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A Foundation®f measurementheory
0 Item Responsdheorybasedestimationmodels

A Experiencebasedscaledo measurehe severity
of food insecurity(and thegenesi®fVoH)

A TheinnovationsproducedbyVoH

o Defininga global scale amtkvelopinghe methodsto
calibratemeasuresand to equatdhresholds

0 Resultof the applicationthroughthe Gallu® World
Poll in 2014.
A Use of theFood InsecurityExperience Scale
(FIES) to monitor Target 2.1 of the 2030 Agend
for Sustainabl®evelopment
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VOH®=NR Definitions and terminology

A We measure oattribute
o E.g., we dondot measur e

oheight 6, the oweight 0,
person is the object; height, weight, age (or food
security status) are attributes.

Even if they are stronglyomplementary,

appropriateness of the attribute  for the issue at
hand, andvalidity of the measure are two distinct
guestions that needs to be addressed separately.

When reporting on an assessment, it is essential to
identify what is the object being targeted and which
the attribute being measured.
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lUINEIRE A A measurement system is composed of:

O a measurement otool 6;

O a oprotocol 6 that descri bes
and

O a ostandard of referencedo, a

Without reference to a standard, it Is Impossible to
ensure comparability of the measures obtained in
different places or at different times

A Applying the tool according to the protocol we obtain
212212017 Oomeasureso

o0 Various classes of measures: discrete assignment, interval
measures, ratio measures.

o Not all numerical variables are proper measures.

&

Food and Agticulture Organization 0 Dis_crglte indicators of class membership must be treated as dummy
variables.
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A A measurement system iglid if any change in

the attribute of interest determines a change In
the numbers produced by the system in the
same direction and by the same proportion
o The causality runs from the attribute of the object to
the measure
A Measures areeliable if measurement errors
are rare, small and non systematic

el22(201T o Lacking a ogold standar
assessed through the statistical properties of the
measurement tool, and can only be stated in
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VOICES Measuring social phenomena and the importance
i L of theories

HUNGRY . . . .
A Measurement in the realm of social sciences is

distinctly more complicated than in physical scienc
O Il nteresting oconstructso
(latent traits)
0 Some observables may be too difficult or too costly to
observe (data gaps)

o Often we learn about the attribute of interest while we
attempt at measuring it

A This calls for a heightened attention given to
2l22/204t statistics and statistical inference principles

o Statistical inferences requires that a formal model is
defined to link the measure we are interested in, to the
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01 &k p) AaB wl

p AdB )
A ltis the foundation oftem -Response Theory
A QpN mpi s the 0Or e Bstipresponderdtoo
thej-thoi t e mo .

o The probability that a respondemthoseposition on a scale
might respond to an item positioned aton the same scale is a

(logistic) function of the differencgd )

A The model provides the probabilistic basis for

o Estimating the parameters associated with both
itemsand respondents

\&/ : _ .
Q\}{@ o Conductingstatistical tests of the strength of association of
Food and Agricuture Organization the responses to the latent trait and of goodness of fit

of the United Nations
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VOI®=SE The Rasch model (continued)

A The Rasch model implies that thaw score (i.e., the simple sum of
affirmative responsesis a sufficient statistics to estimate
respondent sd severity

As both affirming an item and denying it convey information individual
measures of severity depend on the number of affirmed items, not on whi
particular set of items have been affirmed. Unexpected patterns, however
contribute to determine measures ofisfit, used to test the empirical
validity of the model

Use of raw score for classification greatly facilitates use of the method, bt
i's only legitimate i f data conf o
discrimination of all item and conditional independence of the responses
each item.

A Conditional Maximum Likelihood  (CML) can be used
to estimate parameters

It imposes no assumption on the shape of the distribution of the latent tra
in the population (+)

Provides consistent estimates of standard errors under the Rasch model
assumptions (+)

It only uses norextreme response patterns, as severity parameters for zel

or maximum raw score cannot be estimated. If items are not adequately
chosen, this may limit the size of effective samples.
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A heuristic illustration of the Rasch model
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case | Item | Item | Item | Item | Item | Item | Item | Item
#1 #2 #3 #4 #5 #6 #7 #8

1 1 1 0 0 1 0 0 0
2 1 1 1 1 1 1 1 1
3 1 0 0 0 o) o) o) 0
4 1 1 1 1 0 1 o) 0
) 1 1 1 0 o) o) 1 0
6 1 0 0 1 0) o) o) 0
7 1 1 0 0 o) 1 0 0
X X X X X X X X X

2/22/2017 N 1 1 1 1 0 1 1 0
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#1 #H2 #3 #4 #5 #6 Hi #8

1 1 1 0 0 1 0 0 0
2 1 1 1 1 1 1 1 1
3 1 0 0 0 0 0 0 0
4 1 1 1 1 0 1 0 0
5 1 1 1 0 0 0 1 0
6 1 0 0 1 0 0 0 0
I 1 1 0 0 0 1 0 0
X X X X X X X X X

2/22/2017 N 1 1 1 1 0 1 1 0
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WOUGI=SN Compute column averages and raw scores
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HEEEEEEEEN
#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8

1 1 1 0 0 1 0 0 0 3
2 1 1 1 1 1 1 1 1 8
3 1 0 0 0 0 0 0 0 1
4 1 1 1 1 0 1 0 0 4
5 1 1 1 0 0 0 1 0 4
6 1 0 0 1 0 0 0 0 2
7 1 1 0 0 0 1 0 0 3
X X X X X X X X X X

Sleale0nt N 1 1 1 1 0 1 1 0 6
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HEERREENEE
#1 #2 #6 #i #8 | score
1 1 1 0 0 0 0 1 0 3
2 1 1 1 1 1 1 1 1 8
3 1 0 0 0 0 0 0 0 1
4 1 1 1 1 1 0 0 0 4
5 1 1 0 1 0 1 0 0 4
6 1 0 1 0 0 0 0 0 2
7 1 1 0 0 1 0 0 0 3
X X X X X X X X X X
Sleale0nt N 1 1 1 1 1 1 0 0 6
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0.73
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0.42

0.36

0.35

0.22
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case ltem | Item | Item | Item | Iltem | Item | Item | Iltem | Row
P Y. #1 #H2 #4 #3 #6 Hi #5 #8 | score
Be. W 1 1 1 1 1 1 1 1 | s
N B X X X X X X X X X
N 1 1 1 1 1 1]o o s
X X X X X X X X X X
4 1 1] o o 0 4
5 1 o o 1 o 4
X X X X X X X X X X
1 o | o 0 1 0 3
2/22/2017 7 0 I 0 1 O 0 3
Q\,% X X X X X X X X X X
. - L 095 0.73 065 056 042 036 035 0.22
e O
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X X X X X X X X X X

N 1 1 1 1 1 1]o o s

X X X X X X X X X X

4 1 1 | o 0 0 0 4

5 1 | o 0 1 0 4

X X X X X X X X X X

1 o] o 0 1 0 3
2/22/2017 7 0 I O 1 O 0 O 3
B X § X X X X X X X X X

L 095 073 065 056 036 042 035 022

Food and Agriculture Organization

ofthe Sniisdlations Fit Good Good Bad Good Farr Good Bad Good
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HUNGIRY Alfdata supports the Ras:«

o Infit statistics irthe range 0.6 1.3
o High Rasch reliability measures
o No correlation among Or es

A é€ than t he suffiorentstatisticsefori
the latent trait measure

o0 Two respondents with the same raw score but different
response patterns will be assigned the same measure (¢
though the absolute error around the measure may differ

A Respondent parameters form amterval scale on
the latent trait metrics

o0 The metric has no natural origin. The position of the zero
and the unit of measure are arbitrary.

o0 To compare measures obtained in different applications,

2/22/2017

(&
T there Is thus a neetb define a reference scale .
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VOICES Results of application of the Rasch model to
AL discrete data (example with an 8 item scale)

HUNGRY A A set of item parameters, one per each item in
' the scale

1] [3][2] [4 6 5 7] [8

ltems
>

The mean of these par amet
as there is no natural origin of the scale

A A set of respondent parameters, one per each
raw score value

200000000 m

(&
Foodand et Orgmitn Respondent parameters form an interval scale on the I

of the United Nations tralt measure
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A Food insecurity is conceptualized as the experienced
condition of beinginable to access food in the
desired guantity, guality and continuity

A The severity of the food insecurityonditionis treated
as ameasurable latent trait

o Althoughit cannot be directly observed,is revealed by its
consequences.

0 Selfreported occurrence otypical experiences are used to
estimate the probability that each respondent (household or
Individual) belongs to each of different classes of food insecu
severity, e.g., moderate or severe, severe.

A Theprevalence of food insecurity in a population, at
a given level of severity or more, is estimated as the
cumulated probablilitycrossrespondentan a
representativesample of the population, to belong to th

2/22/2017
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Foodand Agcuture Organizato class defined by that range of severity

of the United Nations

Organisation des Nations Unies
pour |'alimentation et |'agriculture

Organizacion de las Naciones Unidas 21
para la Alimentacion y la Agricultura




MSIOSSE Existing applications
n n ofthen i

HUNGRY A USHouseholdFood SecuritySurveyModule(HFSSM)

(Bickekt al., 1995)
0 Usedin the US and in Canada

0  Annualreports publishedn the USsincel995.Usedto evaluatehe effectivenessf
the largestUSDA programon food subsidies

A Escal®rasileira dmsegurangsimenta(EBIA)
(SegalCorrea et al. 2004)

0 Basedon the HFSSMhasbeendevelopedn Brazil toprovidethe meango monitor
the success of the Zerblungerprogram

0 Appliedto the nationalpopulationthroughthe PNAD in 2004, 2009, 2014

A Escald.atinoamericanaCaribenae SeguridadlimentarigELCSA)
(FAO, 2012)
0 Developedasanharmonizedscale for use in Spanispeakingountries
0 Validatedn Colombia, Mexico, Nicaragua, Guatemala, El Salvador, Paraguay
212212017 o  Appliedin Guatemala in the ENIGH in 2009, 2011 and 2014

A EscalaMexicanale SeguridadlimentarigEMSA)

0 Usedby CONEVAL toprovide evidencausedaspart of the multidimensiongboverty
assessment

&

Food and Agriculture Organization

of the United Nations 0 It will be includedin the intermediate GenerdPopulationCensussurveyin 2015
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MOI@=SE Existing applications

HUNGRY A HouseholdFood Insecurity Access ScaleHIAS )

(Swindale argiilinsky2008)

Developedby the secondFood andNutrition TechnicaAssitance
(FANTA & 1l) program fundedby USAId, to target and monitor
food securityinterventionthroughoutthe world

Difficultiesin validatinghe consistencyof severityassociatedo
differentexperiencesacrosscountriesled to the developmenbf the
HousheholdHungerScale IHHS ), basedon the most severeitems

only

A Food Insecurity Experience ScadKS)

o

(Ballard et al. 2013)

Developedby theVoices of the Hungry project isa
comprehensivdood insecuritymeasuremensystemableto
produceformally comparable indicators of the prevalenceof
food insecurityacrosspopulationghat differ by languageculture
andeconomicconditions

Pilottestedin 2013 infour countriesandgloballyin 2014 ,usingthe
Gallup World Pollasthe surveyvehicle

23
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A In 2011 the statistics division of FAO started
developing a project idea to define an innovative
method to measure the prevalence of food

Insecurity at country level

A The idea stemmed from the combination of two
things:
o0 Thecumulated FAO experience with working on

these tools

o FAO had worked closely with colleagues engaged with the
development and harmonization of the ELCSA, and participate
research that led to establishing the HHS as a derivation of the

HFIAS

0 The opportunity created by th&allup ® World Poll to
collect data worldwide with the same vehicle

0 In 2011Gallup presented the results of a food secustydy

2/22/2017

&

Food and Agriculture Organization based on World Poll data collected in Africa
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A The idea of extending use of an experience basec
food security scale globally was presentenling the
Olympic Hunger Event organized by Prime
Minister Cameron irLondon in August 2012, and
was favourablyeceived by the international
community:

0 A globally comparable metrwf food insecuritywas
recognizecas an important contributiomo the needto

monitor progressin promotingfood security for all and
eradicating all forms ahalnutrition

o The timeliness of attibnabiliipn fo
being able to identify sacks of food insecurity before it
develops into further malnutrition were recognized as
Important features

Q\,\% o It was also highlighted how it carries an important
S — connotation as a means to increase accountability, being
eiie Fediaton based on information collected fromeople

2/22/2017
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The FIES Survey Module (individual)

During the lagt2 MONTHS, was there a time when:

1. You wereworried you would run out of food because of a lack of money
or other resources?

2. You were unable to eahtealthy and nutritious food because of a lack of
money or other resources?

3. You ate only dew kinds of foods because of a lack of money or other
resources?

4.  You had toskip a meal because there was not enough money or other
resources to get food?

5. Youate less than you thought you should because of a lack of money or
other resources?

6. Your householdan out of food because of a lack of money or other
resources?

7. You werehungry but did not eat because there was not enough money
other resources for food?

8. You went without eating for avhole day because of a lack of money or
other resources?

‘Mild food insecurity Severe food insecurity

Anxiety about ability Compromising quality Reducing quantities, Experiencing hunge!

to procure adequate food and variety of food skippingmeals

26
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A Only eight items

0 Adapted from the 8 adult items included in the ELCSA
A Asked toindividuals

A With a reference period ofl2 months (to ensure
comparabllity in presence of possible seasonality)

A All theseassumptions can be modified to
customize the FIES to specific applications

0 Items can be added to increase precision of individual
2/22/2017 measures

o It can beframed at the household level
o Thereference period can be modified (to reflect

&

Food and Agriculture Organization

o th United Natins frequency of data collection)
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A Each application (i.e., in a certain country, in a certain
year) produces an estimate of only thelative position
of items and of respondents on the scale of

severity (absolute levels of severity are unidentified).

A As a consequence:

0 Raw score based classifications are not directly
comparable cross country

o0 To compare classifications from different applications, the
resulting measurement scales mustdapiated and common
thresholds must be used

A TheVoH project has developed the neediediovations

o To compute prevalence rates ahy level of severity ,not only
In correspondence of raw scores

o To equate the measures obtained in different applications by

2/22/2017
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A First,scale performance is evaluated for each
country
o Infitstatistics of each item
0 Rasch reliability measure
0 Analysis of residual correlation

A Onlyitems with adequate infit are kept both to
obtain measures and to define the global referenc
standard
o Highinfitmay suggest revision of the item formulation in

that particular language before future application

A Calibration of the measures against the standard i

(& conducted by controlling fopossible different

average item discrimination across country

of the United Nations

2/22/2017
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The innovations: a global standard

A

A global reference scale is identified by comparing
the normalized estimated severity of the 8 FIES items
all the countries

Each countryods scale 1Is
reference standard by equating the mean and the
standard deviation of the set cgbmmon items only

To identify common items requires an iterative process

0 Atthe first iteration, all items are assumed common.The median value
of severity for each item identify a provisional reference

0 Items whose severity differ from the reference by more than a set
tolerance are treated as unique, country measures arstamdardized,
based on the mean and standard deviatiooa@hmon itemsonly and a
new reference scale is formed

0 The process iterates until the set of common items no longer changes

Unigueitems arestill used for measurement in each
country

Thresholds are defined ote global referencecale

31



NSUOSSE 2 (ifferent scales
n i ofthei i

HUNGRY

PRI TR 2 TNPTY P
L »-. VN

P 000999999 .

Global Standard

1] [3]2] [4 6 5 7] [8
ltems
>
Country A
1 3 412 6 5 7 8
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A Calibration is obtained by equating the mean &
standard deviation of the severities associated
with the items that are identifled as common
(l.e., anchoring items)

A All items with acceptablfits are retained for
measurement in each country

212212017 A Thresholds are defined on a global reference
scale

&
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of the United Nations
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How the global reference scale is formed
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