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Statistical modelling of subjective survival probabilities 

1.   INTRODUCTION

In the current demographic, psycho-sociological and economic literature,
the subjective probability of survival plays a fundamental role as a key variable
for making relevant decisions about consumption, saving, insurance, and so on.
These measures have great potential use in models of inter-temporal decision-
making under uncertainty. The circumstance is becoming more and more rele-
vant for personal and collective effects since the life expectancy of adults has
recently increased in Western countries in a sensible manner and thus a longer
survival moves more significant present and future decisions (Hamermesh,
1985).

High levels of this perceived probability stimulate personal and social ac-
tivities, generate human relationships and drive people to plan long term ven-
tures. On the other hand, the perception of a low probability of survival pro-
duces a decrease in consumption and movement, cuts relationships and may
cause depression and illness (Hurd and McGarry, 1995).

Indeed, although several studies include aggregate data, better perform-
ances of models and predictions are obtained if one includes personal beliefs
since these are more accurately related to individual perception and expected
or planned behaviours. Expectations are factors that influence decisions but they
are difficult concepts to ask in a survey because their meaning is fuzzy. A prob-
ability assessment is a numerical evaluation more suited to estimating the per-
sonal perception of survival: for checking internal consistency of respondents’
elicitation, for comparing observed and expected averages, and for introducing
such evaluations into an econometric model (Dominitz and Manski, 1997a;
Manski, 1990, 2004). The lively and difficult discussion about the measurement
of subjective probabilities supports this view, and several experiments in dif-
ferent fields confirm the substantial ability of people to adequately encode a
subjective probability (Wallsten and Budescu, 1983).

In other contexts, subjective health-status has an important effect on re-
tirement decisions and these are stronger than those derived from financial vari-
ables (Bound, 1991; McGarry, 2004). In addition, Dominitz and Manski (1997b)
investigate the relevance of expected probabilities and the realized income dis-
tributions in a household sample.

17

GENUS, LXVI (No. 2), 17-42

* Department of Statistical Sciences, University of Naples Federico II, Italy 
Corresponding author: Domenico Piccolo; e-mail: domenico.piccolo@unina.it



Several studies document how perception about the probability of surviv-
ing to old age varies in a systematic way by cohort, marital and socioeconom-
ic status, educational attainment, household size, presence of children, indica-
tors of family longevity, self-assessed health and/or effective diseases. Thus,
analysis of covariates is important for an explanation and prediction of human
behaviour and its operational consequences. For instance, Hamermesh (1985)
shows how parents’ longevity modifies both the horizon and uncertainty in life
expectancy, often disproportionately.

Some critical issues around self-evaluation of health – as compared to ob-
jective observations of morbidity – has been raised by Sen (2002), among oth-
ers. Sen argues that one should distinguish between sensory assessments (for
which only the subject is able to give a correct perception) and general health
status (where empirical evidence shows that social experience and common en-
vironment largely modify the perception of what is judged as a “normal” level
of well-being). In fact, it is quite common to register higher morbidity with re-
spect to some disease in a community with high levels of education and income
as a consequence of higher awareness of the possibility of treating that disease.
In a sense, these considerations confirm that several causes and local circum-
stances act together to shape an individual’s judgement/evaluation concerning
his/her probability to survive to a prefixed age.

It has been also argued that subjective probabilities have a predictive pow-
er since, comparing two waves of respondents, the expressed probabilities of
survived people are greater than those who died within the period (Hurd and
McGarry, 2002). These studies confirm that “subjective survival probabilities
measure more than health status: they have an expectational component as well
as a health-status component” (ibidem, 978). A peculiar aspect of this evalua-
tion is that respondents seem to modify their survival probability as long as new
information arrives, such as the onset of a disease.

In this paper our objective is to consider how the introduction of a class of
models – proposed for interpreting and fitting ordinal data – may be effective-
ly applied in a context where we specify some of the respondents’ covariates.
In this way, estimates of the effect of individual/specific factors affecting sub-
jective life expectancy are obtained, and these estimates can be useful when
predictions of personal lifetime perception are necessary.

The paper is organized as follows: in the next section, we describe how
perception and evaluation are logical constructs to study subjective survival
probabilities and their components. We recode expressed probability in a qual-
itative ordinal setting by enhancing the different patterns in subjective survival
probability to 75 and 90 years, respectively. In section 3, a class of models for
ordinal data is proposed for explaining the respondents’ perception. Then, in
sections 4-5, we discuss the relevance of these structures. To show their inter-
pretative usefulness, we fit them to a real data set and display how the introduc-
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tion of a subjects’ relevant covariates (demographic, educational, etc) improves
the model performance and allows for discrimination among respondents. Sim-
ilarly, section 6 is devoted to a cohort analysis which considers age an important
covariate to explain the expressed subjective survival probabilities. In section 7
we will present a comprehensive model by which we will specify and compare
some profiles in terms of probability distributions. Finally, section 8 addresses
further topics worth considering and includes some concluding remarks.

2.   SUBJECTIVE SURVIVAL PROBABILITIES

Most of the results on this topic have been achieved by analyzing respons-
es to a questionnaire designed to elicit subjective expectations and probabilities
of survival at well defined ages (75, 80, 85 or 90 years, respectively): Hurd and
McGarry (1995). To substantiate our approach, we will refer throughout the pa-
per to a large survey conducted in Italy by ISFOL aimed at ascertaining various
information about people in the labor force.

In this respect, we limit ourselves to studying the quantitative expression
of subjective survival probabilities that have been collected by asking the peo-
ple in the sample to answer questions like these:

For scientific purposes only, we would like to ask you:“In your opinion, what is
the probability that you will reach age 75, and age 90?” Please provide a value
between 100 (certain event) and 0 (impossible event).

1. Probability of reaching age 75: . . . . . . out of 100
2. Probability of reaching age 90: . . . . . . out of 100

We interpret these scalar responses as the final result of a two-step process.
First, people react to the question in order to manifest the intensity of his/her feel-
ing and second, manifest this perception by selecting a more precise number in
the given range2. Thus, the final recorded perception is a combination of both
cognitive and numerical causes and we should carefully examine both aspects
for a correct statistical analysis of the responses.

1  The experimental design and related aspects of this sampling survey are reported in Peracchi
and Perotti (2009). Specifically, they compare subjective survival probabilities to age 75 and 90
years (obtained by an extensive sampling of Italian population within the ISFOL project) and
life-table data (prepared by the National Statistical Institute, ISTAT). Their findings support the
conclusion that subjective survival probabilities for men are closer to real life tables while women
bias downward their expectancy of life. In addition, their research exploits ordered probit mod-
els after categorizing reported probabilities in 11 balanced classes.
2  Different ranges have been explored in the literature, and they are given by integer numbers. In
fact, probability belongs to [0,1] but people do not usually express their evaluations with deci-
mal points.



2.1   Perception and qualitative assessment

Perception is a basic component in the formation of a concept; in a broad
sense, psychologists interpret perception as the collection of events by which a
person interacts with the external world and/or its internal reality and which be-
gins with a stimulus, continues with a related sensory faculty and complete it-
self with a well structured signal. In other words, perception is a cognitive act
by which a person interprets and organizes several sensations in order to iden-
tify a specific object/situation. Indeed, when we ask a person to answer a spe-
cific question in the questionnaire, we are looking for his/her perception of the
problem; specifically, we are asking to summarize his/her perception into a well
defined category (qualitative, quantitative, mixed, verbal, and so on).

As a consequence, when a person states his/her subjective probability of
reaching the age of 75 (or 90) years he/she is assessing the perception of a la-
tent variable related to length of his/her life within a prefixed scale. Thus, he/she
is more or less confident in the event: “I will reach the requested deadline”. This
perception is a complex function3 of several causes mainly related to the per-
sonal and family history of the respondent. A person looks for his/her prior
judgement, combines that with current information and integrates several sen-
sations into a unified opinion (Wallsten and Budescu, 1983). Briefly, each ex-
pressed subjective probability is affected by both real considerations of the prob-
lems and inherent uncertainty4 that accompany any human decision.

More precisely, such processes manifest themselves as the result of two
main factors:

• a primary component, generated by the sound impression of the respon-
dent, related to awareness and a full understanding of the problem, personal or
previous experience, group partnership, and so on;

• a secondary component, generated by the intrinsic uncertainty of the fi-
nal choice. This may be due to the amount of time devoted to answer, the use
of limited information, partial understanding of an item, lack of self-confidence,
laziness, apathy, boredom, and so on.

As a consequence, the expressed perception becomes the realization of a sto-
chastic phenomenon and it should be analyzed with statistical methods strongly
related to generating data process of personal perception and evaluation.
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3 A discussion about accuracy of subjective assessments and their relationship with expectation
and probability is questioned by Bassett and Lumsdaine (2001) with special reference to health
status and retirement surveys.
4 In order to reduce ambiguity, we should underline the very nature of the second component by
distinguishing between the subjective and objective nature of the indecision inherent to discrete
choices. The first one (that is, uncertainty) is related to respondents’ indecision whereas the sec-
ond one (that is, randomness) is induced by sampling selection, measurement errors and limited
knowledge. In our setting, uncertainty is explicitly modelled and randomness is accounted for
the random variable paradigm.
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2.2   Numerical assessment

It is well known that when people are asked to choose a real number with-
in a range like [0, 100] most prefer a multiple of 5 or 10 (Dominitz and Mans-
ki, 1997b), with focal responses at multiples of 1/4, and large preference for ex-
treme values as 0 (impossible event) or 100 (certain choice). Indeed, in similar
contexts, there is a serious bunching at the endpoints and in the middle of scale
(corresponding to 0, 50 and 100 values, respectively), as reported by Bassett
and Lumsdaine (2001) and Hurd et al. (1999), among the others5.

Several papers deal with this topic as it is related to expectation evalua-
tions in economic research and to the accurate assessment of subjective proba-
bilities in current surveys, also with reference to motivations and extent for
rounding (as recently discussed by Manski and Molinari, 2010). 

Surely, rounding is a common characteristic that affects uncertainty of re-
sponses when subjects are asked to express their ratings and preferences by
means of a selection in a continuous interval. For this reason, it becomes unfea-
sible to study responses on a numerical scale since these numbers are measur-
ing qualitative and ordinal evaluations of subjective probabilities, and per se
they are not realizations of a continuous random variable. As a consequence,
we propose to arrange the subjective survival probabilities of survival to 75 and
90 years in ordered categories (Table 1).

5 These considerations apply also to ISFOL data set we will be concerned about in this paper.

Table 1 – Qualitative assessment of subjective survival probabilities Pr(S)
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The rationale for this classification6 stems from the following considerations:
• First of all, it is difficult to accurately select among small differences in

probabilities when people express subjective evaluations. Although there are log-
ical reasons for distinguishing between a 0 probability and a probability as small
as 0.05, we think that in this range people are expressing an almost impossible
evaluation. Arguments raised by Manski and Molinari (2010) support this choice.
Thus, we assign perceptions belonging to this interval to a first class (1).

• A dual argument for almost sure perception to survive produces a sym-
metric result, and in this way we define the last class (7).

• We consider “low” and “high” evaluations that are less than 1/4 and more
than 3/4, respectively. This seems reasonable as far as these probabilities are
perceived in common wording.

• Subjective probabilities centred at 1/2, likes those in the range (0.45, 0.55)
for instance, deserve special consideration since they are just expressing a sound
uncertainty in the evaluation, that is an epistemic uncertainty, as discussed by
Fischhoff and Bruine de Bruin (1999) and Bruine de Bruin et al. (2002; 2009).
In fact, people answering in this class quite often are not thinking about an event
(and its complement) with fair probability but are simply declaring a state of
ignorance, indifference, a desire to escape from a well defined evaluation .

• Finally, classes 3 and 5 are uniquely determined given the previous ones.
On the right side of Figure 1, we plot the observed bar diagram distribu-

tions for the proposed splitting, as derived by the qualitative assessment of sub-
jective probabilities of survival to 75 and 90 years, respectively. For compari-
son, we show on the left side similar diagrams if one splits observed distribu-
tions into 11 equidistant intervals: this finer subdivision does not completely
remove rounding effects for either of the probabilities. Instead, splitting the 7
classes avoids rounding effects and neatly enhances two distinctive patterns in
the expressed probabilities of survival to 75 and 90 years, respectively.

6 Any discrete subdivision of a real interval into a finite number of bins is necessarily arbitrary
and different alternatives are legitimate, as those advocated by Manski and Molinari (2010), for
instance. Generally, each solution is generated by a model (explicit or implicit) related to data
generating process; in the case study we will examine, the solution is motivated by the consis-
tency we will found between the proposed splitting and the subsequent discrete choice models.
Thus, we found selective a 7-points Likert scale since it is adequate for a sensible discrimination
among perceptions by avoiding at the same time sparseness in the responses. In addition, we re-
port that different selections do not alter the main results of this paper in a substantial measure:
thus, the choice of m=7, 9, 11 leads to similar conclusions as far interpretations are concerned.
In such situations, a data-driven way to select m may be suggested on the basis of statistical cri-
teria (as best fitting, for instance), but parsimony and consistency with interpretation should be
the main objectives to be pursued.
7 More elaborate stochastic mechanisms may be introduced for exploring epistemic uncertainty
in some detail, including some shelter effect, for instance, as discussed in section 3. However,
we will not elaborate on them in this paper and prefer to consider a simpler model.
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3.   A STATISTICAL MODEL OF SURVIVAL PERCEPTION

We introduce an approach for interpreting previous data and the correspon-
ding choice process in an effective and parsimonious way. We define a class of
statistical models for specifying, estimating and testing subjective survival prob-
abilities as the result of a perception and/or evaluation mechanism. These mod-
els have been successfully applied to ordinal data sets in different areas.

In this section, we propose to interpret and specify subjective survival prob-
abilities as ordered evaluations of a perception regarding self-rating of length
of life, where both perception and uncertainty are playing a role in formulating
the final response. In this context, we advocate the use of a mixture distribu-
tion, defined as CUB models9, introduced by Piccolo (2003, 2006) and gener-
alized by Piccolo and D’Elia (2008) and Iannario (2009b). Specifically, the mix-
ture is motivated by a discrete version of two continuous latent variables and
allows for explicitly including subjects’ covariates.

Formally, given m prefixed ordinal categories, we suppose that the ob-
served rating r is the realization of a discrete random variable R whose proba-
bility distribution is defined by:

Figure 1 – Subjective survival probability, 11 and 7 classes

8 There is a large literature on the subject of ordinal data modelling, mainly focussed on Gener-
alized Linear Models framework: McCullagh (1980), McCullagh and Nelder (1989). However,
our paper is motivated by a different paradigm that seems valuable for interpreting and visualiz-
ing the main features of respondents by means of a direct connection to probabilities (instead of
cumulative probabilities). Preliminary comparisons confirm that both approaches are compara-
ble in terms of likelihoods and a parsimony criterion positively supports our proposal.
9 The acronym derives from the presence of Covariates in a mixture of Uniform and Binomial
random variables. For a discussion about the statistical issues concerning specification, estima-
tion and applications in several fields we refer to papers quoted in Iannario and Piccolo (2009c)
which also presents a software freely available.



[1]

where shifted binomial and discrete uniform distributions are denoted by

[2]

respectively. This family is characterized by the parameter vector                      and
we call it a CUB model (without covariates). The distribution is well defined on
the parametric space:

Iannario (2009a) proved that these models are identifiable for any m > 3 and
Piccolo (2003) confirmed that they are able to fit most of observed shapes of uni-
modal10 ordinal data. Since there is a one-to-one correspondence among a CUB
model and a point in the unit square, the interpretation of vast amounts of ordinal
data is greatly simplified thanks to this modelling framework.

From an interpretative point of view, the quantity             measures the propen-
sity of the subject to adhere to a completely random choice whereas          is relat-
ed to the strength of awareness/perception about the topic. In the following mod-
el,    and    denote uncertainty and perception parameters, respectively.

We report that the expected value11 of the random variable R is given by:

[3]

Thus, the expectation moves towards the central value of the support depending
on the sign of                     .We obtain higher (smaller) mean values when                                .
Also the skewness of the distribution is governed by                  , and positive (neg-
ative) asymmetry occurs when , respectively.

Formula [3] confirms that different parameter vectors                   may gen-
erate the same mean value. Thus, for this class of models, it is not adequate to
introduce a link between expectation and covariates, as is generally recommend-
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10 According to our approach, multimodal distributions are interpreted as generated by subgroups
that manifest different perceptions, and thus CUB models with covariates may well fit these
shapes.
11 Some word of caution is necessary since we are modelling qualitative (ordinal) phenomena;
thus, statistical indexes as expectation, variance, and so on, are not immediately interpretable
(Hurd and McGarry, 1995). In fact, we will use probability models as a stochastic structure aimed
at reproducing the cognitive mechanism by which a respondent assesses a qualitative ordinal
evaluation. Then, although one should not use quantitative measure to synthesize the responses,
we realize that classical indexes may refer to continuous latent variables that correspond to the
declared qualitative assessment. This correspondence is not useful per se but may be of interest
if we compare subgroups in different time, space and circumstances.
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ed for generalized linear models. Instead, in CUB models, we assume that un-
certainty and perception parameters are directly related to covariates by means
of logistic functions12 (systematic components):

where   e  are the subjects’ covariates for explaining      e    , respectively.
Since specification, estimation and testing are checked by the available data, we
are not compelled either to include both or use different covariates to explain per-
ception and/or uncertainty. Hereafter, the notation CUB (p, q) will denote a CUB
model where p and q are the number of covariates for explaining perception and
uncertainty components, respectively. Of course, a CUB (0,0) model is a model
without covariates. 

It is convenient here to assess the  differences in specification steps between
classical ordered models (as proportional odds, for instance) and CUB models.
Proportional odds models interpret log-odds of cumulative probabilities as a lin-
ear function of covariates with varying intercepts and deduce probabilities of a spe-
cific ordinal choice by differentiating distribution functions. On the other hand,
CUB models specify a probability distribution for the ordinal responses and then
introduce subjects’covariates as (logistic) functions of parameters. Thus, the prob-
ability of each choice is directly related to the covariates and the interpretation and
visualization of the results are more straightforward.

These models have been further generalized (Iannario, 2009b; Corduas et al.,
2009) by considering the possible effect of atypical situations (the so-called shel-
ter choices). This situation arises when respondents are induced to select a specif-
ic option just to simplify a more demanding choice or when attracted to extremes,
for instance.

Thus, given            and an integer                          , an extended13 CUB model is
defined as:

[4]

where is the parameter vector characterizing the mixture distribu-
tion and          is a degenerate random variable whose probability mass is concen-
trated at           , that is:
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12 Indeed, any one-to-one function mapping real numbers into unit interval is adequate; howev-
er, in our experience, logistic function has been a convenient and robust solution with respect to
different alternatives.
13 Of course, if                    the extended CUB model collapses to the standard one. Instead, if           
we are just considering a mixture of a shifted Binomial distribution and a degenerate probabili-
ty with mass at                 . Moreover, if                          the extended model is able to take into ac-
count also the (rare) situation where most of respondents’choices are concentrated at a single in-
termediate category.
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Moreover, we are assuming that c is a known integer (a common situation
with real data). A sequential testing of observed ratings may easily avoid this fur-
ther assumption, if necessary.

Notice that the quantity                    may be efficiently estimated by data
and  measures the relative contribution of the shelter choice at                with re-
spect to the standard version of the model. Its significance may be checked by stan-
dard asymptotic tests.

4.   MODELLING SUBJECTIVE SURVIVAL PROBABILITIES

Subjective probabilities are data  used by several authors in the literature
to support discussion on perceptions and to make forecasts about personal
choice and economic behaviour. Although a bias has been registered in some
fields (as in health-status evaluations and prediction of retirement age, for in-
stance: Bound, 1991; McGarry, 2004), most research supports the idea that sub-
jective probabilities are an important added-value for interpreting individual
choices. Next, we will explore a specific data set by using the modelling para-
digm introduced in the previous section.

Subjective survival probabilities have been obtained by means of micro-
data from the 2006 wave of the Participation, Labour and Unemployment Sur-
veys (PLUS). This is a cross-sectional survey with a longitudinal component,
representative of the Italian non-institutionalized population, carried out by IS-
FOL. The final PLUS sample used for modelling14 consists of 20,184 individ-
uals (9,324 men and 10,860 women), of whom 8,122 are currently working.
The analysis includes several covariates (household size, region, marital status,
education, presence of children, nationality, town size, self-reported health sta-
tus, activity status, perceived quality of emergency services and basic public

26

14  We will use this final sample to produce results comparable with the previous study performed
by Peracchi and Perotti (2009), 26-27 on the same data set (their arguments also apply to our
models). Indeed, selected data are a subset of original sample since a substantial fraction of peo-
ple did not answer the subjective probability questions, and the nonresponse behaviour may be
considered non-random. Thus, one should incorporate the sample selection mechanism into
CUB modelling estimation by introducing an adequate weighting scheme in the log-likelihood
function. This modification has been checked on simple CUB models and final results have not
sensibly changed (as experienced also by Peracchi and Perotti, 2009, 49-51, with ordered pro-
bit models), although it should be expected that more complex effects may be observed in elab-
orated models. In this phase, we avoid considering this further requirement (that increases com-
putational efforts) and limit ourselves to consider and comment only CUB models where pa-
rameter significance is quite large and such that robustness of results are consistently proved.
Of course, this point deserves further studies.

otherwise.



health care, et al.). Forty per cent of the sample lives in the southern region;
53% has an education higher than secondary school; 43% are married or cohab-
itating and 53% are single. The average gross annual income is about 23,054.67
Euro with a standard deviation of 18,808.40 Euro.

In this context, we specify CUB models, with m = 7, for subjective sur-
vival probabilities to 75 and 90 years, respectively, and will discuss the main
results in terms of interpretations and visualizations in the parameter space. In
the following analyses, we make extensive use of this representation which
gives us the possibility to reproduce a lot of information from a large data set
in an effective, simple graphic way. When comparing different models, any
up/down movement of points decreases/increases perception of survival prob-
ability whereas any left/right movement increases/decreases uncertainty in the
expressed evaluations.

Table 2 shows the results obtained by fitting these models. Estimated pa-
rameters (with standard errors in parentheses), mean log-likelihoods                   and
a fitting measure are also reported.

In Figure 2, we show observed relative frequencies and fitted probability dis-
tributions. The models of subjective survival probabilities to 75 years and 90 years,
respectively, are substantially different, both in uncertainty (as measured by          )
and perception (as measured         ).
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Table 2 – Estimated CUB(0,0) models for subjective survival probabilities

15  For CUB models, asymptotically efficient methods for maximum likelihood inference have
been applied, following Piccolo (2006). For fitting purposes, given large sample sizes, we pre-
fer a normalized dissimilarity measure among relative frequencies and estimated probabilities,

defined as                                                 . In fact, Diss measures the proportion of subjects to move among

categories for getting a perfect fit.
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More specifically, subjective survival probability decreases in a sensible
way from 75 to 90 years but indecision in the answers increases dramatical-
ly. These aspects are neatly displayed in Figure 3 where estimated models are
located in the parametric space of CUB models with asymptotic 95% confi-
dence ellipses. This confirms that uncertainty is a relevant component of sub-
jective probabilities of survival to age 90.

Subjective survival probabilities to age 75 present several focal values
around some specific real numbers, which are caused by rounding effects.
There are differing opinions about almost certain and impossible events (prob-
ability 0 and 1, respectively), a phenomenon registered in several surveys even
for different subjective questions (Manski and Molinari, 2010). Modal val-
ues are higher when a probability is close to 1 since it is difficult to be ex-
tremely pessimistic about one’s own survival probability to this age. It is im-
portant to study the behaviour of respondents with respect to the category
“sure/almost sure” since it seems more pronounced than expected.

This approach requires the definition of a reference model in order to de-
fine “unexpected responses”. Extended CUB models (introduced in section
3) may be useful as a parsimonious structure for capturing the behaviour of
respondents in relation to this shelter choice.

The estimated model for the subjective survival probabilities to age 75
(Figure 2, left panel) suggests a modal value at the  “high” level (the last but
one class) whereas the observed distribution peaks at the “almost sure” level
(the last class). The dissimilarity measure is Diss = 0.087. The last class is the
equivalent of (almost) certainty to be alive at 75 years of age, and thus it ex-
erts a peculiar appeal in the perception of respondents. It can be considered a
shelter choice and extended CUB models with c = 7 can be fitted in order to
estimate its importance for the whole sample and by gender.

Estimated extended CUB models display a better fit, as evidenced by a
strong reduction in dissimilarities (Table 3 and Figure 4). Indeed, by adding

Figure 2 – Estimated CUB(0,0) models of subjective survival probabilities 
to age 75 (left panel) and age 90 (right panel)



a single parameter we obtain a homogeneous closeness among observed and
estimated distributions. The estimated     parameter is an effective measure of
the added relative contribution of the shelter effect, and findings are relevant
also if we compare results by gender. In Figure 5, we present the added con-
tribution     as a function of gender and age16 with respect to the subjective sur-
vival probably to age 75. A marked, systematic effect for men and a turning
point in the perception for both genders around age 40 is evidence.
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16  Figure 5 has been obtained by a generalization of CUB models which include covariates also
for the shelter effect. We prefer do not insist here on such technical details available on request.

Figure 3 – Estimated CUB(0,0) models in the parametric space

Table 3 – Shelter effect of estimated CUB(0,0) models, by gender
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5.   EFFECTS OF COVARIATES

It is well known that personal, family, cultural, professional and environ-
mental factors interact with subjective survival probabilities and modify the ex-
pressed perception. Thus, it is worth checking how the proposed class of mod-
els tests their significance and whether they allow for a clear interpretation of

Figure 4 – Observed and estimated CUB distributions

Figure 5 – Shelter effect on age by gender



these effects. Among the many available covariates,  we will consider only mod-
els where gender and education are present, with a brief reference to other sig-
nificant effects. Section 6 will be devoted to the role of age in determining these
evaluations since this covariate is related to cohort effects.

5.1   Gender effect

We will study how gender (men=0, women=1) possibly modifies the re-
sponses to subjective survival probabilities by inserting this covariate in a CUB
model as a dichotomous variable (Iannario, 2008). The estimated models for
both ages 75 and 90 are presented in Table 4 (we are testing a gender effect for
explaining either or both perception and uncertainty of the respondents). In these
situations, inference may be pursued by using likelihood-based asymptotic tests
which compare decreases in deviances                               , obtained from the dif-
ference between the log-likelihood        of the estimated model with the gender
covariate included and the log-likelihood     of the reference CUB (0,0) model
without the covariates, with Chi-square percentiles with degrees of freedom (g)
obtained by a difference of the number of parameter estimates. For reference,
we report that           = 3.841;            = 5.991 at the significance level of      = 0.05.
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Table 4 – Estimated CUB models for gender effects

...Cont’d...



Results show that women are more pessimistic than men with regard to
their evaluation of survival probabilities even though empirical data and life
tables show that they live significantly longer than men. The perceived prob-
abilities are the effective measures that really matter when women assume de-
cisions and predict actions.

As far as probability of survival to age 75 is concerned, uncertainty is
not seriously affected by gender. There are no differences between the
CUB(1,1) model and CUB (0,1) model. Gender modifies only the expressed
subjective probability. In contrast, gender significantly changes both percep-
tion and uncertainty in the subjective probability of survival to age 90.

For both ages, in Figure 6 we present estimated models by gender and for
aggregate data, with 95% confidence intervals. Uncertainty strongly increas-
es whereas subjective probabilities decrease with regard to responses concern-
ing survival to 90 years of age.

Respondents are well separated with respect to gender (by a small amount
but always in a sensible manner) and women expressed  lower uncertainty  in re-
sponse to their likelihood of reaching 90 years of age.  On the other hand, no sig-
nificant differences in uncertainty for survival probability to age 75 were observed.

Given the large sample size, we can safely conclude that there are no dif-
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Table 4 – Cont’d



ferences between women and men in their evaluation of survival probabilities
to 75 years of age but women are more resolute when it comes to the likelihood
of surviving until 90 years of age. 

5.2   Effect of education

We discuss the possible effects of education as related to personal and so-
cio-economic characteristics of respondents educational status affects subjec-
tive probabilities in complex ways since it is generally related to effective or
expected income.

In this survey, respondents’ education has been divided into 5 categories.
In parentheses are the plot headings and the sample size of each subgroup.

• Primary education or less (PRIMARY: n1=580)
• Lower secondary education (LOW-SEC: n2=5126)
• Upper secondary education (UPP-SEC: n3=10603)
• Lower tertiary education (LOW-TER: n4=3605)
• Upper tertiary education (UPP-TER: n5=270)
We estimated the CUB models of the subjective survival probabilities to

age 75 and 90 for each subgroup and, for brevity, we only show the correspon-
ding parameter vectors in Figure 7.
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Figure 6 – CUB models with respondents’gender, at age 75 and 90



The plots show that having a low level of education (primary) systemati-
cally increases the perception of subjective survival probabilities to both ages.
Moreover, significant confusion exists in this subgroup, as evidenced by the un-
certainty parameter being quite close to 0 (as education increases, respondents
tend to be more moderate in evaluating their probability). The exception to this
trend is exhibited by those in the upper tertiary education subgroup. This sug-
gests that people with higher level of education are more pessimistic about their
probability of survival, perhaps as a consequence of more information about
their effective health-status.

Standard ordinal models (such as ordered probit) fail to find a “statistical-
ly significant relationship between educational attainment and subjective sur-
vival probabilities” (as reported by Peracchi and Perotti, 2009, 52). In this study
and with this data set, the proposed models suggest that educated people have
similar perceptions but people with a primary or lower level of education man-
ifest higher uncertainty and higher optimism than others.

5.3   Further effects of subjects’covariates

Several characteristics of respondents have been found to be important in
explaining significant effects on the perception of survival probabilities. In the
interest of being concise, we limit ourselves to quote the main issues:

• Marital status: widowed and divorced people sensibly reduce their eval-
uation of survival with respect to married and single. This effect is stronger for
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Figure 7 – CUB models of subjective survival probability to age 75 and 90
with respect to education level



the survival probability to age 90 than for age 75. Indeed, family and support-
ive personal relationships exert a significant role in raising the subjective life
expectancy: Ross and Mirowsky (2002), among others.

• Employment status: the uncertainty component is higher among the em-
ployed than the unemployed when evaluating their subjective survival proba-
bilities. The employed have a higher subjective survival probability to age 75
but a lower one at age 90.

• Other covariates: the presence of children, some health status informa-
tion and the longevity of parents, are other covariates that have been found to
be significant in explaining the expressed subjective probabilities.

6.   AGE EFFECTS

In this work, we focus on subjective survival probabilities which we
analyse within a modelling framework using latent variables. We include age
in the models but do not explicitly discuss cohort effects17.

Some research refers to cohorts since survival probabilities change accord-
ing to respondent’s year of birth. Many studies look at life tables to assess sub-
jective probabilities and/or compare subjective evaluations with observed sur-
vival (Bassett and Lumsdaine, 2001; Hurd and McGarry, 2002). Comparing
Health Retirement Survey data to actuarial life tables, Hurd and McGarry (1995)
document that elderly men tend to overpredict their probabilities of living past
85 years of age while elderly women tend to underpredict their probabilities.
This pattern is also confirmed in the Italian surveys.

Some researchers, such as Hamermesh (1985) have noticed that actuarial
life expectancy is higher for older people (demographic consistency). More-
over, the literature stresses the role of uncertainty rather than expectation re-
garding the horizon. The most interesting result is the decline by age in the vari-
ance of the subjective distribution. This result should not be surprising: older
people in the subsamples have avoided early death, a low-probability event that
greatly increases the variance of observed lifetimes.

In this analysis we include respondent’s birth date and thereby their age,
which is tested as a relevant covariate for the subjective probability to survive
to age 75 and 90, respectively. If one wants to measure the effects of the covari-
ates on these probabilities for any given cohort one can just select the corre-
sponding age (or a range of ages) of respondents.

If we consider CUB models by including age as an explicit covariate (Table
5), we have to take into account that age is a continuous variable and extend
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17  Cohort effects and interactions with covariates have been explored in depth by Peracchi and
Perotti (2009).



previous characterizations specified on the parameter space for dichotomous
or polytomous covariates. Moreover, we use the natural logarithm of declared
age in years and include both deviations and squared deviations in the mod-
els18.

For the subjective survival probabilities to age 90, uncertainty is steeply
and monotonically increasing whereas perception of probability is decreasing
with age; between ages 40 and 50, the models support the conclusion that the
uncertainty of the respondent remains stable with age. For subjective survival
probabilities to age 75, we find a turning point in the expressed uncertainty of
responses at 50 years (uncertainty begins to decreases after this age) while
perception is quite stable with a turning point at 35 years (perception begins
to increase after this age). These findings are consistent with current state-
ments.
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18  We are using standard conventions for covariates. Specifically, logarithms produce efficiency
in numerical procedures since they accelerate the convergence to maximum likelihood estima-
tors; in addition, by considering deviations from the average, we reduce collinearity problems in
the variance-covariance matrix of estimators. Finally, in our context, squared variables are im-
portant to fit (possible) inversion of patterns with increasing ages .

Table 5 – CUB models for age effects (deviations and squared deviation
from logarithms)



In Figure 8 we represent both parameters for varying ages of respondents
and for subjective survival probabilities to age 75 and 90, respectively. We are
graphing the parametric function:

In this way, we are able to see how CUB models change as age increases.
This representation is a dynamic visualization of changes in models with co-
horts. Models for subjective survival probabilities to age 75 show a turning point
in the evaluation as well as an increasing uncertainty with age. Subjective sur-
vival probability to age 90 consistently decreases with age.

7.   A COMPREHENSIVE MODEL

Previous results suggest that in a general CUB model one can include
several subjects’ covariates that have been separately analysed and that were
found to be significant in explaining perception of survival probabilities. In
this case, one cannot hope for a mere juxtaposition of single variables. An ef-
fective model will be the result of a bottom-down strategy of including/ex-
cluding covariates within a statistical formulation. This would not be prob-
lematic except for the computational challenges (given the recursive algo-
rithms implied by the estimation procedure).

For subjective survival probabilities to ages 75 and 90, we considered
the covariates: gender, marital status, education, working status and age, as
relevant for explaining both uncertainty and perception. In Table 6 we pres-
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Figure 8 – Dynamic plots of CUB models with varying respondents’age



ent the best CUB model19 (with all significant parameters).

Finally, using the same stepwise strategy, in Table 7 we present the best
CUB model for explaining subjective survival probabilities to age 90 (includ-
ing all significant parameters). For this model, primary education turns out to
not be significant either for perception nor for uncertainty whereas being sin-
gle, divorced and employed are not significant for explaining perception. More-
over, as already discussed, the squared effect of age is not present for this sur-
vival probability.
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Table 6 – Comprehensive CUB model for subjective survival probabilities 
to age 75

Table 7 – Comprehensive CUB model for subjective survival probabilities to age 90

19  In Tables 6-7, log(Age) and [log(Age)]2 denote the covariates computed by applying logarithms
and using deviations, as defined in Section 6. Here, notation of the parameters has been designed to
save symmetry with corresponding covariates. In the models for the subjective survival probabili-
ties to age 90, we registered a longer time for convergence of the algorithms since the shape of the
likelihood function is now flatter as a consequence of a more diffuse uncertainty in these responses. 



The advantage of these models stems from the possibility of generating
predicted responses for a given profile of subjects. Such predictions may be
used for assessing the fit of the estimated model and also for planning pro-
grams/activities for people with a specific profile. Notice that an estimated CUB
model does not generate a single real number for a given profile but a predic-
tion of the whole distribution of subjective survival probabilities.

In Table 8, this approach is used to evaluate the subjective survival prob-
abilities to age 75 by comparing predictions of the behaviour of two respon-
dents with different personal characteristics.

Parameters are obtained by using the estimated model presented Table 7,
and the corresponding probability distributions for the two profiles are plotted
in Figure 9. The respondent with profile A is more pessimistic and has a modal
value in class 6 (“high” category) whereas profile B allocates the maximum of
survival probability to the last class (“sure/almost sure” category). These con-
siderations can also be inferred by comparing the parameters but they become
more immediate if one observes the whole probability distribution.
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Table 8 – Comprehensive CUB model for subjective survival probabilities to age 90

Figure 9 – Estimated subjective probabilities to age 75 for given profiles



8.   CONCLUSION

In this paper we have discussed a class of models motivated by an inter-
pretation of respondents’psychology towards discrete choices. It has been ar-
gued that numerical evaluations of subjective survival probabilities are in fact
qualitative graduated assessments of an interior perception concerning one’s
own life duration. Thus, it would be useful to adopt a statistical paradigm for
modelling ordinal data.

Some advantages of the CUB models have been enhanced and the inter-
pretation of the results are discussed by choosing some covariates available
in a large sample survey. A peculiar feature of the approach has been the us-
age of parametric space as a tool for visualizing in a synthetic manner sever-
al models fitted to thousand of data and relating them in a simple and parsi-
monious way to subjects’ covariates. In this regard, a specific discussion of
cohort effect has been pursued by introducing age as an explicit variable, and
also dynamic models have been presented. More elaborate structures may be
explored by introducing opinions related to work, health status, presence of
children, longevity of parents, residence, and so on.

An interesting topic to be investigated further is the relationship between
perceived probability of survival to age 75 and to age 90, expressed by the
same respondent, since a common latent trait should be present in the respons-
es and joint modelling would capture it. This would require the introduction
of multivariate CUB models where the presence of subjects’covariates would
be retained.

Finally, further advances are required both for addressing new method-
ological issues (multilevel approaches, quick specification of sensible covari-
ates, and so on) and for improving current estimation algorithms by fast nu-
merical optimization.
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