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ABSTRACT 
Little is known about loss behavior among persons with physical disabilities.  In this paper, 
we model and empirically evaluate the role of loss aversion in home purchase among disabled 
and non-disabled households.  A parsimonious model shows that higher housing search costs 
among disabled households translate into lower levels of loss aversion.  Results of survival 
analysis indicate that the physically disabled are substantially less loss averse in home 
purchase.  Further, loss aversion varies with other population characteristics and attenuates 
with degree of disability.  Findings provide new evidence of diminished cognitive bias and 
more rationale economic decision-making among the physically disabled.   
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1. INTRODUCTION 

A large literature points to variation in cognitive bias among populations stratified by 

socio-economic characteristics.  According to Lunn and Lyons (2010), lower-income, less 

educated, and older populations are more prone to decision-making that deviates from 

economic rationality [also see Mather et al. (2012) and Tymula et al. (2013)].  However, as 

discussed by the Lunn and Lyons (2010), little is known about the decision-making biases of 

other vulnerable populations, notably the physically disabled, or implications thereof for their 

economic well-being.  

In this study, we examine differences in cognitive bias and behavioral heuristics 

among physically disabled and non-disabled populations.  Specifically, using data from a 

unique Israeli government natural policy experiment to privatize public housing, we assess 

loss aversion among disabled and non-disabled populations in the important household 

decision to purchase a home.  We motivate the empirical tests via a parsimonious model of 

loss aversion in home purchase.  The model shows that potentially higher housing search 

costs among disabled population translate into a lower degree of loss aversion.  We then test 

for differences in purchase option exercise among disabled and non-disabled populations in 

the wake of government–proffered apartment price reductions.1 
Over the past decade, the Israeli government sought to privatize public housing via an 

offer to sell rental units to tenants at a discount from the market price. The algorithms utilized 

by the government to determine the magnitudes of the price reductions varied over time; 

further, the price reductions were not forecastable among targeted program participants.  

Tenants had the opportunity to either accept or decline government sales offers extended at 

each successive program iteration.  Our research employs survival analysis to specify and 

empirically test whether physically disabled and non-disabled tenants exhibited different 

degrees of loss aversion behavior in their home purchase decisions.2 

As first described by Kahneman and Tversky (1979), loss aversion pertains to 

household behavior when “the aggravation that one experiences in losing a sum of money 

appears to be greater than the pleasure associated with gaining the same amount” (page 279).  

In experimental work, Tversky and Kahneman (1992) find that, under even odds for winning 

                                                
1 Our search cost argument follows from the original work of Stigler (1961) and is consistent with real 
estate search studies [e.g., Yinger (1981), Lazear (1986), Williams (1995), and Herrin, Knight and 
Sirmans (2004)]. 
 
2 Arbel, Ben-Shahar, and Gabriel (2013) test for the prevalence of the anchoring heuristic in timing of 
home purchase among public housing residents.  The current study focuses on a different behavioral 
heuristic and, moreover, extends the methodology used in Arbel et al. (2013) to assess loss aversion 
behavior of disabled persons. 
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and losing, the gain should be at least twice as large as the loss for a prospect to be 

acceptable, while Putler (1992) finds, for example, that consumers are two and a half times 

more responsive to price increases that are in excess of the reference price than they are to 

comparable price declines.3  Results from this literature suggest that the reference price (to 

which losses and gains are compared) may include, for example, the previous price of the 

product, prices of other products, some functional form of mean past prices, most common 

past price, peak past price, and future expected price [see, for example, Winer (1986), 

Jacobson and Obermiller (1990), Krishnamurthi, Mazumdar, and Raj (1992), Rajendran and 

Tellis (1994), Briesch, Krishnamurthi, Mazumdar, and Raj (1997), Niedrich, Sharma, and 

Wedell (2001), and Eichenbaum, Jaimovich, and Rebelo (2011)].   

Specifically, we estimate the asymmetric response of disabled and non-disabled 

households to gains and losses associated with deviations in home price reduction rates from 

a reference reduction rate. In our context, a household experiences a loss whenever the 

current rate of price reduction is less than the reference reduction rate. In contrast, the 

household experiences a gain if the proposed rate of reduction in price exceeds the reference 

rate.  In that vein, a greater absolute effect of a loss (compared to a gain) in the hazard to 

exercise the purchase option (under the current reduction rate) is consistent with loss-averse 

behavior. In other words, loss aversion implies that the decrease in the hazard to purchase 

following a loss is greater in absolute value than the increase in the hazard to purchase 

following a gain. 

Our reference reduction rate takes the form of a simple average of all prior price 

reduction rates offered to the household.  Further, we test the robustness of results to other 

reference rates.4  The severity of the household physical disability is indicated by a disability 

index (on a scale of 0% for non-disabled to 100% for severely cases of physical disability) as 

determined by a medical committee of the National Insurance Institute of Israel. We also 

                                                
3 Further evidence on the asymmetric response to gains and losses is found, among many others, in 
Kalwani and Yim (1992), Mayhew and Winer (1992), Hardie, Johnson, and Fader (1993), Kalyanaram 
and Little (1994) and Pedace and Smith (2012).  For neurophysiological evidence on the asymmetry in 
the reaction to gains and losses see, for example, Weber, Aholt, Neuhaus, Trautner, Elger, and Teichert 
(2006), Votinov, Mima, Aso, Abe, Sawamoto, Shinozaki, and Fukuyama (2010), De Martino, Camerer, 
and Adolphs (2010), and Tom, Fox, Trepel, and Poldrack (2007). Also see the review article in this 
context by Rick (2011). 
 
4 While the simple average of one’s past price reduction rates appeared most significant as a reference 
in our outcomes, our results were qualitatively robust to various other reference rates including one’s 
first and previous maximum reduction rate (see sections 5 and 6 below). 
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examine the sensitivity of loss aversion behavior among disabled and non-disabled 

households to individual demographic characteristics and to definition of the reference rate.5 

Research findings suggest high levels of loss aversion in home purchase among both 

disabled and non-disabled households.  However, disabled households are significantly less 

loss averse than the non-disabled.  Specifically, results show that while non-disabled 

households are 4.55 times more responsive to declines in price reduction rates than they are to 

comparable increases in price reductions, that same loss-gain ratio for 100 percent disabled 

households declines to 2.92 (the difference between these estimates is significant at the 1 

percent level).  Further, the attenuation in loss aversion with degree of disability is robust to 

various reference rates and sample variations. Moreover, as in prior studies, we find that loss 

aversion is sensitive to demographic characteristics such as age of household head and marital 

status.6  Empirical findings accordingly provide new evidence of diminished cognitive bias 

and more rationale economic decision-making among the physically disabled. 

The plan of the paper is as follow: Section 2 constructs a parsimonious model 

motivating differences in loss aversion behavior in home purchase among disabled and non-

disabled populations. Section 3 describes the sale programs and Section 4 presents the data 

and controls.  Section 5 presents the empirical model and section 6 provides evidence of 

asymmetric response to gains and losses in the price reduction rates across disabled and non-

disabled populations.  Section 7 presents a series of robustness tests whereas section 8 

examines the sensitivity of the estimated loss-gain ratio to demographic characteristics of 

disabled and non-disabled households.  Finally, section 9 provides summary and concluding 

remarks.  

 

                                                
5  Recent empirical literature shows that the degree of loss aversion varies with individual 
characteristics and market conditions. Genesove and Mayer (2001) and List (2003, 2004, 2011), for 
example, show that loss aversion attenuates with market experience [for a further discussion and 
review, see, for example, Levitt and List (2008) and Della-Vigna (2009)]; Niedrich, Weathers, Hill, 
and Bell (2009) show that range effects are stronger among coupon users while frequency effects are 
stronger among consumers who have been exposed to a trend price over time; Kliger and Kudryavtsev 
(2008) find indications that reference points are more significant when information flow is low and 
prices are sensitive to market fluctuation (as is the case with stocks of low market capitalization and 
high beta firms); Li, Kenrick, Griskevicius, and Neuberg (2012) find that loss aversion diminishes with 
mating motives in men while self-protective motives increases loss aversion behavior in both men and 
women; Strahilevitz and Loewenstein (1998) and Vieider (2009) find that loss aversion intensifies with 
duration of ownership; and Vieider (2009) and Zhang and Fishbach (2005) find that loss aversion 
attenuates with accountability and positive mood, respectively. 
 
6 Specifically, degree of loss aversion among both disabled and non-disabled households declines with 
unmarried status and age.  This result stands in contrast to the experimental finding of Mather, Mazar, 
Gorlick, Lighthall, Burgeno, Schoeke, and Ariely (2012) according to which older adults appeared 
more loss averse than younger adults. 
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2. MOTIVATION 

Consider a public housing market with two types of tenants: physically 

disabled and non-disabled. Suppose that the two types of tenants are differentiated 

only by the level of search costs that they incur when they wish to purchase and move 

to another dwelling unit. Specifically, we assume that, due to their special needs, the 

search costs for the disabled are greater than those of the non-disabled. Denote the 

search costs for the disabled by C>0 and, without loss of generality, let the search cost 

of the non-disabled equal zero. 

Denote the market price of all dwelling units in the market by P and suppose, 

for simplicity, that P is fixed over time. Also, denote the time t reduction rate in the 

offer price of a dwelling unit (in percent points) by at, where price reduction rates are 

equivalent across tenants, unforcastable, and determined by successive rounds of 

government programs seeking to sell units to tenants.  Assume that all tenants are 

renters and that they may either purchase or continue to rent a public housing unit.  

Let R(·) be the reservation price (excluding search costs) at which each tenant opts to 

buy a rental unit. It follows that for every period t, the tenant reservation price 

including search costs (of an alternative unit) is R(·) and R(·)+C for non-disabled and 

disabled tenants, respectively. We assume that a necessary (but not sufficient) 

condition for a transaction to occur is that the total reservation price is greater than the 

market price net of the reduction.7 

Finally, we posit that tenants exhibit loss aversion behavior. Due to loss 

aversion, R(·) maintains: R(at,at-1) < R(at-1,at-2) for all 0 < at < at-1 and at-2 > 0. That is, 

a decrease in the reduction rate in the offer price of the public housing unit is 

interpreted as a loss compared to the previous greater reduction rate and thus, due to 

loss aversion, decreases the reservation price. 

Now, consider the case where, for some t, the reduction rate on dwelling units 

decreases from at-1 to at, (i.e., at-1 > at). This implies that the total reduction (in 

dollars) drops from at-1P to atP or, in other words, that the offer price of the dwelling 

unit rises from P(1-at-1) to P(1-at). 

                                                
7 It might be that the reservation price is greater than the offer price net of reduction, however, a 
transaction will not take place as there are additional benefits that indirectly associate with current 
entitlements. They include, for example, the present value of subsidy on current rent payments under 
public housing, present value of social security allowances that will be lost once shifting to 
homeownership status, and exemption from property taxes as a renter in public housing. 
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It follows that, due to the time-varying series of as, s=1,…,t and the loss 

aversion behavior, it may be the case that while at t-1, P(1-at-1) < R(at-1, at-2) < R(at-1, 

at-2) + C, now at t, we have R(at,at-1) < P(1-at) < R(at,at-1) + C, implying that the non-

disabled tenant will decline the purchase of the dwelling unit whereas the disabled 

tenant might still exercise the purchase option. On this basis, in estimation of the 

(below) hazard model, ceteris paribus, we would expect disabled tenants to be more 

likely to purchase their dwelling unit when the price reduction rate declines—i.e., that 

the computed loss aversion for disabled tenants is lower than that of the non-

disabled.8 

 
3. THE SALE PROGRAMS  

We apply unique microdata from a recent natural policy experiment to empirically 

explore loss aversion among physically disabled and non-disabled households.  The data span 

the 1999-2008 period and include six consecutive programs to incent residents of public 

housing to purchase their dwelling unit.9 The home sales programs can be described as call 

(real) options that allowed tenants to purchase their public rental units within a given 

timeframe and at a specified exercise price. The exercise prices were set as a function of the 

market price net of programmatic price reductions computed as percentage discounts from the 

market value of the asset.  Each iteration of the program provides an opportunity to assess 

tenant behavioral response to a specified incentive structure.  The panel nature of the data 

allows us to examine tenant response to successive program incentives, controlling for 

household socio-economic and demographic as well as market characteristics.10 

                                                
8 Note also that lower loss aversion among disabled population is further consistent with empirical 
findings in physiology and psychology that show that disabled persons often develop physical and 
mental mechanisms to help compensate for disabilities.  According to Bishop (2005), disabled persons 
utilize such coping mechanisms to minimize gaps caused by their impairments.  As further suggested 
by Devins et al. (1983), Yoshida (1993), Livneh and Antonak (1997), and Bishop and Feist-Price 
(2002), such strategies and mechanisms allow disabled persons increased control over their health and 
environment. Among noteworthy examples, Cattaneo and Vecchi (2011) summarize a long series of 
studies indicating the development of compensatory mechanisms among visually impaired persons.  In 
other recent work, Keysar et al. (2012) provide evidence of compensatory cognitive mechanisms 
among persons with language impairments.  As with visually- or language-impaired persons, the 
compensatory mechanisms acquired by physically disabled persons may extend beyond the psycho-
physiological domain to include cognitive adjustments.  In line with Stanovich and West (2000), lower 
levels of cognitive bias could compensate for physical disability and provide for improved coping 
prospects. 
 
9 Note that as of September 2008, the sixth sale program is no longer valid.  This program has been 
followed by a complete halt of all programs.   
 
10 As describe below, we construct the dataset as an unbalanced panel comprising of up to 114 months 
(March 1999 - August 2008). Two reasons justify this approach as opposed to the alternative, namely 
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The table in Appendix A shows the origination and termination dates of each sale 

program and the detailed criteria by sale program for tenant offer price reductions.11  As is 

evident in the table, the duration of the sales programs varied substantially.  For example, the 

second sales program was in effect for 41 months, whereas the fourth program lasted just 7 

months.  Further, the algorithm for determining tenant price reductions changed considerably 

from one program to the next.  In the first sale program, price reductions were based on a 

variety of individual characteristics, whereas in the second program, duration of residence in 

public housing was the primary factor for determining the level of price reduction.  By the 

sixth program, price reductions were based on residence in a priority region together with 

family status (single persons versus couples), number of children, and disability status.  

Importantly, as seen in the table, both the factors weighted in the price reduction algorithm as 

well as the weights assigned to those factors varied from one program to the next.12  While 

current price reduction criteria were available to the public, the timing of successive programs 

as well as the evolution and weights assigned to future criteria were erratic and unpredictable 

(see further discussion below).  

As shown in Appendix B, the price reduction rates varied considerably across 

stratifications of the sample by various socio-demographic, disability, locational, and 

dwelling characteristics (including location, duration in the public housing project, number of 

children under 21 years old, income, and type of structure).  Further, for a given stratification, 

the reduction rates do not appear to follow any particular pattern.  

Appendix C reports on results of four different statistical tests for unit roots in the 

offer price reduction time-series.  Results of the analyses provide evidence that the reduction 

series in all panels are non-stationary.  Hence we could not reject the null hypothesis that the 

offer price reduction time-series follow a random walk.  Those findings suggest that tenants 

could not have forecasted the successive price reduction schemes so as to strategically 

exercise the purchase option.   

 

                                                                                                                                       
an unbalanced panel of six sale programs: 1) the latter does not weight the very dissimilar length of the 
different sale programs in months; 2) reduction rates may vary during the period of each sales program 
due to changing socio-demographic characteristics, such as the birth of a new child. In such cases, the 
latter data structure imposes loss of information. 
 
11 Information on reduction rates was provided by Amidar Ltd. 
 
12 Also, note that two types of caps were imposed on the computed reductions: one for the marginal 
contribution of each factor to the total price reduction and another on the sum of marginal reductions 
per household. 
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4. SAMPLE AND CONTROLS 

Data for the analysis are comprised of all public housing tenants residing in Amidar 

Ltd. housing units.  Amidar managed approximately half of the total public housing stock in 

Israel in 1999 and was the largest public housing corporation in Israel during the period of 

analysis.  The raw sample includes all dwelling units managed by Amidar (total of 58,849 

units).  Given the focus of the study, we adjust the sample to exclude units that were 

inaccessible to the physically disabled.  Accordingly, the sample of disabled households 

includes detached and first floor condominium units as well as units above the first floor in 

structures with an elevator. Further, as shown below, statistical outcomes are robust to 

variations in sample selection.  As the decision not to purchase the dwelling unit may arise 

due to household financial constraints rather than alternative reasons (such as the effect of 

loss aversion), we limit the analysis to only those households exercising the purchase option 

(and address potential sample selection issues in section 3 below).  Accordingly, the statistical 

analysis focuses on the effect of loss aversion on timing of home purchase option exercise 

among disabled and non-disabled households. The final sample thus consists of an 

unbalanced panel of 6,853 households including 6,543 non-disabled buyers and 310 disabled 

buyers.13 

We assess the response of tenants to varying price reduction rates over a period of up 

to 114 months.  The panel structure enables us to employ survival analysis to predict the 

proportion of households that exercise the purchase option in each period as well as the time 

duration until option exercise.  In this context, tenants fail to survive (failure=1) and are 

excluded from the sample at the time of their switch from renter to owner status. 

Table 1A provides summary statistics on the cross-section of non-disabled and 

disabled purchasers at the date of home purchase option exercise.14.  Table 1B presents 

summary statistics for the sample panel across all time periods (excluding the date of 

purchase). As indicated in table 1A, the average appraised value (before reduction) of the 

purchased housing units (UNIT_VALUE) at the date of purchase was $89,221 for non-

disabled and $95,581 for disabled buyers.15  Table 1A further indicates that the average rate 

                                                
13 Purchasers who entered the sample after the beginning of the sample period and cases of missing 
information regarding rent payments have been further omitted from the sample.  We are grateful to the 
assistance of Ronit Gerafi from Amidar LTD for providing us with detailed information regarding the 
time-varying computation of the price reduction rates and to Smadar Shatz for her invaluable assistance 
in generating the panel. 
 
14 All variables measured in NIS (New Israeli Shekels) are converted to U.S. dollars using an exchange 
rate of 1 NIS equals $0.25. 
 
15 Comparably, according to the Israeli Bureau of Statistics, the (non-quality adjusted) mean value of a 
transacted housing unit in the private market over this period was 171,450 dollars with a standard 
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of price reduction of purchased units from appraised value at the date of purchase (REDi,t) 

was 78 percent and roughly equal across non-disabled and disabled groups.  As is evident, 

public housing tenants exercised the purchase option at deeply discounted values. 

Tables 1A-1B further provide information on tiREF , , the simple average of all prior 

(t−1) reduction rates offered to tenant i at time t.  Following Tversky and Kahneman (1979), 

we further compute titikti NEGREFRED ,,,, ×− , where NEGi,t equals 1 in the case that 

REDi,t–REFk,i,t is negative and 0 otherwise and tititi POSREFRED ,,1, ×− , where POSi,t 

equals 1 in the case that REDi,t–REFk,i,t is positive and 0 otherwise.  Based on the definition of 

loss aversion provided by Tversky and Kahneman, the terms tititi NEGREFRED ,,, ×−
 
and 

tititi POSREFRED ,,, ×−   measure household i’s loss and gain, respectively, in comparing 

the current reduction rate to the reference reduction rate.  

As shown in table 1B, for the entirety of the panel, the average of 

tititi NEGREFRED ,,, ×−  (when 1, =tiNEG ) and tititi POSREFRED ,,,1, ×−  (when 

1, =tiPOS )  is 10.67 percent and 21.06 percent, respectively, for the non-disabled group, and 

13.82 percent and 29.07 percent and, respectively, for the disabled group. At the date of 

purchase (table 1A), however, the respective average of tititi NEGREFRED ,,, ×−
 
and 

tititi POSREFRED ,,, ×−   is 7.68 percent and 40.26 percent and for the disabled population 

and 5.93 percent and 25.72 percent for the non-disabled population. It follows that the 

average of titi REFRED ,, −  on the exercise date is less than (exceeds) the on-sample panel 

average for cases where , ,i t i tRED REF<  ( , ,i t i tRED REF> ).  These findings provide a 

preliminary indication of loss aversion behavior in purchase option exercise.  As a further 

indication of loss aversion behavior, note (from tables 1A and 1B) that while the expression 

titi REFRED ,, − is negative on average in 28 percent and 29 percent of the periods for the 

non-disabled and disabled groups, respectively over the entire on-sample panel, those figures 

drop to 5 percent and 4 percent, respectively, at date of purchase.    

The summary statistics displayed in tables 1A and 1B further include a large number 

of household socio-economic, dwelling, and local housing market characteristics.  Among 

                                                                                                                                       
deviation of 12,150 dollars.  Also, referring to the unbalanced panel, note that UNIT_VALUE has been 
computed across all time-periods based on the value of the housing unit at the date of purchase deflated 
backward for each survival time. Deflation is based on housing price indices of average transaction 
prices for 9 statistical regions published by the Israel Central Bureau of Statistics.  
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housing market characteristics, note that tenant annual average net rent is only about 815 and 

618 dollars, respectively, among non-disabled and disabled population, reflecting the very 

low rental payments associated with public housing.  The low levels of rent suggest damped 

incentives for residents of public housing to exercise the purchase option.  Note further that 

our volatility index of housing risk, based on indices of average transaction prices for the 9 

statistical regions in Israel (Israel Central Bureau of Statistics) and measured by the standard 

deviation of annual yield on condominium prices (STDi,t), averaged 3.79 and 4.47 percent for 

units occupied by non-disabled and disabled buyers, respectively. Finally, the average annual 

dwelling appreciation rate, (APPRECIATIONi,t) is 2.73 percent for non-disabled and 1.57 

percent for disabled tenants. 

Table 1A further includes summary information on sample household socio-

demographic characteristics.  Those measures include MARRIEDi, DIVORCEDi, WIDOWi, 

and SINGLE PARENTi; whether the household has children (NO_CHILDRENi); total number 

of children in the household (CHILDRENi); age of household head (HEAD_AGEi); and 

annual current income (INCOMEi). As shown in the table, the average current annual income 

of sampled non-disabled and disabled households is roughly the same at $11,268 and 

$11,578, respectively.16  Interestingly, the marital rate among sampled disabled households 

(62 percent) exceeds that of non-disabled households (47 percent).  Similarly, 50 percent of 

disabled households have at least 1 child (under 21 years of age), compared with 31 percent 

of non-disabled households.  Finally, the average age of disabled and non-disabled household 

heads is 58 and 62 years, respectively.17 

The variable Di denotes the degree of disability, measured by a disability index, 

experienced by household i.  The disability index ranges from 0 percent for non-disabled to 

100 percent for severe disability and is determined by formal statutory instructions of a 

medical committee of the National Insurance Institute of Israel.  As shown in table 1A, the 

sampled disabled population has an average disability index score of just over 77 percent.  

                                                
16 Unlike the United States, low-income households in Israel are generally exempted from filing tax 
returns and there are only limited sanctions put into place by the Ministry of Housing and Construction 
for not filing an income report on part of public housing tenants. Thus, income is available for only 864 
of the 6,543 non-disabled tenants and 138 of the 310 disabled tenants included in the sample.  In the 
next section, we address the censoring of income and the fact that current income is a poor proxy for 
permanent income. Also, the average annual net income per household in Israel over the examined 
period is about $30,000.   The $11,578 annual income figure of the non-disabled group matches the 
lowest income decile in Israel. Furthermore, note that, on average, the net-of-reduction housing 
purchase price is equivalent to about 21 months of earnings. 
 
17 A number of factors may have contributed to the relatively older average age of household heads in 
our sample.  Firstly, all construction of new public housing in Israel ceased more than a decade ago and 
supply of units is highly constrained. At the same time, the low rental prices of public housing 
incentivize tenants to stay in their units. The combination of these factors may limit opportunities for 
younger households to enter the public housing system. 
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Further, figure 1 displays the distribution of the disability index among disabled public 

housing tenants in the sample. As is evident, 75 percent and 100 percent disability scores are 

the first and second most frequent levels of disability, respectively.  Note as well that 94 of 

the 310 households in the disability group include those where at least one adult member is 

confined to a wheelchair (WHEELCHAIRi).  

Table 1A further includes structural and locational indicators of purchased units. As 

indicated in the table, the average size and age of purchased units varies little among disabled 

and non-disabled households.  It is noteworthy, however, that a full 27 percent of units 

purchased by disabled households are located in the Tel Aviv metropolitan area (GUSH 

DAN), compared with only 19 percent for non-disabled households.   

Building characteristics further include a dummy variable that equals 1 if there is an 

elevator in the building (ELEVATORi), a dummy variable that equals 1 for a detached unit 

(DETACHEDi), where the base category is a condominium structure without an elevator, and 

the floor on which the unit is located for condominiums (FLOORi). These allow us to restrict 

our data to include only disabled households who reside in dwelling units with direct physical 

access (i.e., detached units, first floor condominium units, and non-first floor condominium 

units with an elevator). Of the dwellings purchased by disabled (non-disabled) households, 

10% (9%) are detached units, 61% (25%) are first-floor condominium units without an 

elevator, and 29% (10%) are condominium units with an elevator (56% of the purchases by 

the non-disabled group include units above the first floor in condominiums without an 

elevator).18 

 

5. TESTING FOR LOSS AVERSION AMONG DISABLED AND NON-DISABLED GROUPS 

We test for systematic variation in loss aversion among disabled and non-disabled 

populations in the timing of home purchase option exercise.  To do so, we assess the 

asymmetric response of disabled and non-disabled tenants to losses and gains associated with 

changes in dwelling offer price reduction rates relative to a reference reduction rate. 

The empirical model consists of the following structural equations: 

(1) 
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18 In one of the robustness checks below, we restrict the dwelling units of the non-disabled group to 
include same unit types as the disabled counterpart. As shown below, statistical outcomes are robust to 
this variation.  
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(1.0) iD×= 60 αβ , 

(1.1) iD×+= 711 ααβ , 
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(1.6) ),,,( 2113126 αααβ …= . 

In the above system of equations, t and i stand for time and tenant indices, 

respectively; λ(t) denotes the hazard function, which captures the exercise rate of the purchase 

option; and λ00(t) is the baseline to the hazard function, which reflects variation over time in 

hazard risk at baseline levels of the covariates. The independent variables in equation (1) 

include the reference price reduction rate, REFi,t, which is equal to the average of all previous 

t-1 program reduction rates in the price of the dwelling (measured in percentage points)19 

offered to tenant i at time t; REDi,t−REFi,t denotes the difference between i’s current reduction 

rate and the reference reduction rate; NEGi,t and POSi,t and are dummy variables that equal 1 

if REDi,t−REFi,t is negative or positive, respectively, and 0 otherwise. 20  CONTROL is 

comprised of a matrix of control variables that includes: AVG_REDt, the current average 

reduction rate across all i at each t; RENTi,t, the net rent paid by the tenant; ∆STDt, the first 

difference in the volatility of house price returns; PROJ(INCOME)i, the level of permanent 

income as projected from equation (2) (see description below); ∆MORTGAGEt, the first 

difference (between periods t and t−1) in the periodic mortgage rate; APPRECIATIONt, the 

annual appreciation in the value of housing units; ELEVATORi, a dummy variable that equals 

1 if the dwelling unit has an elevator and 0 otherwise; DETACHEDi, a dummy variable that 

                                                
19 Recall that all price reductions where offered in percentage points of the fair market value. 
20 The expression )1)(1( ,, titi POSNEG −−  thus acts as a dummy that equals 1 when REDi,t−REFi,t=0, 
and 0 otherwise. 
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equals 1 for a detached unit and 0 otherwise (the base category is condominium structure 

without an elevator); STRUCT_AGEi, the age of the structure in years; and ROOMSi, the 

unit’s number of rooms.  Also, α1,…, α21 are 21 estimated coefficients associated with 

equation (1), 6β is the transpose of the column vector T
6β , where T is a transpose operator, 

and ti,,0ψ  is the random disturbance term.21 To avoid the possibility that the decision not to 

purchase the dwelling unit arises due to household financial constraints rather than loss 

aversion considerations, we estimate equation (1) only for the 6,853 households who 

exercised the purchase option at some point along the observed 114 months (including both 

disabled and non-disabled populations). 

Note in (1) that we interact our focus explanatory variables, REFi,t, and REDi,t−REFi,t, 

with Sign, where Sign={NEGi,t, POSi,t, )1)(1( ,, titi POSNEG −− }, in order to examine 

asymmetric responses to losses and gains associated with changes in REDi,t compared to 

REFi,t (i.e. the degree of loss aversion).  Also, as the variable Di in equations (1.0)-(1.5) 

represents the disability index (on a scale of 0 to100 percent), the estimation of equation (1) 

after substituting these equations allows us to test for different degrees of loss aversion among 

non-disabled and disabled populations. Specifically, SignREF ti ×,  and 

SignREFRED titi ×− )( ,,  are interacted with the disability index, Di. Hence, for example, in 

the case where , , 0i t i tRED REF− < , 4α  and iD104 αα +  in equation (1) reflect the percent 

change in the home purchase hazard rate resulting from a 1 percent increase in REDi,t−REFi,t 

for non-disabled and disabled tenants, respectively.  Similarly, when REDi,t−REFi,t>0 then 5α  

and iD115 αα +  reflect the percent change in the survival rate resulting from a 1 percent 

increase in titi REFRED ,, −  for non-disabled and disabled tenants, respectively.22 

Equations (2) and (3) reflect two auxiliary regressions.  The sample for equation (2) 

includes the entire population of purchasers and non-purchasers—a total of 58,665 

observations (of which 47,588 are non-disabled and 11,077 are disabled tenants), where the 
                                                
21 Originally, we calculated STDt as the 3-year standard deviation of monthly price returns on the 
housing price index. For this time-varying and non-stationary series the unit root hypothesis is not 
rejected (p-value of 66.71%). The unit root hypothesis similarly is not rejected for MORTGAGEt (p-
value of 34.34%). We accordingly specify these non-stationary controls in difference terms. Other 
variables in the model are found to be stationary. Also, the Israel Central Bureau of Statistics provides 
a housing price index for the each of the nine regions that comprise the state of Israel. The variable 
APPRECIATION thus represents the periodic rate of housing price appreciation in the region where a 
given housing unit in our sample is located. 
 
22 We should note that we further estimated a model where all explanatory variables (including all 
control variables) are stratified by Di. Results were robust to this fully unconstrained variation. 
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dependent variable, ∗
iz , is a binary variable that receives a value of 1 in the case that the 

household filed an income tax report during the sample period and 0 otherwise.23  On the 

right-hand side of (2), the matrices X1 and X2 include vectors of households’ socio-

demographic-locational and dwelling structure characteristics, respectively. The matrix X1 

includes: DURATIONi (duration of residence in the public housing asset measured in years); 

CHILDRENi (number of children); DIVORCEDi (divorced=1 and 0 otherwise); WIDOWi 

(widow=1 and 0 otherwise); SINGLE_PARENTi (single parent=1 and 0 otherwise); SINGLEi 

(single=1 and 0=otherwise); Di (the disability index on a scale of 0-100); WHEELCHAIRi (a 

member of the household is confined to a wheelchair=1 and 0 otherwise); HEAD_AGEi 

(head-of-household age in years at purchase date or at the end of the sample period if did not 

purchase); and NORTHi, GUSH_DANi, SOUTHi, JERUSALEMi, CENTERi, KRAYOTi, 

SHARONi, and TEL_AVIVi. (dummy variables that equal 1 if dwelling unit is located in the 

North, Gush Dan, South, Jerusalem, Center, Krayot, Sharon, and Tel Aviv regions, 

respectively and 0 otherwise). The matrix X2 includes: AREAi (dwelling unit area in square 

feet); ROOMSi (number of rooms in the unit); FLOORi (the floor on which unit is located for 

condominiums and zero if detached unit); STORIESi (number of stories in the structure where 

the unit is located); ELEVATORi (elevator in the structure=1 and 0 otherwise); SHELTERSi 

(number of bomb shelters in the structure); ENTRANCESi (number of entrances to the 

structure); STRUCT_AGEi (structure age in years at the date of purchase or at the end of the 

sample period if not purchased); and STRUCT_PERi (the percentage share of units in the 

structure that are publicly-owned). Finally, γ1 and γ2 are vectors of parameters and u1,i is the 

random disturbance term.  

The sample for equation (3) includes the entire population of purchasers and non-

purchasers who reported income to the authorities—a total of 35,825 households (of which 

9,219 are disabled and 26,606 are non-disabled tenants).  The dependent variable is 

INCOMEi, the level of current income and )( ∗
izφ and )( ∗Φ iz  are the normal density and the 

cumulative normal density of the likelihood to file an income tax report on the household’s 

level of income generated from the estimation of equation (2), where 
)(
)(
*

*

i

i

z
z

Φ
φ is the inverse-mills 

ratio. The matrix X1 includes the same household socio-demographic-locational 

                                                
23 Unlike the United States, low-income households in Israel are generally exempted from filing tax 
returns.  Starting in November 2005, public housing tenants were required to file a report documenting 
their level of income. However, there were only limited sanctions put into place by the Ministry of 
Housing and Construction for not filing a report.  Accordingly, the policy provided an incentive for 
high-income households to avoid filing such a report. 
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characteristics described above, γ3 is a vector of parameters, and u2,i is a random disturbance 

term. 

Equations (2) and (3) address three potential concerns regarding the dataset. The first 

is that current income may be a poor proxy for permanent income. The second concern is that 

the INCOME term may be censored as some households in our sample avoid reporting their 

income (low-income households in Israel are generally exempted from filing tax returns—see 

footnote 21).  Finally, our sample of purchasers may be subject to selection bias due to 

difficulties of low-income renter households in affording and financing the purchase of a 

dwelling unit.  Consequently, the Heckman correction is required.24 Because the level of 

income is also potentially positively correlated with the decision to purchase the dwelling 

unit, the use of the purchase decision as the selection criteria is appropriate. 

In sum, based on the Heckman selection procedure in equation (2), we generate a 

vector of projected income values in equation (3), which estimates the permanent income of 

each tenant in the full sample. We then incorporate this vector into the unbalanced panel of 

6,853 buyers in equation (1).  In that manner, we address the disincentive of high-income 

tenants to report their income level.  Further, we address the concern that current income may 

be a poor proxy for permanent income.25 

Given the system of equations (1)-(3), and prior to assessment of loss aversion among 

the disabled and non-disabled populations, we seek to verify that tenants indeed account for 

the reference reduction rate in their home purchase decision. In other words, we test that the 

coefficients of SignREF ti ×,  and SignREFRED titi ×− )( ,,  do not cancel out (note that 

adding these terms together with the same coefficient nullifies the REFi,t variable). Our initial 

step thus tests the corresponding three joint null hypotheses: 

)( 10471 ii DD ×+−=×+ αααα , ii DD ×+=×+ 11582 αααα , and 093 =×+ iDαα  .26 

A failure to reject these null hypotheses implies that the coefficients of the corresponding 

SignREF ti ×,  and SignREFRED titi ×− )( ,,  cancel out for all Sign={NEGi,t, POSi,t, 

                                                
24 The positive and significant Inverse-Mills ratio obtained in the estimation procedure (estimated 
coefficient of 1,164 and standard error of 135.9) supports the hypothesis of selection bias addressed via 
this procedure. Also, current annual income of purchasers turns out to be $1,951 higher than non-
purchasers – the difference is significant at the 1%-level (t-value equals 24.93). 
 
25 Estimation results of equations (2) and (3) are given at the appendix. Note also that the model’s 
structure permits over identification of both equations (1) and (3). 
 
26 Note that in the case of 1, =tiNEG , the absolute value function transforms 0,, <− titi REFRED  
from negative to positive value. Therefore, and unlike the case of 0,, >− titi REFRED  (where the 
absolute value remains positive) the null is )( 10471 ii DD ×+−=×+ αααα . 
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)1)(1( ,, titi POSNEG −− } such that the SignREF ti ×,  term disappears and only the 

SignRED ti ×,  term remains. 

We test for loss aversion among the disabled and non-disabled groups by focusing on 

their asymmetric purchase response to losses and gains in programmatic price reductions. 

Particularly, we compute the “loss-gain ratio,” 
4

5
α
α  and 

i

i
D
D

104

115
αα
αα

+
+ for the non-disabled and the 

disabled populations, respectively. A ratio equal to 1 implies no loss aversion, whereas the 

greater the ratio in excess of 1, the larger the degree of loss aversion. As discussed above, we 

hypothesize that the degree of loss aversion among the disabled group is lower than that of 

the non-disabled group.  

 

6. ASYMMETRIC RESPONSE TO LOSSES AND GAINS AND THE DEGREE OF DISABILITY 

Section 1 of table 3 presents the parameter estimates obtained from the Cox 

regression estimation of equation (1).27  As described above, we first test whether households 

take into account the reference reduction rate in timing of home purchase. The results of this 

test are presented in section 2 of table 3.  As shown, the null hypothesis that households do 

not account for the reference rate is rejected at a 1 percent significance level for both the non-

disabled (Di=0) and the disabled (with 100% disability, i.e. Di=100) groups.28 

Also, in section 2 of table 3, we compute the loss-gain ratio for the non-disabled and 

the disabled groups. Figure 2 graphs the computed loss-gain ratio across the disability index. 

The loss-gain ratio for non-disabled equals 4.55, implying that, on average, a 1 percent 

decrease in the current reduction rate relative to the reference reduction rate discourages a 

purchase in the same manner that a 4.55-percent increase in those figures encourages a 

purchase.  Interestingly, the projected loss-gain ratio after substituting Di=100 (100% 

disability index) is only 2.92. Moreover, the ratio 4.55/2.92 is significantly different from 1 at 

the 1%-level (chi-square-value equals 37.99 with one degree of freedom).29 Results thus show 

that the asymmetry associated with gains and losses declines with degree of disability.30 

                                                
27 Results of estimation of equations (2) and (3) are given in the appendix. 
 
28 Similar rejection of the null  is obtained for the case of 50 percent disability (Di=50) 
 
29 Similar rejection is obtained for the case of 50 percent disability (Di=50). The loss-gain ratio of 
4.55/3.55 is significantly different from 1 at the 1%-level (chi-square value equals 37.99 with one 
degree of freedom). 
 
30 To assess the robustness of these results, we re-estimate equation (1) substituting the running 
maximum price reduction rate across all prior t-1 periods,  REFMax

i,t, as the reference reduction rate in 
place of the average reduction rate REFi,t. This substitution increases the frequency of purchases at a 
loss (compared to the reference reduction rate) to 48 cases.  We then re-estimate the following variation 
of equation (1) for each of the disabled and non-disabled groups: 
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7. ROBUSTNESS TESTS 

In this section, we assess the robustness of our findings to issues of sampling and test 

design.  Specifically, we below address sensitivity of results to 4 key elements of our 

empirical approach, including focus on a particular reference rate of price reduction; sample 

of disabled population; sample of non-disabled population; and sample of purchasers only.  

To further gauge the sensitivity of our findings to choice of reference price reduction 

rate, we re-estimate equation (1) substituting the initial reduction rate faced by tenant i at time 

t=1, First
iREF , for the average reduction rate across all prior t-1 periods as utilized in the 

analysis.  Results are presented in Table 5. Findings indicate that the disabled remain 

significantly less loss averse.  Specifically, use of the above alternative price reduction rate 

results in a loss-gain ratio of 2.38 for non-disabled and 1.85 for disabled population when 

substituting Di=100%. The ratio 2.38/1.85 is different from 1 at the 1 percent level (chi-

square value equals 24.28). 

Note that for the 310 disabled households in our sample, we have information of 

source of disability only for 212 observations.  In that regard, we know that all of the 212 

surveyed households are either confined to a wheelchair and/or victims of Polio.  For the 

remaining 98 observations the source of disability is not indicated in the sample. We 

accordingly re-estimate the model using only those households for whom the source of 

disability is known.  We run this estimation for both REFi,t and First
iREF . 

As shown in table 6, results are largely robust to choice of sample.  In the case of 

REFi,t, the loss-gain ratio equals 2.59 for the disabled group with known physical disability 

and 4.56 for the non-disabled group (compared to 2.92 for the entire disabled population and 

4.55 figure for the non-disabled population as previously reported). In the case of First
iREF , 

                                                                                                                                       
(1a) 

],

)1(exp[)()(

,,1,,,5

,,3,,201

titi
Max
titi

ti
Max
titi

Max
ti

NEGREFRED

NEGREFNEGREFtt

ψδ

δδλλ

+×−+

−×+×=

 
where REFMax

i,t  is i’s maximum price reduction rate across all prior t-1 periods and other variables are 
as described above. Results of the estimation of the system of equations (1a), (2), (3), and (1.0)-(1.6) 

are reported in table 4.  Findings indicate that the coefficient on ti
Max
titi NEGREFRED ,,, || ×−  is now 

negative and significant at the 1 percent level for both the non-disabled and disabled populations. 
Moreover, note the difference in this coefficient between the disabled and non-disabled groups: a one-
percent increase in the absolute value of the difference between the current and the reference reduction 
rates is associated with a 4.12 and 6.38 percent decrease in the hazard rate of option exercise for the 
disabled and non-disabled groups, respectively. These figures are different from one another at the 5 
percent level. Results thus indicate a lower degree of loss aversion among the disabled population both 
on the gain and loss sides.  
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the loss-gain ratio for the disabled group with known physical disability equals 1.66 

compared to 2.37 for the non-disabled group (compared to 1.85 and 2.38 for the entire 

disabled and non-disabled populations, respectively).   

To further assess the robustness of results, we restrict the sample of non-disabled 

households to include only those living in the same type of units as included for the disabled 

population (e.g., detached units, first floor condominium units, or any condominium unit in 

buildings with an elevator). Again, we re-estimate the model twice—once with REFi,t and 

then with First
iREF  as the specified reference price reduction rate.  As shown in table 7, 

findings again are largely robust to this change in sampling.  In the case of REFi,t, the loss-

gain ratios for the disabled (100 percent disability) and non-disabled populations are 2.71 and 

4.41, respectively; these values are different from one another at the 1 percent level.  With 
First
iREF , these figures drop to 1.73 and 2.26, respectively, where again the figures are 

significantly different from one another at the 1%-level.  

Finally, recall that our analysis focuses on timing of purchase among the subset of 

public housing tenants that exercised the purchase option at some point during the program 

period.  As noted above, our focus on purchasers only seeks to address a potential sample 

selection bias, as some tenants may have failed to purchase their dwelling due to income 

constraints. An additional robustness test thus seeks to expand our sample as to include 

tenants who were not bound by affordability constraints but otherwise chose not to purchase.   

To expand the sample in this manner, we assume a 25 percent monthly mortgage 

payment-to-income ratio as the upper limit for mortgage availability.  For each of the non-

purchasers in our sample, we then compute a payment-to-income ratio assuming home 

purchase at the current price reduction rate using a 20-year, 100% loan-to-value mortgage.31 

We then incorporate in our sample all non-purchasing tenants whose computed payment-to-

income ratio is not greater than 25%. This procedure yields a total of 705 additional 

observations, 110 of which are added to the disabled sample population. 

Expansion of the sample in this manner serves to reduce the loss-gain ratio for both 

disabled and non-disabled groups (see table 8).  The loss-gain ratio now equals 3.25 for the 

                                                
31 Borrowers could of course commonly apply for lower mortgage installments with a 30-year loan and, 
say, 80% loan-to-value ratio. Lower installments, however, would imply lower payment-to-income 
ratio, which would, in turn, imply that our affordability threshold attenuates. We thus choose harsher 
loan conditions as to generate an “upper-bound” on our affordability measure. Also, we apply hedonic 
price estimation using the observed prices of the purchased units to project the pre-reduction (market) 
price of the housing unit of non-purchasers. Results of this estimation are available from the authors 
upon request. Finally, as our income variable reflects one’s income in November 2005 (see footnote 
14), we deflate and inflate the per tenant income variable using the time-series of average current wage 
published by the Israel Central Bureau of Statistics. 
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non-disabled group and 2.30 for the disabled group when substituting Di=100%; however, the 

ratio 3.25/2.30 remains different from 1 at the 1 percent significance level (chi-square value is 

53.32). We repeat this exercise substituting the first reduction rate for the average of prior 

price reduction rates. Again, the loss-gain ratio for the non-disabled (disabled group when 

substituting Di=100%) is 2.33 (1.73) where the figures are different from one another at the 1 

percent significance level. 

 

8. LOSS AVERSION AND DEMOGRAPHICS 

In this section, we explore the sensitivity of the loss-gain ratio to demographic 

characteristics of disabled and non-disabled populations. Specifically, we focus on marital 

status and age of household head. Appendix D shows the methodology by which we test the 

sensitivity of the loss-gain ratio to marital status and age among disabled and non-disabled 

populations.  

Figures 3A graphs the computed loss-gain ratio across the disability index for married 

and non-married households.32  Note first that the loss-gain ratio trends down with disability 

status for both married and unmarried tenants. Moreover, unmarried households are 

significantly less loss averse than their married counterparts among both the disabled and 

non-disabled households.  For disabled households with 50% disability, the loss-gain ratio 

drops from 4.43 for married households to 2.94 for unmarried households, where the 

difference is significant at the 5 percent level. For disabled households with 100% disability 

the loss-gain ratio drops from 3.64 for married households to 2.57 for unmarried households 

(the difference, however, is statistically insignificant).  Among non-disabled households, the 

loss-gain ratio declines from 5.65 for married households to 3.44 for unmarried households, 

where the difference is significant at the 1 percent level. 

In figure 3B we graph the loss-gain ratio across age of household head for non-

disabled and disabled (with 50% and 100% disability) households. 33  In contrast to 

experimental findings by Mather, Mazar, Gorlick, Lighthall, Burgeno, Schoeke, and Ariely 

(2012), our analysis indicates that loss aversion attenuates with age of household head 

                                                
32 The outcomes of the estimation are not presented and are available from the authors upon request. 
 
33 Again, the outcomes of the estimation are not presented and are available from the authors upon 

request. Also, note that under the structure of (1b), our computed loss-gain ratio, 
5
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(among both disabled and non-disabled groups). For disabled households with 50% (100%) 

disability, the loss-gain ratio declines from 4.67 (3.49) at age 30 to 3.46 (2.99) at age 60. The 

declines in loss aversion for the 50% (100%) disability groups are significant at 1%-level 

(insignificant). Comparable figures for the non-disabled population are 7.04 and 4.11 with the 

difference being significant at the 1 percent level. 

 

9. SUMMARY AND CONCLUSIONS 

A large literature points to variation in cognitive bias among populations stratified by 

socio-economic characteristics.  Little, however, is known about the decision-making biases 

of the physically disabled.  In this study, we test for differences in cognitive bias and 

behavioral heuristics among physically disabled and non-disabled populations. 

Specifically, we use micro data from a natural policy experiment to assess loss 

aversion in home purchase among disabled and non-disabled households.  The empirical 

analysis is motivated by a parsimonious model showing that higher search costs among 

disabled persons translate into a lower degree of loss aversion. Consistent with model 

outcomes, results of the empirical analysis show that while non-disabled households are 4.55 

times more responsive to declines in house price reduction rates relative to comparable rate 

increases, that same loss-gain ratio falls to 2.92 for disabled households.  Further, loss 

aversion attenuates with degree of disability.  Research findings are robust to reference price 

reduction rates and to sample stratifications.  Also, the degree of loss aversion among both 

disabled and non-disabled households attenuates with age and marital status.  Findings 

provide new evidence of diminished cognitive bias and more rationale economic decision-

making among the physically disabled.   
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Table 1A: Summary Statistics stratified by Disability Index – Cross Section of 
Buyers at the Date of Purchase  
 

Variable Definition Non-Disabled Disabled 
 
Housing Value and Reduction Characteristics 

UNIT_VALUEi Value of housing units translated 
to Dollars 

89,221.14 95,581.00 

REDi,t Current reduction rates in 
percentage points 

78.07 78.31 

AVG_REDt The average current  reduction 
rate across all households at time t 
in percentage points 

49.48 53.92 

RENT_NETi Net annual rent payment 
translated to US dollars 

815.35 618.16 

tiREF ,  Accumulated average of all 
previous (up to t-1) price 
reduction rate 

53.84 39.38 

ii REFRED −  Difference between REDi and 
iREF  

23.93 38.28 

iNEG  1 − Reduction rate drop. 0 − 
Otherwise 

0.05 0.04 

iPOS  1 − Reduction rate rise. 0 − 
Otherwise 

0.94 0.96 

ii NEGREF ×  
(NEGi=1) 

Accumulated average of all 
previous (up to t-1) price 
reduction rate only  in the case of 
a drop 

57.50 53.26 

ii POSREF ×  
(POSi=1) 

Accumulated average of all 
previous (up to t-1) price 
reduction rate only in the case of a 
rise 

53.84 39.38 

iii NEGREFRED ×−  
(NEGi=1)

 

Negative difference between the 
current price reduction rate and 
accumulated average of all 
previous reduction rates in 
absolute values 

5.93 7.68 

iii POSREFRED ×−  
(POSi=1) 

Positive difference between the 
current price reduction rate and 
accumulated average of all 
previous reduction rates in 
absolute values 

25.72 40.26 

 
Household Characteristics 

INCOMEi Net current annual income 
translated to US dollars 

11,267.94 11,577.85 

Di the highest disability index of the 
adult household members on a 
scale between 0 percent 
(households whose both head of 
the household and spouse are non-
disabled) to 100 percent 
(households with at least one 
adult member who is a totally 
dependent disabled) 

0.00 77.67 
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Variable Definition Non-Disabled Disabled 
WHEELCHAIRi 1 - At least one adult household 

member is confined to a 
wheelchair 
0 - Otherwise 

0.00 0.30 

DURATIONi Duration of residence in public 
housing asset measured in years 

23.03 17.51 

NO_CHILDRENi 1 − Households without children 
0 − Otherwise 

0.69 0.50 

CHILDRENi Number of children in households 
with at least one child 

2.54 2.63 

MARRIEDi 1 − married 
0 − otherwise 

0.47 0.62  

DIVORCEDi 1 − divorced 
0 − otherwise  

0.06 0.06 

WIDOWi 1 − widow 
0 − otherwise 

0.16 0.10 

SINGLE_PARENTi 1 − single parent 
0 − otherwise 

0.15 0.12 

SINGLEi 1 − single 
0 − otherwise 

0.15 0.10  

HEAD_AGEi Age of the head of the households 62.27 58.61 

 
Housing and Regional Characteristics 

UNIT_VALUEi Value of housing units translated 
to Dollars 

89,221.14 95,581.00 

STRUCT_AGEi Age of structure in years until 
2008 

31.98 30.67 

CONDOMINIUMi 1 - if there is no elevator in the 
structure and the unit is located in 
the first floor 
0 - otherwise 

0.25 0.61 

ELEVATORi 1 − if there is an elevator in the 
structure 
0 − otherwise 

0.10  0.29 

DETACHED 1 - if the unit is detached 
0 - otherwise 

0.09 0.10 

FLOORi The floor in which the apartment 
is located if there is an elevator in 
the structure 

3.41 3.17 

ROOMSi Number of rooms 3.21 3.15 

AREAi The area of the housing units 
translated to square feet 

796.68 815.43 

ENTRANCESi Number of entrances to the 
structure 

2.33 2.13 

SHELTERS Number of shelters in a structure 
for a shield during a war 

0.33 0.32 

STRUCT_PER Percentage of structure owned by 
the government 

79.94 61.88 

HAIFAi 1 - if the location is in Haifa 
0 - otherwise 

0.06 0.03 

NORTHi 1- if the location is in the north 
0 - otherwise 

0.12 0.13 

GUSH_DANi 1 - if the location is in Gush Dan 
0 - otherwise 

0.19 0.27 

SOUTHi 1 - if the location is in the South 
0 - otherwise 

0.18 0.15 



 

 26 

Variable Definition Non-Disabled Disabled 
JERUSALEMi 1 - if the location is in Jerusalem 

0 - otherwise 
0.12  0.09 

CENTERi 1 - if the location is in the center 
0 - otherwise 

0.16 0.15 

KRAYOTi 1 - if the location is in the Krayot 
0 - otherwise 

0.01 0.00 

SHARONi 1 - if the location is in the Sharon 
0 - otherwise 

0.14 0.16 

TEL_AVIVi 1 - if the location is in Tel-Aviv 
0 - otherwise 

0.02  0.01 
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Table 1B: Summary Statistics stratified by Disability Index – On-Sample Panel (All 
Periods Excluding the Date of Purchase) 
 

Variable Definition Non-Disabled Disabled 
UNIT_VALUEi,t Deflated value of housing units 

translated to Dollars 
86,546.13 90,921.95 

REDi,t Current price 
 reduction rates in 
 percentage points 

45.98 34.66 

RED_DOLLARi,t Current price 
 reduction rates in 
 percentage points 

39,574.9 31,188.7 

RENT_NETi,t Net annual rent payment 
translated to US dollars 

734.35 526.37 

tMORTGAGE  Long term annual mortgage rate 
in percentage points 

6.08 5.83  

tiSTD ,  Standard deviation of annual 
return of housing units in 
percentage points 

3.79 4.47 

APPRECIATIONi,t Annual appreciation of housing 
values in percentage points 

2.73 1.57 

tiREF ,  Accumulated average of all 
previous (up to t-1) price 
reduction rate 

37.96 26.91 

titi REFRED ,, −  Difference between REDi,t and 
tiREF ,,1  

8.02 7.75 

tiNEG ,  1 − Reduction rate drop.  
0 − Otherwise 

0.28 0.29  

tiPOS ,  1 − Reduction rate rise.  
0 − Otherwise 

0.52 0.38 

titi NEGREF ,, ×  
(NEGi,t=1) 

Accumulated average of all 
previous (up to t-1) price 
reduction rate in the case of a 
drop 

35.11 30.57 

titi POSREF ,, ×  
(POSi,t=1) 

 

Accumulated average of all 
previous (up to t-1) price 
reduction rate in the case of a rise 

46.71 41.29 

tititi NEGREFRED ,,, ×−
 

(NEGi,t=1)
 

Negative difference between the 
current price reduction rate and 
accumulated average of all 
previous reduction rates in 
absolute values 

10.67 13.82 

tititi POSREFRED ,,, ×−  
(POSi,t =1) 

Positive difference between the 
current price reduction rate and 
accumulated average of all 
previous reduction rates in 
absolute values 

21.06 29.07 

Total number of periods 290,869 23,971 
Number of periods of where REFi,t-REDi,t<0 )1( , =tiNEG  81,509 6,901 
Number of periods of where REFi,t-REDi,t>0 )1( , =tiPOS  152,047 9,668 
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Figure 1: Distribution of Disability Index among Disabled Public Housing Tenants 
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Notes: The histogram refers only to disabled tenants who live in: 1) the first floor of condominiums 
without elevator. 2) any floor in condominiums with elevator; and 3) detached units. Disabled tenants 
who live in condominium apartments without elevators above the first floor were excluded from the 
sample. Households, who entered the public-housing project after t=0 were also excluded.  The 
disabled index is measured in percentage points and reflects the highest index among the adult 
members of the household (in the case that more than one subject per household is disabled). The exact 
distribution is given in the following table: 
 

disability index Freq. Percent Cum. 
10 4 1.29 1.29 
19 1 0.32 1.61 
20 1 0.32 1.94 
29 8 2.58 4.52 
30 5 1.61 6.13 
36 1 0.32 6.45 
45 1 0.32 6.77 
49 7 2.26 9.03 
50 4 1.29 10.32 
60 17 5.48 15.81 
62 1 0.32 16.13 
64 1 0.32 16.45 
65 16 5.16 21.61 
74 3 0.97 22.58 
75 135 43.55 66.13 
80 2 0.65 66.77 

100 103 33.23 100 
Total 310 100  
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Table 3: Testing Loss Aversion in Disabled and Non-Disabled Groups with the 
Average Previous Reduction Rate as a Reference 
 
 Section 1: Regression Outcomes  (1) (2) 

VARIABLES Coef. Mean Full Mean Step. 

      

titi NEGREF ,, ×  α1 0.03 0.03 

  ( 41085.6 −× )*** ( 41065.6 −× )*** 

titi POSREF ,, ×  α2 0.04 0.04 

  ( 31052.2 −× )*** ( 31048.2 −× )*** 

, , ,(1 ) (1 )i t i t i tREF NEG POS× − × −  α3 0.04 0.04 

  ( 31020.1 −× )*** ( 31018.1 −× )*** 

tititi NEGREFRED ,,1,, ×−
 

α4 −0.11 −0.11 

  ( 31036.9 −× )*** ( 31023.9 −× )*** 

tititi POSREFRED ,,1,, ×−  α5 0.02 0.02 

  ( 31001.1 −× )*** ( 31000.1 −× )*** 

iD  α6 -0.01 -0.01 

  ( 31020.2 −× )*** ( 41052.9 −× )*** 

ititi DNEGREF ×× ,,  α7 51098.1 −×  − 

  ( 51091.2 −× ) − 

ititi DPOSREF ×× ,,  α8 41081.2 −×  − 

  ( 41090.2 −× ) − 

, , ,(1 ) (1 )i t i t i t iREF NEG POS D× − × − ×  α9 51086.6 −×  − 

  ( 51018.9 −× ) − 

itititi DNEGREFRED ××− ,,,  α10 41015.1 −×−  − 

  ( 41070.6 −× ) − 

itititi DPOSREFRED ××− ,,,  α11 41054.1 −×  41034.1 −×  

  ( 51094.2 −× )*** ( 51000.2 −× )*** 

AVG_RED,t α12 -0.01 − 

  ( 31085.8 −× ) − 

RENT_NETi,t α13 
41021.1 −×  41020.1 −×  

  ( 51086.1 −× )*** ( 51086.1 −× )*** 

Δ  STDt  α14 0.16 − 

  (0.19) − 

iINCOMEPROJ )(   α15 51083.1 −×−  51088.1 −×−  

  ( 61059.6 −× )*** ( 61056.6 −× )*** 

tMORTGAGEΔ   α16 41054.7 −×  − 

  (0.52) − 

APPRECIATIONi,t        α17 21088.1 −×  21087.1 −×  

  ( 31075.3 −× )*** ( 31073.3 −× )*** 

ELEVATORi α18 -0.05 − 

  (0.04) − 
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Table 3: Testing Loss Aversion in Disabled and Non-Disabled Groups with the 
Average Previous Reduction Rate as a Reference (continued) 
 

Section 1: Regression Outcomes (continued) (1) (2) 

VARIABLES (coef.) Mean Full Mean Step. 
DETACHEDi ( 19α ) 0.03 − 

 (0.04) − 

STRUCT_AGEi ( 20α ) −0.02 −0.02 

 ( 31059.1 −× )*** ( 31050.1 −× )*** 
ROOMSi ( 21α ) −0.13 −0.13 

 ( 21075.1 −× )*** ( 21062.1 −× )*** 

Number of disabled households          310               310 

Number of non-disabled households       6,543                6,543 

Chi Square Statistics             4560                   4525 

log likelihood          -51206               -51208 

Section 2: Loss-Gain Ratios and Statistical Tests   
Chi-Square for joint null hypothesis:  
1) )( 10471 ii DD ×+−=×+ αααα  
2) ii DD ×+=×+ 11582 αααα ; and 
3) 093 =×+ iDαα  

  

For Di=0:  465.37*** 
For Di=100  361.46*** 

Loss-Gain Ratio 
5

4
α
α  (Di=0)  4.55 

Loss-Gain Ratio 
iD115

4
αα
α
+  (Di=100)  2.92 

)1(1 97.2
70.4

100115

4

5

4 −=−÷ ×+αα
α

α
α   0.56 

Chi square value:   

1000 115

4

115

4

=+=+ =
i

i
i

i DDDD αα
α

αα
α   37.99*** 

 
Notes: The table displays the outcomes obtained from the Cox regressions, where the dependent 
variable is the hazard to exercise the purchase option. The REFi,t variable, which was calculated for 
each household separately, is the mean of all prior reduction rates excluding the current survival period. 
The full model includes interaction variables with Di: 

ititi DNEGREF ×× ,, , ititi DPOSREF ×× ,,, ,' , , ,(1 ) (1 )i t i t i t iREF NEG POS D× − × − × ,  

, , ,i t i t i t iRED REF NEG D− × × , and , , ,i t i t i t iRED REF POS D− × × , where Di is the disability index on a 
scale between 0 percent (households whose all members are non-disabled) to 100 percent (households 
with at least one member who is totally dependent disabled), and NEGi,t (POSi,t) equals 1 
if , , 0i t i tRED REF− <  , ,( 0)i t i tRED REF− > and 0 otherwise. The sample includes non-disabled buyers 
and disabled buyers who live in accessible units. Those units include: 1) the first floor of condominium 
apartments without elevator. 2) any floor in condominium apartments with elevator; and 3) detached 
units. Disabled tenants who live in condominium apartments without elevators above the first floor and 
households who were not part of the sample at t=0 were excluded from the sample. The Breusch-Pagan 
test rejects the null hypothesis that random disturbance terms are homoscedastic with respect to the 
independent variables for the full model. Calculated chi-squared value of 644.87 is significant at the 
1%-level (the 1% critical chi-squared value with 21 degrees of freedom is only 38.93). Consequently, 
robust standard errors are given in parentheses. Significant values at the 5%- and 1%-levels are marked 
with two and three asterisks, respectively 
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Figure 2: Loss-Gain Ratio across Disability Index with the Average Previous 
Reduction Rate as a Reference 
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Notes: The loss-gain ratio is based on results given in table 2A and obtained from the model with 
control variables and the sample of 6,543 non-disabled and 310 disabled buyers (212 who are either 
confined to a wheelchair or suffer from Polio Disease and 98 whose disability source is unknown). It is 

given by 
iD115

4
αα
α
+ , where 1000 ≤≤ iD . The lower and upper bounds are the 99% confidence 

intervals. The loss-gain ratio 92.2
55.4 is significantly different from 1 at the 1%-level (calculated Chi-

Square-value of 37.99 with one degree of freedom) 
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Table 4: Testing Loss Aversion in Disabled and Non-Disabled Groups with Previous 
Maximum Reduction Rate as a Reference  
    
   (1) (2) 

Disability Source 
 Non-Disabled 

Group 
Disabled 

Group 
       

ti
Max
ti NEGREF ,, ×  δ2 0.03 0.02 

  ( 41003.9 −× )*** ( 31014.4 −× )*** 
)1( ,, ti

Max
ti NEGREF −×  δ3 0.03 0.03 

  ( 41047.5 −× )*** ( 31010.3 −× )*** 

ti
Max
titi NEGREFRED ,,, ×−  δ5 -0.06 -0.04 

  ( 31079.2 −× )*** ( 21012.1 −× )*** 
Regression Statistics:    
Observations  290,869 23,971 
Subjects  6,543 310 
Chi Square Statistic  3895 267.8 
log likelihood  -48883 -1369 
Test of Hypotheses    
H0: δ5, (1)= δ5, (2)  − 5.90** 

 
Notes: The table displays the outcomes obtained from the Cox regressions, where the dependent 
variable is the hazard to exercise the purchase option. The Max

tiREF ,
 variable is the running maximum 

among all prior reduction rates (excluding the current reduction rate. The sample includes non-disabled 
buyers and disabled buyers who live in accessible units. Those units include: 1) the first floor of 
condominium apartments without elevator. 2) any floor in condominium apartments with elevator; and 
3) detached units. Disabled tenants who live in condominium apartments without elevators above the 
first floor and households who were not part of the sample at t=0 were excluded from the sample. 
Columns (1) and (2) refer to non-disabled and disabled households, respectively. The Breusch-Pagan 
tests reject the null hypothesis that random disturbance terms are homoscedastic with respect to the 
independent variables for both pooled samples (i.e., the pooled sample of column (1), (2)). Calculated 
chi-squared value of 205.59 is highly significant at the 1%-level (the 1% critical chi-squared values 
with 6 degrees of freedom is only 16.81). Consequently, robust standard errors are given in 
parentheses. Significant values at the 5%- and 1%-levels are marked with two and three asterisks, 
respectively 
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Table 5: Testing Loss Aversion in Disabled and Non-Disabled Groups with the First 
Reduction Rate as a Reference 
 
 Section 1: Regression Outcomes  (1) (2) 

VARIABLES Coef. Full Step-wise. 

       

ti
First
i NEGREF ,×  α1 0.04 0.04 

  ( 31005.1 −× )*** ( 31003.1 −× )*** 

ti
First
i POSREF ,×  α2 0.03 0.03 

  ( 41070.6 −× )*** ( 41041.6 −× )*** 
)1()1( ,, titi

First
i POSNEGREF −×−×  α3 0.04 0.04 

  ( 31026.2 −× )*** ( 31024.2 −× )*** 

ti
First
iti NEGREFRED ,,1, ×−

 α4 21056.7 −×−  21054.7 −×−  

  ( 31024.3 −× )*** ( 31020.3 −× )*** 

ti
First
iti POSREFRED ,,1, ×−  α5 21015.3 −×  21017.3 −×  

  ( 41083.6 −× )*** ( 41044.6 −× )*** 

iD  α6 −0.01 −0.01 

  ( 31006.2 −× )*** ( 31004.1 −× )*** 

iti
First
i DNEGREF ×× ,  α7 61059.1 −×  − 

  ( 51065.6 −× ) − 

iti
First
i DPOSREF ×× ,  α8 51000.2 −×  − 

  ( 51098.2 −× ) − 

ititi
First
i DPOSNEGREF ×−×−× )1()1( ,,  α9 41086.2 −×  − 

  ( 41077.2 −× ) − 

iti
First
iti DNEGREFRED ××− ,,  

α10 51091.9 −×  − 

  ( 41038.2 −× ) − 

iti
First
iti DPOSREFRED ××− ,,  α11 41010.1 −×  51012.9 −×  

  ( 51068.2 −× )*** ( 51080.1 −× )*** 

AVG_RED,t α12 −0.01 − 

  ( 31087.8 −× ) − 

RENT_NETi,t α13 
41015.1 −×  41014.1 −×  

  ( 51085.1 −× )*** ( 51083.1 −× )*** 

Δ  STDt  α14 0.14 − 

  (0.19) − 

iINCOMEPROJ )(   α15 61033.3 −×−  − 

  ( 61074.6 −× ) − 

tMORTGAGEΔ   α16 0.03 − 

  (0.52) − 

APPRECIATIONi,t        α17 0.02 0.02 

  ( 31075.3 −× )*** ( 31072.3 −× )*** 

ELEVATORi α18 -0.07 − 

  (0.04)* − 
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Table 5: Testing Loss Aversion in Disabled and Non-Disabled Groups with the First 
Reduction Rate as a Reference (continued) 
 
Section 1: Regression Outcomes (continued) (1) (2) 

VARIABLES (coef.) Full Step-wise. 
DETACHEDi ( 19α ) 0.06 − 

 (0.04) − 

STRUCT_AGEi ( 20α ) −0.02 −0.02 

 ( 31056.1 −× )*** ( 31047.1 −× )*** 
ROOMSi ( 21α ) −0.13 −0.13 

 ( 21072.1 −× )*** ( 21057.1 −× )*** 

Regression statistics:   

Disabled households 310 310 

Non-disabled households 6,543 6,543 

Chi Square Statistic 4877 4826 

log likelihood -51233 -51237 

Section 2: Loss-Gain Ratios and Statistical Tests  
Chi-Square for joint null hypothesis: 
1) )( 10471 ii DD ×+−=×+ αααα  
2) ii DD ×+=×+ 11582 αααα ; and 
3) 093 =×+ iDαα   

  

For Di=0:  506.67*** 

For Di=100  529.28*** 

Loss-Gain Ratio 
5

4
α
α  (Di=0)  2.38 

Loss-Gain Ratio 
iD115

4
αα
α
+  (Di=100)  1.85 

   
Chi square value:   

1000 115

4

115

4

=+=+ =
i

i
i

i DDDD αα
α

αα
α   24.28*** 

 
Notes: The table displays the outcomes obtained from the Cox regressions, where the dependent 
variable is the hazard to exercise the purchase option. The First

iREF  variable is the first reduction rate 
the tenant encounters at t=0. The full model includes interaction variables with Di:, 

ititi DNEGREF ×× ,, , ititi DPOSREF ×× ,,, , , itititi DPOSNEGREF ×−×−× )1()1( ,,,  

iti
First
titi DNEGREFRED ××− ,,, , and iti

First
titi DNEGREFRED ××− ,,, , where Di is the disability index 

on a scale between 0 percent (households whose all members are non-disabled) to 100 percent 
(households with at least one member who is totally dependent disabled), and NEGi,t (POSi,t) equals 1 
if 0,, <− First

titi REFRED  )0( ,, >− First
titi REFRED and 0 otherwise. The sample includes non-disabled 

buyers and disabled buyers who live in accessible units. Those units include: 1) the first floor of 
condominium apartments without elevator. 2) any floor in condominium apartments with elevator; and 
3) detached units.. Disabled tenants who live in condominium apartments without elevators above the 
first floor and households who were not part of the sample at t=0 were excluded from the sample.  The 
Breusch-Pagan test rejects the null hypothesis that random disturbance terms are homoscedastic with 
respect to the independent variables for the full model. Calculated chi-squared value of 625.68 is highly 
significant at the 1%-level (the 1% critical chi-squared value with 21 degrees of freedom is only 
38.93). Consequently, robust standard errors are given in parentheses. Significant values at the 5%- and 
1%-levels are marked with two and three asterisks, respectively 
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Table 6: Testing Loss-Aversion for Non-Disabled and Disabled with Known Physical 
Disability Only  
 

Section 1: Regression Outcomes 
 (1) 

REF=REFi,t 
(2) 

First
iREFREF =  

VARIABLES    

       
tiNEGREF ,×  α1 0.03 0.04 

  ( 41075.6 −× )*** ( 31004.1 −× )*** 

tiPOSREF ,×  α2 0.04 0.03 

  ( 31051.2 −× )*** ( 41047.6 −× )*** 
)1()1( ,, titi POSNEGREF −×−×  α3 0.04 0.04 

  ( 31019.1 −× )*** ( 31025.2 −× )*** 

titi NEGREFRED ,, ×−
 

α4 −0.11 −0.08 

  ( 31032.9 −× )*** ( 31023.3 −× )*** 

titi POSREFRED ,, ×−  α5 0.02 0.03 

  ( 31001.1 −× )*** ( 41048.6 −× )*** 

iD  α6 −0.02 −0.02 

  ( 41034.9 −× )*** ( 31013.1 −× )*** 

iti DNEGREF ×× ,  α7 − − 

  − − 

iti DPOSREF ×× ,  α8 − − 
  − − 

ititi DPOSNEGREF ×−×−× )1()1( ,,  α9 − − 
  − − 

ititi DNEGREFRED ××− ,,  
α10 − − 

  − − 

ititi DPOSREFRED ××− ,,  α11 41082.1 −×  41036.1 −×  

  ( 51003.3 −× )*** ( 51090.1 −× )*** 

AVG_RED,t α12 − − 
  − − 
RENT_NETi,t α13 

41020.1 −×  41012.1 −×  

  ( 51087.1 −× )*** ( 51084.1 −× )*** 

Δ  STDt  α14 − − 

  − − 

iINCOMEPROJ )(   α15 51012.2 −×−  − 

  ( 61062.6 −× )*** − 

tMORTGAGEΔ   α16 − − 

  − − 

APPRECIATIONi,t        α17 0.02 0.02 

  ( 31074.3 −× )*** ( 31073.3 −× )*** 
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Table 6: Testing Loss-Aversion for Non-Disabled and Disabled with Known Physical 
Disability Only (continued) 
 
 
Section 1: Regression Outcomes 

Case (1): 
REFi,t 

Case (2): 
First
iREF  

ELEVATORi ( 18α ) − − 
 − − 
DETACHEDi ( 19α ) − − 
 − − 
STRUCT_AGEi ( 20α ) −0.02 −0.02 

 ( 31051.1 −× )*** ( 31048.1 −× )*** 
ROOMSi ( 21α ) −0.13 −0.13 

 (0.02)*** (0.02)*** 

Regression statistics:   

Number of disabled households 211 211 

Number of non-disabled households 6,543 6,543 

Chi Square Statistics 4511 4766 

log likelihood -50377 -50407 

Section 2: Loss-Gain Ratios and Statistical Tests   
Chi-Square for joint null hypothesis: 
1) )( 10471 ii DD ×+−=×+ αααα  
2) ii DD ×+=×+ 11582 αααα ; and 
3) 093 =×+ iDαα  

   

For Di=0 457.90***  495.41*** 

For Di=100 361.70***  536.51*** 

Loss-Gain Ratio 
5

4
α
α  (Di=0) 4.56  2.37 

Loss-Gain Ratio 
iD115

4
αα
α
+  (Di=100) 2.59  1.66 

1100115

4

5

4 −÷ ×+αα
α

α
α  0.76  0.43 

Chi square value:    

1000 115

4

115

4

=+=+ =
i

i
i

i DDDD αα
α

αα
α  65.28***  47.56*** 

 
Notes: REFi,t is the average reduction rate across all prior (t-1) reduction rates starting from t=1 and 

First
iREF  is the first reduction rate the tenant faces at t=1. Physically disabled households are 

households whose source of disability is known in the data (head-of-household or spouse are either 
confined to a wheelchair or suffer from a Polio disease). The Breusch-Pagan tests reject the null 
hypothesis that random disturbance terms are homoscedastic with respect to the independent variables 
for the full model. Calculated chi-squared values of 609.30 and 612.68 are highly significant at the 1%-
level (the 1% critical chi-squared value with 21 degrees of freedom is only 38.93). Consequently, 
robust standard errors are given in parentheses. Significant values at the 1%-level are marked with 
three asterisks. 
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Table 7: Testing Loss-Aversion for Non-Disabled and Disabled Populations Residing in 
Either Detached Units, First Floor Condominium Units, or Any Floor of Condominium Units 
with an Elevator 
 

  
  (1) 

REF=REFi,t 
(2) 

First
iREFREF =  

 
Section 1: Regression Outcomes 

 
    

VARIABLES    
       

tiNEGREF ,×  α1 0.04 0.04 

  ( 41084.9 −× )*** ( 31069.1 −× )*** 

tiPOSREF ,×  α2 0.04 0.03 

  ( 31066.3 −× )*** ( 41048.9 −× )*** 
)1()1( ,, titi POSNEGREF −×−×  α3 0.04 0.04 

  ( 31086.1 −× )*** ( 31007.3 −× )*** 

titi NEGREFRED ,,1, ×−
 α4 −0.10 −0.07 

  (0.01)*** ( 31070.4 −× )*** 

titi POSREFRED ,,1, ×−  α5 0.02 0.03 

  ( 31042.1 −× )*** ( 41063.9 −× )*** 

iD  α6 -0.01 -0.01 

  ( 31001.1 −× )*** ( 31009.1 −× )*** 

iti DNEGREF ×× ,  α7 − − 

  − − 

iti DPOSREF ×× ,  α8 − − 
  − − 

ititi DPOSNEGREF ×−×−× )1()1( ,,  α9 − − 
  − − 

ititi DNEGREFRED ××− ,,  α10 − − 

  − − 

ititi DPOSREFRED ××− ,,  α11 41046.1 −×  51077.9 −×  

  ( 51015.2 −× )*** ( 51094.1 −× )*** 

AVG_RED,t α12 − − 
  − − 
RENT_NETi,t α13 

41026.1 −×  41025.1 −×  

  ( 51066.2 −× )*** ( 51060.2 −× )*** 

Δ  STDt  α14 − − 
  − − 

iINCOMEPROJ )(   α15 − − 
  − − 

tMORTGAGEΔ   α16 − − 
  − − 
APPRECIATIONi,t        α17 − − 
  − − 
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Table 7: Testing Loss-Aversion for Non-Disabled and Disabled Populations Residing in 
Either Detached Units, First Floor Condominium Units, or Any Floor of Condominium Units 
with an Elevator (continued) 
 

 
Case (1): 

REFi,t 
Case (2): 

First
iREF  

ELEVATORi ( 18α ) − − 
 − − 
DETACHEDi ( 19α ) − − 
 − − 
STRUCT_AGEi ( 20α ) -0.02 -0.02 

 ( 31097.1 −× )*** ( 31091.1 −× )*** 
ROOMSi ( 21α ) -0.12 -0.11 

 (0.02)*** (0.02)*** 

Regression statistics:   
Number of disabled households 310 310 
Number of non-disabled households 2,872 2,872 
Chi Square Statistics 2254 2372 
log likelihood -21243 -21268 

Section 2: Loss-Gain Ratios and Statistical Tests   
Chi-Square for joint of null hypothesis:  
1) )( 10471 ii DD ×+−=×+ αααα  
2) ii DD ×+=×+ 11582 αααα ; and 
3) 093 =×+ iDαα   

   

For Di=0 259.34***  287.01*** 

For Di=100 191.81***  302.51*** 

Loss-Gain Ratio 
5

4
α
α  (Di=0) 4.41  2.26 

Loss-Gain Ratio 
iD115

4
αα
α
+  (Di=100) 2.71  1.73 

1100115

4

5

4 −÷ ×+αα
α

α
α  0.63  0.31 

Chi square value:    

1000 115

4

115

4

=+=+ =
i

i
i

i DDDD αα
α

αα
α  32.99***  22.88*** 

 
Notes: REFi,t is the average reduction rate across all prior (t-1) reduction rates starting from t=1 and 

First
iREF  is the first reduction rate the tenant faces at t=1.Physically disabled households are households 

whose head or spouse are either confined to a wheelchair or suffer from a Polio Disease. The Breusch-
Pagan tests reject the null hypothesis that random disturbance terms are homoscedastic with respect to 
the independent variables for the full model. Calculated chi-squared values of 290.11 and 289.79 are 
highly significant at the 1%-level (the 1% critical chi-squared value with 21 degrees of freedom is only 
38.93). Consequently, robust standard errors are given in parentheses. Significant values at the 1%-
level are marked with three asterisks. 
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Table 8: Testing of Loss-Aversion Including Both Buyers and Affording Renter Population 
 
 Section 1: Regression Outcomes  (1) (2) 

VARIABLES  REF=REFi,t First
iREFREF =  

       
tiNEGREF ,×  α1 0.03 0.03 

  ( 41057.6 −× )*** ( 31010.1 −× )*** 

tiPOSREF ,×  α2 0.04 0.03 

  ( 31051.2 −× )*** ( 41030.6 −× )*** 
)1()1( ,, titi POSNEGREF −×−×  α3 0.03 0.03 

  ( 31028.1 −× )*** ( 31025.2 −× )*** 

titi NEGREFRED ,,1, ×−
 α4 −0.11 −0.08 

  ( 31037.9 −× )*** ( 31067.3 −× )*** 

titi POSREFRED ,,1, ×−  α5 0.04 0.03 

  ( 41059.9 −× )*** ( 41081.6 −× )*** 

iD  α6 −0.01 −0.01 

  ( 41080.8 −× )*** ( 31017.1 −× )*** 

iti DNEGREF ×× ,  α7 − 41005.1 −×−  

  − ( 51022.5 −× )** 

iti DPOSREF ×× ,  α8 − − 
  − − 

ititi DPOSNEGREF ×−×−× )1()1( ,,  α9 41043.1 −×−  − 
  ( 51076.6 −× )** − 

ititi DNEGREFRED ××− ,,  
α10 − − 

  − − 

ititi DPOSREFRED ××− ,,  α11 41045.1 −×  41021.1 −×  

  ( 51087.1 −× )*** ( 51094.1 −× )*** 

AVG_RED,t α12 − − 
  − − 
RENT_NETi,t α13 

41069.1 −×  41062.1 −×  

  ( 51086.1 −× )*** ( 51092.1 −× )*** 

Δ  STDt  α14 − − 
  − − 

iINCOMEPROJ )(   α15 − 51066.1 −×  

  − ( 61079.6 −× )** 

tMORTGAGEΔ   α16 − − 
  − − 
APPRECIATIONi,t        α17 0.02 0.02 

  ( 31077.3 −× )*** ( 31076.3 −× )*** 
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Table 8: Testing of Loss-Aversion Including Affording Renter Population (continued) 
 

 
(1) 

REFi,t 
(2) 

First
iREF  

ELEVATORi ( 18α ) − − 
 − − 
DETACHEDi ( 19α ) − − 
 − − 
STRUCT_AGEi ( 20α ) −0.03 −0.03 

 ( 31047.1 −× )*** ( 31047.1 −× )*** 
ROOMSi ( 21α ) -0.05 -0.05 

 (0.02)*** (0.02)*** 
Number of disabled households 420 420 

Number of non-disabled households 7,138 7,138 

Chi Square Statistics 5111 5357 

log likelihood -52457 -52411 

Section 2: Loss-Gain Ratios and Statistical Tests   
Chi-Square value joint null hypothesis:  
1) )( 10471 ii DD ×+−=×+ αααα  
2) ii DD ×+=×+ 11582 αααα ; and 
3) 093 =×+ iDαα  

   

For Di=0: 365.01***  558.72*** 
For Di=100 434.67***  584.23*** 

Loss-Gain Ratio 
5

4
α
α  (Di=0) 3.25  2.33 

Loss-Gain Ratio 
iD115

4
αα
α
+  (Di=100) 2.30  1.73 

1100115

4

5

4 −÷ ×+αα
α

α
α  0.41  0.35 

Chi square value:    

1000 115

4

115

4

=+=+ =
i

i
i

i DDDD αα
α

αα
α  53.32***  36.88*** 

 
Notes: REFi,t is the average reduction rate across all prior (t-1) reduction rates starting from t=1 and 

First
iREF  is the first reduction rate the tenant faces at t=1. The non-buyer population in the sample 

maintains the condition that their potential payment-to-income ratio is no greater than 25 percent of 
household's deflated current income across all periods. To calculate the required mortgage payment, we 
accounted for a 240 months mortgage, which fully covers the difference between the unit deflated 
value and the monetary reduction rate. The units’ values for buyers (affording renters) have been 
computed across all time-periods based on the value of the housing unit at the date of purchase 
(projected values obtained from a hedonic regression) deflated backward for each survival time. 
Deflation is based on housing price indices of average transaction prices for 9 statistical regions 
published by the Israel Central Bureau of Statistics. Current income reflects the November 2005 wage 
(see footnote 21), and is deflated backward and forward based on the series of average current wage 
published by the Central Bureau of Statistics. The Breusch-Pagan tests reject the null hypothesis that 
random disturbance terms are homoscedastic with respect to the independent variables for the full 
model. Calculated chi-squared values of 1327.94 and 1098.18 are highly significant at the 1%-level 
(the 1% critical chi-squared value with 21 degrees of freedom is only 38.93). Consequently, robust 
standard errors are given in parentheses. Significant values at the 1%-level are marked with three 
asterisks. 
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Figure 3A: Loss-Gain Ratio Across Disability Index: Stratification by Marital Status 
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Notes: Based on significant coefficients obtained from step-wise Cox regressions, the loss-gain ratios 

are calculated by 
iiD×+ 104

5
αα
α separately for married and non-married, where 1000 ≤≤ iD . The gray 

dashed (black solid) line refers to marital status of single, divorced or widow (married). For the non-
disabled group, the difference between 5.65 and 3.44 is statistically significant at the 1%-level 
(calculated chi-squared value with one degree of freedom of 7.05). For 50% disabled, the difference 
between 4.43 and 2.94 is statistically significant at the 5%-level (calculated chi-squared value with one 
degree of freedom of 4.54). Finally, for 100% disabled, the difference between 3.64 and 2.57 is 
insignificant (calculated chi-squared value with one degree of freedom of 2.44).  
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Figure 3B: Loss-Gain Ratio: Stratification by Age of the Head of the Household 
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Notes: Based on significant coefficients obtained from step-wise Cox regressions, the loss-gain ratios 

are calculated by 
iii

i
AGEHEADDD

AGEHEAD
_

_
22104

175
×+×+

×+
ωωω

ωω , where Di is the disability and HEAD_AGEi is the age of 

head-of-household in years. The three lines given in the graph refer to: 0=iD  (the black solid line), 
50=iD (the dark gray dotted line), and 100=iD (the gray dashed line). For the non-disabled group, 

the difference between 7.04 and 4.11 is statistically significant at the 1%-level (calculated chi-squared 
value with one degree of freedom of 26.24). For the 50% disability, the difference between 4.67 and 
3.46 is statistically significant at the 1%-level (calculated chi-squared value with one degree of freedom 
of 8.85). Finally, for the 100% disability group, the difference between 3.49 and 2.99 is insignificant 
(calculated chi-squared value with one degree of freedom of 2.18).  
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Appendix A: Price Reduction Algorithms stratified by Sale Programs 
 

 
* (1) is equal to 256(NIS) 000,3 ×× . Also, defining A=5,000; 10,000; 20,000 NIS, and B=0.25; 0.30, 
for 100 percent disabled tenants confined to a wheelchair the formula becomes 
((2)+(A+B × (Value−((2) × Value+A)))) )Value100(× . In calculating B × (Value−((1)+A)) or 
B× (Value− ((2)×Value+A)), Value equals the appraised value of the unit if NIS  400,000Value ≤ and 
400,000 NIS if NIS 400,000Value >  

Sale 
Program 

Dates Characteristics Determining the Reduction 
Rate 

Formula for Determining the 
Marginal Contribution of Each 
Characteristic to the Total 
Reduction Rate (in percent )  

1 February 23, 1999 - 
April 8, 2000 

Number of Persons in Household and 
Seniority in Public Housing  

Up to 

 
  100% Disabled Confined to a wheelchair  

Living in Type A-B-C regions 
10 percent×  Family members 
with permanent 100% disability 

  Single Living in Type A-B Regions (10,000 NIS+0.30× (Value 
 −((1)+10,000))) )Value100(× * 

  Couple with or without Children Living in 
Type A-B Regions 

(20,000 NIS+0.30× (Value 
−((1)+20,000))) )Value100(× * 

  Single Living in Type C Regions (5,000 NIS+0.25× (Value 
−((1)+5,000))) )Value100(×   * 

  Couple with or without Children Living in 
Type C Regions 

(10,000 NIS+0.25× (Value 
−((1)+10,000))) )Value100(× * 

2 April 9, 2000 - 
September 14, 2003 

Seniority in the Unit 
Tenants Living in Type A-B-C Region 

3.0 percent× seniority until 
1/1/2000 
+1.5 percent× 2 for 2001-2002 
+1.0 percent for 2003 

  Seniority in the Unit (years) 
100% Disabled Confined to a wheelchair  

Living in Type A-B-C Region 

4.0  percent×years _of 
residence until 1/1/2000 
+1.5 percent× 2 for 2001-2002 
+1.0 percent for 2003 

3 Sept. 15, 2003 - 
September 14, 2003 

Seniority in the Unit (years) 
Tenants Living in Type A-B Regions 

3.0-2.0 percent× seniority until 
1/1/2000 
+1.5 percent× 2 for 2001-2002 
+1.0 percent× 2 for 2003-2004 

  Seniority in the Unit (years) 
Tenants Living in Type C Region 

1.0 percent× seniority  

  Seniority in the Unit (years) 
100% Disabled Confined to a wheelchair  

Living in Type A-B-C Region 

4.0  percent× siniority until 
1/1/2000 
+1.5 percent× 2 for 2001-2002 
+1.0 percent× 2 for 2003-2004 

4 January 1, 2005  - 
August 10, 2005 

Single Living in Type A-B Regions 25 percent 

  Couple without Children in  Type A-B 
Regions 

50 percent 

  Couple with 1 Child in Type A-B Regions 70 percent 

  Couple with at least 2 Children in Type A-B 
Regions 

85 percent 

  100% Disabled confined to a wheelchair in 
Type A-B Regions 

85 percent 

  Units Located in Type C Regions No Reduction 
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Appendix A: Price Reduction Algorithms stratified by Sale Programs (cont.) 

 
Notes: The table displays the maximum price reduction rates obtained via the price reduction 
algorithms and stratified by programs and socio-demographic criteria. The sources of these algorithms 
are memos of the ministry of housing and construction, which apply governments decisions via public 
housing corporations. Once the unit is purchased, the reduction rate becomes permanent if the 
purchased unit is not sold within five years, or is sold to improve dwelling conditions. Entitlements to 
be included in the programs are conditioned on minimal duration of residence in the unit for at least 
between 2 to 12 years depending on the specific program, and full payments of rent fees during that 
period. 65-year-old tenant is entitled to purchase only if he/she has a couple aged less than 65-year-old, 
or, alternatively, at least one son or daughter living in Israel. Compared to the reduction rates reported 
in the table, lower reduction rates were offered to tenants whose rent fees were not subsidized by the 
government (including setting price reduction rates to zero for those households during program's 3 
period). The programs include ceilings of the lowest between 75% and 300,000 NIS (program 1), 90%-
95% (program 2 - non-disabled and disabled), 70%-80% (program 3 - for entitled tenants living in units 
located in type C and type B regions). Value is the unit's value based on appraiser's report. For 
programs' objectives, children whose age is above 21 years old  are neither counted as family members 
nor as children  

Sale 
Program 

Dates Characteristics Determining the Reduction 
Rate 

Formula for Determining 
the Reduction Rate 
(percent) 

5 August 11, 2005 - 
December 31, 2006 

Single Living in Type A-B Regions 25 percent 

  Couple without Children in  Type A-B Regions 50 percent 

  Couple with 1 Child in Type A-B Regions 70 percent 

  Couple with at least 2 Children in Type A-B 
Regions 

85 percent 

  Single Living in Type C Regions 15 percent 

  Couple without Children in  Type C Regions 40 percent 

  Couple with 1 Child in Type C Regions 70 percent 

  Couple with at least 2 Children in Type C 
Regions 

85 percent 

  100% Disabled confined to a wheelchair in Type 
A-B-C Regions 

85 percent 

(6) February 11, 2007 - 
August 31, 2008 

Single Living in Type A-B Regions 25 percent 

  Couple without Children in  Type A-B Regions 46 percent 

  Couple with 1 Child in Type A-B Regions 69 percent 

  Couple with at least 2 Children in Type A-B 
Regions 

92 percent 

  Single Living in Type C Regions 20 percent 

  Couple without Children in  Type C Regions 40 percent 

  Couple with 1 Child in Type C Regions 60 percent 

  Couple with at least 2 Children in Type C 
Regions 

80 percent 

  100% Disabled confined to a wheelchair in Type 
A-B-C Regions 

85 percent 
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Appendix B: Reduction Rates by Tenant, Locational and Building Characteristics 
 
 
Figure B1: Reduction Rates by Location 
 

 
 
Notes: Tel-Aviv, Haifa and Jerusalem are the three largest cities in Israel . 
 
 
Figure B2: Reduction Rate Schemes by Duration of Residence in Public Housing  
 

 
 
Notes: Duration in the public housing project are stratified by sample quintiles: 

Quintiles Duration (Years) 
20.0% 15.5 
40.0% 25.0 
60.0% 31.0 
80.0% 35.0 
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Figure B3: Reduction Rates by Number of Children in Household  
 

 
 
Notes: Figure B3 only refers to children under 21 years old. 
 
 
Figure B4: Reduction Rates by Household Income 
 

 
 
Notes: Out of 6,852 households participating in the estimation, 1,002 reported their level of income. 
Reported levels of income are translated to US $ and stratified by sample quartiles: . 
 

quartile Monthly NIS Monthly US$(= Monthly NIS 4÷ ) Annual US$(= Monthly US$ 12× ) 
25%  ₪2,820 $705 $8,460 
50%  ₪3,572 $893 $10,716 
75%  ₪4,540 $1,135 $13,620 
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Figure B5: Reduction Rates by Type of Structure 
 

 
 
Notes: Structure types include: detached units, condominiums in structures with an elevator, and 
condominiums in structures without an elevator. 
 
Figure B6: Reduction Rates by Disability Status 
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Notes: Disability status include: non-disabled and disabled tenants. 
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Appendix C: Tests for Unit-Roots in Reduction Rates for All Panels 
 
Fisher-Type based on ADF Unit-Root Test Statistic p-value 
Inverse chi-squared test  5,520.99     1.00  
Inverse normal        53.53     1.00  
Inverse logit        49.05     1.00  
Modified inverse chi-squared      -49.44     1.00  

 
Notes: The four tests examine the null hypothesis that all 6,853 panels contain unit roots based on 
Augmented Dickey Fuller tests.  
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 Appendix D: Auxiliary Regressions for generating Permanent Income 
 

VARIABLES 
Equation 

(3) 
Equation 

(2) 
   
DURATIONi 9.636 -0.0343 
 (3.476)*** (0.000627)*** 
CHILDRENi − 0.161 
 − (0.00491)*** 
DIVORCEDi -3,799 0.618 
 (70.20)*** (0.0203)*** 
WIDOWi -3,081 0.424 
 (71.78)*** (0.0190)*** 
SINGLE_PARENTi -1,912 0.606 
 (71.27)*** (0.0170)*** 
SINGLEi -5,177 0.132 
 (66.60)*** (0.0191)*** 
Di 12.90 0.0126 
 (0.927)*** (0.000228)*** 
WHEELCHAIRi -880.1 -0.907 
 (231.7)*** (0.0599)*** 
HEAD_AGEi -11.93 0.0219 
 (1.910)*** (0.000512)*** 
NORTHi 230.3 0.210 
 (95.26)** (0.0275)*** 
GUSH_DANi 700.0 -0.357 
 (112.2)*** (0.0304)*** 
SOUTHi 3.962 0.249 
 (94.71) (0.0274)*** 
JERUSALEMi 1,090 -0.269 
 (123.7)*** (0.0333)*** 
CENTERi 617.5 -0.0474 
 (108.7)*** (0.0301) 
KRAYOTi 813.2 -0.00886 
 (698.5) (0.213) 
SHARONi 570.7 -0.259 
 (111.8)*** (0.0299)*** 
TEL_AVIVi 658.1 -0.297 
 (183.2)*** (0.0512)*** 
AREAi − -0.000253 
 − (6.53e-05)*** 
ROOMSi − -0.161 
 − (0.0142)*** 
FLOORi − 0.0392 
 − (0.00490)*** 
STORIES − 0.0212 
 − (0.00499)*** 



 

 50 

Appendix D: Auxiliary Regressions for Generating Permanent Income (continued) 
 

VARIABLES 
Equation 

(3) 
Equation 

(2) 
   
   
ELEVATORi − 0.0195 
 − (0.0297) 
SHELTERSi − 0.113 
 − (0.00943)*** 
ENTRANCESi − 0.0192 
 − (0.00318)*** 
STRUCT_AGEi − 0.0157 
 − (0.000400)*** 
STRUCT_PERi − -0.00222 
 − (0.000236)*** 
Inverse-Mills Ratio − 1,164 
 − (135.9)*** 
Constant 11,216 -0.975 
 (178.9)*** (0.0594)*** 
   
Observations 58,665 58,665 
Censored Obs. 22,840 22,840 
Chi Square Statistics 8822 8822 

 
 
Notes: The table displays the auxiliary regression from which the permanent income has been 
generated for each household in the sample. The dependent variable in the selection equation is the 
probability to report the level of income. Numbers in parentheses are standard errors. Significant values 
at a 5% (1%) level are marked with two (three) asterisks 
 



 

 51 

Appendix E: Loss-Gain Ratio and Demographics 
 

In order to examine the effect of the qualitative MARRIED term, we split the sample 

into married and unmarried groups and re-estimate equations (1)-(3) separately for each ot 

those groups. To examine the sensitivity of the loss-gain ratio to HEAD_AGE, we extend 

equation (1) to include the following interaction terms: 

(1b) 

],

)1()1(

exp[)()(

,,26,,,5

,,,4,,,3

,,2,,1002

ti
T

tititi

titititititi

titititi

CONTROLPOSREFRED

NEGREFREDPOSNEGREF

POSREFNEGREFtt

ψθθ

θθ

θθθλλ

+⋅+×−+

×−+−×−×+

×+×+=

 

 

where 

(4.0) iiii AGEHEADDAGEHEADD __ 181260 ×+×+×= ωωωθ , 

(4.1) iiii AGEHEADDAGEHEADD __ 1913711 ×+×+×+= ωωωωθ , 

(4.2) iiii AGEHEADDAGEHEADD __ 2014822 ×+×+×+= ωωωωθ , 

(4.3) iiii AGEHEADDAGEHEADD __ 2115933 ×+×+×+= ωωωωθ , 

(4.4) iiii AGEHEADDAGEHEADD __ 22161044 ×+×+×+= ωωωωθ ,  

(4.5) iiii AGEHEADDAGEHEADD __ 23171155 ×+×+×+= ωωωωθ , 

and 

(4.6) ),,,( 3325246 ωωωθ …= . 

Note that substituting (4.0)-(4.6) into equation (1b) allows for interaction of 

HEAD_AGEi with the disability index, Di. The ω1,…, ω33 are 33 estimated coefficients. The 

row vector T
6θ is the transpose of the column vector 6θ , ti,,2ψ is a random disturbance term 

and all other variables are as described following equation (1) above. 

Thus, for our variables of focus— titi SignREF ,, ×  and tititi SignREFRED ,,, ×−  

[Signi,t={ NEGi,t, POSi,t, )1)(1( ,, titi NEGPOS −− }]—equation (1b) together with (4.0)-(4.6) 

generate three sets of interaction terms: Di, HEAD_AGEi, and Di×HEAD_AGEi; hence, other 

than the matrix CONTROL, there are 20 variables with interaction terms included in (1b). 


