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ARTICLE INFO ABSTRACT

The ability of households and individuals to access food (one of the key aspects of 'food security") is an important
welfare dimension that poses important challenges for objective measurement. This paper describes the Rasch
model-based procedures developed to define the eight-item Food Insecurity Experience Scale (FIES) as a con-
tribution towards the establishment of an indicator for global monitoring of food insecurity. Experiential food
insecurity survey data, collected by FAO from nationally representative samples of the adult population, once
every year in 2014, 2015 and 2016 from 153 countries or territories, are used to develop methods to estimate
cross-country comparable prevalence rates of moderate and severe food insecurity. A Rasch model-based scale
was estimated separately for each country and data were assessed for consistency with model assumptions. To
ensure cross-country comparability, a procedure based on the median normalized severities of each of the eight
FIES items was used to define a global reference scale, against which measures obtained in each country can be
separately calibrated. Calibration is obtained by equating the mean and standard deviation of the severity
parameters of the items that appear to be common between the national and the reference scale, and thus used as
anchoring points for the metric. Data showed sufficient consistency with the Rasch model assumptions to pro-
duce reliable measures of the prevalence of food insecurity in each country. Calibration was possible using 4 or
more items as anchoring points in 151 of 153 (98.7%) of the cases, and 6 or more items in the vast majority of
them (121 cases). Concurrent validation of the estimates of prevalence of food insecurity at national level was
obtained by comparing the FIES-based indicator with other established indicators of social (under) development.
National prevalence rates of moderate-or-severe food insecurity obtained by FAO correlate well with the pre-
valence of undernourishment and with several widely used indicators of national income, health, and well-being.
The proposed calibration method can be applied to other existing experience-based food security scales that use
similar items, thus affording the possibility to use data collected with those instruments to produce inter-
nationally comparable measures of the prevalence of food insecurity. Pending broader adoption of the FIES or
compatible experience-based food security scales worldwide, countries could choose to use the 2014-2016 re-
sults obtained using the data collected by FAO as the baseline to monitor progress towards Target 2.1 of the
recently established 2030 Agenda for Sustainable Development.
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1. Introduction households' ability to access food is similar to that of other experience-

based food security scales such as the US Household Food Security

Food security is said to exist when all people, at all times, have
physical, social and economic access to sufficient safe and nutritious
food that meets their dietary needs and food preferences for an active
and healthy life [1]. Although food security is inherently multi-di-
mensional, one critical dimension is continued access to adequate food.
The United Nations Food and Agriculture Organization (FAO) has un-
dertaken a project called Voices of the Hungry (VoH) to develop and
support a survey-based experiential measure of access to food, called
the Food Insecurity Experience Scale (FIES). The approach to measuring
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Survey Module (HFSSM), the Escala Brasileira de Inseguranga Alimentar
(EBIA), the Escala Latinoamericana y Caribena de Seguridad Alimentaria
(ELCSA), the Escala Mexicana de Seguridad Alimentaria (EMSA) and the
Household Food Insecurity Access Scale (HFIAS) used in the United
States, Brazil, Canada, Mexico and several other countries to monitor
food security in the context of large national programs [2]. The in-
novation brought about by the VoH project is the possibility to calibrate
the measures with the FIES or with any of these other scales and the
thresholds used for classification, against a standard reference scale,
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Table 1
English version of the food insecurity experience scale.
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N. Short reference  Question wording

1 WORRIED
resources?

N

HEALTHY
resources?
FEWFOODS
SKIPPED
ATELESS
RANOUT
HUNGRY
WHOLEDAY

W N U AW

During the last 12 MONTHS, was there a time when you were worried you would not have enough food to eat because of a lack of money or other
Still thinking about the last 12 MONTHS, was there a time when you were unable to eat healthy and nutritious food because of a lack of money or other

Was there a time when you ate only a few kinds of foods because of a lack of money or other resources?

Was there a time when you had to skip a meal because there was not enough money or other resources to get food?

Still thinking about the last 12 MONTHS, was there a time when you ate less than you thought you should because of a lack of money or other resources?
Was there a time when your household ran out of food because of a lack of money or other resources?

Was there a time when you were hungry but did not eat because there was not enough money or other resources for food?

During the last 12 MONTHS, was there a time when you went without eating for a whole day because of a lack of money or other resources?

thus ensuring proper comparability of the estimated prevalence rates
and the possibility to compute consistent estimates at regional and
global level, an essential feature for an indicator to be used in the
context of global monitoring frameworks. Following a very broad
consultation with many stakeholders, the FIES was chosen as the basis
to compile indicator 2.1.2, one of the two indicators included in the
global SDG indicator framework put forth by the Interagency and Ex-
pert Group on SDG indicators (IAEG-SDG) of the United Nations Sta-
tistical Commission to monitor Target 2.1 of the recently adopted 2030
Agenda for Sustainable Development [3].

The FIES measures the severity of food insecurity modelled as a
latent trait, broadly conceptualized as the condition of not being able to
freely access the food one needs to conduct a healthy, active and dig-
nified life. The measure is based on conditions and behaviors reported
by responding to an 8-item questionnaire, the Food Insecurity
Experience Scale Survey Module (FIES-SM; see Table 1), resulting from
the inability to access food due to lack of money or other resources.
These conditions have been selected, among the many possible ones
that could be meant to be a direct consequence of the latent condition,
as those holding the greater promise to be empirically valid in many
different contexts.

The dichotomous (“yes”/“no”) responses to the FIES-SM questions,
provide information sufficient to construct a one-dimensional measure,
using the Rasch model. Based on the measured severity of food in-
security, each respondent in a representative sample is assigned a
probability of being beyond a specified threshold of severity to compile
an estimate of the prevalence rate of food insecurity in the reference
population. Thresholds used for classification and, thus, prevalence
rates of food insecurity, are made comparable across countries by ca-
librating the measures obtained from estimating the Rasch model
parameter separately on each dataset, against a common, global re-
ference scale.

The next sections describe the data used, the statistical modeling
and the procedures developed to form the global reference scale and to
calibrate the measures, and address validation of the food insecurity
prevalence rates estimated in 153 countries for 2014-16.

2. Data

In proposing the FIES as the basis to compile an SDG indicator, FAO
expects that national prevalence rates of food insecurity for monitoring
progress toward SDG Target 2.1 will eventually be based on data from
national surveys conducted by national statistical agencies in each
country, in accordance with the principles that govern the definition of
the global SDG indicator framework by the UN Statistical Commission.
To develop methods for making prevalence rates across countries
comparable, however, it was necessary to process data obtained from as
large a set of different countries as possible while controlling for the
survey vehicle used. To that aim, in 2013 FAO contracted with the
Gallup Organization as a data collection service provider. The 8-ques-
tion FIES-SM was added as a client module to the Gallup World Poll

(GWP) and data were collected in 153 countries, areas, and territories
in 2014, 2015 and 2016. The GWP is a worldwide survey conducted
annually since 2006 in about 150 countries interviewing nationally
representative samples of the adult population (aged 15 and older) in
each country. It covers a range of topics including family economics,
employment, human development, and well-being [4].

A dataset of about 1000 records for each country (3000 for India
and 5000 for China) was provided by Gallup to FAO containing the
responses given to the 8 FIES items by the people reached by the GWP.
Most of the countries/territories were covered in each of the three years
2014, 2015 and 2016, with a few exceptions. Responses are coded as 1
for “yes”, 0 for “no” and N/A otherwise. Percentages of N/A are very
low. Post-stratification weights were provided to project sample esti-
mates to the reference population of individuals aged 15 years or more.

3. Statistical modeling of FIES data to produce estimates of the
prevalence of food insecurity at comparable levels of severity

The statistical model used for FIES data assessment and scale con-
struction is the single-parameter logistic measurement model, com-
monly known as the Rasch Model [5]. The Rasch model assumes that
the position of a respondent and that of the items can be located on the
same one-dimensional scale and postulates that the log-odds of re-
spondent r saying “yes” to item i is a linear function of the difference
between the severity of the food insecurity condition experienced by r
and the severity of item i. By coding x.; (the answer given by re-
spondent r to item i) as 1 for “yes” and O for “no”, we have:

=S ln(L) = a,—b;
1-p

where a, is the position of the respondent and b; that of the item on the
same scale. In applying to food insecurity, we define the scale as a scale
of “severity”, that is, the degree of negative impact on the household or
individual welfare of the inability to freely access the food one needs.

While more flexible IRT parameterizations, such as the 2 or 3-
parameter logistic models used in the field of educational testing might
increase the fit of the data to the model, in choosing the Rasch model as
the basis for a globally valid food insecurity measurement scale we have
been guided by the desirable invariance property of Rasch measures
[5,6]. To illustrate the concept of invariant measurement, it may be
useful to refer to the relationship between the location of the re-
spondent and the probability of reporting an item, described by the so-
called item characteristic curve (ICC), which plots the probability of
affirmation against respondent severity (Fig. 1). The severity of an item
is thus implicitly defined as the severity experienced by respondents for
which the probability to affirm or deny the item is the same (i.e., 0.5).
Items whose ICC are located on the left along the scale of severity are
thus less severe than items whose ICC are on the right. One important
assumptions of the Rasch model is that all items discriminate equal-
ly—that is, that the slopes of the ICCs are equal for all items for any
given level of probability, as it is the case for items labeled A and B in

ear=bi)
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Fig. 1. This implies that, independently from the level of severity of the
respondent’s condition, the probability to affirm less severe items is
always higher than that of affirming more severe ones. Allowing for
items with different discriminating power (such as item C in Fig. 1)
would result in the possibility that the implicit order of severity of the
items might differ, depending on the severity of the respondent, thus
violating the “invariance” property.

Testing adherence of the data to the Rasch model assumptions is of
essence, as only measures obtained with data that do not reject the
Rasch model's assumption can be considered invariant with respect to
the specific sample of respondents used to estimate the parameters of
the model, an important feature of a globally valid measurement tool.

Maximum likelihood methods are used to estimate the severity of
each item and the severity experienced by each respondent [7]. Model
estimation also includes calculation of item and respondent fit statistics,
conditional correlations across items, and measurement reliability of
the scale. Item severity parameters, item-fit statistics, respondent-fit
statistics, and inter-item conditional correlations are all based on con-
ditional maximum likelihood (CML) estimation procedures. A custo-
mized R-package has been created that implements Rasch model esti-
mation by also allowing for complex survey design and that produces a
number of additional statistics useful to analyze FIES data [8]. The
package produces estimates of item severity parameters by maximizing
the likelihood function conditional on the raw score, and using, in the
estimating process, only cases with non-extreme response patterns (that
is, with raw score between 1 and 7). Respondent severity parameters
are then estimated by maximizing the likelihood function given item
parameters. Finally, the extent of uncertainty (standard error of esti-
mation) around the respondents' severity parameters is measured as the
square root of the inverse of the slope of the test characteristic curve at
the point corresponding to the raw score parameter.

In assessing the extent to which data is consistent with the Rasch
model assumptions, various statistics are used. The assumption of equal
discrimination of the eight items is assessed primarily by the item infit
statistic, an information-weighted chi square-type statistic that com-
pares observed with expected misfit of each item. The expected value of
all infits is 1.0 and values between 0.7 and 1.3 are considered to be
reasonably consistent with the assumption of equal discrimination [6].
To verify the conditional independence of the responses to the eight
items, a matrix of correlation among residuals across the items is
computed that can be analyzed to detect the presence of any residual
structure. Finally, Rasch reliability is computed as the proportion of
total variance in the population that is accounted for by the measure-
ment model. As the standard Rasch reliability statistic is affected both
by model fit and by the distribution of severity of food insecurity in the

148

sample, a modified Rasch reliability, in which calculations of error
variance and variance accounted for by the model are weighted equally
across raw scores, was used in this study. This equal-weighted relia-
bility statistic avoids the confounding effect of differences in the dis-
tribution of severity of food insecurity and ensures comparability to of
the reliability assessment across countries.

For additional details on the application of Rasch model to food
insecurity measurement, see Nord 2015 [9].

In spite of the wide range of countries in which the FIES-SM was
administered, the attendant challenges of translation and adaptation to
local cultures and languages, and the relatively small size of the sam-
ples, the fit of all the items to the Rasch measurement model was re-
markably good in almost all countries, confirming that the 8 items
chosen to be part of the FIES survey module do indeed possess global
validity. In 94 percent of countries, infit statistics for every item were in
the acceptable range. Only 9 countries in 2014 had any item with an
infit higher than 1.4. With one exception, those were countries with
small numbers of non-extreme cases and therefore sizeable estimation
errors for item-infits. Conditional correlations among residuals were
always found not to be excessive for any possible pairs of items in all
countries with sufficient sample size of non-extreme cases to produce
reliable assessments. Mean 'flat' Rasch reliability across countries (using
the modified statistic) was 0.740, with a range from 0.68 to 0.83.
Reliability was greater than 0.70 for 88 percent of countries in 2014.
These levels of reliability for a scale comprising just eight items reflect
reasonably good model fit, and result in measurement errors in national
prevalence estimates that are small compared with sampling errors.

4. Development of a global reference and scale calibration

Use of a measure of food insecurity to inform indicators used in a
global monitoring framework must ensure that estimated prevalence
rates are comparable over time and across countries. To do so, severity
thresholds for classification should be defined on a common reference
scale and kept constant during the monitoring period, while prevalence
rates computed by ensuring that severity measures and thresholds are
expressed in the same metric. This can be done either by mapping the
national measures on the global scale, or vice versa, mapping the
thresholds defined on the reference scale on the national ones. Such
mapping is obtained by the linear transform that equates the mean and
the standard deviation of the severity values for items that can be
considered equivalent in the two scales and therefore used as anchoring
points. In principle, all eight FIES items should be equivalent when
comparing the application of the FIES in a country with the global re-
ference scale, as they are all obtained from translation and adaptation
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of the same eight questions reported in Table 1. In practice, we had to
confront the possibility that in some cases the same reported experience
might be associated with different relative levels of severity in different
countries due to differences in cultures or contexts, and therefore that
not all eight FIES items could be used as “anchoring” points.

The definition of the global reference scale and of the mapping that
allows calibration of the national measures on the global scale were
initially obtained through an iterative process, using the data collected
in 147 countries or territories in 2014. The iterative procedure worked
as follows: First, the FIES scale was estimated separately for each
country, and item severity measures normalized to have zero mean and
unit standard deviation in each of the countries. Then, the median
values of the severities for each item were taken as the severity levels
associated with a provisional global 8-item FIES reference scale. The set
of item severities for each country was then compared with the provi-
sional global scale, to identify items that differed in severity by more
than a specified tolerance. Any such item was marked as 'unique', and
all measures rescaled by equating the mean and standard deviations of
the remaining common items only. Once the procedure was applied to
all countries, a new provisional global scale was formed by taking again
the median values of the newly computed item severities. The proce-
dure was repeated, identifying — at each iteration — possible new items
that would be 'unique', and the process continued until no further
change was observed in the set of common items in any of the 147
countries. The global scale resulting from this final iteration (Fig. 2)
was thus adopted as the global standard scale, and the transformation
that equated the mean and standard deviation of the common items at
the latest iteration provided the needed calibration mapping for each
country. It is useful to note that, even if not used for calibration, 'unique'
items are retained in the countries’ scale as they contribute to the
overall measure of severity, provided they reveal adequate infit statis-
tics.

Once the global FIES standard is established, measures produced
with other existing experience-based food security scales that include a
sufficient number of equivalent questions to be used as anchoring
points can be calibrated against it following the same procedure we
used for FIES data. After normalization, the severity levels of the can-
didate anchoring item, that is the items that have cognitive content
similar to that of one of the eight FIES items, are compared to the se-
verity level of the corresponding items on the global FIES. Items whose
severity differs by more than a small set tolerance, are excluded from
the calibrating set, and the procedure is repeated until no further item is
excluded. Calibration is considered acceptable if at least 5 items can be
identified as anchoring points.

Using the scales estimated in each country with the pooled samples
from 2014, 2015 and 2016 (see more below), calibration against the
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Table 2
Number of cases by number of items used in the calibration of the national scale against
the global reference standard.

Number of common items Number of cases Percent

3 2 1.31

4 10 6.54

5 20 13.07

6 32 20.92

7 62 40.52

8 27 17.65
153 100.00

global reference scale was very robust: in 121 out of 153 cases cali-
bration was achieved using at least 6 items, and in only 2 cases it was
not possible to identify at least 4 common items (see Table 2).

In preparation for the 2014 Voices of the Hungry Technical Report,
measures based on data from the US collected through the HFSSM, from
Brazil using the EBIA, from Mexico using the EMSA and from
Guatemala using the ELCSA were successfully calibrated against the
global FIES standard, thus allowing to use the thresholds defined by
FAO to produce estimates of the prevalence of food insecurity in those
countries that are comparable with those obtained using the GWP FIES
data [10]. Similarly, in 2015, national HFSSM data from Canada and
from Israel have been used to produce FIES comparable food security
estimates. Other datasets obtained using the HFIAS in Bangladesh and
the FIES in Swaziland and in Lesotho were successfully calibrated
against the global FIES in the context of research aimed at promoting
the use of FIES-based measures in the context of the Integrated Food
Security Phase Classification (IPC) [11], as were ELCSA data collected
in Ecuador. Finally, FIES data collected by national institutions in
Burkina Faso in 2014 [12] and in St. Lucia [13] and the Seychelles [14]
in 2016 have been successfully used by the responsible statistical units
to produce estimates of food insecurity using the international FIES
thresholds.

5. Scale stability and estimates of food insecurity prevalence rates
with small samples

We were concerned that GWP effective sample sizes of non-extreme
cases (i.e., after omitting cases that denied or affirmed all items, which
provide no information for parameters estimation when using CML)
might be too small, in many countries, to provide sufficiently precise
parameter estimates. If that is the case, estimation of the scale using
data from only one year could be rather unstable for those countries.
With data sets from the GWP rounds of 2014, 2015 and 2016, stability
over time was tested by comparing the scale estimated using 2014 data

Fig. 2. The food insecurity experience scale global
reference scale.
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with the one obtained using 2015 data as well as the 2015 with the
2016 one, for all countries. Item severity parameters estimated for each
country in each year were then compared. If, for a country, the dif-
ference between the estimated severities of the same item in the two
years was larger than a set threshold, we defined that item as “unique”
and concluded that, for that country, it might have functioned differ-
ently in the two years. This could be due to differences in the realized
samples or to poor fit of the Rasch model in one of the two or in both
years. Comparing the 2014 with the 2015 assessment, we found that
93% of countries had either all items common or only one item unique.
Comparing 2015 to 2016, the corresponding percentage is 95%. Overall
stability of the scale is thus rather good, considering the small size of
each year effective sample for many countries and the fact that the
impact of the detected instability on the severity level estimated for the
raw scores would be almost negligible.

Even if small, the additional variability induced by the instability of
scale estimation on the estimated food insecurity prevalence rates adds
to the effect of sampling variability in confounding measures of changes
in food insecurity prevalence from one year to the next. To reduce the
impact of such potential confounding, annual estimates of the pre-
valence of food insecurity at country level, using the small GWP sample,
are best presented as three-year moving averages, especially if these
values are to be taken as baseline reference for monitoring progress
against Target 2.1 of the SDGs. Estimates of the prevalence of food
insecurity at regional and global level, on the other hand, obtained by
averaging results across several countries, can be deemed sufficiently
reliable and thus presented separately for each year, as the potential
bias due to sampling variability and scale instability is reduced.

Thanks to the invariance property of the Rasch model, estimates
that are more robust against potential differential item functioning
between samples collected in different years, can be obtained by esti-
mating each country’s specific item and raw score parameters using the
data from all available years for that country. In 2017, parameters es-
timated from these 'pooled' samples of 2014, 2015 and 2016 data are
used to revise the global reference scale and to define the parameters
needed to map the common thresholds on each of the national scales;
the only time-varying information that is needed to estimate prevalence
rates separately for each year is then that year's distribution of re-
spondents across raw scores.

6. Setting thresholds and estimating prevalence rates for global
SDG monitoring

For the specific purpose of monitoring progress against Target 2.1 of
the SDGs, two thresholds have been set: one that identifies the level of
severity beyond which a respondent would be classified as having
moderate or severe food insecurity, and one that identifies severe levels
only. The definition of a threshold of severity for the latent trait is, to a
certain extent, arbitrary, as the only requirement for consistent classi-
fication is that whatever threshold is chosen, it is kept constant over the
relevant monitoring scope and period. However, to associate a sub-
stantive meaning to the statistics reported, the two thresholds to be
used in the context of the global SDG monitoring have been chosen to
correspond to the severity of two specific items on the global FIES scale.
The first threshold is set to correspond to the severity of the 'ATELESS'
item, while the second to the severity of the 'WHOLEDAY' item.
Individuals classified as having experienced moderate or severe food
insecurity could be thus described as having eaten less than they
thought they should at times during the year because they lacked suf-
ficient resources for food, and most of them will have experienced more
severe conditions. Those classified as having experienced severe food
insecurity might have had high chances of going for whole days without
eating, at times during the reference period, for the same reason of lack
of sufficient resources to procure food.

The international thresholds defined on the global FIES scale can be
mapped to the metric obtained in each country following the procedure

Measurement 116 (2018) 146-152

described in the previous section. In this way, internationally compar-
able prevalence rates of food insecurity at the specified levels of se-
verity (i.e., moderate or severe, Floq+sev, and severe, Flg,) can be
computed. The most accurate estimate of the prevalence of food in-
security in a given population is obtained by probabilistically assigning
respondents to each of the food security classes. The probability of
belonging to a given food insecurity class is computed by assuming that
respondents reporting a certain raw score come from a population in
which the severity of food insecurity is normally distributed, with mean
equal to the value of the severity parameter and standard deviation
equal to the estimated standard error for the same parameter. A prob-
ability to be at or beyond any given level of severity defined by a
threshold can be thus associated with each of the 9 different raw score
values and the prevalence of food insecurity in the population at that
level of severity or beyond computed as the weighted sum of these
probabilities, across all raw scores, using the weighted number of cases
by raw scores as weights. The conditional maximum likelihood methods
used to estimate the Rasch model parameters do not provide severity
parameters or measurement errors for the extreme scores of 0 or 8,
therefore, special considerations had to be made to classify respondents
with such extreme raw scores. Respondents with raw-score 0 were
classified as food secure or, at most, mildly food insecure, assuming that
the probability to be beyond the threshold for moderate food insecurity
is zero. For respondents with raw-score 8, an approximate severity
parameter was calculated based on a pseudo raw score ranging from 7.5
to 7.7 (with the actual value being higher in samples with a higher
proportion of raw score 8).

7. Results and assessment of the consistency between FIES-based
measures of the prevalence of food insecurity in the world and
other development indicators

Based on the above procedure, Floq+sev and Flg., were computed
for all countries for which FIES compatible data were available.
National prevalence of moderate-or-severe food insecurity in 2014-16
in the adult population ranged from 2.3% to 94%. Severe food in-
security rates ranged from below 0.5% to 83%. Regional prevalence
rates were calculated as the population-weighted averages of the pre-
valence rates of the countries included in each region. Across the con-
tinents, food insecurity is found to be most prevalent in Africa and least
prevalent in Europe. Analysis of the results at regional levels shows a
statistically significant increase of the prevalence of food insecurity in
2016 compared to 2015 in Africa, in the Americas (particularly due to
changes in a few countries in South America) and in Asia (due to the
contribution of the South-eastern Asia sub-region) (Fig. 3).

The possibility to conduct validation of the FIES measure against
other individual-level measures will be greatly enhanced once the FIES
will be used in other surveys, such as Demographic and Health Surveys
or Living Standard Measurement Surveys. Indirect validation of the
FIES based measure against other individual level measures collected
with the Gallup World Poll has been recently provided by Smith et al.
[15], who find that low levels of education, limited social capital, and
living in a country with low GDP per capita are the three determinants
associated with the largest increase in the likelihood of experiencing
food insecurity in Latin America and Caribbean countries, and by Jones
[16] who finds food insecurity to be associated with poorer mental
health and specific psychosocial stressors across regions.

Of course, these are only indirect proofs of the validity of the food
insecurity measures obtained with the FIES. To conduct a proper vali-
dation of the estimated food insecurity prevalence rates generated with
the FIES one would need alternative measures of the same phenom-
enon, computed using other methods/definitions, for the same set of
countries and years for which FIES-based estimates have been pro-
duced. Unfortunately, no such references exist at a global scale. Many
indicators that are described as generic indicators of “food insecurity”,
are based on concepts that are different from the “inability to access
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Fig. 3. Prevalence of food insecurity among
adults. World and regions.
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Table 3

Linear regression of national level indicators of under-5 mortality rate against Fl,oq + sevs
PoU and extreme poverty headcount, for 92 countries.

Estimate Std. Error t value Pr(> |t))
(Intercept) 0.13 0.06 217 0.031
PoU (2014) 0.20 0.09 2.38 0.020
Flmod + sev (2014-16) 0.34 0.09 3.99 0.000
Extreme poverty (2014) 0.35 0.08 4.24 0.000

Note: Standardized regression coefficients, i.e. the variables are scaled in such a way that
the reported coefficients indicate the percentage of variability in child mortality ex-
plained by each of the three indicators included in the regression.

N = 92, Adjusted R-squared: 0.7412.

food” concept that defines the latent trait measured by the FIES. Even
the two indicators used in the past to monitor the “hunger” target of the
Millennium Development Goals (MDGs), namely, the Prevalence of
Undernourishment (PoU) and the percentage of children under five
years of age who are underweight (child malnutrition) [17], are based
on the concepts of adequacy of the caloric intake and of nutritional
status of children, respectively, which can be considered possible con-
sequences of the inability of households to access food. Moreover, as
they are derived from data from household surveys conducted in dif-
ferent years in different countries, matching them with the FIES-based
indicators is problematic. These indicators are only available as model-
projected values for 2014 or later years, which means that real cross-
country differences for these indicators for 2014-16 are confounded
(and likely smoothed) by the assumptions made in constructing the
respective projection models.

While it is not possible to conduct a validation of the indicator in the
strict sense of the term, it may still be informative to verify the extent to
which the ranking of countries obtained using FIES-based indicators for
2014-16 matches that obtained with the latest available series of PoU
and child malnutrition. Results of such comparison show a value of the
Spearman's rank correlation coefficient of Fl,oq+sev Of 0.79 against the
FAO Prevalence of Undernourishment and of 0.60 against child mal-
nutrition. By broadening the comparison to include the rankings of
countries provided by other general indicators of development, we find
that national prevalence rates of food insecurity measured with the FIES
correlate in the expected direction with the World Bank Poverty Rate
(Pearson r = 0.84), the Human Development Index (r = —0.86), and

the World Health Organization Under-5 Mortality Rate (r = 0.87).

One final test of the extent to which the prevalence of food in-
security defined and measured through the FIES provides useful in-
formation to monitor a global development agenda, was to verify
whether or not the significant correlations noted above are simply the
result of spurious correlation (i.e. due to the fact that the indicators are
simply reflecting a same underlying socioeconomic phenomenon, such
as monetary poverty.)

The result of a regression analysis conducted over the 92 countries
for which the four indicators are available, shows that the prevalence of
moderate and severe food insecurity remains a significant predictor of
differences in child mortality rates across countries, explaining about
35% of the variability even when controlling for the Prevalence of
Undernourishment and the prevalence of extreme poverty (Table 3).

8. Conclusions

The analysis of FIES data collected over three years in more than
150 countries worldwide confirms that self-reported evidence on the
occurrence of conditions typically associated with the inability to access
food due to lack of money or other resources, gathered through simple
interviews, can indeed inform the construction of a valid measurement
scale of the severity of the food insecurity condition. Rasch model-
based analytic procedures, consistent with the item anchoring and scale
equating procedures common in other applications of Item Response
Theory (e.g., educational testing) has allowed for the definition of a
global reference scale that can be used to ensure comparable estimates
of the prevalence of food insecurity in different populations. The pos-
sibility to calibrate measures against the global standard is preserved
when using other experience-based scales that share a sufficient
number of items equivalent to those included in the FIES. In advocating
for the adoption of the FIES or compatible scales, the inclusion of ad-
ditional questions can be encouraged. Whether such additional ques-
tions effectively contribute to the measurement of the underlying latent
trait may be explored in specific countries or cultures by examining
their relationship with the standard FIES items using the proposed IRT
statistical methods.

Pending broader adoption of the FIES or of compatible experience-
based food security scales by countries worldwide, FAO offers the
2014-2016 results obtained using the data collected through the Gallup
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World Poll as a possible baseline, against which to monitor progress
towards Target 2.1 of the recently established 2030 Agenda for
Sustainable Development.
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