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Abstract

We use an annual household panel to test whether a number of findings in behavioural economics
can be supported by measures of life satisfaction and other variables. We test the following hypotheses:
life satisfaction is increasing and concave in income gains; life satisfaction is decreasing and convex in
income losses; changes in income, health, and employment are evaluated against a reference point; loss
aversion applies to income, health and employment; recalled or expected life satisfaction is anchored at
current life satisfaction and adjusted in the direction of the recall or expectation. Using a fixed effects
estimator, we find that life satisfaction is increasing and concave in income gains, decreasing and convex
in income losses, influenced by both the levels of income, health and employment, as well as their
changes compared to the previous year. Moreover, we find that current levels of life satisfaction are
better predictors of remembered (expected) life satisfaction than past (future) life satisfaction. The results
provide support for prospect theory, anchoring and adjustment, and raise doubts about using the status
quo as the correct reference point.
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1

Introduction

Since the publication of “Prospect theory: An analysis of decision under risk” by Kahneman and Tversky
(1979), non-expected utility theory has been develped in a very active literature. Many authors have proposed alternatives or extensions to the classical expected-utility model1 and another strand of the literature
has tested the assumptions of, and hypotheses derived from, prospect theory and subsequent extensions by
means of laboratory or field experiments.2
Less work has been devoted to the question of to what extent the building blocks of prospect theory –
and related theories in the behavioral economics field – can be validated in survey data. In particular, using
life satisfaction or subjective well-being as a utility proxy, Boyce et al. (2013), De Neve et al. (2015), and
Di Tella et al. (2010) test and affirm the loss aversion hypothesis with respect to income, and Fang and Niimi
(2015) and Vendrik and Woltjer (2007) test and affirm loss aversion with respect to relative income.3
In this paper we investigate which elements of prospect theory can be supported by observational data.
In particular, which elements of prospect theory can be validated in a panel in which life satisfaction, interpreted as utility, is self-reported on an annual basis? We consider the following properties of prospect theory:
(1) utility is evaluated against a reference point; (2) marginal utility is decreasing in gains and losses; (3)
there is loss aversion, that is the decrease in utility due to a loss is greater than the increase due to an equivalent gain. These are relevant aspects of prospect theory in choices that do not involve chance (Kahneman
and Tversky, 1979; Tversky and Kahneman, 1991). We do not test for the presence of probability weighting
in this paper4 because our data do not provide a good source of identification of probability weighting.
Prospect theory was initially created as a decision theory but has since its inception been extended to
applications of life satisfaction and well-being. The theory has grown out of and has been tested through
experimental findings. By their nature experiments are restricted to short time spans between the presentation of the experiment and the observation of the participant’s response, and to the participant’s evaluation
1 There are many examples. Kőszegi and Rabin (2006) propose a model with reference-dependent utility where the referencepoint is defined to be expected consumption shortly before consumption occurs. Bénabou (2012), Brunnermeier and Parker (2005),
Gollier (2011), and Gottlieb (2014) all build models in which agents can - to some extent - choose what to believe in order to enjoy
anticipatory utility.
2 See DellaVigna (2009) for an overview of this burgeoning literature.
3 Fang and Niimi (2015) do not define relative income but use the individual’s subjective evaluation of how rich/poor he is.
Vendrik and Woltjer (2007) use the average income of an age-education-region-sex cell as reference income.
4 Probability weighting appears in the original article Kahneman and Tversky (1979) and in many, though not all, subsequent
presentations of prospect theory.
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of a controlled experience. However, prospect theory also has intuitive appeal when we consider longer
time spans and a global evaluation of life satisfaction. Household or individual panels are thus a well-suited
source of data to test whether and to what extent prospect theory can explain the evolution of life satisfaction
over longer periods of time. The contribution of this paper is precisely to evaluate how well each of the above
elements of prospect theory can explain levels and changes in life satisfaction over the course of a year. In
addition to the above elements, we also exploit a set of questions of our data to evaluate whether expected
(recalled) life satisfaction is better explained by future (past) levels or current levels of life satisfaction. This
test is motivated by the psychological literature showing that individuals’ perceptions of past feelings or
experiences are affected by conditions in the present (see for example O’Brien et al. (2012), Wilson et al.
(2003) and Gilbert (2006)).
In this paper, we also look for supporting evidence for the anchoring and adjustment heuristic. Anchoring and adjustment was originally proposed in Tversky and Kahneman (1974) as a descriptive model of how
answers to difficult questions are generated. In the model, an initial starting value serves as the anchor, and
this value is improved (adjusted) until it becomes a satisfactory answer. The anchor is often the answer to
an easier question, a hint suggested by the question itself, or even unrelated information in the question.
The model lacks a specific description of the cost benefit analysis of the search process, but its qualitative
features are very well supported by evidence. Epley and Gilovich (2006) provide an up-to-date discussion.
In the analysis of the dataset, it was readily apparent that the current life satisfaction values could be seen
anchors for the harder questions of what future expected and recalled life past satisfaction were. To further
test this theory, we looked for evidence of the adjustment process, relative to the anchor.
In line with prospect theory, we find that household income (the only continuous variable in our model)
exhibits a diminishing marginal effect on life satisfaction, and that decreases in life satisfaction due to losses
are larger than increases due to symmetric gains, which is evidence of loss aversion. Contrary to prospect
theory, we find that levels of life satisfaction are much better explained by levels of independent variables,
whereas first differences (changes over a year) in life satisfaction are better explained by changes rather
than levels of independent variables. This suggests that lagged variables are not an adequate model for the
formation of the reference point in prospect theory. Finally, we find compelling evidence for the anchoring
and adjustment heuristic when respondents try to determine past and future life satisfaction. Current life
satisfaction is a much better predictor of remembered life satisfaction than past life satisfaction, and a much
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better predictor of expected life satisfaction than actual future life satisfaction – suggesting that the current
life satisfaction value is the anchor used in determining the answers. Moreover, the true values of future and
past life satisfaction go in the same direction as the predicted values relative to the anchor value, which is
evidence for adjustment. This implies that views of the past and expectations of the future are considerably
influenced by present levels of life satisfaction.

2

Data and Models

We use the German Socio-Economic Panel (SOEP), a panel that has been widely used in life satisfaction
(henceforth LS) research, covering the survey years 1992 – 2015, and 1984 – 1987. Self-assessed health is
only available from 1992 onwards, and questions relating to recalled and expected LS are available only for
the survey years 1984 – 1987. We consider individuals aged 18-85. The outcome of interest is the answer to
the question: 1) “How satisfied are you at present with your life as a whole?” The respondents can answer
with an integer number between 0 and 10, with 0 being the lowest and 10 the highest level of LS.5 For
the anchoring and adjustment model we also use as dependent variables the answers to the following two
questions: 2) “How satisfied with your life were you a year ago?” 3) “And what do you think will it [LS] be
in a year?” Both questions could be answered on the same scale as the question about current LS. The order
of the questions in the questionnaire is the same as presented here: 1) current LS, 2) LS last year, and 3)
LS next year. The explanatory variables we use are a dummy for males, a dummy for living with a partner,
a dummy for having children, dummies for the labour force categories employed, unemployed, and retired
(not in labour force is the omitted category), dummies for the self-reported health status (very good, good,
satisfactory, and not so good; the category bad is omitted), years of education, a quadratic polynomial in
age, equivalised net monthly real household income,6 and the number of nights spent in hospital in the past
year. Table 1 presents summary statistics of our sample.
We treat LS as a cardinal variable. This is a choice of convenience. We have also conducted all our
5 The question clarifies that “0 means completely dissatisfied and 10 means completely satisfied”, but no labels (such as “excellent”, “good”, etc. are attached to the values.
6 Household income is typically used in life satisfaction research. We use the OECD equivalence scale: Total net household
income is divided by a weighted sum of household members, where the first adult household member is counted fully, any other
person above the age of 13 as 0.7, and all younger household members as 0.5. The SOEP (remove if this is the pannel) has a number
of different income variables (reported vs. constructed, post vs. pre government taxes and transfers). We have tried different income
variables and have decided to use reported net household equivalised income because this variable had the best fit in explaining LS
among all income variables (cite?).
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Table 1: Summary statistics
Mean
6.98
0.47
0.74
0.38
1.64
2.66
0.60
0.06
0.17
0.17
11.90
48.4
1.31
0.07
-0.06

Life satisfaction (0-10)
Male
Has partner
Has children
Nights hospitalised
Self-assessed health (1-5)
Employed
Unemployed
Retired
Not in labor force
Years of education
Age
Income (equivalised in 1,000 Euros)
Income gain (equivalised in 1,000 Euros)
Income loss (equivalised in 1,000 Euros)
Observations: 317,139. Persons: 50,187.

estimations and tests based on the Blow-up and Cluster estimator in Baetschmann et al. (2015). The estimator is consistent and based on the dichotomisation of the dependent variable at every threshold and the
application of the conditional logit model in Chamberlain (1980). The estimator allows for individual fixed
effects and makes no assumption about their correlation with the independent variables. The results were
only marginally different from our main results. We provide a table of results for the Blow-up and Cluster
estimator in appendix A.
We test whether LS exhibits the properties of reference dependence, diminishing marginal utility, and
loss aversion. We then analyse whether an anchoring and adjustment model can explain subjects’ responses
to recalled and expected LS. We discuss these models and hypotheses in turn.
To test for reference dependence, diminishing marginal utility, and loss aversion we estimate the following equation:
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lsit =β0 + β1 yit + β2 y2it + 1∆yit >0 γ1 ∆yit + γ2 ∆y2it + 1∆yit ≤0 δ1 ∆yit + δ2 ∆y2it
!
5

+ α2 H2 + · · · + α5 H5 + ∑

j=1

+ ρE E + ρU U + ρR R + ∑

∑ αgjk T Hitjk + ∑ αljk T Hitjk

(2)

k< j

k> j

∑

(1)

ρlm T Litlm

(3)

l∈L m∈(L−l)

+ ηXit + ui + vt + εit

(4)

The first line (1) includes the income variables, the second line (2) the health variables, the third line
(3) the employment status variables, and the fourth line (4) includes other control variables, Xit , person
fixed effects, ui , year fixed effects, vt , and the classical error term, εit . In (1) ∆yit := yit − yi,t−1 , and
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is an indicator variable which evaluates to 1 if the statement A is true, and to 0 if A is false. The income
specification thus allows for level effects (through β1 and β2 ), and for different gain and loss effects (through
γ1 , γ2 , δ1 and δ2 ). In (2) we include dummy variables for all but one of the different health categories, H2
to H5, as well as all possible transitions T H from one health state to another. For example, T H 23 is 1
if an individual reported the second health category in the previous year, and reports the third category in
the current year. Finally, for employment, we also include dummies for being employed, unemployed, and
retired, E, U, and R, as well as all possible transitions T L from one labour force status to another, where
L is the set L = {E,U, R, N} and N stands for not being in the labor force. For example, T LEU is 1 if an
individual was employed in the previous year, but is unemployed in the current year.

2.1

Reference point

Prospect theory postulates that utility is derived from the value of a variable compared against a reference
value. What that reference value in a given context should be is not always clear. Kőszegi and Rabin
(2006) argue that “a person’s reference point is her probabilistic beliefs about the relevant consumption
outcome held between the time she first focused on the decision determining the outcome and shortly before
consumption occurs”, thus proposing expected consumption as reference point. Others have argued that in
evaluating their LS people compare themselves to a peer group (see Vendrik and Woltjer (2007) and the
papers cited there). In that case the reference point is usually constructed as the average of the variable
6

of interest within a subsample which share the demographic characteristics of the individual for whom the
reference point is being calculated. In panel data a natural reference point is the lagged value of the variable
of interest, assuming that the reference point is the person herself in her near past. If true, this should
imply that changes in variables should be better predictors of LS than levels. The test is straightforward.
If LS is not evaluated against a reference point (or, more conservatively, if the past value of a variable is
not a reference point) then the coefficients on changes and transitions should be zero. Conversely, if LS is
evaluated only against reference points, then the coefficients on the current levels should be zero.
Hypotheses: (RP1) LS is not evaluated against a reference point in the domain of gains,

H0,y :

γ1 = γ2 = 0,

H0,h :

α jk = 0 ∀ j, k

H0,l :

ρUE = 0.

such that j < k,

(RP2) LS is not evaluated against a reference point in the domain of losses,

H0,y :

δ1 = δ2 = 0,

H0,h :

α jk = 0 ∀ j, k

H0,l :

ρEU = 0.

such that j > k,

(RP3) LS is not evaluated in levels,

H0,y :

β1 = β2 = 0,

H0,h :

αj = 0

H0,l :

ρE = ρU = 0.

∀ j ∈ {1, . . . , 5},

In the hypotheses above, only transitions between the employed and unemployed statuses are considered,
since only these are unambiguously ranked in relation to each other.
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2.2

Diminishing marginal utility

Testing for the presence of diminishing marginal utility in LS requires certain assumptions on the variables.
If both LS and the independent variable are cardinal, testing for diminishing marginal utility is straightforward. If we relax the cardinality assumption for LS but retain its ordinal property, we can still apply a latent
variable framework such as ordered probit or logit. We have estimated our model under both assumptions.
We used the fixed effects OLS estimator for the cardinal, and the fixed effects ordinal logit (Blow-up and
cluster, see Baetschmann et al. (2015)) for the ordinal specification. The two specifications yielded almost
identical results. We produce a table of results for the ordinal model in appendix A, and proceed here with
the cardinal model.
Cardinality in the independent variable however cannot be dispensed with. To see this, consider a
person who reports the same increase in LS when going from satisfactory to good and from good to very
good health. If these two changes in health categories reflect an equivalent change in the person’s underlying
“true” health we would conclude that marginal utility is constant. But if the incremental gain in health in
the former is smaller, the person would still exhibit diminishing marginal utility with respect to health.
Of our explanatory variables, income is the only cardinal variable, therefore it is the only variable for
which we can test whether it exhibits diminishing marginal LS. While years of education and health categories can be ordered, we do not assume that gains in education and health are linear in these variables.
For income levels to have positive and diminishing marginal effects on LS, necessary conditions are

β1 > 0,

β2 < 0.

Given our choice of a quadratic function, LS will achieve a maximum income, but our estimates will
give us a range of income for which positive and diminishing marginal income effects provide a good fit of
the data.
For income changes, consider only the income part of our LS model (equation 1). If we take the first
difference in LS (and we assume that yt−1 = yt−2 ) we arrive at the following equation (omitting the individual
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subscript):



2
∆ls = β1 ∆y + β2 (yt2 − yt−1
) + 1∆y>0 γ1 ∆y + γ2 ∆y2 + 1∆y≤0 δ1 ∆y + δ2 ∆y2 .

Using the fact that

2
yt2 − yt−1
= (yt − yt−1 )(yt + yt−1 )

= ∆y(∆y + 2yt−1 ),

we obtain

∆ls =∆y (β1 + 2β2 yt−1 + 1∆y>0 γ1 + 1∆y≤0 δ1 )
+ (∆y)2 (β2 + 1∆y>0 γ2 + 1∆y≤0 δ2 ) .

For income gains to increase LS, but at a diminishing rate, we require

∆ls
= (β1 + 2β2 yt−1 + γ1 ) + ∆y (β2 + γ2 ) > 0,
∆y
 
∆

∆ls
∆y

∆y

(5)

= β2 + γ2 < 0.

For income losses to decrease LS, but at a diminishing rate (for LS to be convex in the loss domain) we
require

∆ls
= (β1 + 2β2 yt−1 + δ1 ) + ∆y (β2 + δ2 ) > 0,
∆y
 
∆

∆ls
∆y

∆y

(6)

= β2 + δ2 > 0.

Equipped with our estimates, we can calculate the range of income changes for which income has a
positive marginal effect on LS. The hypotheses are the following
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Hypotheses: (DMU1) LS is not concave in income levels,

H0 : β2 ≥ 0.

(DMU2) If β2 < 0, LS is not increasing in income,

H0 : β1 ≤ 0.

(DMU3) LS is not concave in income gains,

H0 :

β2 + γ2 ≥ 0.

H0 :

β2 + δ2 ≤ 0.

(DMU4) LS is not convex in income losses,

2.3

Loss Aversion

Loss aversion means that the decrease in utility due to a loss (of income, health, employment) is greater
than the increase in utility due to the corresponding gain. To classify anything as a loss or a gain a reference
point must be defined. While marginal effects for health and employment status could not be estimated,
the presence of loss aversion can, as individuals can go from good to bad health and vice versa, or from
employment to unemployment and vice versa. For loss aversion in income, we need to compare

∆ls
∆y

in the

domain of gains to the same fraction in the domain of losses. Loss aversion requires that the rate of change of
LS for a decrease in y be greater than the rate of change in LS for a corresponding increase. From equations
(5) and (6),
δ1 + (−∆y)(β2 + δ2 ) > γ1 + ∆y(β2 + γ2 ),
10

∀∆y ≥ 0.

In particular, ∆y = 0 implies δ1 > γ1 , giving the utility function with loss aversion its characteristic kink at the
origin. For labour force status we compare only two states: employment and unemployment, as by definition
employment is preferred to unemployment by both the employed and the unemployed. The change in LS
for someone who moves from unemployment to employment (assuming that in t − 2 her labour force status
was also unemployed) is (ρE − ρU ) + ρUE , the change in LS for someone who moves from employment to
unemployment (assuming that in t − 2 her labour force status was also employed) is (ρU − ρE ) + ρEU . The
former is expected to be positive, and the latter to be negative. If so, loss aversion would also imply:

(ρE − ρU ) + ρUE < − ((ρU − ρE ) + ρEU )
⇒

ρUE < −ρEU .

For health, the same argument as in the labour force status case applies. However, as there are 5 (ordered)
health categories, there are 10 comparisons that can be made. Before turning to our hypotheses about loss
aversion, we first test the following two auxiliary hypotheses to establish that employment and good health
are “goods”:
Hypotheses: (H1) Deteriorating health does not decrease LS, improving health does not increase LS,

H0,l1 :

(α j − αk ) + αk j ≥ 0

∀ j < k,

H0,l2 :

(α j − αk ) + αk j ≤ 0

∀ j > k.

(L1) Going from employment to unemployment does not decrease LS, going from unemployment to
employment does not increase LS,

H0,l1 :

(ρU − ρE ) + ρEU ≥ 0,

H0,l2 :

(ρE − ρU ) + ρUE ≤ 0.

The hypothesis on loss aversion is:
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Hypothesis: (LA1) LS does not exhibit loss aversion in income, health and employment,

2.4

H0,y :

δ1 ≤ γ1 ,

H0,h :

− αk j > α jk

H0,l :

− ρEU > ρUE .

∀ k < j,

Anchoring and adjustment

The final question we address is whether the answer to recalled LS and to expected LS can be described
by an anchoring and adjustment heuristic where people use their current LS as anchor and then adjust in
the direction of their recall or expectation. For example, a person might evaluate her life satisfaction to be
higher compared to the previous year. Her answer might then be constructed as the value of her current LS
minus 1. We estimate:

Rit (lsi,t−1 ) = β0 + β1 lsit + β2 lsi,t−1 + ui + εit ,

(7)

Eit (lsi,t+1 ) = β0 + β1 lsit + β2 lsi,t+1 + ui + εit ,

(8)

Here Rit (lsi,t−1 ) gives the LS at time t − 1 recalled by individual i at time t, and Eit (lsi,t+1 ) gives the LS at
time t + 1 expected by individual i at time t. These equations can accommodate a range of models about
how people answer the questions about past and expected LS. If β1 = 0 and β2 = 1, then people are perfectly
recalling their past / predicting their future LS. Our a priori conjecture is that people follow an anchoring
and adjustment heuristic with the current life satisfaction level as the anchoring point. That is, at time t, the
anchor for Et (lst+1 ) and for Rt (lst−1 ) is lst . Therefore, we expect the anchor to serve as a good predictor of
recalled LS in equation (7) and expected LS in equation (8) implying β1 > 0. Moreover, if the adjustment
process improves the answer starting at the anchor, we should observe that past and future LS improve the
answer to recalled and expected LS, implying β2 > 0. That is, if the expected value of LS in a previous year
is adjusted towards the true future LS value, starting at the anchor, it must have additional predictive power
and should be positively related to current LS. Similarly, the adjustment process should give recalled LS
additional predictive power for true past LS, when controlling for the anchor value.

12

Hypotheses: (AA1) Individuals do not use their current LS as an anchor for recalled or expected LS.
In equations (7) and (8),

H0 :

β1 ≤ 0.

(AA2) If β1 > 0, individuals do not adjust their recalled or expected LS in the direction of past or future
LS. In equations (7) and (8),

H0 :

β2 ≤ 0.

An advantage of AA is that it allows us to make sense of imperfect recall, since the procedure can be
applied to all questions where the answer is numeric or ordinal, and where a suitable anchor can be posited.

3

Results

Table 3 presents the results for our main econometric model from equation (1 – 4) where we have restricted
the sample to observations whose incomes do not change by more than 500 Euros (the sample mean is 1,414
Euros).7 The results are generally in line with what is known about life satisfaction. Having a partner, having
children, not being unemployed, being in good health, and income are associated with higher levels of life
satisfaction. The differences between the OLS and fixed effects coefficients demonstrate the importance of
unobserved individual characteristics. Our preferred specification is therefore the fixed effects estimator.

3.1

Reference point

Table 2 summarizes the hypotheses we test and the results. From panel A we see that hypotheses RP1 to
RP3 are all rejected. We remind the reader that what we are testing for in RP1 and RP2 are any effects on LS
of changes over and above level effects. Level effects are tested in RP3. Three results stand out: First, both
levels as well as changes of all three variable groups are significant. Thus, LS seems to be best described
by a hybrid of Expected Utility Theory and Prospect Theory, or by a version of Prospect Theory where the
7 Restricting

the sample to changes of no more than 1,000 Euros yielded very similar results.
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0.071
0.004
0.000
0.028
0.000
0.000
0.000

PT
PT
PT
PT
EUT
EUT
EUT

AA
AA

AA
AA

PT
PT
PT

0.000
0.000

0.000
0.000

0.033
0.452*
0.002

0.000
0.000
0.113
0.003

0.000

PT

EUT
EUT
PT
PT

0.028

p-value

PT

Ha supports:

*In the case of LA1 for health, we tested each possible transition between health states separately. The reported p–value is the lowest among the
10 tests.

Recalled LS is adjusted towards past LS.
Expected LS is adjusted towards future LS.

Recalled LS is anchored at current LS.
Expected LS is anchored at current LS.

Panel D: Anchoring and adjustment
AA1
Recalled LS is not anchored at current LS.
Expected LS is not anchored at current LS.

Recalled LS is not adjusted towards past LS.
Expected LS is not adjusted towards future LS.

LS exhibits loss aversion in income.
LS exhibits loss aversion in health.
LS exhibits loss aversion in (un)employment.

Panel C: Loss aversion
LA1
LS does not exhibit loss aversion in income.
LA1
LS does not exhibit loss aversion in health.
LA1
LS does not exhibit loss aversion in (un)employment.

AA2

LS is concave in income levels.
LS is increasing in income levels.
LS is concave in income in the domain of gains.
LS is convex in income in the domain of losses.

Panel B: Diminishing marginal utility
DMU1 LS is not concave in income levels.
DMU2 LS is not increasing in income levels.
DMU3 LS is not concave in income in the domain of gains.
DMU4 LS is not convex in income in the domain of losses.

LS is evaluated against a reference point in the domain of
income gains.
LS is evaluated against a reference point in the domain of
health gains.
LS is evaluated against a reference point when one becomes
employed.
LS is evaluated against a reference point in the domain of
income losses.
LS is evaluated against a reference point in the domain of
health losses.
LS is evaluated against a reference point when one becomes
unemployed.
LS is evaluated in income levels.
LS is evaluated in health levels.
LS is evaluated in (un)employment.

Ha

Table 2: Summary of hypotheses to be tested.

Panel A: Reference point
RP1
LS is not evaluated against a reference point in the domain
of income gains.
LS is not evaluated against a reference point in the domain
of health gains.
LS is not evaluated against a reference point when one becomes employed.
RP2
LS is not evaluated against a reference point in the domain
of income losses.
LS is not evaluated against a reference point in the domain
of health losses.
LS is not evaluated against a reference point when one becomes unemployed.
RP3
LS is not evaluated in income levels.
LS is not evaluated in health levels.
LS is not evaluated in (un)employment.

H0

Table 3: Determinants of life satisfaction.
(1)
(2)
OLS
Fixed effects
Male
Partner
Nights hospitalized
Children
Employed
Unemployed
Retired
Years of education
Health:not so good
Health:satisfactory
Health:good
Health:very good
Age
Age2 /100
Household income
(in 1,000 Euros)
Household income2
Income gain
Income gain2
Income loss
Income loss2

-0.087***
(0.005)
0.334***
(0.007)
-0.004***
(0.000)
0.202***
(0.007)
-0.119***
(0.009)
-0.840***
(0.021)
-0.036**
(0.014)
-0.015***
(0.001)
1.707***
(0.032)
2.617***
(0.031)
3.470
(0.031)
4.190***
(0.033)
-0.037***
(0.001)
0.048***
(0.001)
0.501***
(0.024)
-0.025***
(0.005)
-0.075
(0.080)
-0.184
(0.198)
0.232***
(0.087)
0.567**
(0.223)

0.247***
(0.017)
-0.005***
(0.000)
0.052***
(0.012)
-0.014
(0.015)
-0.534***
(0.027)
-0.010
(0.016)
-0.014***
(0.005)
1.239***
(0.041)
1.888***
(0.042)
2.355***
(0.043)
2.718***
(0.047)
-0.009***
(0.003)
0.001
(0.003)
0.294***
(0.015)
-0.011***
(0.002)
0.015
(0.070)
-0.199
(0.174)
0.250***
(0.077)
0.536***
(0.194)

Observations
317,139
317,139
Number of persons
50,187
R-squared
0.273
0.102
Robust standard errors in parentheses. Omitted categories are Health:bad, and not
in labour force. Regressions include a full set of year fixed effects and transitions
between all health and labor force states. The R-squared for the fixed effects model
is the squared correlation between the de-meaned life satisfaction and predicted demeaned life satisfaction. Stata reports this measure as R-squared within. *** p <0.01,
** p <0.05, * p <0.1
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reference point depends on more than past outcomes. Second, the level effects are more significant than the
change effects, and third, the change effects in the loss domain are more significant than the changes in the
gain domain (for income and employment), giving a first indication of the presence of loss aversion.

3.2

Diminishing marginal life satisfaction

Panel B presents the results for hypotheses DMU1 to DMU4. LS is concave in income levels, and it is
increasing for a certain range of income – the estimates imply increasing LS up to a monthly income of
13,500 Euros (only 21 observations report higher incomes than that). The hypothesis that LS is not concave
in gains cannot be rejected at the 10% significance level, but the p–value comes close to 0.1. However, there
is strong evidence for convexity in the loss domain.

3.3

Loss aversion

Our auxiliary tests reject the hypotheses that health and employment have no positive effect on LS (results
not reported). Thus, health and employment are indeed regarded as “goods”. Loss aversion (panel C) is
present at the 5% significance level for income, and is strongly present for employment/unemployment. For
health there is no evidence of loss aversion. To the contrary, out of 10 possible health transitions, only one
test statistic had the sign that would indicate loss aversion. Another explanation could be that both LS and
self-assessed health are measures that reflect how the respondent sees herself. If the respondent over-values
her health gain – compared to her actual health improvement – loss aversion would not be detected using
self-assessed health even if it is present in actual health.
The LS function for changes in income in a range of -500 to +500 Euros (at a reference income of 1,000
Euros) is depicted in the left panel of figure 1. All the characteristic features of Prospect Theory are present:
the kink at the origin, concavity in gains, convexity in losses, and a general stronger effect of losses than
gains. We have repeated the analysis with restricting the sample to income changes of at most 1,000 Euros,
with the same test results as in table 2 (the p–value for concavity in gains is 0.051). The corresponding LS
function is depicted on the right panel of figure 1.
We repeated the regression after adding lagged values of the variables ∆y and (∆y)2 to see whether
the characteristic shape of the LS function is preserved, and whether the shape is also present when we
16

Figure 1: Life satisfaction as function of income for changes of less than 500 Euros (left) and less thant
1000 Euros (right).

Figure 2: Life satisfaction as function of income for changes of income relative to the previous year (left)
and relative to two years before (right).
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track the change in LS over two periods. Figure 2 shows the LS function of this regression. The left panel
shows the LS function with respect to income changes compared to last year, and the right panel with
respect to income changes compared to two years ago. While the loss in LS is sustained over two years,
the characteristic shape of the LS function with loss aversion is visible only with respect to the previous
year’s income, perhaps due to individuals applying the features of prospect theory only in comparison to the
previous year or the previous survey time.

3.4

Recall and expectations

Table 4 shows results from the estimation of equations (7) and (8) and panel D of table 2 shows the corresponding results for our hypotheses. The main result is that current life satisfaction is a much better predictor
of recalled life satisfaction than the actual life satisfaction that was reported in the past. Similarly, current
life satisfaction is a much better predictor of expected life satisfaction than life satisfaction reported a year
later. The recall result for equation (7) cannot be reconciled with any models in which the individual can
recall LS. Similarly, models that make strong assumptions on the ability of individuals to predict future LS
are also hard to reconcile with the result for equation (8). The AA model is in strong agreement with the
results. In AA, the current LS serves as the anchor for determining the answer for both the recalled past LS
and the expected future LS. Respondents then adjust in the correct direction. For example, the categories 7
(21%) and 8 (30%) are the most frequently reported levels of LS. A person with a current LS level of 7 and
past level of 8 would, on average, recall a LS of 7.05. A person with a current LS level of 8 and past level
of 7 would recall a LS of 7.61. It is clear that the anchoring part is much more important quantitatively than
the adjustment.
The margin by which current LS is a stronger predictor than past/future LS is remarkable. This result
has important consequences for example in the evaluation of the effectiveness of medical treatments. Treatments can be evaluated prospectively (patients are asked to evaluate their health before and after treatment),
or retrospectively (patients are asked to evaluate their health after treatment and compare it to their health
before treatment). Prospective evaluations can be biased by adaptation by patients, and retrospective evaluations are prone to recall errors. The results on recalled life satisfaction here demonstrate how strongly the
remembrance of the past can be tainted by the present.
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Table 4: Expected and recalled life satisfaction.
Dependent variable
Rt (lst−1 )
Et (lst+1 )
lst
lst−1

0.647***
(0.010)
0.086***
(0.008)

0.740***
(0.006)

0.023***
(0.005)
1.896***
(0.062)

lst+1
Constant

1.835***
(0.090)

Observations
29,288
38,177
R-squared
0.387
0.555
Robust standard errors in parentheses. The R-squared is the squared correlation between the de-meaned life satisfaction and predicted de-meaned life satisfaction. Stata
reports this measure as R-squared within. *** p <0.01, ** p <0.05, * p <0.1
Two more ex-post observations can be made. First, the R2 for equation (8) is higher than for (7). The
size of the coefficient for current LS (the anchor) is higher for expected LS than for recalled LS. Current LS
seems to be a much better anchor for the question about expectation than the question about past LS. At the
same time the adjustment works better for the past LS question. This is not surprising, in light of the fact
that recalling information on LS should be much easier than making a prediction of LS. Furthermore, any
anxiety about future events are likely to feed into current LS, so that current LS becomes a strong predictor
for expected LS.
The second observation is that expectations and recalls seem to be systematically biased. Figures 3 and 4
display the histograms for the difference between expected and recalled LS, and the corresponding realised
LS, that is Eit (lsi,t+1 )−lsi,t+1 for expectations and Rit (lsi,t−1 )−lsi,t−1 for recalls. Deviations of expectations
from realisations are skewed to the right, and deviations of recalls from realisations are skewed to the left.
The mean of the former is significantly positive, and the mean of the latter is significantly negative. In
general, respondents seem to have an overly optimistic view of the future, and an overly negative recall of
the past.
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Figure 3: Expected minus realised life satisfaction.

Figure 4: Recalled minus realised life satisfaction.
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4

Robustness and extensions

We consider two robustness checks and extensions to the model. First, we consider a number of alternative
reference points that have been used and tested in the literature. Second, we explore the possibility that the
evidence for loss aversion might be driven by heterogeneity in income sensitivities.

4.1

Alternative reference points

In this section we consider alternative reference points. Our aim is to understand whether reference points
other than one’s own past have explanatory power, and whether the evaluation of one’s own standing relative to the reference point is asymmetric. If the value of one’s own state variable is below the reference
point, then this could be interpreted as a loss, and the marginal effect of the variable should be greater
than when one is above the reference point. The empirical literature has used reference groups which were
constructed along geographical, demographical, and occupational dimensions, or based on predicted values
from Mincer-type equations. Clark et al. (2008b) provide an exhaustive discussion. Cheung and Lucas
(2016), Jorgensen et al. (2010) and Luttmer (2005) use average incomes in geographic areas as reference
income. Ferrer-i Carbonell (2005) and Vendrik and Woltjer (2007) – using the same data as we do – create
reference groups based on age, education, and whether the respondent resides in East or West Germany.
In a field experiment Card et al. (2012) assume that colleagues working in the same university department
are the relevant reference group for job satisfaction, and Clark and Oswald (1996) use the predicted income
from a Mincer-type regression as reference income. The latter two approaches are arguably more relevant
for job than life satisfaction.

We follow the literature and construct reference values for the variables household income (in natural
logarithm), health, and unemployment, in five different specifications. The first four specifications segment
the population and calculate annual cell averages to serve as reference values. Cell averages are based on
observations in the SOEP other than the household members for whom the average is being computed. For
the first specification, we calculate reference values for each of the 16 German states, and – where applicable
– separately for urban and rural locations. This results in 27 geographic areas (the states of Rhineland
Palatinate and Saarland were merged, and the city-states of Hamburg, Bremen and Berlin have only urban
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observations). For the second specification we segment the population into five age, five education, and
East-West cells as in Ferrer-i Carbonell (2005). The third specification uses only observations who are in
full-time employment and segments this population by the first digit of the four-digit occupation code and
by East and West Germany. For the last specification we use full-time employees to regress the natural
logarithm of household income and health on age, age squared, a male dummy, years of education, years of
education squared, the natural logarithm of annual hours worked, state dummies, year dummies, occupation
dummies (based on the first digit of the four-digit occupation code), and household size dummies. We use
the predicted values from those regressions as reference values. Finally, for y being household income and
health we create the variables
y+ = (y − y∗ )1∆y≥y∗
and
y− = (y − y∗ )1∆y<y∗
to allow for asymmetries and loss aversion. Where applicable we also create an interaction term between
unemployment and reference unemployment.
Table 5 presents results for our benchmark model and alternative specifications of reference groups. For
simplicity and better comparability we only use the natural logarithm of income (rather than a quadratic
polynomial). The benchmark model (column 1) echoes our earlier result. Income increases LS, but above
the reference income (income in the previous year) the marginal effect is lower. Holding current income
fixed, increasing reference income increases LS when it is below current income (the effect is insignificant if
reference income is above current income). This might seem surprising, but remember that reference income
is previous household income. That an increase in household income will have an effect on LS that extends
beyond one year is plausible. Current health increases LS, but holding current health fixed, there is also a
positive effect of past health on current LS. Unemployment affects LS negatively. Past unemployment also
exerts a negative effect on current LS, but not over and above the current unemployment effect if the person
is still unemployed. This is consistent with the previous finding that people do not adapt to unemployment
(Clark et al. (2008a)). We can test for loss aversion. We would have evidence for loss aversion if the
hypothesis that the difference between the coefficients for y− and y+ is less than or equal to zero is rejected.
This is the case for income at the 5% significance level, but not for health.
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(5)
Mincer prediction
0.381***
(0.039)
-0.020
(0.045)
0.058
(0.046)
0.420***
(0.079)
-0.131
(0.080)
0.131
(0.080)

R-squared
0.092
0.093
0.093
0.077
0.077
Robust standard errors in parentheses. Regressions include the same variables as in table 3. The R-squared is the squared correlation
between the de-meaned life satisfaction and predicted de-meaned life satisfaction. Stata reports this measure as R-squared within. ***
p <0.01, ** p <0.05, * p <0.1

Table 5: Results: Alternative reference points. Fixed-effects models
Reference point
(1)
(2)
(3)
(4)
Past self Geographic cells Demographic cells Occupation cells
ln(Household income)
0.396***
0.305***
0.405***
0.424***
(0.018)
(0.075)
(0.047)
(0.059)
ln(Household income) - ln(Reference income) -0.072***
-0.024
-0.110**
-0.056
if household income ≥ reference income
(0.027)
(0.075)
(0.049)
(0.061)
ln(Household income) - ln(Reference income)
0.016
0.142*
0.041
-0.064
if household income < reference income
(0.032)
(0.075)
(0.047)
(0.059)
Health
0.580***
0.470***
0.512***
0.556***
(0.007)
(0.068)
(0.033)
(0.104)
Health - Reference health
-0.102***
-0.202***
-0.214***
-0.280***
if Health≥Reference health
(0.006)
(0.068)
(0.033)
(0.105)
Reference health - Health
-0.105***
0.184***
0.115***
0.014
if Health≥Reference health
(0.007)
(0.068)
(0.033)
(0.105)
Unemployed
-0.497***
-0.347***
-0.492***
(0.023)
(0.040)
(0.031)
Reference unemployment
-0.087***
-1.373***
-0.669***
7.954*
(0.019)
(0.260)
(0.132)
(4.722)
Unemployed × Reference unemployment
0.092***
-1.773***
0.243
(0.032)
(0.516)
(0.231)

For both geographically (column 2) and demographically (column 3) defined reference groups we find
that LS increases more strongly in income and health when these variables are below the reference point.
The hypotheses of no loss aversion are strongly rejected for both variables, in both specifications. Both
specifications have a goodness of fit close to our benchmark model. Reference unemployment depresses LS
in both cases, suggesting the presence of negative externalities (for example through poorer public services).
Interestingly, the regional negative externality is amplified through one’s own unemployment. Both being
unemployed, as well as living in a high unemployment region is bad, but being unemployed in a high
unemployment region is particularly depressing.
The specifications based on an occupational segmentation (column 4) and on a Mincer regression (column 5) perform worse in terms of the correlation of observed and predicted LS. In both cases the fact that
income is below or above the reference point has no independent effect on LS once income level is controlled for. The only non-linearity that the data detects is a lower effect of health on LS if health is above
the reference point. This drives the finding of strong evidence for loss aversion in health. The hypotheses of
no loss aversion for income can not be rejected in both specifications.
Overall, our results in this section suggest that there is probably not one “right” reference point. Indeed,
given the measurement error due to the strong discrepancy between what probably constitutes the right reference group and our aggregate measures, finding such strong and significant effects in most specifications
is remarkable. LS is a multidimensional construct, and our intuition is that it would be evaluated against
reference points in each of its dimensions with varying weights.

4.2

Heterogeneity in income sensitivity

In this section we analyse whether the loss aversion in income that we have detected is an artefact of heterogeneous income sensitivities in our sample. The question is motivated by findings in the consumer choice
literature. Price-sensitive consumers will purchase cheaper brands and have lower reference prices. Since
prices will often be above their reference price, they will be facing “losses” more often than consumers who
are less price-sensitive and who have higher reference prices. As a result, in a sample of consumers, a kink
around the reference price will be estimated which reflects price-response parameter heterogeneity rather
than loss aversion (see Bell and Lattin (2000)). In our case, if income-sensitive individuals face income
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losses relatively more often, we would also find a steeper slope of income on LS in the domain of income
losses than income gains. To see if this is a plausible scenario we first test whether observations with high
incomes are more or less likely to experience an income gain or loss. We found that high incomes entail a
higher probability of ensuing losses and smaller expected income changes.8 While this could easily be explained by a regression to the mean, even at an individual level, it still poses a challenge to the identification
of loss aversion as explained above (e.g. if individuals are more loss averse when their incomes are high).
We then estimated equation (1 – 4) on two subsamples, one consisting of individuals whose first observed
income is below the median, and the other above. The test for hypothesis RP3 shows evidence of loss aversion for the lower half of the income distribution (p–value = 0.03), but for the upper half the hypothesis of
no loss aversion cannot be rejected (p–value = 0.28).

To account for heterogeneity in income-sensitivity we use a finite-mixture model: We assume that there
are K segments in the population which each have different sensitivities (in terms of LS) to income gains
and losses. The fraction of the segment k in the population is given by

Pk =

exp(αk )
.
K
∑i=1 exp(αi )

where αi are parameters to be estimated (and α1 is normalized to zero). The LS function of individual i in
segment k and at time t is given by

−
lsitk = βk + βyk yitk + βy+ k y+
itk + βy− k yitk + εitk ,

where εitk is assumed to be a normally distributed random variable with mean zero and the same variance
across the different segments, and y+ and y− are as defined in section 2.3. To keep these models tractable,
and because our interest is in income loss aversion, we only include income and a linear gain and loss component. The likelihood contribution of an observation (suppressing subscripts), conditional on belonging to
segment k, is thus
φ(ε|k) = φ(ls − (βk + βyk y + βy+ k y+ + βy− k y− )),
and the unconditional likelihood contribution is ∑k Pk φ(ε|k). The parameters to be estimated are the β for
8 Results

not reported, but available upon request.
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Table 6: Loss aversion heterogeneity: Summary of model fits.
Number of parameters

Log likelihood

AIC/2

One segment
5
-601,035
601,040
Two segments
10
-586,007
586,017
Three segments
15
-582,094
582,109
Four segments
20
-579,039
579,059
n = 373, 385. The four segments model has also the lowest BIC.
Table 7: Loss aversion heterogeneity: One segments.
y

y−

y+

Segment 1

.142*** .070***
(0.007) (0.014)
n = 335, 363. Standard errors in parentheses.

-.080***
(0.015)

each segment (4 × K), the segment probability parameters α (K − 1) and the variance of ε (1).
Table 6 presents statistics relating to four models that we have estimated. The simplest model is one
with only one segment and consequently no heterogeneity. The results from this model are in table 7. While
the signs of parameters are as we would expect, there is no evidence for loss aversion. The most complex
model is the one with four segments. The AIC (and BIC) is lowest for this model. We therefore only present
the results of the model with four segments in table 8. The sample is dominated by observations belonging
to the first segment (87%) who exhibit some familiar properties: income levels have a positive effect on life
satisfaction, gains increase life satisfaction (over and above the level effects) and losses decrease it (over and
above the level effects). However, there is no loss aversion.
An individual in segment 2 experiences strong level effects of income, but this effect is not fully realized

Table 8: Loss aversion heterogeneity: Four segments.
y

y−

y+

Segment 1

.092*** .100***
-.010
(0.006)
(0.012)
(0.013)
Segment 2 .390*** -.189*** -.381***
(0.027)
(0.057)
(0.055)
Segment 3
-.050
.411***
.094
(0.036)
(0.067)
(0.065)
Segment 4 .449***
-.132
-.225
(0.058)
(0.145)
(0.144)
n = 335, 363. Standard errors in parentheses.
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Fraction (in %)
87.0
7.8
4.4
0.8

in the time period of an income gain (the first period effect is a gain of 0.201, the second period is an
additional gain of 0.189). The loss component is quite strong. For a segment 3 individual there is a strong
effect of gains on life satisfaction, but no significant loss effect. Segment 4 resembles most closely segment
2, but has a very low probability mass. The results suggest that loss aversion in the majority of the population
is not present. One can hypothesise that the previous results are driven by segment 2 individuals accounting
for the loss, and segment 3 individuals accounting for the gain components of income. Pursuing this line of
thought is out of the scope of this paper and we leave this question open. We would also like to caution the
reader that the finite mixture model is very parsimonious and treats all observations as independent.

5

Conclusion

We have tested three components of prospect theory using an annual household panel and using life satisfaction as the dependent variable: positive but diminishing marginal life satisfaction, sensitivity of life
satisfaction to changes rather than levels, and loss aversion. Our findings by and large support the presence
of diminishing marginal effects of levels and changes on life satisfaction, and the presence of loss aversion,
but reject the use of changes only rather than levels in the evaluation of life satisfaction. This means that
the reference point in prospect theory is not well modelled by lagged values of predictors. However, this
rejection might well be specific to the particular context we have considered here (life satisfaction as the
outcome of interest, using changes over the course of a year, and using the individual’s past self as reference
point), and analysing for which contexts this finding can be replicated or rejected would be an interesting
research agenda.
Our finding about remembered and expected life satisfaction can also be analysed in a similar way.
For example, a less distant past might be remembered more accurately, and therefore individuals might be
more responsive to changes over a short time interval than to changes over the course of a year. Similarly,
extrapolation of current to future life satisfaction might be based on an inability to foresee future events or
to misjudge the probabilities of such events, or it might be a – conscious or unconscious – choice in order
to enjoy anticipatory utility. In general, finding support for diminishing marginal life satisfaction and loss
aversion is reassuring, given the popularity that prospect theory has enjoyed.
We have also tested the use of the anchoring and adjustment heuristic, by looking at the relative impor27

tance of current and past (future) life satisfaction in predicting remembered (expected) life satisfaction. We
found that current life satisfaction is a much better predictor of remembered as well as expected life satisfaction than lagged or leading life satisfaction, and that the reported expected and recalled life satisfaction
values are adjusted towards the true values, relative from the anchor. These observations provide compelling
evidence for the use of the heuristic.

References
Baetschmann, Gregori, Kevin E Staub, and Rainer Winkelmann (2015), “Consistent estimation of the fixed
effects ordered logit model.” Journal of the Royal Statistical Society: Series A (Statistics in Society), 178,
685–703.
Bell, David R and James M Lattin (2000), “Looking for loss aversion in scanner panel data: The confounding
effect of price response heterogeneity.” Marketing Science, 19, 185–200.
Bénabou, Roland (2012), “Groupthink: Collective delusions in organizations and markets.” The Review of
Economic Studies, 80, 429–462.
Boyce, Christopher J, Alex M Wood, James Banks, Andrew E Clark, and Gordon DA Brown (2013),
“Money, well-being, and loss aversion does an income loss have a greater effect on well-being than
an equivalent income gain?” Psychological science, 2557–2562.
Brunnermeier, Markus K and Jonathan A Parker (2005), “Optimal expectations.” American Economic Review, 95, 1092–1118.
Card, David, Alexandre Mas, Enrico Moretti, and Emmanuel Saez (2012), “Inequality at work: The effect
of peer salaries on job satisfaction.” American Economic Review, 102, 2981–3003.
Chamberlain, Gary (1980), “Analysis of covariance with qualitative data.” The Review of Economic Studies,
47, 225–238.
Cheung, Felix and Richard E Lucas (2016), “Income inequality is associated with stronger social comparison
effects: The effect of relative income on life satisfaction.” Journal of personality and social psychology,
110, 332–341.

28

Clark, Andrew E, Ed Diener, Yannis Georgellis, and Richard E Lucas (2008a), “Lags and leads in life
satisfaction: A test of the baseline hypothesis.” The Economic Journal, 118, F222–F243.
Clark, Andrew E, Paul Frijters, and Michael A Shields (2008b), “Relative income, happiness, and utility:
An explanation for the easterlin paradox and other puzzles.” Journal of Economic literature, 46, 95–144.
Clark, Andrew E and Andrew J Oswald (1996), “Satisfaction and comparison income.” Journal of public
economics, 61, 359–381.
De Neve, Jan-Emmanuel, George W Ward, Femke De Keulenaer, Bert Van Landeghem, Georgios Kavetsos,
and Michael I Norton (2015), “The asymmetric experience of positive and negative economic growth:
global evidence using subjective well-being data.”
DellaVigna, Stefano (2009), “Psychology and economics: Evidence from the field.” Journal of Economic
Literature, 47, 315–372.
Di Tella, Rafael, John Haisken-De New, and Robert MacCulloch (2010), “Happiness adaptation to income
and to status in an individual panel.” Journal of Economic Behavior & Organization, 76, 834–852.
Epley, Nicholas and Thomas Gilovich (2006), “The anchoring-and-adjustment heuristic: Why the adjustments are insufficient.” Psychological science, 17, 311–318.
Fang, Zheng and Yoko Niimi (2015), “Do losses bite more than gains? evidence from a panel quantile
regression analysis of subjective well-being in japan.”
Ferrer-i Carbonell, Ada (2005), “Income and well-being: an empirical analysis of the comparison income
effect.” Journal of Public Economics, 89, 997–1019.
Gilbert, Daniel (2006), Stumbling on happiness. Harper Perennial.
Gollier, Christian (2011), “Optimal illusions and the simplification of beliefs.”
Gottlieb, Daniel (2014), “Imperfect memory and choice under risk.” Games and Economic Behavior, 85,
127–158.
Jorgensen, Bradley S, Robert D Jamieson, and John F Martin (2010), “Income, sense of community and subjective well-being: Combining economic and psychological variables.” Journal of Economic Psychology,
31, 612–623.
29

Kahneman, Daniel and Amos Tversky (1979), “Prospect theory: An analysis of decision under risk.” Econometrica, 47, 263–291.
Kőszegi, Botond and Matthew Rabin (2006), “A model of reference-dependent preferences.” The Quarterly
Journal of Economics, 121, 1133–1165.
Luttmer, Erzo FP (2005), “Neighbors as negatives: Relative earnings and well-being.” The Quarterly journal
of economics, 120, 963–1002.
O’Brien, Ed, Phoebe C Ellsworth, and Norbert Schwarz (2012), “Today’s misery and yesterday’s happiness:
Differential effects of current life-events on perceptions of past wellbeing.” Journal of Experimental Social Psychology, 48, 968–972.
Tversky, Amos and Daniel Kahneman (1974), “Judgment under uncertainty: Heuristics and biases.” Science,
185, 1124–1131, URL http://www.jstor.org/stable/1738360.
Tversky, Amos and Daniel Kahneman (1991), “Loss aversion in riskless choice: A reference-dependent
model*.” The Quarterly Journal of Economics, 106, 1039–1061, URL +http://dx.doi.org/10.2307/
2937956.
Vendrik, Maarten CM and Geert B Woltjer (2007), “Happiness and loss aversion: Is utility concave or
convex in relative income?” Journal of Public Economics, 91, 1423–1448.
Wilson, Timothy D, Jay Meyers, and Daniel T Gilbert (2003), “How happy was i, anyway? a retrospective
impact bias.” Social Cognition, 21, 421–446.

30

Appendix A - Results for Fixed Effects Ordinal Logit
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32
LS is concave in income levels.
LS is increasing in income levels.
LS is concave in income in the domain of gains.
LS is convex in income in the domain of losses.

LS exhibits loss aversion in income.
LS exhibits loss aversion in health.
LS exhibits loss aversion in (un)employment.

Panel B: Diminishing marginal utility
DMU1 LS is not concave in income levels.
DMU2 LS is not increasing in income levels.
DMU3 LS is not concave in income in the domain of gains.
DMU4 LS is not convex in income in the domain of losses.

Panel C: Loss aversion
LA1
LS does not exhibit loss aversion in income.
LA1
LS does not exhibit loss aversion in health.
LA1
LS does not exhibit loss aversion in (un)employment.

0.000
0.000
0.000
0.000
0.058
0.010
0.000

PT
PT
PT
PT
EUT
EUT
EUT

PT
PT
PT

0.056
0.117*
0.001

0.002
0.000
0.108
0.006

0.018

PT

EUT
EUT
PT
PT

0.036

p-value

PT

Ha supports:

*In the case of LA1 for health, we tested each possible transition between health states separately. The reported p–value is the lowest among the
10 tests.

LS is evaluated against a reference point in the domain of
income gains.
LS is evaluated against a reference point in the domain of
health gains.
LS is evaluated against a reference point when one becomes
employed.
LS is evaluated against a reference point in the domain of
income losses.
LS is evaluated against a reference point in the domain of
health losses.
LS is evaluated against a reference point when one becomes
unemployed.
LS is evaluated in income levels.
LS is evaluated in health levels.
LS is evaluated in (un)employment.

Ha

Table 9: Summary of hypotheses to be tested.

Panel A: Reference point
RP1
LS is not evaluated against a reference point in the domain
of income gains.
LS is not evaluated against a reference point in the domain
of health gains.
LS is not evaluated against a reference point when one becomes employed.
RP2
LS is not evaluated against a reference point in the domain
of income losses.
LS is not evaluated against a reference point in the domain
of health losses.
LS is not evaluated against a reference point when one becomes unemployed.
RP3
LS is not evaluated in income levels.
LS is not evaluated in health levels.
LS is not evaluated in (un)employment.

H0

