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THE EFFECT OF UNEMPLOYMENT ON CONSUMPTION:
AN EXPERIMENTAL ANALYSIS*

Enrica Carbone and John D. Hey

This paper reports on an experiment that investigates the apparently robust phenomenon of
over-sensitivity of consumption to current income. Using a particularly simple formulation, we
also investigate whether individuals correctly respond to their employment status. We find that
subjects over-react. Our data enables us to investigate where this over-sensitivity originates; we
conclude that economic agents differ in their ability to plan ahead and understand the dy-
namic process determining their employment status. However, agents seem able to respond
appropriately to changes in the parameters governing their decision processes, in that the
comparative static predictions of the theory are largely confirmed.

A repeatedly observed phenomenon in the empirical literature on the behaviour
of consumption is its over-sensitivity (relative to that prescribed by the relevant
theory) to current income. We provide here an experimental investigation of this
phenomenon, taking advantage of the experimental method to eliminate factors
that are not of interest and concentrate attention on those that are. In particular
we deliberately adopt a simple model in which income in any period can take just
one of two values. We interpret these two values as corresponding to states of
employment and unemployment, and we additionally assume that transition be-
tween these two states is governed by a first-order Markov process. This formula-
tion represents an empirically relevant advance on previous experimental work
and enables us to discover whether individuals react appropriately to their
employment status — or whether they overrespond, as the non-experimental
empirical literature would suggest. We find they do over-respond. So the behaviour
of our subjects is, in that respect, similar to ‘real-life’ economic agents. Using our
data, we are then able to look closer at the behaviour of our subjects and begin to
infer where this excess sensitivity comes from. Our analysis leads us to the rather
obvious conclusion that agents differ in their ability to optimise correctly and that
some agents are bad at taking into account the dynamics of the problem — having
much too short a horizon. These subjects quite naturally are over-sensitive to
changes in current income — leading to an over-sensitivity of the agents taken
collectively.

The paper begins, in Section 1, with a brief account of the theory being inves-
tigated. We then describe, in Section 2, how this theory was implemented in the
laboratory. We also comment briefly on how our model differs from other
experimental work on the life cycle consumption model. Section 3 contains a
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detailed analysis of the results; we focus attention on how well the solution to the
theory explains the behaviour of the subjects (both in absolute terms and in
comparative static terms), and we conclude that generally the theory is lacking in
its explanatory power, though its power varies from subject to subject. Clearly
subjects differ in their ability to solve the dynamic problem posed in our experi-
ment — this differing ability being apparently a function of their differing ability to
take into account the full dynamics of the problem. Some subjects are very good at
this, some very bad. They seem to differ in their ability to think ahead — some
subjects being able to think ahead right to the horizon of the experiment, whilst
others are able only to think one or two periods ahead. We thus spend some time
estimating and discussing the apparent horizons of the subjects. Once again, we
get the conclusion that subjects are different. This helps us to begin to explain the
over-sensitivity of consumption to income. We discuss this, and further implica-
tions of our findings, in the concluding Section 4. A significant amount of
material, including the experimental instructions, is contained in an Appendix
that is available to interested readers from the authors on request. Also available is
the experimental data and the software that was used in the experiment itself.

1. Theory

We investigate a particular version of the familiar life cycle model of consumption.
To be specific, we consider an individual who lives for a finite number T of discrete
periods and who has preferences over consumption that satisfy the discounted
utility model (with a per-period utility function U(-) and with a discount rate equal
to zero).' Because of these assumptions, it follows that the objective of the indi-
vidual at any point of time ¢ is to maximise the expected value of the (not) dis-
counted lifetime utility of consumption, as given by the expected value of

U(Ct)+ U(Ct-s-l)+”'+ U(CT) (1)

where C, denotes consumption in period t. We assume that he or she starts life in
period 1, in which he or she is employed, and in each of the T discrete periods of
his or her lifetime is either employed or unemployed: with income y if employed
and z if unemployed. Future states of employment/unemployment follow a first-
order Markov process: if employed (unemployed) in one period the probability of
remaining (becoming) employed in the subsequent period is p(g). Clearly, income
is ex ante risky, but the stochastic process defining future incomes is known. There
is a certain and known rate of return r ( > 1) per period on all money saved.
The strategy that should be followed by the individual from some period ¢
onwards is to choose a sequence of consumption C,Cyy,...,Cy that maximises the

! We put the discount rate equal to zero for two reasons: (1) given that it always enters into the
objective function combined in the same way with the rate of return 7, it follows that any desired
combination of the discount rate and the rate of return can be achieved with a zero discount rate and an
appropriately chosen rate of return; (2) while it is possible in principle to induce real discounting in a
laboratory experiment through the device of having a random stopping mechanism — a random horizon
— previous results (Hey and Dardanoni, 1988) suggests that this does not work, as subjects misunder-
stand the stationarity property of such a stochastic process.
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expected lifetime (non) discounted utility — as defined above. It is well known that
the solution to this problem is found using dynamic programming by backward
induction, starting in the final period, (period 7), in which it is optimal to con-
sume everything, and then working backwards, finding the optimal consumption
function in every period. Without going into details, we note that the optimal
consumption in any period ¢is a function of: (7) the wealth W, in that period; ()
the value of titself; (#z) the employment status in that period; and (év) the various
parameters of the model, p, g, 7, 3, z and U(:). Once the individual has worked
backwards from period ¢ = T to period ¢ = 1 and has found these optimal con-
sumption functions, he or she can then work forward, substituting in the actual
value of wealth, the actual value of ¢ and the actual employment status, into the
optimal consumption function to determine the optimal level of consumption in
any period. In principle the problem of choosing consumption through the life
cycle is solved.

The practical details, however, are rather more complicated, particularly if we
assume (as in the experiment itself) that consumption decisions have to be
restricted to (non-negative) integers, that wealth itself is to be rounded to the
nearest integer and that wealth cannot become negative.2 Moreover, given the
finite horizon of the problem, the decision maker cannot use stationarity to sim-
plify the solution of the decision problem. These complications imply that the
optimal consumption functions cannot be found analytically but instead have to be
calculated numerically. We did this using the software Maple. We therefore found
the optimal consumption function numerically, as a function of wealth, in each of
the periods ¢t = 1,2,...,7, for both employment statuses (employed and unem-
ployed) and for each set of parameters p, ¢, rand y that we used in the experiment.”
Perhaps not surplrisingly,4 these optimal consumption functions turned out to
be approximately5 linear functions of wealth in the appropriate range — so we
can approximate the optimal strategy in each instance by a relationship of the
following form:

C=0 ifa+dbW<0
C=a+bW f0<a+dbW<W

C=W if W<a+bW.

The parameters @ and b in the above equation depend on: (i) the employment
status of the individual; (i) the time period # and (éi) the parameters of the
model: p, ¢, rand »y.

2 That is, that borrowing is not allowed.

® We kept zand U(:) invariant in all treatments of our experiment. We therefore take these as given
from now on.

* Given the form of the utility function that we used, which was that of constant absolute risk
aversion. See Hey (1980).

® It is not exactly linear because of the fact that consumption was forced to be discrete — so the
function is a sort of step function — but it can be seen to be approximately linear if a straight line is
drawn through the steps.
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The effect of the employment status is simple: as we will see later, the slope b is
not affected by the employment status but the intercept a is — with a higher value
of a in the employed state than in the unemployed state. In other words, the
optimal consumption function when employed is parallel to, and higher than, the
optimal consumption function when unemployed (for the same time period and
the same parameters). This is something we can test empirically; anticipating
somewhat, our results show that the difference between the estimated intercept
when employed and the estimated intercept when unemployed is positive (as
indeed it should be) but is generally much bigger than theory predicts. That is, our
subjects over responded to moving between employment and unemployment.

The way that the parameters @ and b depend on ¢is not simple: when ¢is small, a
and b are roughly independent of ¢, but as ¢ approaches 25, a approaches 0 more
and more rapidly, and b approaches 1 more and more rapidly. Because there was
no obviously apparent functional form (and certainly not one we could justify
theoretically) relating @ and b to ¢ we decided to treat different periods as different
and describe the optimal strategy and estimate the actual strategies period by period.
We then examined, period by period, the relationship between a and b and the
parameters p, ¢, rand y, for each employment state. To do this, we estimated the
relationship between a and b and the parameters p, ¢, r and y, and the dummy
variable e by regression analysis, where ¢ = 0 indicates unemployment and ¢ =1
indicates employment. We discovered that the parameter « (the intercept of the
optimal consumption strategy) depends on p, ¢, 1, y, ¢, ¢p, eq, and ey (these latter
three variables denoting the interactive terms e X p, e X g, and e X y). No other
combinations of p, ¢, 7, y and e have a significant effect on the intercept a and these
variables explain virtually all the variation in a. As far as the slope coefficient b is
concerned, we discovered that only r has any effect on it, and that r alone explains
virtually all of the variation in 0.5 So a, in each time period, is a linear function of p,
g 7, 9 6 ep, eq, and ey; while b, in each time period, is a linear function of . If we
substitute these back into the linear consumption function C = a + bW above, we
conclude that the optimal consumption strategy in each period takes the following
form (when it implies a C value between 0 and W):

C=(a+ap+ aq+ ar+ ay+ ase+ agep + azeq + agey) + (bp + bir) W (2)

that is, it is linear in p, ¢, 7, y, ¢, ep, eq, ey, Wand rW (where rW denotes rx W ).
Table 2 reports the values of the coefficients ay, a1, ao, as, a4, as, as, a7, ag, by and
b;. The following might usefully be noted:

(¢) the coefficients on pand on ep are both positive and decreasing in & thus an
increase in p — the probability of remaining employed — leads to an upward
shift in the consumption function (one that is larger when employed),
though one that is decreasing as the horizon approaches;

(22) the coefficients on gand on eq are respectively positive and negative and are
both decreasing in # thus an increase in ¢ — the probability of becoming
employed — leads to an upward shift in the consumption function (one that

% Some hints as to why this should be so can be found in Hey (1980).
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is smaller when employed), though one that is decreasing as the horizon
approaches;

(zz) the coefficients on y and on ey are both positive and very slightly decreasing
in # thus an increase in y— the income when employed — leads to an upward
shift in the consumption function (one that is bigger when employed),
though one that is decreasing slightly as the horizon approaches;

(wv) the coefficient on r by itself is negative whereas the coefficient of W is
positive — so as rrises there is a lowering of the intercept and an increase in
the slope of the consumption function - leading to a form of rotation: the
increase in the rate of return gives the individual the incentive to save more
at low levels of wealth and the opportunity to consume more at high levels
of wealth.

We now turn to a discussion of the experimental implementation of the above
model.

2. The Experiment Implementation

It goes without saying that we cannot reproduce the life cycle model in real time in
the laboratory. Instead we do as other experimentalists do and implement a
decision problem with exactly the same structure and the same incentive mech-
anism. Mathematically, the life cycle model discussed in Section 1 and the
experiment that we implemented have the same structure. Whether this means
that we have tested the life cycle model in the laboratory is something that can be
discussed — and we make some comments on that crucial point in the closing
sentences of this Section.

We told subjects that they were taking part in an individual decision problem
that would last 25 (we denote this here by T') rounds or periods, after which the
experiment would terminate. At the beginning of each and every period, the
subject would receive an income, denominated in fokens. This token income
would, each period, take one of two values, which we denote here by y and z. The
actual values of y and z throughout the T periods of the experiment would be
determined by a first-order Markov process. Specifically, subjects were told:” if the
token income in one period was y, then the probability of it being y(z) next period
would be p(1 — p); if the token income in one period was z, then the probability of
it being y(z) next period would be ¢(1 — ¢). Tokens income could be accumulated
to provide wealth, and between periods wealth would earn interest at the rate r — 1
(where here r denotes the rate of return on savings). The subjects were told that,
after learning their income in tokens in each period, they had to then take a
decision — concerning how much of their accumulated token wealth they wished to
convert into money in that period; we denote here the amount consumed by C.
Subjects were informed of the conversion scale (from tokens into money); this we
denote by U(*). Thus C tokens converted into money yielded U(C) in money.
Subjects were told that at the end of the experiment they would be paid in cash the

7 Obviously not in these technical terms but in terms accessible to laymen. The full set of instructions
is in an Appendix, which is available to interested readers on request.
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total amount of money converted from tokens over the 7T periods of the experi-
ment. However, any unconverted tokens remaining at the end of the experiment
would be worthless.

As the first-order Markov process governing the transition between employment
and unemployment was a key innovative feature of this experiment, and as mis-
perception of it by the subjects would imply excess consumption volatility, we spent
considerable design time ensuring that subjects understood the nature of this
process. Appendix Figure 2 shows the visual display that we used in the experi-
ment: after each period, subjects had to nominate 1 card out of 8. The income
(and hence the employment status) in the subsequent period was written on the
reverse of each card. After nominating a card and having its reverse side revealed,
all the reverse sides were shown to the subjects. It was very clear from this that it was
more likely that the subject would be employed in the subsequent period if he or
she was employed in the present period than if he or she was unemployed. We
think that subjects were very clear about the nature of this stochastic process.

Given this payment scheme, it follows that the earnings of a subject over periods
t to T of the experiment would be determined by the value of

U(G) + U(Cir) +++++ U(Cy) (8)

which implies that their expected earnings would be maximised if they adopted a
strategy which maximised the expected value of the expression given in (3) for all ¢
(including ¢ = 1). It will be noted that this is exactly the same as that given by (1)
above. Thus the objective function of the subjects in our experiment was exactly
that of the life cycle model described in Section 1, under the assumption that the
subjects were risk neutral (and hence interested in maximising their expected
payment for taking part in the experiment). We justify the assumption of risk-
neutrality on the grounds that the subjects were paid on all T periods of the
experiment and that the amounts of money involved in each period were relatively
small.

The experiment itself was computerised® and subjects performed the experi-
ment at individual PCs, proceeding individually at their own pace. Ninety-six
undergraduate and postgraduate subjects from the University of York participated
in the experiment. On registration, all participants were sent a general set of
instructions,” giving them general information about the task involved in the
experiment but without giving any particular parameter values. On arrival at their
experimental session, participants were then given specific instructions for the
parameter set that they would be facing. There was then a general briefing session
and the experimenter then showed them a simplified version of the experiment
(using computer projection from the experimenter’s computer). This simplified
version lasted just two periods, and was intended to familiarise the subjects with the
screens that they would face, and how the software worked. There was then an
opportunity to ask clarificatory questions and then the subjects commenced the
experiment and completed it at their own pace.

8 The program is available on request from the authors.
9 These are in the Appendix available on request from the authors.
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We ran 16 different treatments, which differed in terms of the parameters used.
The relevant parameters are: (7) the two income values y and z (i) the probability
p of remaining employed; (¢i) the probability ¢ of becoming employed; and
() the rate of return r; (v) the parameterm R of the conversion function, which
took the particular functional form of the constant absolute risk averse utility
function U(c) = [1- exp (—Rc)]. Throughout all treatments of the experiment we
put R= 0.015, as our primary interest was not in seeing how changes in risk
aversion affected behaviour but rather in how changes in p, ¢, r and y affect
behaviour.'! Accordingly we took two different values'? for each of p, ¢, rand yand
ran 16 different treatments corresponding to the 16 different combinations
possible. Table 1 gives details of these 16 parameter sets. It should be noted, of
course, that for each and every subject, his or her parameters were fixed
throughout all T periods of the experiment; the variation in the parameter values
over treatments was across subjects.

It might be useful to note that some experimental work testing the life cycle
model has already been carried out. The principal references are Hey and
Dardanoni (1988), Kim (1989), and Ballinger et al. (2003). Our model differs
from the others in that it concentrates attention on the responsiveness of con-
sumption to the employment/unemployment process, modelled as a Markov

Table 1

Parameter Sets

Set b q r y
1 0.875 0.375 1.4 30
2 0.875 0.375 1.2 30
3 0.875 0.125 1.4 30
4 0.875 0.125 1.2 30
5 0.625 0.375 1.4 30
6 0.625 0.375 1.2 30
7 0.625 0.125 1.4 30
8 0.625 0.125 1.2 30
9 0.875 0.375 1.4 15

10 0.875 0.375 1.2 15

11 0.875 0.125 1.4 15

12 0.875 0.125 1.2 15

13 0.625 0.375 1.4 15

14 0.625 0.375 1.2 15

15 0.625 0.125 1.4 15

16 0.625 0.125 1.2 15

Key: p: probability of remaining employed.
g: probability of becoming employed.
r: rate of return.
y: income when employed.

1 The parameter o affects the payment to the subjects and not their behaviour (under the
assumption of risk neutrality).
Note it is the relative values of y and z that affect behaviour, so we kept z constant throughout all
treatments.
'2 The choice of the particular values was subject to several considerations. In particular, p had to be
always greater than g and the probabilities should be ones that would be easily understood by subjects.
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process. In contrast the other studies assume an i.i.d. income generating process.
We think ours is more realistic. Ballinger et al, however, investigate the effect of
social learning on behaviour. As such, that paper and ours complement each
other. They are both, however, subject to the usual criticism of experimental
work, particularly work that tries to reproduce in the laboratory, in a short
period of time, a complicated problem that is tackled in the real world over a
long period of real time. We appreciate that there are difficulties here but note
that there are already good methodological discussions of this and related issues
(the interested reader is referred to Kagel and Roth (1995) and to references
therein). We also note that, whatever the context, we are testing the theory as
mathematically defined: if our experiment is unrealistic, then so is the theory
that it is testing.

3. Analyses of the Results

We break down the analysis of the results into 4 sub-sections. In sub-section 3.1,
using regression analysis, we estimate the actual consumption strategies appar-
ently employed by the subjects and then provide a comparison of these estimates
with the optimal strategies. As will become clear there seem to be strong dif-
ferences between the actual strategies employed and the optimal. In order to
shed some light on the possible causes of these differences, we present, in sub-
section 3.2, a direct analysis of the differences between the actual and the
optimal. As will be seen, there are two ways we can do this: first, by comparing
the actual consumption with what would be optimal given the wealth they
actually had in that period; second, by comparing the actual consumption with
what would be optimal given the past income stream of the subject and assuming
optimal behaviour throughout. We discuss in sub-section 3.2 what exactly we
mean by this. Then, in sub-section 3.3, we concentrate particular attention on
the important variables and parameters, asking the question whether subjects are
responding, at least qualitatively, correctly to changes in the relevant variables
and parameters. This is effectively a test of the comparative static properties of
the subjects’ behaviour. We do this in two different ways, which we describe in
detail in that sub-section. Finally, in sub-section 3.4, we try to work out what
strategies the subjects are using, given that in general they are not using the
optimal strategy. We work on the assumption that subjects generally are not able
to solve the problem optimally but instead adopt a simplified heuristic of acting
on the basis of a shorter horizon than is actually the case.'® That is, we assume
that subjects have a subjective horizon, less than the true one, and act on the
basis that the actual horizon is this subjective horizon. Obviously this induces
dynamically inconsistent behaviour but it allows subjects to simplify the rather
complex problem that they face. We explain this in more detail in sub-section
3.4. Anticipating somewhat, our results show that some subjects have very short
horizons while others have longer horizons.

' This is what Deaton (1992, pp. 156-7) infers from real consumption data.
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3.1. Comparison Between Estimated Actual and Optimal Consumption Strategy

We have discussed in Section 1, and report in (2), the form of the optimal con-
sumption strategy in every period. We used the same functional form to try to
explain the actual consumption behaviour of subjects. We took note of the fact
that consumption is bounded between 0 and Wand therefore carried out Tobit
regressions, period by period, of the actual consumption on the variables in (2),
namely p, q, 1, y, ¢, ep, eq, ey, Wand rW. Obviously here Wdenotes the actual wealth
of the subject in that time period. The results are reported in the Table in the
Appendix (which is placed in the Appendix because it is too detailed to print in
the text). This Table reports the coefficients in the regressions explaining optimal
consumption (these are the same as in Table 2 in the text of this paper), the
corresponding estimated coefficients (of the above-mentioned 11 variables) in the
Tobit regressions of actual consumption and the standard deviations of the esti-
mated parameters for the actual consumption regression. This Table also reports
whether an estimated coefficient is significantly different from zero (at the 5%
level of significance). The results are that the coefficients of Wand rW are signi-
ficantly different from zero while all the other parameters are only occasionally
significantly different from zero.

We also report in this Table in the Appendix whether an estimated coefficient is
significantly different from zero (at 5%) and not significantly different from the
optimal coefficient (again at 5%). The results of this analysis is that the coefficient

Table 2
Coefficients of the Optimal Consumption Strategy

t const p q y r e ep eq ey w W
2 -59.38 6.37 1531  0.28 -2.04 -548 8.63 -7.66 0.16 -0.53 0.59
3 5513 619 17.03 0.30 -5.65  —4.47 8.48 -891 0.14 -0.53 0.59
4 5184 7.06 16.09 027 -7.60 -5.68 8.58 -898 0.19 -0.53 0.58
5 ~—46,51 582 1529 028 -10.77 -6.15 8.91 -744 018 -0.52 0.58
6 —41.49 722 1511 029 -1532 -4.14 7.82 -8.06 0.15 -0.52  0.58
7 -37.33 688 1662 030 -18.37 -3.65 7.84 -9.14 014 -0.52 0.7
8 —2796 565 1506 026 -23.38 -7.34 10.56 -832 0.19 -0.51 0.57
9 -2454 643 1610 027 -26.19 -6.34 9.39 -9.32 019 -0.50 0.56

10 -17.17 648 16.02 028 -31.28 -555 8.73 -9.50 0.18 -0.49 0.5

11 -8.84 585 1549 028 -36.52 -6.31 9.75 -852 0.18 -0.48 0.55

12 -0.54 544 1529 028 —-41.79 -5.65 9.63 -879 0.16 -0.46 0.54

13 711 591 1558 0.27 -46.87 -5.61 9.41 -9.08 0.16 -0.45 0.53

14 1499 587 1552 027 -51.64 =551 9.05 -889 0.17 -043 0.52

15 2341 549 15.01 027 -56.40 -5.78 9.68 -826 0.16 -0.41  0.50

16 30.44 525 1559 026 -60.06 -6.36 10.36 -9.57 0.18 -0.38 0.49

17 37.15 518 1510 0.26 -63.08 -5.82 9.67 -9.41 018 -0.35 0.47
18 4238 492 1537 025 -64.79 -5.66 1003 -10.37 017 -0.32 0.45
19 46.73 3.87 1519 024 -6483 -641 1087 -1017 0.19 -0.28 0.42
20 4786 3.65 1444 0.23 -62.33 -643 1074 -1033 0.19 -0.22 0.39
21 46.67 336 13.72 021 -57.63 -6.61 1058 -10.35 0.22 -0.15 0.36
22 43.31  1.81 1245 018 -4997 -711 11,52 -10.72 0.22 -0.06 0.32
23 3435 1.04 10.56 0.14 -37.89 -7.05 11.01 -9.58 0.23 0.07 0.27
24 20.85  0.00 6.79 0.09 -21.44 -5.32 8.02 -6.79  0.21 0.32  0.19
25 0.00  0.00 0.00  0.00 0.00 0.00 0.00 0.00  0.00 1.00  0.00
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of the variable Win the estimated actual regressions has this property just five
times. This means that the coefficient of W in the explanation of actual con-
sumption is generally significantly different from the optimal. The variable W is
significantly different from zero and at the same time not significantly different
from the optimal just seven times.

A comparison of the estimated coefficients with the optimal ones can be made
using this Table'* in the Appendix. One thing that is clear from the column giving
the coefficients on the parameter p that the signs are usually correct, but the
magnitudes vary considerably — mainly a consequence of the fact that the regres-
sions are carried out period by period. However, there is a problem of ascertaining
whether a particular parameter, or the employment status, has the correct influ-
ence on consumption behaviour, as all the parameters and the employment status
enter the equation twice — once by themselves and once in interaction with
another variable. To get round these problems, we present a more systematic
investigation of the ‘comparative static’ effects in sub-section 3.3. But for the
record, before we leave this Table in the Appendix, it may be useful to give the
following summary:

(2) the variable p by itself usually has the correct positive sign but it is occa-
sionally (4 times out of 2?))15 negative; moreover the magnitude of the
estimated coefficient varies considerably;

(22) the variable ¢ by itself has similarly properties, though here the incidence of
incorrect negative signs is greater (8 times out of 23), as is the variability of
the magnitude of the estimated parameters;

(222) the variable y by itself has the same incidence of incorrect negative signs (8
out of 23) as the variable ¢ by itself — but the variability of the estimated
coefficients is much lower;

(7v) the variable r by itself usually has the correct negative sign but there are 6
time periods in which it is positive;

(v) the variable e by itself has an incorrect positive sign 10 times out of 23
and the variability of the estimated coefficient is extremely high;

(vi) the interactive term e¢p has an incorrect negative sign 8 times out of 23, and
again the magnitude is highly variable;

(vi) the interactive term eq has an incorrect positive sign 11 times out of 23, and
again the magnitude is highly variable;

(viti) the interactive term ey has an incorrect negative sign 7 times out of 23,
but the variability of the estimated coefficient is not particularly high

(ix) the variable Wby itself has an incorrect positive sign just twice and usually
the magnitude of the estimated coefficient is close to that of the optimal;

(x) the interactive variable rW always has the correct positive sign and the
coefficients are not too far (but see later) from the optimal.

' This could also be used to check whether behaviour is improving over time, though it is difficult to
come to a definite conclusion as there is considerable variability in the estimates.

1% We restrict attention to periods 2 to 24 — as we have explained already estimation is impossible in
period 1; in contrast the estimates on period 25 are wildly distorted by those subjects who did not
consume all their wealth in that period.
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This discussion highlights the fact that it is difficult from this type of analysis to
discover whether subjects are responding correctly to the various variables — be-
cause they all appear both by themselves and in some interactive term. We provide
in sub-section 3.3 a more satisfactory test of the comparative static predictions. In
the meantime, we look at the errors made by the subjects in the experiment.

3.2. An Analysis of the Difference Between Actual and Optimal Consumption Behaviour

It is clear from the above that there is a marked divergence between actual
behaviour and the optimal. To try to understand what is driving this difference, in
this sub-section we present an analysis of the determinants of the difference
between actual and optimal consumption. However, we need first to specify what
we mean by optimal consumption in the context of a situation where subjects
make mistakes in determining their consumption at some stage in their life cycle.
There are two possible ways that we could define optimal consumption in some
period. The first way is to define optimal consumption as the consumption that
would be optimal in that period given the wealth that the individual actually has in
a particular period. However, if the individual has not behaved optimally in the
past then the wealth that he or she has in that period is not the level of wealth that
would be optimal given the actual income stream that the individual received in
the past. This leads us to the second definition. This is the level of consumption
that would be optimal in that period if the wealth of the individual was that which
would have been the result of consuming optimally in the past — given the actual
income stream received. We have therefore two kinds of ‘error’ — the first being
the difference between actual consumption and the optimal consumption defined
in the first way (what would be optimal in that period given the wealth of that
period) — and the second being the difference between actual consumption and
the optimal consumption defined in the second way (what would be optimal in
that period given optimal behaviour in the past). Ballinger et al. (2003) also
consider these two different definitions. They comment that the first type of error
‘...measures only current period deviations from the optimal policy — given that
the optimal policy chooses on the basis of subject cash-on-hand'® — and because of
this, we prefer this measure of error.” (Ballinger et al., 2003, p 17). We agree with
them but, like them, use both definitions of error in the analysis that follows.
Let us denote the first kind of error by ¢; and the second by . If subjects are
behaving optimally then these errors will always be zero. If they are behaving almost
optimally (thatis, they implement the optimal strategy with a ‘tremble’) then these
errors should be white noise. That is, no variable should have a significant effect on
them. If one does, then this variable is explaining some part of the deviation from
optimality. To investigate the possibilities we regress each of these separately against
the variables used as independent variables in Table 2 and the period number (¢).
Obviously we can pool all periods together to do this analysis. The results of the
regressions are in Table 3.1 First, we ran the regressions on the full sample. It can

!¢ Wealth in our terminology.
! These are OLS estimates. We also ran Tobit regressions, and these are almost identical.
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be seen from Table 3 that the coefficients that are significant are those of the
constant, r, W, rWand t. (Obviously here Wrefers to the actual wealth.) The fact that
the coefficient on ¢is significant and positive means that the magnitude of the error
increases through time — effectively that the subjects were relatively under-consu-
ming (relative to the optimal strategy) early on in the experiment and relatively
over-consuming (relative to the optimal strategy) later on in the experiment. Care
should be taken in interpreting this result — as account should also be taken of the
effect of wealth on the error. If the first row of Table 3 is examined we see that the
coefficient on Wis 1.10 and that on rWis —1.08. Both are highly significant. Now
recall that ris either 1.2 or 1.4, so in either case the coefficient of W in this first error
equation is always negative (—0.196 when ris 1.2 and —0.412 when 7is 1.4). This
means that the error declines as wealth rises — or for low values of wealth the
subjects over-consume and for high values of wealth they under-consume. It is clear
that many subjects did not save enough (that is they over-consumed) in the early
stages of the experiment when their wealth was low, and then they under-consumed
later in the experiment as they approached the horizon (as a consequence of over-
consuming earlier). When we exclude from the sample those subjects who saved an
excessive amount (that is, more than 3,000) then the coefficient on p becomes
significant, whilst the coefficients of the constant, r, W, rWand ¢ remain significant.
As we have already discussed, it is difficult to use this kind of analysis to help us
understand what the subjects were doing — but it does enable us to conclude that
the subjects do not correctly respond to their wealth, the rate of return and the time
period (and possibly the parameter p — the probability of remaining employed.

When we repeat the analysis of the error using the second definition of the
error, we see from Table 3 that the same coefficients are significant but so also is
the parameter y (both using the full sample and the restricted sample). The sign
is negative — indicating that subjects do not take the effect of an increase in the
level of their employment income into account correctly — they do not respond
sufficiently to a higher employed income."®

3.3. Comparative Static Analyses

In this Section we report the results of various comparative static analyses. To be
specific, we look at how optimal consumption and actual consumption change
when the parameters 7, p, ¢ and y change, and we focus particular attention on the
effect of the employment status on consumption. We begin however with Table 4,
in which we report, period by period, the coefficient on wealth in both the optimal
consumption strategy and the estimated consumption strategy, for the two values
of the rate of interest used in the experiment. The first column is the period; the
second and third columns the coefficient on wealth in the optimal and actual
consumption functions for r = 1.2; and the fourth and fifth columns the coeffi-
cient on wealth in the optimal and actual consumption functions for r = 1.4. For
example, taking the second column, we see that for the low rate of interest (20%)

'8 We should, of course, note that the comparative static analyses of the parameters p, ¢, y and r are
across subjects — since each subject faced just one set of parameters. But the effect of the employment
status e on consumption is both across all subjects and within subjects.
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Table 4
Effect of Wealth on Consumption (both estimated and optimal)

Rate of interest = 20% Rate of interest = 40%
Period Optimal Actual Optimal Actual
2 0.17 -0.70 0.29 -0.47
3 0.17 —-0.48 0.29 -0.15
4 0.17 -0.39 0.29 0.04
5 0.17 -0.21 0.29 —-0.04
6 0.17 -0.17 0.29 0.02
7 0.17 -0.06 0.29 -0.03
8 0.17 -0.02 0.29 -0.00
9 0.17 0.04 0.29 0.29
10 0.18 0.03 0.29 0.07
11 0.18 0.03 0.29 0.42
12 0.18 0.04 0.29 0.42
13 0.18 0.05 0.29 0.12
14 0.19 0.06 0.29 0.17
15 0.19 0.08 0.29 0.21
16 0.20 0.11 0.30 0.19
17 0.21 0.13 0.30 0.28
18 0.22 0.13 0.31 0.31
19 0.23 0.16 0.32 0.32
20 0.25 0.17 0.33 0.28
21 0.28 0.17 0.35 0.41
22 0.32 0.22 0.39 0.55
23 0.40 0.20 0.45 0.26
24 0.55 0.02 0.58 0.55
25 1.00 -0.10 1.00 —-0.90
Averages 0.22 —-0.02 0.32 0.18

the optimal marginal propensity to consume out of wealth starts at 0.17 in period 2
(the same figure is valid for period 1), and stays around this level until period 9. It
then rises at an increasingly faster rate — until it reaches 1.0 in the final period
(when the individual optimally consumes all his or her residual wealth). In con-
trast, in the third column are the estimated marginal propensities to consume out
of wealth at the interest rate of 20%. This Table contains some interesting infor-
mation: if we start by comparing the second and fourth columns we see that the
optimal consumption strategy has the property that the marginal propensity to
consume out of wealth is greater in all periods for a higher rate of interest — if the
rate if interest rises people should optimally consume more in all periods. If we
now compare the third and fifth columns we see that this is generally true of the
actual behaviour — the marginal propensity to consume is generally higher at the
higher rate of interest. However, in comparing the second column with the third,
and in comparing the fourth column with the fifth, the actual marginal propen-
sities to consume are generally lower than the optimal — so behaviour is absolutely
wrong but the comparative static predictions are correct. Furthermore the actual
marginal propensities to consume show some bizarre effects — actually being
negative in the early periods. This is a consequence of the regressions being across
all subjects — some subjects with low wealth consumed all their wealth, while others
were deliberately building up their wealth stocks in the early periods — thus leading
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to a negative marginal propensity to consume in the early periods. But having said
this, we note from Table 4 that the actual marginal propensities to consume rise
through time — as they should do. There is also some slight evidence that the actual
coefficients are getting closer to the optimal as time passes — that is, that the
subjects are learning about the problem to be solved. The final row of Table 4
reports the average'? marginal propensities to consume out of wealth — once again
we see that the actual are below the optimal but move in the correct direction
when the interest rate rises. In the subsequent analysis we just report and discuss
these averages — since there is a high variability in the period-by-period results.®

In Table 5 we present several analyses that shed light on the comparative static
effects. Specifically, we look at the effect of ¢, p, ¢, y and r on consumption. We
begin with the first of these — the effect of ¢ on consumption. As the variable e
enters the equation interactively with p, ¢ and y we need to consider the various
possible combinations that these may take. In Table 5(a) there are the eight
possible combinations. We see that the average effect on optimal consumption of a
move from unemployment to employment is always greater when y takes its high
value than when it takes its low value. This is also true for the actual effects but the
magnitude of the actual effect is everywhere much higher — for example when y is
low and both p and ¢ are high, moving from unemployment to employment
consumption should increase on average by 1.81 — however, in fact, it actually
increases on average by 12.00. Subjects overreact to being employed — they
increase their consumption excessively. Thus our subjects are excessively sensitive
to their employment status. This reflects the stylised fact that we reported earlier.

In Table 5(b) we look at the effect of p on the consumption level. Because p
enters the equations not only by itself but interactively with ¢, we need to consider
the two possible values of e. When e is zero (one) — that is, the subject is unem-
ployed (employed), moving from the low value of p to the high value should on
average increase consumption by 5.03 (14.57). In fact the actual average con-
sumption increases by 23.64 (39.89). So subjects are considerably over-reacting to
an increase in p — it seems that subjects are not able to take into account correctly
the effect of p on their situation — a high value of p induces excess optimism, a low
value of p induces excess pessimism. A different story is apparent however in the
effect of g on behaviour: as Table 5(¢) shows, an increase in ¢ from its low value to
its high value should increase consumption on average by 14.73 (5.68) when the
subject is unemployed (employed) whereas it actually decreases it by 1.08%!
(increases it by just 0.15). Here subjects are under-reacting to an increase in g —
possibly they are over-pessimistic for high value of ¢ and over-optimistic for low
values of ¢. The asymmetric effects of p and ¢ are particularly interesting.

! The average is over periods 2 to 24. We exclude period 25 in all the subsequent analyses since
significant distortions are evident in the final period because not all subjects consumed their entire
wealth (partly because of a bug in the experimental software which stopped subjects consuming more
than 999 in any one period).

20 If we had estimated the regressions over all periods, taking into account the way that coefficients
should change, then we could have reduced this variability, but it would have introduced further
complications — caused by the necessary inclusion of many interact terms in the regression equations.
This would have made the subsequent analysis of the results particularly difficult.

2! Though this is not significantly different from zero.
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Table b

Average Effect of Other Paramelers and Employment Status on Consumption
(both estimated and optimal)

(a) average effect of employment status on consumption

Employed income low (15) Employed income high (30)
Probabilities Optimal Actual Optimal Actual
p high and ¢ high 1.81 12.00 4.52 19.85
p high and ¢ low 4.07 11.69 6.78 19.54
plow and ¢ high -0.57 7.94 2.13 15.79
plow and g low 1.69 7.63 4.40 15.48

(b) average effect of probability of remaining employed on consumption

Unemployed: Optimal Actual Employed: Optimal Actual

5.03 23.64 14.57 39.89

(c) average effect of probability of becoming employed on consumption

Unemployed: Optimal Actual Employed: Optimal Actual

14.73 -1.08 5.68 0.15

(d) average effect of employment income on consumption

Unemployed: Optimal Actual Employed: Optimal Actual

0.25 0.24 0.43 0.76

(e) average effect of rate of return on consumption

Wealth = 100: Optimal Actual Wealth =200: Optimal Actual

59.71 139.82 156.62 340.51

Key: table entries show average effect (over periods 2 to 24) of
(@) moving from unemployment to employment.
(b) changing the value of p from its low value to its high value (0.625 and 0.875).
(¢) changing the value of ¢ from its low value to its high value (0.125 to 0.375).
(d) changing the value of y from its low value to its high value (15 and 30).
(e) changing the value of r from its low value to its high value (1.2 and 1.4).

In contrast, if we look at Table 5(d) we see that subjects respond almost correctly to
a change in the employed income y. An increase of y from its low value to its high
value should increase consumption on average by 0.25 (0.43) when unemployed
(employed) — the actual average increase is 0.24 (0.76). One might conclude from
this that subjects find y (a fixed number) easier to think about than p and ¢ (prob-
abilities). However this conjecture seems to be refuted by Table 5(e¢) which shows
that subjects over-react significantly to changes in the rate of interest. Perhaps this
reflects the fact that people under-estimate the effects of compound interest?

An alternative way of thinking about these comparative static effects is presented
in Tables 6, 7, 8 and 9. Whereas in Table 5 we used the results of the regression
analyses, Table 6 to 9 present a descriptive exercise, in which we present the
average (both actual and optimal) consumption over all periods for each para-
meter individually: in Tables 6, 7, 8 and 9 for the parameters 7, y, p and ¢
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Table 6
Period-by-period Effect of the Rate of Return on Consumption

Low High
Period (1) (2) (3) 1-2 1-3 (1) (2) (3) 1-2 1-3
1 8 0 0 8 8 10 0 0 10 10
2 10 0 0 10 10 12 0 0 12 12
3 12 0 0 12 12 16 0 0 16 16
4 14 0 0 14 14 19 1 6 18 13
5 12 0 0 12 12 21 2 16 19 5
6 12 1 3 11 9 21 5 33 16 -12
7 14 2 6 12 8 22 10 55 12 -33
8 17 3 12 13 5 29 18 78 11 —-49
9 21 6 20 16 1 56 28 100 28 —44
10 22 8 31 14 -9 47 32 123 15 -76
11 23 11 43 12 =20 68 41 145 26 -178
12 27 16 55 12 —28 64 46 168 17 -105
13 30 20 68 10 -37 59 55 191 4 -132
14 33 26 80 8 —47 82 71 214 10 -133
15 41 32 93 9 -52 88 84 237 4 -148
16 43 38 105 6 -61 100 99 260 1 -160
17 52 45 117 7 —65 124 117 283 7 -160
18 56 52 129 4 -73 130 131 306 >’ -176
19 63 60 141 3 -78 139 144 328 -5 -189
20 67 69 153 -1 -85 151 160 351 -9 —200
21 78 80 165 -2 -88 174 179 373 -5 -199
22 94 92 179 2 -85 180 196 396 -16 -216
23 95 103 191 -8 -97 166 199 418 -33 -252
24 65 116 203 =50 -137 198 221 440 —23 —-243
25 118 138 217 -19 =99 193 218 463 -25 —269

(1) — average actual consumption.

(2) — average optimal consumption given the wealth of the period.
(3) — average optimal consumption given the past income stream.
1-2 — difference between (1) and (2).

1-3 - difference between (1) and (3).

respectively. In each Table we give averages for the low value of the parameter and
for the high value — and for each we give the average actual and the average
optimal, calculated in the two different ways that we have already discussed: (2) is
the optimal consumption given the wealth they actually had that period; (3) is the
optimal consumption if they had behaved optimally throughout.

The tables are structured as follows: the first column indicates the period, then
we have two sets of five columns — the first five for the low value of the relevant
variable and the second five for the high value of the variable. The five columns
contain: (1), the average (across subjects) of actual consumption; (2), the average
(across subjects) of the optimal consumption using the first definition of optimal
consumption (that based on the wealth they actually had in that period); (3), the
average (across subjects) of the optimal consumption using the second definition
of optimal consumption (that based on the income stream that they had received
to date); 1-2, the difference between actual and optimal according to the first
definition; 1-3, the difference between actual and optimal according to the second
definition.
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Table 7
Period-by-period Effect of the Employed Income on Consumption

Low High
Period (1) (2) (3) 1-2 1-3 (1) (2) (3) 1-2 1-3
1 5 0 0 5 5 12 0 0 12 12
2 6 0 0 6 6 16 0 0 16 16
3 9 0 0 9 9 19 0 0 19 19
4 13 0 0 13 13 20 1 6 19 14
5 12 0 0 12 12 21 2 16 20 5
6 12 0 7 12 6 20 5 30 15 -9
7 13 2 17 11 -4 23 10 44 13 -21
8 20 5 28 14 -9 26 16 61 10 =35
9 39 10 42 29 -3 38 23 77 14 —40
10 24 9 58 15 -34 45 31 95 14 =51
11 24 14 75 10 =51 67 39 113 28 —47
12 25 21 92 4 -67 66 41 131 25 —65
13 36 30 110 5 74 54 45 149 8 -95
14 53 40 127 13 -74 62 56 167 5 -106
15 62 47 144 15 -82 67 69 186 -2 -119
16 69 54 162 15 -93 75 33 203 -9 -128
17 73 60 179 13 -106 102 101 221 1 -119
18 84 66 196 18 -112 101 117 238 -16 -137
19 73 71 214 2 —-141 130 133 255 -4 -125
20 88 82 231 6 —-143 130 146 273 -16 —142
21 98 92 2438 6 -150 154 167 290 -13 -136
22 106 99 266 7 -160 168 190 309 —22 —141
23 99 104 283 =5 -184 162 198 326 —-36 -165
24 90 115 300 —26 -210 174 221 343 —48 -170
25 130 130 317 -0 -187 181 225 363 —44 -181

Notes: see Table 6.

Table 6 reports the results for the interest rate. It is clear from this Table that
individuals over-consume for the first 9 periods and under-consume thereafter. An
increase in the interest rate seems to increase the difference between the actual
consumption and the optimal consumption (calculated with both definitions) so
to begin with they consume more then they should and afterwards in order to
compensate they have to consume increasingly less. However, the comparative
static prediction is verified — when the rate of interest increases, individuals should
and do consume more everywhere.

In Table 7 we repeat the analysis for the parameter y. An increase in y should
increase consumption everywhere —and it does. However, the absolute magnitudes
of consumption are incorrect.

Table 8 reports on the effect on consumption of a change in the parameter p.
From the results it appears that the increase in p does have a noticeable effect
on consumption (in the direction indicated by the theory) and increases the
magnitude of the errors made by the subjects.

Table 9 reports on the effect on consumption of an increase in the parameter ¢.
We see that when ¢ increases the actual consumption for the first 7 periods of the
experiment decreases and the difference between actual consumption and opti-
mal consumption (according to both definitions) decreases. However, after the
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Table 8
Period-by-period Effect of the Probability of Remaining Employed on Consumption

Low High
Period (1) (2) (3) 1-2 1-3 (1) (2) (3) 1-2 1-3
1 9 0 0 9 9 9 0 0 9 9
2 8 0 0 8 8 14 0 0 14 14
3 10 0 0 10 10 18 0 0 18 18
4 13 0 1 13 12 20 1 5 19 15
5 12 1 5 11 7 22 1 11 20 11
6 13 2 13 10 -0 20 3 24 17 -3
7 14 5 24 9 -9 22 6 38 16 -16
8 20 10 37 11 -16 25 11 53 14 —28
9 25 15 50 10 -25 52 18 70 33 -18
10 30 20 67 10 -37 39 20 87 19 —48
11 50 27 83 23 -33 40 26 105 15 —64
12 50 28 101 21 -51 41 33 123 8 -82
13 39 31 118 8 =79 50 45 140 5 =90
14 46 40 136 6 -91 69 57 158 12 -89
15 53 50 154 3 -101 76 66 176 10 -100
16 60 61 171 -1 -111 83 76 193 7 -110
17 72 75 189 -3 —-118 104 87 211 17 -107
18 78 88 206 -10 -128 107 95 228 12 -121
19 93 99 223 -6 =130 109 105 246 4 -136
20 86 111 241 —26 —-155 133 117 263 16 —-130
21 110 135 258 -25 —-148 142 124 280 18 -138
22 127 159 276 -33 —-149 147 129 299 18 —-152
23 120 171 292 =51 -173 141 131 317 10 -176
24 139 202 309 -62 -170 124 135 334 -11 -210
25 157 201 327 —44 -169 154 154 353 0 -199

Notes: see Table 6.

seventh period, the situation reverses and the actual consumption increases, as it
should.

3.4. The Planning Horizons of the Subjects

It is very clear from the results that we have already discussed that not all subjects
solve the dynamic optimisation problem optimally. To do so requires a process of
backward induction extending to the 25-period horizon of the problem. We could
say that a fully-optimising subject has in this experiment a 25-period horizon — in
the sense that he or she has the ability to plan ahead 25 periods in the first period,
24 periods ahead in the second and so on. This is a computationally complex
problem so it is not surprising that some subjects appear not to have 25 period
horizons. It could be argued that they adopt some procedure to simplify the
problem.** One such procedure is that elaborated on by Ballinger et al. (2003), in
which subjects do not look as far as the correct horizon but instead act as if there
were a shorter horizon, which they ‘roll forward’ as time passes. For example a
subject with a planning horizon of two periods will always act as if the next period
is to be the last (except of course in the 25th period which they know is the last); a

2 See also the remarks by Deaton (1992, pp. 156-7) in his analysis of non-experimental data.
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Table 9
Period-by-period Effect of the Probability of Becoming Employed on Consumption

Low High
Period (1) (2) (3) 1-2 1-3 (1) (2) (3) 1-2 1-3
1 9 0 0 9 9 8 0 0 8 8
2 13 0 0 13 13 10 0 0 10 10
3 15 0 0 15 15 13 0 0 13 13
4 13 0 3 13 10 20 1 3 19 17
5 16 1 7 15 8 18 1 9 17 9
6 17 2 17 15 -1 16 3 19 13 -3
7 18 4 29 14 -11 18 7 32 11 -14
8 20 8 43 12 —23 26 13 47 12 —21
9 41 13 57 27 =17 36 20 62 16 —26
10 26 15 75 11 —49 43 25 79 18 -36
11 47 23 92 24 —45 43 30 96 13 -53
12 50 25 110 24 —-60 41 37 113 4 =72
13 39 28 127 11 —-88 50 47 131 3 -81
14 47 38 145 10 -98 67 59 149 9 —82
15 54 48 163 6 -109 75 68 167 7 -92
16 61 58 181 3 -119 82 79 184 3 -102
17 72 70 199 2 -127 104 92 201 12 -97
18 82 83 216 -0 -134 103 101 218 2 -116
19 93 90 233 3 -139 109 114 236 -5 -127
20 94 100 250 -6 —-155 124 128 254 -4 —-129
21 117 115 267 2 -151 135 144 271 -8 -136
22 125 128 286 -3 —-161 148 160 289 -12 —-140
23 122 134 303 -12 -181 138 168 306 -30 -167
24 141 154 322 -14 -182 122 182 321 -60 -198
25 126 150 339 —24 —213 185 206 341 -20 -156

Notes: see Table 6.

subject with a planning horizon of three periods will always act as if the next-but-
one-period is to be the last (except of course in the 24th and 25th period when
they know that they are the next-to-last and the last respectively). A completely
myopic subject has a one-period horizon in that he or she always acts as if the
present period is to be the last (and therefore consumes all their income every
period). More generally a subject with an % period horizon acts, in period ¢, as if
period ¢ + k — 11is to be last (except, of course, when ¢ + & — 1 is greater than 25, in
which case they correctly perceive how far away is the horizon).

We follow the procedure suggested by Ballinger e al. in trying to estimate the
apparent planning horizons of the subjects. We do this as follows. For any planning
horizon 7 we can work out the optimal consumption of the subjects using the
optimal strategy (that we have already calculated) for the fully optimal subject. In
this, optimal consumption in period ¢is a function of ¢, of wealth at the beginning
of tand of the employment status in that period. The fully optimising subject — one
with a 25 period horizon — always uses the function relevant for ¢ in period ¢ In
contrast a subject with planning horizon 4 uses the function relevant for period
26 — hin period ¢ (instead of the one relevant for period ¢) whenever ¢is less than
or equal to 26 — %, and then uses the correct one (that is the one relevant for
period #) when t is greater than or equal to 26 — . As before there are two
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definitions of the ‘optimal’ consumption in any period: (1) the consumption that
would be optimal given the wealth that the subject actually has in that period; (2)
the consumption that would be optimal in that period given the income stream
that the subject actually had and given that he or she had optimised in the past. We
repeat that the second definition is more strict in that errors are compounded —
there could be departures from this definition of optimality both through current
period non-optimising and through having the wrong wealth at the start of the
period through non-optimising in the past. Ballinger et al. prefer the first defini-
tion. It has certain advantages — particularly in that it lets us see more clearly
whether subjects’ behaviour is improving through time.

We have estimated the apparent planning horizon of the subjects using
both definitions of optimal consumption. Moreover, we follow Ballinger et al. in
estimating the apparent horizon as that which minimises the mean squared dif-
ference between actual consumption and optimal consumption.*” The results are
presented in Table 10, which gives information on the ‘best’ apparent horizon for
each subject for each error definition. It will be seen that the error definition has
only a minor effect on the results.

Itis clear from this Table that there are substantive differences between subjects.
There are some subjects with extremely short planning horizons. For example,
subject 6 on parameter set 9 appears completely myopic — having an apparent
planning horizon of just one period on both error definitions. Effectively this
subject is simply consuming his or her income every period. In contrast there are
subjects with very long planning horizons — many having apparent horizons of 20
periods.?* If we look at these latter subjects we see that they are indeed the ones
who saved up reasonable amounts of wealth during the experiment — realising that
they could benefit from the high rates of interest. In contrast, those subjects with
relatively small apparent horizons built up relatively small stocks of wealth during
the experiment — not realising the returns that were possible from the high rates of
interest.

It would be of interest to see if there is any connection between the apparent
horizons of the subjects and the parameters of the model but, as can be seen from
Table 10, such an analysis is somewhat confused by the high variability between
subjects with the same parameter set. For example, with parameter set 1, the
apparent horizon varies from 2 to 20. However, we can get rid of some of this
variability by averaging over subjects with the same value of some particular
parameter. For example, half the subjects had a high rate of interest (40%), half a
low rate of interest (20%). If we use the mean squared difference measure based
on the second error definition, then for the first half of the subjects (those with a
high rate of interest) the average apparent horizon is 5.65 periods and for the
second half of the subjects (those with a low rate of interest) an average apparent

% We have also done the analysis using the mean absolute difference — but the results are broadly
similar.

2* We should note that the optimal strategy is effectively the same for at least the first 10 periods of
the experiment — so a subject loses very little by having a horizon of 15 instead of 25. Indeed for the
subject with a reported apparent planning period of 20 in these Tables, the mean differences between
actual and optimal is the same for apparent planning horizons of 20 to 25.
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Table 10

Horizon Determined by Minimisation of Mean Squared Difference Between Actual
and ‘Optimal’ Consumption

First error definition — table shows apparent horizons of subjects

Subject parameter set 1 2 3 4 5 6
1 2 5 2 20 2 2
2 9 3 19 3 5 3
3 3 2 2 5 3 11
4 2 3 2 6 2 21
5 11 5 2 20 2 4
6 5 20 4 2 15 20
7 5 4 13 2 14 17
8 4 3 11 7 13 3
9 2 14 18 2 3 1

10 14 2 17 2 17 2

11 7 2 6 5 6 3

12 1 3 2 7 8 5

13 4 2 17 5 2 2

14 4 13 2 2 5 3

15 3 2 2 3 1 2

16 2 2 12 8 1 2

Second error definition — table shows apparent horizons of subjects

Subject parameter set 1 2 3 4 5 6
1 2 5 2 20 2 2
2 8 3 21 3 4 3
3 3 2 2 5 3 6
4 2 3 2 6 2 21
5 4 2 2 19 2 4
6 4 19 4 2 13 20
7 6 4 15 2 19 20
8 4 2 9 7 7 3
9 2 19 19 2 3 1

10 11 2 8 2 17 2

11 5 3 5 5 5 3

12 1 3 2 7 8 5

13 4 2 19 5 2 2

14 3 9 2 2 5 3

15 3 2 2 3 1 1

16 2 2 16 6 2 2

horizon of 6.13 periods. There seems to be nothing of economic significance here
and certainly they are not statistically significantly different. Similarly for the
subjects with a high probability of remaining employed, their average apparent
horizon is 5.67 and the average for those with a low probability of remaining
employed 6.10. For the subjects with a high probability of becoming employed their
average apparent horizon is 6.58 and those with a low probability of becoming
employed it is 5.19. Although these are not statistically significantly different, the
difference has a modest economic significance — suggesting that those who are
more likely to leave unemployment think more carefully about the future. Finally
for those with high incomes, when employed, the average apparent horizon is 6.77,
while for those with a low income when employed, the average apparent horizon is
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5.00. This is interesting — the greater payoff to being employed seems to induce
subjects to think more carefully about their future. But none of these differences
are statistically significant. The significant differences seem to be between subjects
and not between parameter sets. Put simply — some subjects are better than others
in that they have longer planning horizons.

4. Conclusions

One of the important conclusions of this study is contained in the sentence above:
subjects differ in their ability to solve the task. In particular, subjects differ in their
ability to think ahead — some subjects seem to be able to think a long way ahead,
others only a little way. We could classify subjects according to their ‘apparent
planning horizon’ — as discussed in sub-section 3.4. Alternatively we could classify
subjects according to the way they tackled the problem: on this criterion there
seem to be four basic types:

(¢) those who understand the basic nature of the problem - including the
returns from saving and the diminishing returns from consuming — and
who approach the optimal strategy in varying degrees,

() those who are pre-occupied with the present and who seem to think little
about the future;

(2zz) those who simply seem to like to have wealth, who build up excessive
amounts of wealth during the experiment; and — those who seem rather
confused

(2v) building up stocks of wealth over cycles of around 4 or 5 periods and then
consuming almost all of these built-up stocks of wealth.

If we exclude from the discussion those subjects who seemed to get pleasure
from building up enormous stocks of wealth, we could conclude that virtually all
the others were trying, with varying degrees of success, to solve the optimisation
problem — though most with a too-short planning horizon or with a variable
planning horizon. As a consequence of this apparent myopia, it follows that the
behaviour of the majority of the subjects was such that they consumed too much in
the early stages of the experiment (when their wealth was low) and as a con-
sequence had too low levels of wealth in the later stages of the experiment and
thus consumed too little in these later stages. This behaviour could result either
from a too-short planning horizon or from an underestimation of the effect of
interest on savings. However, it is clear that subjects take into account the role of
the rate of interest — indeed increasing their consumption excessively when the
rate of interest rises.

We also observe significant over-reaction to the current employment status:
subjects tend to consume too much in periods of employment and too little in
periods of unemployment. This is perhaps a manifestation of a more general
phenomenon: subjects do not seem to be able to smooth their consumption stream
sufficiently — with current consumption too closely tracking current income. This
was also observed by Ballinger et al (2003) and is frequently observed in analyses
based on questionnaire data. In this context it implies that subjects are worse off in
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periods of unemployment than they need to be and better off in periods of
employment than they should be. It prompts the question: how should govern-
ments take into account such myopia when planning the state unemployment
insurance scheme?

It seems clear that subjects have difficulty in taking into account the prob-
abilistic structure of the income process correctly. Although a particularly simple
process (a first-order Markov process) from the point of view of a statistician, it is
difficult for a non-statistician to assimilate. Perhaps this is the reason for
the inability to smooth the consumption stream sufficiently and, perhaps, also
the reason why the key parameters p and ¢ have effects different from those
predicted by the theory. In particular, subjects over-respond to an increase in p,
while generally®® under-responding to an increase in ¢. Perhaps they regard the
high value of p (0.875) as effectively a case of permanent employment (while the
low value of p is clearly a risky case), and the low value of ¢ (0.125) as effectively
a case of permanent unemployment (while the high value of ¢ is clearly a risky
case)?

Whilst subjects seem to have difficulty with the stochastic nature of the income
process, they seem to have much less difficulty in understanding the actual values
of income - as evidenced by the fact that they respond almost exactly correctly to
an increase in the level of employed income.

So individuals have trouble optimising and have trouble understanding the
stochastic structure of the problem. As a consequence they smooth their con-
sumption stream insufficiently and over-respond to the current situation. In the
light of this under-optimisation, it is an interesting open question as to how gov-
ernments should respond.
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