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Abstract

This article is focused on children providing amskhcing long-term care for their elderly
parent. The central aim of this work is to hightighe interactions that can appear between
siblings when deciding whether or not to becomea@giver. We concentrate on families
with two children using data from the Survey of HeaAgeing and Retirement in Europe
(314 dependant elderly and their 628 adult childrenorder to identify interactions between
siblings, we have specified a two-person discret@ey model. To allow us to estimate this
model, without invoking the well-known "coherencyondition, we have added an
endogenous selection rule to solve the incomplstepeoblem arising from multiplicity or
absence of equilibrium. Our empirical results ssggeat the three classical effects identified
by Manski could potentially explain the observedrelation of caregiving behaviour among
siblings. Correlated effects alone appear to bekw€antextual interactions and endogenous
interactions reveal cross-effects. The asymmetrthefendogenous interactions is our most
striking result. The involvement of the youngerldhappears to increase the net benefit of
caregiving for the elder child whereas the involeamof the elder child decreases the net

benefit of caregiving for the younger child.
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1. Introduction

It is without any doubt that informal care, in pewtar family care, is a crucial part of long-
term care. Any system of public aid for the eldangeds to be automatically linked with
informal care. For this reason, it is not only useéb examine the factors that contribute to
family involvement in caregiving, but also to mesto what extend formal caregiving and
informal caregiving are substitutes and to whaeedtpublic aid crowds out family support.
A reasonable amount of studies attempt to ansvesetiquestions, however their main focus
is not on care arrangement among siblings, thanishe way siblings interact. This is for the
most part due to the authors’ assumption that cdargpis endured by a unique child,
generally the one who lives with the disabled, #ydparent. The present study loosens this
hypothesis and considers that several siblings tmayinvolved in caring. Defining the
conditions which favour multiple informal caregigin simultaneously establishes the
conditions which allow for the caregiving productiburden to be divided among siblings.
Furthermore, from an academic point of view, ipa&ticularly interesting to look at sibling

interaction in the event of a parental dependendyimva family.

This paper is predominantly focused on the way Inictv siblings organize themselves to take
care of their aged, disabled parent living withire ttommunity. We try to understand the
interactions between siblings: does sibling invoteat in parent support affect the
involvement of the other siblings? Can we assuraedibling involvements are independent?
If not, do we observe a negative or a positive bekween sibling involvements? And finally,

what are the determinants of these interactions?



Our interest is not in the arrangements takenHerdare production among children who are
involved in caring. We ignore the type of careggend the intensity of caregiving provided
by each child caregiver and focus on what we cadiré arrangement”. which children are
involved in caregiving, and which are not. Evidgnthe decision for a sibling to participate
in caregiving is dependent on the expected camgiyroduction arrangement organised
between the involved siblings. A full comprehensasmalysis would require a model that
incorporates the two decision moments (Peetal., 2006). As we will see in more detail in
the following section, some authors have alreadyppsed such comprehensive models.
Nevertheless, these structural approaches haveocoed strong difficulties. First, it is very
challenging and complex to collect data that cdlyeand precisely represents the caregiving
production arrangement among siblings. Secondyderato feasibly manage these models,
the authors do not allow for care arrangements witlitiple informal caregivers, which is
precisely the point we would like to investigate.

We prefer, thus, to adopt a direct model with tbke slecision to participate in caregiving or
not. We assume that the child's utility is depemndam the actual decisions of his or her
siblings to participate or not in the caregivingldhe observed care arrangement is assumed

to be a Nash equilibrium in this simple game.

Whatever the model adopted, a wide range of infaonas needed to analyse interactions
among siblings. The data should provide informaionthe aged as well as every family
member (at least each of his or her adult childréhg SHARE survey (focused on people
aged 50 and above in 10 European countries) prevides type of data, even if little
information concerning the children is available.this paper we have selected a sample of

dependant elderh(aged 65 and more), living without a spouse andhigatwo adult children.

! See section 5 for a precise definition of a depahg@erson.



The participants are selected without a spouseausecour focus is on families with child
caregivers The selection requirement of two children is &implicity and to neutralize a

potential size effect (Fontairetal., 2007).

Our paper proceeds as follows: Section 2 givesed bverview of the analytical frameworks
used in the literature to model interactions betwsiblings during the decision to provide
care for an elderly parent, Section 3 and 4 descoibr econometric model: preferences,
specifications, equilibrium conditions, and the cmume selection rule in the case of
indetermination, Section 5 describes the data wgddn this study, Section 6 reports the

main empirical results, and, finally, Section 7 clones.

2. Analytical frameworks for modelling interaction between siblings

In our sample, care arrangements are distributddllasvs : in four families out of ten (38%)
neither of the two children are caregivers, in tdyghe same proportion (41%), one out of
two children are involved, and in two families aftten both of the children are involved.
Shared caregiving among children is unexpectedly insignificant. Furthermore, the
probability of a child to be involved in the careigig of his or her dependant parent appears
to be higher when the other child is also involtean when it is not the case (50% and 34%

respectively). How can we explain these figures?

Naturally, our first response is to assume thatdhi&ren’s decisions to give care are not
independent. Some studies (Bommier, 1995; JellVeolff, 2002; Wolff, 2006) have tested

the independence of the children’s decisions usirirect estimation. In these studies, the

2 See Fontainet al. (2007) for a more general analysis of family careg organisation in Europe and for a
comparison between caregiving behaviour of childtepending on the presence of a spouse.



probability of each child to participate in caragy production is a function of the
characteristics displayed by his or her sibling(8his is a simple way to avoid the
endogeneity bias. The significant link betweenghabability of a child to participate and the
characteristics possessed by his or her siblinggehot however be interpreted as evidence
for interdependence between the children’s decssidduch a conclusion would be an
improper use of estimation results. It is indeegbassiblea priori to disentangle what is
relevant to actual interactions from what is refévi@ contextual effects or correlated effects
(Manski, 2000). For example, the gendercbild 1 alone independent of thehild 1's
caregiving decision, can influence the probabitifychild 2 to become the caregiver to their
aged parent. There are two main ways to bypassdiffisulty. The first is to find an
instrumental variable linked to the decision of 8ibling, but orthogonal to the decisions
made by the other siblings. In our context, thiduson is clearly impracticable: any
measurable characteristic of a child which is asguino influence his or her caregiving
decision isde factoa family characteristic. A second solution is && wa structural model of

the interactions.

Few studies have explored a structural approacto main options can be found in the
literature. Some studies (Checkovitch and Ster@228yrneetal. 2007), directly focused on
explaining care arrangements, that is which silsliage involved in the caregiving production,
consider the parent's well-being as a public gdédch child contributes knowing the
contribution of his or her siblings and the caragivcontribution of one child affects the
decision of the other children through the margiraductivity of their contribution. These
models appear too restrictive for our study becdlieg assume that the decision to provide
care or to share the financial consequences ofivang is exclusively based on productivity

considerations. Child’ behaviour could yet haveoanmative dimension. A child can consider



that he or she does not have to take care of andape parent if his or her sibling is not
involved in the caregiving production. In this case is not a matter of caregiving
productivity, but solely a matter of what the chjladiges as a normal care arrangement (for
example a fair care arrangement).

In the second option of modelling, family caregiyiarganisation is viewed as the result of
two interaction steps: in the first step, eachadicides whether to be involved in the family
decision or to draw back; in the second step, #regiving organisation is collectively set up
by the involved siblings. Pezzet al. (2006) developed this type of analytical framewarkl
defended the idea that, in the first step, intésastare non cooperative while, in the second
step, interactions have to be understood as comygerateractions. Some studies (Engers and
Stern, 2002; Hiedemann and Stern, 1999) Immeposed to estimate this type of model. These
two step models can grasp the normative dimensiothase children’s behaviours. For
instance, in the second step the cooperative aanggproduction arrangement between the
involved children can indeed reveal the weight atle sibling in the collective decision.
Furthermore, in the first step, the links betweesa decision to participate of each child and
the probabilities to participate of his or her sigs may have normative interpretations.
Nevertheless, these models do not precisely congiddssue at stake for two reasons. First,
in the second step of these models, the familystatiturns to the living arrangement for the
elderly parent but care arrangements where moredha child provides care usually do not
appear as a possible chdic8econd, the equilibrium concept used in the ftep of these
models do not allow for one child's decision tceatfthe decisions of the others. Indeed, the
authors use a Bayesian equilibrium solution whgsuaes that each child's decision depends
on the conjectures on sibling's behaviour and not tbeir actual behaviour. This

representation of interaction among siblings is stagightforward. It supposes that siblings

% The choice set usually contains living alone separate household, living with one of the children
(intergenerational household) or living in a nugsor a personal care home (institutional household)



play simultaneously and that each child decidegddicipate in caregiving production
without knowing the decision of their sibling(sh the context of family interactions, this
representation appears to us quite unrealisticlo#s not give any manner in which to
understand or interpret care arrangements as H oésateractions in the customary sense of
social interactions literature, in other words asesult of the reaction of each child to the

actual decisions of their siblings regarding pgvation in caregiving production.

Consequently, in order to test actual interacti@nsong siblings without anw priori
assumption which could rule out potential normatimetives and to be able to explain
multiple care arrangement, we have specified a ganple model which characterizes the
care arrangements through a stability conditionhwhe following assumption of non-
cooperative interactions, each sibling decides kdreto give care or not, knowing the
decision of the other (we only consider familieshwtivo children).By focusing the model on
involvement (as a binary variable) and studying-thkidd families, we get a two-person
discrete game model. The proposed model shoulashtberstood as a "semi-structural” model.
From a formal point of view and from a social itetions perspective these types of models
have the ability to avoid the reflexion problemsaéed by Manski (2000). However, since
these models are written in terms of inequalityrietsons, they also bring about the problem
of incompleteneds(Tamer, 2003). However, using appropriate estiomatethods allows us
to solve this incompleteness and to test how theemied behaviour of a child affects the

behaviour of his or her sibling.

* See Tamer (2003) for a discussion on the distindtietween incoherent and incomplete models.



3. Micro-econometric model

Already mentioned above, we only consider the adsevo-child families. In a two-child
family j, the caregiving behaviour of a given child is exgnted by a binary variabk,

(i =1 for the elder childj = Zor the younger child)a; is equal tal if the child is involved
in caregiving (providing or financing care), 0 ibtn In familyj, four care arrangements

kj are observable:

- None of the children are involved,( =0 anda,; = 0: k; =0

- The elder child is involved alone,( = ahda,; = 0: k; =1
- The younger child is involved along,(= a@da,; = ): k; =2

- Both of them are involveda(; = dnda,; = I): k; =3.

To model the care arrangement, we assume thatokéldis decision whether to give care or
not is based on his or her utility maximisation.orler to be able to test the possibility of
interactions among siblings, the utility functiohaochild depends, not only on his or her own

involvement, but also on the behaviour of his or keling: U,; =U,;(a;,a,;) and
U, =U,,(a,,a,;). Therefore, a child can adopt a different behavidepending on the

actual behaviour of his or her sibling.

No assumption is made regarding the mechanismdhds to a given care arrangement. We
assume only that the observed care arrangementstal#e”. More precisely, neither child
wants to change their decision given the decisibthe other child. We assume that the

observed care arrangement is a pure equilibriueradn-cooperative game:



Younger child

0 1

0 0:0 0;AU,, 0)

Elder child
1 AU, (0);0 AU, (); AU, (1)

The behaviour of a child depends on the net utditycaregiving,au; , i.e. the utility gap
between caregivinga| =1) and no caregiving & =0). This gap varies according to the

behaviour of the other child.

AUlj(aZj)zulj (lazj)_ulj (O’azj') (1)
AUZj(alj)zuzj (:Lalj)_UZj (O'a1j)

Following, Brock and Durlauf (2001), Soetevent awmbreman (2007), we assume that the

net benefit of caregiving is dependent on individaa family characteristics. It can be

additively decomposed into three compongnts

AU, (a,)) =Xy.a,+a,,. B + &,

(2)
AUZj(a:Lj) :X21-02+aij-,32+£21

The first componentX,;.a, (resp. X,;.a,), is the structural component. It captures the

direct effect of a characteristiX;, on the net benefit of caregiving (whatever thesotthild

may decide). This component is assumed to depen8 types of characteristics: i) the
individual characteristics: a child who is a nonrer may, for example, have a higher net
benefit of caregiving than one who is a workerhig¢ family context: i.e. the characteristics

of the disabled elderly parent and those of thesrotthild. A child may have a higher net

®> Note that we allow the individual or family chatexstics (X4; for the elder child,X,; for the younger child)
and the behaviour of the sibling to have a differempact on the net benefit of caregiving of thdeelor
younger child, i.e. the coefficients and S may be different for the elder and the youngerdchils we will

see, our empirical results confirm the importanéehis assumption as caregiving behaviours appeay v
different according to the birth rank of the child.



benefit of caregiving when the parent is severeballled or a smaller one if the sibling is
retired, considering that the caregiving supplys®gath him or her, iii) cross-effects between
the characteristics of each actor: for example,iftp\a sister rather than a brother can
influence in different ways the net benefit of gavéeng for man and woman. This component
should capture the contextual interactions andetated effects due to observed variables.

The second componemt,;. 3, (resp. a;;./3, ), is the interactional component. It measures

the way the net benefit of caregiving is affectgdhe sibling's involvement. As specified, the
interactional component is reduced to a constant.té this case, we constrain interactions
to be homogeneous across families. If this compbnisn statistically significant
(B, #0andg, #0 ) we will conclude that the behaviour of one chilas an impact on the
utility of the other and thus on his or her behavio

Lastly, the third component is the residual compbn&ome explanatory factors of the
decision to provide care or not are shared by ihlengs, for example the characteristics of
the disabled parent. Some of these factors areueapby the explanatory variables of the
model, while others are most likely unobservedoider to control for this potential bias of
endogeneity, we estimate the model allowing ertorbe correlated within a family. We
assume that the residuals are distributed accoriding bivariate normal density function:

(slj ,821)'* N[ 0,0,1,1,,0], where p is the correlation coefficient between ande,; .

Therefore, a care arrangemént; ,a,; is & pure Nash equilibrium if:

{Ulj (8,8,;) 2V A~ ay;,8,) (3)

U2j(a2j'a1j)2U2j (1_a2j'a1j)
As it is discussed in details below, for a givertee of exogenous variables (both observed
and unobserved), this definition of an equilibrilbes not predict a unique value for the

endogenous variablg; (appendix A). In other words, it is just possitibedefine for each
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family j a set of Nash equilibria, notedN; , and to determine the probability for each care
arrangement to be a Nash equilibriumnof :

POON,) = P(AU,; (0) <0 n AU,, (0) <0)
PQON,) = P(AU,, (0) >0 n AU,, (1) < 0)
PQON,)=P(AU,, (1) <0 n AU, (0) >0)
P@BON,) =P(AU,, 1) >0 n AU,, (1) > 0)

(4)

The issue now is to express from this specificatimnprobabilities of the dependant variable
K; .

4. Complete specification and estimation method

The specification (4) leads to an incomplete economenodel (Tamer, 2003; Maddala,
1983). The underlying economic model is well-defirmtd does not suffer from logical
inconsistency. However, it can generate multipleildagyia or no equilibrium; therefore, this
model is not able to provide the well-defined, restiliform needed for a derived econometric

model.

Two cases must be distinguished, each dependingeowdy the two children interact. First,
they can interact in a symmetric way: in case dfitpee (resp. negative) interactions, the two
children are subject to an increase (resp. decré@askeir probability of caregiving when the
sibling also is a caregiver. In this case, the sytnynof the interactions leads to either a single
equilibrium (N ={0}.{1}.{2}.{3}) or muiltiple equilibria N, ={1,2} in the case of
negative interaction:{,O,B} in the case of positive interactions). Second rations may be

asymmetric: one is subject to an increase in hiseomprobability of involvement when their

sibling is involved, while the other is subject &odecrease in his or her probability of

11



involvement when their sibling is involved. In tlEguation, the asymmetry of the interactions

leads to either a single equilibriunN( ={ 0},{1}.{ 2},{3}) or no equilibrium N, ={ g} ).

When using bivariate discrete game models, ecorsmisually impose a "coherency"
condition(S,.5, =0) in order to force the probability of the four oomges to sum to one
(Heckman, 1978). This would lead the model to alwgysedict a unique outcome.
Unfortunately, this solution eliminates any simokéy in the model. Another solution is to
characterise the equilibrium (at the family levaatid to deal explicitly with the nonuniqueness

of the outcome. To solve this indetermination, wgase an equilibrium selection in the
region of nonuniqueness (Krauth, 2006), i.e. a tionc sel(k;,N;) which assigns a

probability to each care arrangement accordindhéoset of pure Nash equilibria which are

consistent with the preference specificatisel(k;, N;) =P(k; /N, . )

To describe a well-defined probability distributiothe selection rule must obey the
constraints:

sel(k;,N;)=0 (5)
and ) selk;,N;)=1 (6)
ki
The probability for a care arrangement to be sefleat@ich is not a pure Nash equilibrium is
assumed to be equal to O:
ON; #{ g} andk; ON, selk;,N;) =0 (7)

No other constraint was imposadriori, so that the selection rule contains 5 free patarse

out of twelve (see table I).
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Table I: Selection rulesel(k;,N; )

kj
N, o | 1 . 2 3
{a} | sel0{e}) ;LseI(L{z})J sel2{g) | sel(3{g})
{3 ] 1 o 0o . 0o |
_____ ¢ | o 4+ 1 4 o i 0o
{2} 0 0 1 0
{3 | o 0o 0o | 1
{og | selofosh : O i 0 L sel@{o3) |
A2 | o sele{L2)) | sel{12) 0

with sel(0,{g}) + sel(L{g}) + sel(2,{a}) + sel(3{g}) =1 ,sel@.{1;2}) + sel(2.{1;2}) =1

and sel(0,{0;3) + sel(3{0;3) =1
Given the selection rule (table ), the probalabtiof observing each care arrangement
according to the different sets of pure Nash eopiilm aré:

P(k; =0) = P(N; ={0}) +sel(0{03}). P(N, ={0;3}) + sel(0{2}). P(N,
P(k; =1) = P(N, ={1}) +sel{1:2}). P(N; ={1;2}) + sel@.{2}). P(N ={ﬂ})
P(k; =2) = P(N, ={2}) +sel2{12}). P(N, ={1,2}) + sel2{g}). P(N =
P(k, =3) = P(N, _{ 3}) +sel3{03). P(N, ={0;3}) +sel3 {a}). P(N, =

In order to estimate the model with the maximunelitkood method, we need to express the
probability of observing each care arrangementfasieion of the exogenous variables. First,
we then express the probability of each sets ok pdash equilibrium according to the

probability that each care arrangement be a Nasiitagum:

® Note that according to the sign of the interacti@ome sets of pure Nash equilibrium are unobblva
When 8, >0 and B, >0 :P(N; ={ 0;3})>0,P(N; ={1;2})=0,P(N; ={g}) = 0.

When 8, <0 and B, <0: P(N; ={ 0;3})=0,P(N; ={1;2})>0,P(N; ={g}) = 0.
- Wheng, >0 andf3, <0Oor B, <0 andB, >0 P(N; ={ 0;3}) =0,P(N; ={1;2})= 0,P(N; ={g}) > 0.
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P(N, ={0}) =P(0ON,)-P(N, ={0;3})

P(N, ={1})=P(10ON,)-P(N, ={1;2})

P(N, ={2})=P(20N,)-P(N, ={1;2})

P(N; ={3}) =P(30N,)-P(N; ={0;3}) 9)
P(N, ={1,2})—|ﬁl<w<O [P(ODN )+ P(1ON,)+P(20N,)+P(30N,) -1

P(N, ={0:3})) =1 ;.05 [P(OON) + P(ION,) + P(200N,) + P(30N,) - 1]
P(N, ={2}) =1, 5. [L-P(OON,) - P(1ON,) - P(20N,) - P(BDNJ.)]

where 1,.,,, =1 if interactions are symmetric and negative, O \eleze;
| ps0p50 =1, If interactions are symmetric and positive, Oeelsere; 1, , .= 1 if

interactions are asymmetric, O elsewfere

Subsequently, with regard to the specification @t menefit of caregiving (4), th
probabilities that a care arrangement be a purd Mgsilibrium can be rewritten as function
of the exogenous variables:

POON,) =F(=X,;a,,~X,,a,,0)
PAON,) = F(X,a,,~X,,0, = Bo,=P)
PRON,) = F(=Xy,a, = B, X,,0,,~p)
PBON,) =F(Xy,a,+ B, X,,a, + B,,0)

(10)

where F is the joint cumulative distribution of thigariate normal.

Given the systems of equation (8), (9) and (10),cae finally express the probabilities of
each outcome as a function of the exogenous vasadhd parameters,,a,,S,,5,,0,
sel(k;,N;).

For a given value of the selection rule’s paransetdre parameters of the utility function can

be estimated with the maximum likelihood critenisiog STATA). Conversely, for a given

" The presence of these three dummies indicateshéindikelihood function is non-differentiablethe points
,él =0and [32 =0.
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estimation of the utility function parameters, wenaoget an approximation of the selection
rule’s parameters: the proportion of observed @@rangements conditional on the set of
Nash equilibria simulated for each family with #&imated utility functions. We exploit this
through an iterative strategy: at first step, we@mdd an arbitrary set of values for the
selection rule (the equi-probability of each pokesibare arrangement), and estimated the
parameters of the utility function by likelihood ra@isation. It allows us to simulate the set
of Nash equilibria for each family and to get arp@ximation for the selection rule’s
parameters, based on these first-step estima#osscond step of estimation is run, using the
“updated” values for the selection rule and soTme process is repeated until the selection
rule’s parameters converge. The convergence isalctuery fast, never more than four
iterations. This strategy has the advantage toar®the likelihood of the model, compared

to an arbitrary selection rule selecggriori as it is usually done in the literattire

5. The data;: SHARE

For the estimation of this model, we use the 20@4enof the Survey of Health, Ageing and
Retirement in Europe database. It is a multidigtgsy and cross-national database of micro
data on health, socio-economic status and sochlfamily networks of more than 27,000
individuals aged 50 or over. Data collected inclhéalth variables (e.g. self-reported health,
health conditions, physical and cognitive functrapi health behaviour, use of health care
facilities), bio-markers (e.g. grip strength, badgss index, peak flow), psychological
variables (e.g. psychological health, well-beinig, $atisfaction), economic variables (current
work activity, job characteristics, opportunities work past retirement age, sources and

composition of current income, wealth and consuamptihousing, education), and social

8 Tamer (2003) states thatl hocchoices of a selection rule may lead to inconstsestimates. However,
simulations proposed by Krauth (2006) show thatisspecification of the selection rule has minimi¢et on
the resulting parameter estimates.
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support variables (e.g. caregiving within familigsansfers of income and assets, social

networks, volunteer activities) (Bérsch-Suparlet2005).

For the sake of homogeneity, we reduce the sarmepbpulation aged 65 or over, reporting
at least one limitation in activities of daily Ing (ADL) or instrumental activities of daily
living (IADL), and living without a spouse while wiag two children. Our sample contains

314 elderly and their 628 children.

The dependant variable of the model is the famit@se arrangemeiid,;, &;). We defined as
caregiver any child living with their disabled eftyeparent or living apart but financiigr
providing help in kind (personal care, practicausehold help or help with paper). Such a
broad definition of involvement allows us to lesska well-known impacts of the disability
level or of the political framework (supply sidefesits, solvabilisation...) on informal cafe

in order to emphasize other effects such as irntiere&c However it creates a deterministic
relationship between the child’s location and tepehdant variable so that the children’s

location could not be used as exogenous varialymare".

Each child’'s decision is assumed to depend on tigreeips of variables, through the
structural component of the utility function (apden B). In the first, we control for

individual effects: gender, age, education leveyital status and employment. Other factors,
as the child health status or the child income, myain the caregiving decision but they are

not available in SHARE. The second and third groofpgariables describe the context of the

® Very few children provide financial care (5%) an2% of them provide also help in kind (only 1% pdev
financial help without providing help in kind).

2 The way children provide care to their elderlygrds varies across Europe, intergenerational holds®eing
more common in the south for example. But aggragathe different ways of caregiving leads to am@zin
regularities (see Fontaire al., 2007).

M The fact that location could be endogenous wasnmed by Stern, 1995 or Konrad & Robledo, 2002 for
example. Correcting for endogeneity is hard anysiage valid instruments are quite difficult to find
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decision. We include information on the parent:dggnage, disability level, income, wealth
(we used a variable indicating if the parent isr&Swor not to have more than 50 000 euros at
the time of his or her decease) and education.lélghg the distinction proposed by Manski
(Manski, 2000) these variables capture "correlaféects” in the behaviour of the children, as
part of the context is the same for both of thddean of a given family. For each child, the
utility gap between caring and not caring is alssumed to depend directly on his or her
brother's or sister's characteristics (using theesaariables as for individual effects). These

variables refer to "contextual interactions"” (Man&000).

6. Results

We estimated several versions of the model destiibsections 3 and 4. We first estimate a
model allowing to correlated residuflsThe estimated correlation coefficient is equal to
-0,251 but it is not significant. In order to tés¢ effect of the selection rule we also estimated
the model with twoad hoc selection rules (equal probabilities for each fmescare
arrangemerit ; systematic selection of the care arrangemertowitany informal care when
no Nash equilibrium exists). Table V (appendix €parts the estimation of the endogenous
interactions parameters with each one of thesectgmberules. Estimation results are very
similar — the sign, size and significance of estemaremain the same — except for the
interaction parameters of the younger children Wwhioose significance under some
specifications. The results reported here, in tdbleere obtained with uncorrelated residuals
and an endogenous selection rule. Model 1 assumé@teractions are homogeneous across

families (B,and £, are constants). Since we can also suppose thatntée¢he birth rank, the

sign and the size of the interactions vary acrasslfes, we estimate a second model (model

12To preserve space, estimation results are notrshbhey are available on request.
13 Bjorn and Vuong (1984), Kooreman (1994) or Soetewamd Kooreman (2007) consider the same selection
rule assuming that each care arrangement is chvagieequal probabilities when there is no equiliioni
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2'%), in which the interactional component of theittifunctions may vary according to some
individual and family characteristic¥():

AUlj (azj) =le 4 tay, 'Vlj -181+51j
AU, (a)) =Xy.a .V, B, + &,

(11)
6.1. Parameters of the utility function

The coefficient estimates suggest that correlatitects are weak. Only the parent’'s age
affects both of the children (in model 1, the cmééiht estimate associated with parent's age
"under 75" is -0.78 for the elder child and -0.68 the younger). With the exception of the
age effect, the elder child’s behaviour is notueficed by the characteristics of his parent,
whereas the younger children’s behaviour is muchremdependent on the parent’s
characteristics: they have a lower net benefitawégiving when the disabled parent is a man,
when he or she has not completed secondary schdolvhen he or she has a low income.
Two set of variables, the country dummies and @remt disability, are not significant. This
result could be partly explained by the definitiosed here for individual involvement in
caregiving production: ignoring the type and theemsity of caregiving leads to more
homogeneous behaviours between European countriebetween those having a severely

dependant parent and those having a slightly degenmhrent (Fontainet al, 2007).

As regards "contextual interactions”, the moskstg result is that the sibling's characteristics
are much more significant when they are measurative to those of the other child, except
for employment status. The net benefit of caregjvie better explained by the age and
education gap than by the absolute age and edodatel. Furthermore, having a brother

does not have the same impact for men and womemdia brother raises the net benefit of

14 A version of model 2 allowing for correlated dhsils has also been estimated but residuals appear

uncorrelated. Estimation results are availablesguest.
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caregiving of daughters (the coefficient estimate0i43 for elder daughters and 0.32 for
younger daughters), but it has no effect on elderssand decreases the net benefit of

caregiving of younger son’s (the estimate coeffitis -0.53).

Turning now to the interactional component of thet henefit equation, estimation results
confirm that the child's behaviour is affected it sibling's involvement in caregiving.

More unexpected, however, are the signs of theficaafts: the coefficient estimate in model
1 is positive for the elder childrerfa’{z 19pand negative for the younge,fa’z(: - 072

Thus, our results reveal an asymmetry between @lddryounger children in the way their
involvement is affected by the sibling's involverneon average, the involvement of the
younger child increases the elder child’s net hérddf caregiving (positive interactions)
whereas the involvement of the elder child decreabe younger child’s net benefit of

caregiving (negative interactioris§®.

!> bue to the non-differentiability of the likelihoddnction at pointB; =0, 8, =0, it is not possible to carry on
usual tests for testing the significance of endogeninteractions. A solution is to restrict the o of the
parameters td—oo;o] or [0;oo[. In this case, the distribution of the testisttis affected by the fact that tested
values are on the boundary (Gouriéroux C, Holly #d avionfort A., 1982; Andrews, 2001). We tested
“B=0,6, =0" against “g;> 0or 3, <0 " using the likelihood ratio. The distribution dfe statistic is
dominated by a Chi2 with 2 degrees of freedom. Vdiae of the statistics is 13.48 so that we caectdhe null
hypothesis with an error probability lower than10.0

®As Krauth (2006), we compare these results witlse¢hobtained from two independent probit models, one
modelling the elder’s involvement (with the youriganvolvement as explanatory variable) and one elody

the younger’s involvement (with the elder’s invalvent as explanatory variable). The endogenousaictiens
obtained from these two probit model agg;, ., = 047(Pvalue=0003) and 2, = 022 (Pvalue=0178). Because
of the negative correlation between the youngerigolvement and the error term, the probit model
underestimate the true effegg,. On the contrary, because of the positive coimlabetween the elder’'s

involvement and the error term, the probit modedrestimate the true effeg,
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Table Il: Estimated coefficients

Model 1 Model 2
(homogeneous interactions) (heterogeneous interactions)
Elder child Younger child Elder child Younger chil
1) Structural component of the net benefit of careiging (a)
Constant -0.629 (0.027) 0.382 (0.290) -0.578 (0.041) 0.11655)
Country Germany -0.527 (0.084)  0.175 (0.564) -0.525 (0.102) 0.186 (0.542)
Austria ref. ref. ref. ref.
Denmark -0.357 (0.279) -0.318 (0.330) -0.446 (0.188) -0.346 (0.3106)
Spain  -0.297 (0.310) 0.062 (0.828) -0.193 (0.524) 0.077 (0.794)
France -0.394 (0.251) -0.002 (0.995) -0.446 (0.222) -0.018 (0.956)
ltaly  -0.472(0.222) -0.128 (0.711) 0.370 (0.329) -0.130 (0.711)
Netherland -0.492 (0.146) 0.002 (0.994) -0.593 (0.088) 0.098 (0.796)
Sweden 0.085 (0.763)  0.220 (0.423) 0.086 (0.769) 0.113 (0.693)
Individual characteristics
Elder age ]-;49] 0.409 (0.071) 0.532 (0.025)
[50; 59] ref. ref.
[59;+  -0.675 (0.013) -0.649 (0.021)
Younger age ]-;44] - -
[45 ; 54] ref. ref.
[55; +[ - R
Marital status Married with or without kids ref. ref. ref. ref.
With no spouse no kids 0.989 (0.001) 1.275 (<0.001) 1.052 (<0.001) 1.359 (<0.001)
Employment status Currently employed ref. ref. ref. ref.
Job seeker - - - -
Other  0.667 (0.003) n.s 0.799 (0.001) n.s
Parent characteristics
Parent gender Woman ref ref ref. ref
Man - -0.628 (0.005) - -0.589 (0.010)
Parent age [65;74] -0.783(0.001) -0.733(0.001) -0.756 (0.002) -0.782 (<0.001)
[75; 84] ref ref ref ref
[85; +[ 0.614 (0.010) - 0.668 (0.008) -
Parent disability At least one IADL but no ADL ref ref ref ref
At least one ADL - - - -
Parent education level No completed secondary school ref ref ref ref
Completed secondary school - -0.595 (0.014) - -0.650 (0.008)
Parent income 1 quartile (by country) - -0.331 (0.070) - -0.396 (0.037)
2"t quartile (by country) ref ref ref ref
3 quartile (by country) - - - -
4™ quartile (by country) - - - -
P(inheritance>50000 euros) <100% ref ref ref ref
=100% - - - -
Sibling characteristics
Sibling gender (Elder/Younger) Daughter/Daughter ref ref ref ref
Son/Daughter - 0.315 (0.095) - 0.529 (0.023)
Son/Son - -0.527 (0.016) - -0.441 (0.069)
Daughter/Son  0.428 (0.031) - 1.178 (0.010) 0.821 (0.024)
Age gap between children < 4 years ref ref ref ref
>4years -0.422(0.017)  0.297 (0.072) -0.397 (0.028) 0.313 (0.066)
Education level Elder is more edtstl - - - -
Similar ref ref ref ref
Younger is more educated 0.513 (0.082) - - -
Sibling employment status Currently employed - ref ref ref

Job seeker
other

1.140 (0.01%

Continue...
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Continue...

Model 1 Model 2
Elder child Younger child Elder child Younger chil

2) Interactional component of the net benefit of aaegiving (£3)

Constant 1.089 * -0.718 * 1.081 (0.001) -0.226862)
Sibling _gender (Elder/Younger) Daughter/Daughter ref ref
Son/Daughter - -
Son/Son - -
Daughter/Son 0.813 (0.058) -1.263 (0.016)
Education level Elder is more edtsd - -1.550 (0.044)
Similar ref ref
Younger is more educated 1.489 (0.046) -
Parent income 1'* quartile (by country) - -
2"t quartile (by country) ref ref
39 quartile (by country) - -
4™ quartile (by country) -0.958 (0.010) -
Sibling _employment status Currently employed ref ref
Job seeker or other -0.742 (0.021)
Log likelihood - 346.418 -336.219

P-value are given in parentheses

Note : The size of our sample (N=314) force us &the as parsimonious as possible in the choice of
explanatory variables. We then estimate an unoéstti model excluding, by backward elimination, the
insignificant variables. Only the country dummiesvé been retained even if they are insignificardsuis
presented here are those obtained after excludimar@ables which are statistically insignificart the 10%
level.

* due to the nondifferentiability of the likelihoddinction, the usual Wald statistic can not be uggdesting

(B, =0andpg, = 0). Considering restricted support for these pararsefs D]—oo;O] and S, D[O;oo[, we can

use the likelihood ratio, but the distribution betstatistic is then a mixture of Chi2 (0) to CRig(which is
dominated by the distribution of a Chi2(2).

Restriction Restricted loglikelihood
(B, =0andg, =0) -353.16
(B, =0) -352.16
(B, =0) -348.82

6.2. The two effects of interactions
The existence of interactions has two effects enddwre arrangement effectively set up in a
family. (i) It modifies the probabilities that avgin care arrangement is a Nash equilibrium. In

particular, relative to the hypothetical situatimhere children’s decisions are independent,
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the elder’s behaviour should lead to a lower proporof families in which the younger child
provides care alone and a higher proportion of li@asin which the children give care to the
parent together. Inversely, the younger child’eayseour should lead to a higher proportion
of families in which the elder child provides calene and a lower proportion of families in
which the children both give care to the parente Tverall effect of interactions on the
probability of observing care arrangements with tipld caregivers is thus priori
indeterminate. (ii) The simultaneity and the asyrtrgnef the interactions lead some families
to a situation without equilibrium: on average, #stimated probability that no equilibrium
exists is 79%'. In this case, the observed care arrangementtsefsam the selection rule.
When there is no equilibrium, the selection rulenested with model 1 predicts that none of
the children are caregivers with a probability 6@ only the elder child is a caregiver with a
probability of 22%; only the younger child is a egiver with a probability of 22% and both

of them are caregivers with a probability of 21%.

In order to evaluate quantitatively the effectlod interactions, we simulated for each family
within the sample the probabilities of each camaragement obtained with interactions and
those obtained without interaction, i.e. if thelisip behaviours were independerg, (= 0 and

B, =0). Table Il proposes a comparison of the averadectsf obtained in the sample.

Controlling for contextual interactions and corteth effects, the positive interactions
characterizing the elder child leads to a reductibf.18 of the probability that the younger

child gives care alorl@ On the other hand, the negative interaction cheriing the

younger child leads to a 0.07 increase in the poitibathat the elder child gives care alone.

1t is important to note that through this secoffdat alone, interactions modify the probabilityattthe parent
does not receive care from his or her children. gitodbability that the care arrangement without iegaer is a
Nash equilibrium is not directly influenced by thristence of interactions, as interactions only @arole in
families where at least one child is involved ie tfaregiving provision.

18 Note that our comments do not take in accouneffeet produced by situations without equilibriundaheir
affectation to each care arrangement

22



Furthermore, taking into account the existencentdractions, children are on average more
likely (0.04) to share the provision of caregivir@dn average, the reaction of the elder child,
which allows us to explain the positive correlatiobserved between the decisions of the
children of a same family, is not entirely compeadaby the negative interactions

characterizing the younger child.

Table Ill: Mean simulated effect of interactionsi{alated with thenodel 1)

@ @

Without With Effect of
interactions interactions interactions
B,=0 B, =1.089 ) -
B, =0 B, =-0.718
Probabilities of each Nash set
P(N; ={0}) 0.35 0.35 0
P(N; ={1}) 0.13 0.20 0.07
P(N; ={2}) 0.36 0.18 -0.18
P(N; ={3}) 0.16 0.20 0.04
P(N; ={e}) 0 0.07 0.07

Probabilities of each care arrangement

P(k; =0) 0.35 0.38 0.03
P(k; =1 0.13 0.21 0.08
P(k; =2) 0.36 0.20 -0.16
P(k; =3) 0.16 0.21 0.05

Note: For each family we simulated, with modelte probabilities of each Nash set
and the probabilities of observing each care asarnt. Results presented here
give the mean probabilities in the sample.

However, as the interaction effect is highly namehr, the mean interaction effect gives only
a partial picture of the true effect. The overdlieet of asymmetric interactions on the
probability of observing care arrangements withtipld caregivers is in fact positive for 73%

of the families of the sample, but negative or moil27%.

To give an illustration let us consider two extrecases present in our sample. First, consider

family Acomposed of a parent aged 85 or over, a non-wgriider daughter and a younger
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son. In this family, the elder daughter has a mghbenefit of caregiving, even if her younger
brother is not involved. On the contrary, the yoemgpn of this family has a slightly positive
net benefit of caregiving when his sister is notoined, but a negative net benefit of
caregiving when she is. His behaviour is thus higfépendent on his sister’s behaviour:
when his sister is involved he prefers not to pilewvtare, whereas when she is not he prefers
to provide care. In this family, given the weakne$sthe positive marginal effect of the
younger son’s involvement on the elder daughtersbability to provide care and the
significant negative marginal effect of the eldaughter’s involvement on the younger son’s
probability to provide care, interactions withinistfamily reduces the probability that the
provision of care is shared between siblings by 18%nsider nowamily B, composed of a
parent aged 85 or over, an elder son aged 60 aranck a younger daughter living alone.
Entirely opposite tofamily A here, the elder son has a slightly negative metefit of
caregiving when his sister is not involved, bubaipve net benefit of caregiving when she is.
His behaviour is thus highly dependent on his ssteehaviour. The younger daughter, given
her characteristics, has a high net benefit ofgiairgg, even if her brother is involved. In this
family, interactions increase the probability the provision of care is shared among siblings

by 35%.

6.3 Variables affecting the sign and size of intéoms

Estimation results for model 2 (table 1) show tHa negative interactions that characterize
younger children in model 1 are due to specificeypf younger children : except for men

having a sister and children whose elder is morneca&d, the involvement of younger

children seems in fact to be independent of theredtildren’s involvement.

Social characteristics, such as gender and educétiel, appear to be one of the main

sources of asymmetry between younger and eldetrehilin terms of interactions. The gap in
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the effect of sibling involvement on the net beneficaregiving is of greater importance in

families composed of an elder daughter and a yausme Regarding the effect of education

level, any difference in educational levels amoibreys seems to reinforce the asymmetry in
the interactions: when the younger child is moreicated (than the elder), his or her

involvement in caregiving increases the net berdfttaregiving of the elder, whereas, when
the elder is more educated (than the younger) hi®oinvolvement decreases the net benefit
of caregiving of the younger.

These results can clearly receive different imeggions but the normative motive seems
quite relevant for these social effects: the dotgive care to an elderly parent seems to lie
more heavily upon the elder child than on the yaunghild and this would be all the more

prominent when the elder is female and the youngemale or when the elder is less

educated.

In contrast to social determinants, economic caatibns seem to induce homogeneity in
the net benefit functions. For instance, the ineeeia the elder’'s probability to provide care

induced by the involvement of the younger chilégnsaller when the younger child does not
work or when their parent is well-off. This resatiuld reflect a sort of collective economic

principle, as if economic considerations could detect the assignment of sibling role

according to birth order: when the time-constréaaed by the younger child is weak or when

a high income enables the parent to purchase focaral, it is easier for the elder child to

withdraw from assisting the younger child in pramgl care. We reach at this point one limit

of our semi-structural model which does not motiel ¢are production and its intensity. It is

indeed likely that the previous result is due te thct that when the involved younger child

does not work, the care production is often lardectv is comforting for the not involved

elder child.
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7. Conclusion

Our empirical results suggest that the three akeffects distinguished by Manski can
indeed explain the observed correlation of caregiehaviour among siblings. However,
correlated effects appear to be weak for multiglasons. First, the characteristics of the
shared context that affect the child's net benefiittaregiving differ for the elder child
compared to the younger child. Second, we canpettréhe hypothesis of independence of
the residuals within the families. As regards "eomal interactions”, it appears that sibling
characteristics are generally considerably moreifsignt when they are measured relative to
those of the child. For example, the net benefitaregiving is better explained by age and
education gap than by absolute age and educatiai. IEndogeneous interactions seem
relevant, but our results reveal cross-effects betwendogenous interactions, on the one
hand, and contextual effects and correlated effectshe other hand. The caregiving decision
of one child affects directly the net benefit ofregiving of the other child, but its effect
depends on the parent and sibling characteristiisr most unexpected result is the
asymmetry of endogenous interactions: the involvenw the younger child appears to
increase the net benefit of caregiving of the elnle®, whereas the involvement of the elder
child decreases the net benefit of caregiving efyibunger one. Social characteristics seem to
encourage asymmetry, most probably driven by nowmanotives. Our results can reflect
different expectations in terms of filial duty, aecding to the birth rank and the gender of
each child. Inversely, economic considerationseapdo make the reaction to sibling’s
involvement by the elder and the younger child msyemnmetric. For example, when the
younger child faces more flexible constraints, gider child’s net benefit of caregiving
becomes less dependent on the decision of the cltiidr The better economic conditions of

the younger child seem to exempt the older one fi@or her heavier filial duty.
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Figure 2: Nash equilibria whefg, >0 and 3, >0
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Table IV: Descriptive Statistics by care arrangetaen

Appendix B

The
The elder  younger is

None is isinvolved  involved Both are

involved alone alone involved

(No=120) (N1=606) (N2=61) (N4=67)
Country Germany (40) 34% 18% 28% 20%
Austria (55) 40% 18% 15% 27%
Denmark (34) 56% 18% 15% 12%
Spain (48) 21% 27% 27% 25%
France (29) 38% 17% 21% 24%
Italy (25) 40% 20% 24% 16%
Netherland (32) 56% 19% 13% 13%
Sweden (51) 31% 27% 16% 25%
Parent gender Man (65) 57% 23% 11% 9%
Woman (249) 33% 20% 22% 24%
Parent age [65;74] (78) 58% 14% 17% 12%
[75 ; 84] (149) 36% 19% 19% 26%
/85 +/ (87) 24% 31% 22% 23%
Parent disability At least one LADL but no ADI_(146) 43% 17% 21% 19%
At least one ADL. (168) 34% 24% 18% 23%
Parent income 1 quartile (by country) (93) 42% 23% 16% 19%
2" quartile (by conntry) (90) 33% 17% 17% 33%
3" quartile (by country) (68) 38% 22% 25% 15%
4" quartile (by country) (63) 40% 24% 22% 14%
Parent education level No completed secondary school (214) 31% 21% 21% 26%
Completed secondary school (100) 54% 20% 15% 11%
P(inheritance>50000 <100% (270) 37% 22% 20% 20%
euros) =100% (44) 43% 14% 14% 30%
Age gap between children <4 years (175) 40% 25% 15% 21%
= 4years (139) 36% 17% 25% 22%
Sibling gender Daughter/ Daughter (72) 44% 15% 18% 22%
(elder/younger) Son/ Daughter (90) 32% 16% 30% 22%
Son/Son (72) 51% 22% 13% 14%
Danghter/ Son (80) 28% 31% 15% 26%
Younger age J-:44] (93) 49% 19% 15% 16%
/45 ;54] (145) 39% 21% 21% 19%
[35; +/(76) 24% 22% 22% 32%
Elder age J-:49] (94) 48% 21% 12% 19%
[50;59] (143) 35% 23% 22% 20%
59, +/ (77 32% 17% 23% 27%
Younger marital status Married with or without child (278) 41% 23% 19% 18%
With no spouse no kids (36) 19% 8% 22% 50%
Elder marital status Married with or without child (281) 40% 19% 21% 20%
With no spouse no kids (33) 21% 36% 6% 36%
Younger employment Currently employed (239) 39% 21% 18% 22%
status Job seeker (11) 18% 45% 18% 18%
Other (64) 39% 17% 25% 19%
Elder employment status Currently employed (115) 43% 18% 20% 19%
Job seeker (17) 41% 24% 24% 12%
Other (82) 26% 28% 17% 29%
Younger education level No completed secondary school (107) 33% 21% 27% 21%
Completed secondary school (207) 44% 22% 15% 19%
Elder education level No completed secondary schoo! (106) 33% 22% 20% 25%
Completed secondary school (208) 43% 21% 19% 17%

Note: sub-sample size in parentheses.
Lecture: among the 40 elderly living in Germany¥38oes not receive any care from their childrerfclr@ceive care from
the elder, 28% receive care from the younger arih 2€ceive care from both of them.
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Appendix C

Table V: Selection rule effect

A

A

B B,
Endogeneous selection rule
21 (0,{g}) = 036, #l (1{a}) = 022 I (2,{g}) = 022;séI(3{g}) = 021 1,089 -0,718
(0,002) (0,049)
Had hoc selection rule
(i) sel(0,{2}) = 025 sel(t,{a}) = 025 sel(2,{a}) = 025 sel(3{a}) = 025 1,120 -0,789
(0,003) (0,036)
(ii) sel(0.{a}) =1; sel.{g}) = 0;sel2.{a}) = 0;sel3{a}) =0 0,729 -0,404
(0,001) (0,162)

P-value are given in parentheses
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