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Preface

The 2017 SIS Conference aims to highlight the crucial role of the Statistics in Data
Science. In this new domain of “meaning” extracted from the data, the increasing
amount of produced and available data in databases, nowadays, has brought new
challenges. That involves different fields of statistics, machine learning, informa-
tion and computer science, optimization, pattern recognition. These afford together
a considerable contribute in the analysis of “Big data”, open data, relational and
complex data, structured and no-structured. The interest is to collect the contributes
which provide from the different domains of Statistics, in the high dimensional
data quality validation, sampling extraction, dimensional reduction, pattern selec-
tion, data modelling, testing hypotheses and confirming conclusions drawn from the
data. In the mention that statistics is the “grammar of data science”, statistics has
become a basic skill in data science: it gives right meaning to the data. Still, it isn’t
replaced by newer techniques from machine learning and other disciplines but it
complements them. The Conference is also addressed to the new challenges of the
new generations: the native digital generations, who are called to develop profes-
sional skills as “data analyst”, one of the more request professionality of the 21st
Century, crossing the rigid disciplinary domains of competence. In this perspective,
all the traditional statistical topics are admitted with an extension to the related ma-
chine learning and computer science ones. The present volume includes the short
papers of the contributions that will be presented in the 4 invited speaker sessions;
in the 19 specialized sessions; in the 11 solicited sessions; in the 6 foreign societies
sessions and in the 17 contributed sessions as well as, in the panel session.

Rosanna Verde
President of the Scientific Programme Committee

Alessandra Petrucci
President of the Local Organizing Committee

Alessandra Petrucci, Rosanna Verde (edited by), SIS 2017. Statistics and Data Science: new challenges, new generations.
28-30 June 2017 Florence (Italy). Proceedings of the Conference of the Italian Statistical Society
ISBN (online) 978-88-6453-521-0 (online), CC BY 4.0, 2017 Firenze University Press



Accounting for measurement error in small area
models: a study on generosity.

Modelli per piccola area con errore di misurazione: uno
studio sulla generosita

Silvia Polettini and Serena Arima

Abstract In this paper we focus on a recently documented effect of economic in-
equality, namely that higher income individuals tend to be less generous than poorer
individuals, but only in contexts where macro-level economic inequality is high, or
is perceived as high. We consider data from the Measuring Morality study, a na-
tionally representative survey of United States residents, that contains a validated
behavioural measure of generosity (the dictator game) along with the household
income of respondents. We fit a small area model to this data with the aim of inves-
tigating the role of economic inequality on generosity in the US. We observe that
model covariates (reported income and Gini index) are subject to measurement error
and investigate the effect of introducing the measurement error in this model.
Abstract Il lavoro considera il ruolo della disuguaglianza economica sulla gen-
erosita, a partire da uno studio recente secondo cui gli individui con redditi pii
elevati tendono ad essere meno generosi degli individui meno abbienti, ma solo
in contesti di grande disuguaglianza economica. I dati analizzati provengono dal
Measuring Morality study, un’indagine effettuata negli USA in cui viene rilevato
il reddito e una misura validata di generosita (dictator game). Per ogni area di
residenza e stato anche ricavato 'indice di Gini, come misura di disuguaglianza
economica. In questo lavoro si stima la generosita mediante un modello per piccole
aree con reddito e disuguaglianza come variabili ausiliarie. Il modello viene esteso
al fine di considerare I’errore di misurazione nelle variabili ausiliarie, sia continue
che discrete.

Key words: small area estimation, measurement error, misclassification, Bayesian
inference.

Silvia Polettini
Dip. di Metodi e Modelli per I’Economia, il Territorio e la Finanza, Sapienza Universita di Roma,
via del Castro Laurenziano, 9, e-mail: silvia.polettini@uniromal..it

Serena Arima
Dip. di Metodi e Modelli per I’Economia, il Territorio e la Finanza, Sapienza Universita di Roma,
via del Castro Laurenziano, 9, e-mail: serena.arima@uniromal.it

795

Alessandra Petrucci, Rosanna Verde (edited by), SIS 2017. Statistics and Data Science: new challenges, new generations.
28-30 June 2017 Florence (Italy). Proceedings of the Conference of the Italian Statistical Society
ISBN (online) 978-88-6453-521-0 (online), CC BY 4.0, 2017 Firenze University Press



796 Silvia Polettini and Serena Arima

1 Introduction

There is an increasing interest in understanding the implications of income for be-
haviour, in particular generosity toward others. Well grounded literature on this topic
has portrayed a picture of higher-income individuals as consistently more selfish
than poorer individuals [13]. A different perspective is reported in a recent paper
[6], where the relationship between economic inequality, income, and generosity
is tested. Analysing data from the Measuring Morality study (a nationally repre-
sentative survey of United States residents), as well as a follow-up experiment, the
authors identify a previously undocumented effect of economic inequality, namely
that higher income individuals in the US tend to be less generous than poorer in-
dividuals, but only in contexts where macro-level economic inequality is high, or
is perceived as high. The Authors comment that the results obtained challenge the
prevailing view in the literature that higher income individuals are necessarily less
generous and conclude that “inequitable resource distributions undermine collective
welfare” and that redistributive policies may “attenuate, or even reverse, the nega-
tive relationship between income and generosity, in turn increasing the generosity
of those individuals who have the most to give”.

The Measuring Morality study data contain a validated behavioural measure of
generosity (the dictator game) along with the household income of respondents;
moreover, Gini indices were available from the American Community Survey. The
authors fit a mixed effects model to these data, where significant, negative, inter-
action between income and inequality is found. Using a Bayesian approach, we
consider the same model, in a small area context and speculate on the fact that both
income and the Gini index are subject to measurement error for different reasons:
indeed income is self reported and the Gini index is estimated from another survey.
As stressed in the literature, ignoring the measurement error in the covariates may
lead to inconsistent estimates and can severely invalidate inferences.

The paper is organized as follows: in Section 2 we introduce the problem of mea-
surement error in small area estimation and propose a small area model accounting
for measurement error in covariates and present. In Section 3 we present and discuss
the results obtained when the model is applied to the generosity data.

2 A measurement error small area model for generosity data

In this paper, we focus on unit level small area models, whithin a Bayesian frame-
work. Unit level small area models relate the unit values of the study variable to
unit-specific auxiliary variables with known area means. See [11] for an up-to-date
review.

Suppose there are m areas and let N; be the known population size of area i.
We denote by Y;; the response of the j—th unit in the i—th area (i = 1,...,m; j =
1,...,N;). A random sample of size n; is drawn from the i—th area. The goal is
to predict the small area means ¥; = Ni‘ Zf.\i 1Yijsi=1,...,m, based on the available
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data. To develop reliable estimates, auxiliary information is introduced as covariates
and usually a mixed effects model is specified as

Yij=a+Bwij+u+¢€; i=1,..m j=1,.,N (D
with &; and u; independent, &; iiNdN(O, 02) and u; %N(O, 02). [8] and [9] were the
first to consider the problem of measurement error in small area models for unit-
level data. They assume that the true, area-level, covariate, w;, is measured with
error as

Si_f:Wi+nij7 T],'J'%N(O,G%) i=1,..m; j=1,..n 2)

where &;, u; and 1);; are taken mutually independent. [8] also assumed that w; iud
N(thy, 62), defining the structural measurement error model. They considered both
an empirical Bayes and a hierarchical Bayes approach to derive predictors of small
area means 6;. [12] extended the approach in [8] including sample information on
the covariate values. [8] also proposed a fully Bayesian approach, by specifying a hi-
erarchical model, with vague prior distributions for all the model parameters, whose
posterior distributions are estimated via Gibbs sampling. [1, 3] extended the above
approach, proposing to use the Jeffreys’ prior on the model parameters. The afore-
mentioned literature considers the case in which the measurement error only affects
continuous variables, according to the measurement error model of equation (1).
For discrete covariates, measurement error means misclassification. To allow for
auxiliary discrete covariates measured with error, [4] propose to model the misclas-
sification mechanism through an unknown transition matrix P and estimate all the
unknown parameters in a fully Bayesian framework. Following [4], for each unit in
each area, we consider the following covariates: #;; — the vector of p continuous or
discrete covariates measured without error, w; and x;; — respectively, a vector of g
continuous covariates and & discrete variables (with a total of K categories), both
measured with error. Denote by s;; and z;; the observed values of the latent w; and
x;j, respectively. Without loss of generality, in what follows we assume = 1.
Following the notation in [8], the proposed measurement error model can be writ-
ten in the usual multi-stage way: for j=1,...,n;,i=1,...,mand fork,k' =1,... . K

e Stage l-yij = 6,~j+eij e,‘jhf.\/dN(O, 662)
e Stage 2. Oij = t,fj6+w;-y+ Zlel(xij = k)ﬂk+ui M,'%N(O,GL%)
. Stage3.S[j\w;%N(wi,25:diag(cfl,... o)) W%N(O,2W=diag(o;%1,... c2))

s Xq b M/'q
Pr(Zij =KXij =K) = ppxo piv.~ Dir( s, ..., 0 ) Pr(Xij =K) = %
e Stage 4. B,8,7,02,02,07

RS 652,, are, loosely speaking, a-priori mutually inde-
pendent.

Stage 3 defines the measurement error model for both continuous and discrete
covariates. For the discrete covariates, the misclassification mechanism is specified
according to the K x K matrix P, whose (k’, k) element, py, denotes the probability
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that the observable variable Z;; takes the k—th category when the true unobservable
variable X;; takes the k' —th category. We also assume that the misclassification prob-
abilities are the same across subjects and that all the categories have the same prior
probability % to occur. Over each row of P, we place a Dirichlet Dir(oy 1, ..., 04 k)
prior distribution, with known oy 1,..., 0% g. In Stage 4 we assume Normal priors
for 8,8, and y and inverse gamma distributions for 62 and 62 and 2. Hyperparam-
eters have been chosen to have flat priors. Finally, we fix X,, and (o 1,..., 0 k).
According to the above assumptions, we can estimate the transition matrix P and
the measurement error variance o7 jointly with all the other model parameters. As
the posterior distribution cannot be derived analytically in closed form, we obtain
samples from the posterior distribution using Gibbs sampling.

3 Results and conclusions

We fit a unit level small area model with measurement error in covariates, which
also allows us to evaluate the relationship between economic inequality, income
and generosity. We use data from the Measuring Morality study, a nationally repre-
sentative survey of United States residents consisting of a sample of 1498 respon-
dents in the US. For each respondent, income and some personal and demographic
variables (such as age, gender, education, ...) have been collected. Respondents
completed a validated behavioural measure of generosity: the dictator game. Re-
spondents learned that they had been randomly assigned the role of decider and
had received 10 tickets, each worth one entry in a raffle to win a monetary prize
of either 10 or 500. They could transfer any number of tickets to the next par-
ticipant, a receiver who did not have any tickets. By giving tickets, respondents
could benefit another person at a cost to themselves in a zero-sum opportunity to
win money. This measure of generosity was administered to individuals with dif-
ferent incomes residing in areas (US states plus the District of Columbia) that vary
in levels of inequality, measured according to the Gini’s coefficient. The number
of respondents in each area (m = 9 divisions) ranges from 72 to 286. In the pro-
posed model we take generosity as the response variable and income, standardized
Gini coefficients and their interaction as auxiliary variables. According to the sur-
vey design, household income was collected as a 19-classes variable; for ease of
interpretation in the application we recoded it into five classes (C : less than 12500;
C, : [12500,30000), C5 : (30000,60000], Cy4 : (60000, 125000], Cs : over 125000).
Since income is self reported and the Gini index is estimated using data from the
2012 American Community survey, we can suspect that both auxiliary variables are
subject to measurement error. In order to evaluate the impact of accounting for this
source of error, we fit both the standard model that ignores the measurement error
and the model proposed in Section 2. Figure 1 shows the posterior distribution of
the model parameters. The left panel reports the posterior distribution of the regres-
sion parameters under the proposed measurement error model: income is the only
factor that significantly impacts on the response variable, since for all the other pa-
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rameters the 95% credible intervals contain the zero value (Clgy; : [—0.207,0.349],
ClciiGini = [—0.632,0.241], ClcasGini : [—0.542,0.217], Clc3.Gini = [—0.533,0.189],
Clcascini : [—0.827,—0.028]). With respect to the income, it is apparent that gen-
erosity increases with income, with the exception of the last class, in which the ef-
fect on generosity is comparable to that of the second one. This actually means that
the richest are less generous with respect to the others, which is line with findings
in the mainstream literature on the subject. On the other hand, when one ignores the
measurement error, all the covariates and their interactions seem to be significant
(Figure 1, right panel). In particular, income exhibits a positive effect on generosity,
with no distinctions between income classes, which contradicts the economic theo-
ries; moreover, an unexpectedly positive effect of inequality is found. With respect
to the measurement error for income, the posterior distribution of P ; is concen-
trated around 0.5 and almost uniformly distributed over the other categories. This is
an empirical evidence that income is often underreported by the respondents. The
distributions of the other diagonal elements of P are concentrated around 0.9 and
credibile intervals do not contain 1. We conclude that measurement error has a sig-
nificant impact on income. The small area estimates produced under the model with
and without measurement error are reported in Table 1. As can be seen, allowing
for measurement error in both continuous and categorical covariates also impacts
on estimation of the small area means in both point estimates (in particular for the
first division, which is one of the smallest ones) and measures of uncertainty. Also,
although the posterior means are not very different for the large areas, the ranking of
the divisions varies. As can be seen, allowing for measurement error in both contin-
uous and categorical covariates also impacts on estimation of the small area means.
Although the posterior means are not very different, the ranking of the divisions
varies. In conclusion, our application reveals that ignoring the measurement error in
covariates may drive inferences and yeld misleading conclusions.

Table 1 Small area estimates: posterior means of the small area means obtained with the model
that does not account for the measurement error (first row) and the model that accounts for it
(second row). Standard deviations in brackets.

Division 1 2 3 4 5 6 7 8 9

Onoerr 417 411 425 444 419 428 425 437 422
(0.27) (0.33) (0.18) (0.20) (0.24) (0.10) (0.14) (0.16) (0.23)

Ok, 427 4.09 426 443 417 430 425 438 4.23
(0.36) (0.41) (0.38) (0.37) (0.40) (0.33) (0.34) (0.32) (0.40)
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