insecurity

Table 2
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consumed fruits, non-root or tuber vegetables, and meat compared to
71-91% of households with food security. When compared with usual
total energy consumption of all household members, the ELCSA had
poor sensitivity (63%) and specificity (62%) for differentiating house-
holds that were food-insecure and food-secure (Jiménez et al., 2012),
but total energy consumption is not a definitive measure of food
insecurity.

Accuracy for the HFIAS was examined in Costa Rica by comparing
with poverty, education, income, and health insurance coverage
(Gonzalez et al., 2008). For example, the percentage of households with
food security was 71, 23, and 6 for non-poor, poor, and extremely poor
households, respectively. In Mozambique, 44% of households with low
socioeconomic status were food-insecure compared with 26% of
households with middle or high socioeconomic status (FAO, 2008).
Food-insecure households consumed less fish than food-secure house-
holds at both pre- and post-harvest times, with a 66% reduction in fish
consumption post-harvest in food-insecure households compared to a
36% reduction in food-secure households. In Burundi, the HFIAS was
significantly associated with total annual food production, livestock
keeping, and coffee production in each of two years (Desiere et al.,
2015). In rural Lebanon, the Arabic version of the HFIAS was associated
with mother’s and father’s education levels, number of cars and elec-
trical appliances in the household, income, weight-for-age and
length-for-age of the child, child’s dietary adequacy, mother’s body
mass index, and crowding index (Naja et al., 2014). The HFIAS had
modest accuracy for predicting body mass index in a population with
HIV in Ethiopia, with area under the receiver operating characteristic
curve of 0.73 (Hussein et al., 2018).

Examining the accuracy of a measure in comparison to a definitive or
other criterion measure is insufficient to confirm that the apparent ac-
curacy is due to the well-grounded understanding upon which the
measure was constructed (Frongillo, 1999; Frongillo et al., 2019a). A
measure that is only apparently accurate may be useless (Frongillo et al.,
2019a). Demonstrating attribution of accuracy is done by comparing a
measure with competing measures and examining alternative explana-
tions (Frongillo et al., 2019a). Two studies in the United States and
Burkina Faso have demonstrated that an experienced-based measure of
food insecurity was associated with a definitive measure of food inse-
curity above and beyond competing measures that potentially repre-
sented alternative explanations for the association (Frongillo, 1999;
Frongillo and Nanama, 2006). In each study, the experienced-based
measure predicted the definitive measure after accounting for the
competing measures.

Using the individual-level data from the 2014 Gallup World Poll, the
probability of moderate and severe food insecurity from the FIES was a
stronger predictor of health problems and subjective well-being than the
other measures of living conditions, i.e., household income, shelter, and
employment (demonstrating accuracy) (Frongillo et al., 2017). Food
insecurity predicted additional variability in health problems and sub-
jective well-being after accounting for the competing measures of living
conditions (demonstrating attribution of accuracy). Using the same data
aggregated to the country level, the average probability of moderate and
severe food insecurity was strongly associated with other measures of
country economic and social development with, for example, correla-
tions of —0.759, 0.792, 0.743, 0.804, and —0.706 with logarithm of
gross domestic product per capita, logarithm of total fertility rate, infant

Accuracy of experienced-based measures at household or individual level demonstrated by comparison to definitive classification.

Location Sample Study N Sensitivity Specificity Area under the receiver operating characteristic curve”
Upstate NY Household Frongillo et al. (1997) 148 0.84 0.71 0.78

Upstate NY Seniors Wolfe et al. (1998) 24 0.92 0.75 0.83

Burkina Faso Household Frongillo and Nanama (2006) 126 - 0.72, 0.68

South Carolina Children Fram et al. (2013) 87 - 0.77-0.85

 The area under the receiver operating characteristic curve has range 0 (i.e., chance) to 1 (perfect accuracy).
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mortality rate, logarithm of maternal mortality rate, and female mean
years of school, respectively (demonstrating accuracy) (Frongillo et al.,
2019d). Food insecurity was more strongly associated with subjective
well-being than the other measures of country economic and social
development examined and explained variation in subjective well-being
after accounting for the other measures (demonstrating attribution of
accuracy). Using individual-level FIES data from 2014 to 2019, both
absolute and relative food insecurity were associated with more mental
health symptoms and lower subjective well-being (Elgar et al., 2021).

In similar analyses at the country level, the FIES prevalence of
moderate and severe food insecurity was correlated highly with the FAO
prevalence of undernourishment (0.79), child malnutrition (0.60),
World Bank poverty rate (0.84), Human Development Index (—0.86),
and the World Health Organization under-5 mortality rate (0.87)
(demonstrating accuracy) (Cafiero et al., 2018). Across 92 countries
having the required measures, the prevalence of moderate and severe
food insecurity was a significant predictor of variation in child mortality
rate, explaining about one-third of the variability after accounting for
the prevalence of undernourishment and the prevalence of extreme
poverty (demonstrating attribution of accuracy).

Several other studies have presented evidence of the accuracy of the
FIES. At the country level, food insecurity of Arab youth was correlated
about 0.6 with measures of subjective well-being (Asfahani et al., 2019).
At the individual level, food insecurity was associated with Intimate
partner violence in Ethiopia (Andarge and Shiferaw, 2018) and with low
education, limited social capital, and living in a country with low gross
domestic product per capita in Latin America and the Caribbean (Smith
et al., 2017a). With the 2014 global data, food insecurity was associated
with poverty (Grimaccia and Naccarato, 2019), and with low levels of
education, weak social networks, less social capital, low household in-
come, and being unemployed (Smith et al., 2017b).

5. Evidence of cross-cultural equivalence of experience-based
measures

Insufficient food quantity, inadequate food quality, uncertainty and
worry, and concerns about social acceptability about food were impor-
tant experiences of food insecurity in all or nearly all cultures based on
analysis of content of 22 scales and related ethnographies derived from
15 different countries (Coates et al., 2006). Furthermore, some
sub-constructs and items were common across contexts. The same per-
ceptions and behaviors in one context, however, did not necessarily
reflect comparable severity in another context. Therefore, although
construct equivalence is expected for the four common constructs, and
item equivalence expected for the first three sub-constructs when
measured by carefully selected items, measurement or scalar equiva-
lence across all contexts may not directly result from a set of survey
items for experiences of food insecurity.

Scalar equivalence of the HFSSM has been demonstrated in the U.S.
through examining the pattern of responses for items across groups
(Frongillo, 1999). Construct and item equivalence of the HFSSM items
was demonstrated across Bolivia, Burkina Faso, and the Philippines from
cognitive interviewing (Melgar-Quinonez et al., 2006). For the ELCSA,
scalar equivalence has been demonstrated across groups within coun-
tries and measurement equivalence demonstrated across the Latin
American Spanish-speaking countries (Melgar-Quinonez et al., 2010).
For the HFIAS, the first six of the nine items of the scale that reflect less
severe experiences of food insecurity (e.g., worry, changes in diet quality
or reductions in quantity) were found to be construct equivalent but not
measurement or scalar equivalent because the pattern of item responses
were dissimilar across eight countries (Deitchler et al., 2010). Therefore,
scores and prevalence across countries were not comparable. The three
items that were least frequently affirmed and reflect severe food inse-
curity were scalar equivalent across the countries.

FAO developed the FIES intending to overcome these limitations in
equivalence to provide adjusted scales with scalar equivalence so that
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comparable estimates of prevalence are obtained across countries
(Cafiero et al., 2018). To obtain scalar equivalence, a global reference
scale was developed as described earlier. Estimates of the scale in
countries were compared across the surveys in 2014, 2015, and 2016
and were found to be highly stable (Cafiero et al., 2018). For monitoring
progression towards the Sustainable Development Goals, given the
modest sample size per year in nearly all countries, combining data
across years such as through using three-year moving averages would
reduce the variability contributed by both the small instability in annual
estimation and sampling error (Cafiero et al., 2018).

6. Conclusion

Experience-based measures have proven suitable for providing use-
ful analytical measurement to estimate and monitor prevalence of food
insecurity and evaluate interventions and programs. The availability of
these measures has resulted in extensive research about the de-
terminants and the substantial consequences of food insecurity among
households and individuals. The commonly used measures (i.e., HFSSM,
ELCSA, HFIAS, and FIES) are composed of similar sets of items that cover
the same four universally experienced sub-constructs of food insecurity
and consequently share the same body of evidence of validity that has
accrued over the past thirty years. The evidence for validity and
construct equivalence of these measures for differentiating households
as to food insecurity is strong. Prior to the development of the FIES, the
evidence on equivalence concluded that responses to some items depend
on cultural and social contexts, preventing scalar equivalence across
countries. The three HFIAS items that reflect severe food insecurity (i.e.,
hunger) had been shown to be scalar equivalent, but a scale based only
on these items is not useful because only the most severe food-insecurity
experiences are measured. The FIES provides a valid and scalar-
equivalent scale that is suitable for estimating and monitoring preva-
lence of experiencing food insecurity in a comparable way across
countries.
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