Individual Decision-M aking to Commit a Crime:
Early Models

Roman Horvath” — Eva K olomazni kova**‘

1. Introduction

In the paper we present an introduction to a part of the economics of crime -
individual decision-making to commit a crime. This theory started appearing in the
literature in the 1960s and especialy in the 1970s in an attempt to describe and
predict human behavior concerning issues such as offence and crime. Several models
have been developed and we discuss them in turn, especialy the studies of Becker
(1968), Ehrlich (1973) and Heineke (1978).

Because the success of offence is naturally uncertain in these models, we deal with
the maximization of von Neumann - Morgenstern expected utility function.
Moreover, we consider the offence risky and therefore encounter portfolio models
where the individual allocates the wealth among legal and illegal activities. It is also
reasonable to assume that these activities have a time dimension. As a result,
individuals allocate time to legal and illegal activity. Determining the level of crime
committed it is possible to derive the corresponding supply curve. The early models
of economics of crime are similar to the models of portfolio choice and of the supply
of labor.

We do not include in our survey the theory of optima law enforcement. This theory
extends the theory of individual decision-making in several aspects e.g. in the analysis

of how law enforcement agents should deal with the unproductive behavior of those
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who commit crime in order to maximize social welfare. For survey see Polinsky and
Shavell (2000). Also modern dynamic theories on tax evasion are not the aim of this
paper. Survey isin Slemrod and Yithzaki (2002).

In section 2 we present portfolio models on individual decision-making to commit
crime. We discuss the model of time allocation in section 3. We conclude in section

4. Two appendices on the derivation of some results of Heineke's model 1. follow.

2. Individual Decision-M aking to Commit a Crime as a Rational Act

We assume that economic agents are rationa, in other words, they fulfill the
following assumptions in their decision-making: completeness, transitivity,
reflexivity, non-satiation, continuity, and strict convexity. These assumptions are
sufficient condition for rational behavior. Due to our assumptions we realize that our
anaysis of decision-making to commit a crime is most suitable to apply to areas such
as the level of pollution that firms generate, robbery, tax evasion or traffic offence.
The applicability of these models to emotional crime — or more generally to the case

of unstable preferences - isin our opinion ambiguous.

Recently, there has been plenty of theoretical and empirical literature on the problem
that individuals do not behave fully rationally.* But even if we find that individual
decision-making is not aways rational (which can be actually to, a large extent,
caused by the optimization of the amount of information to be evaluated or by

learning), we can think of it as auseful approximation of reality.

2.1 Mode of Dividing an Individual's Wealth between Legal and lllegal

Activities

! For survey of various attitudes towards rationality see Hamlin (1986), p.1-57. Short survey of early odels
of economics of crime is provided by Milanovic (1999), see pages 5-11.



In this section we present the model of dividing an individual’s wealth between legal
and illegal activities. We assume that individuals maximize well-defined von
Neumann - Morgernstern expected utility function. As a result, the theory of
individual decision-making to commit acrime isthe specia case of the genera theory
of rational behavior under uncertainty. Individual’s wealth consists of an exogenous
(initial) wealth and additional income obtained from legal and illegal activities.? Legal
activities are without risk. Individuals are able to estimate the probability of all

possible opportunities and monetize all the gains and losses.

The models of rational behavior to commit crime in formal economic terms appear in
the literature from 1960s, starting with Becker’s (1968) pioneering article Crime and
Punishment.* Although, the first attempts to study crime from the economic point of
view date back to the 18th and 19th centuries (see Eide (1994, p.48)).

2.1.1 Becker’'sModel
Becker (1968) primarily focuses on minimizing socia loss in income from the crime
and not only on the individual decision-making. His article is a seminal work on the

economics of crimein forma economic terms and is the basisfor al further research.

Becker (1968) argues what is the optimal policy in order to combat crime and how it
relates to the means of the punishment, public expenditures, probability of
convictions, and private enforcement of law. Thus optimal policies to fight crime are
apart of an optimal allocation of resources. We discuss especially the parts relevant to

our survey.

2 Digtinction between initial and additional income isintodruced by Brown and Reynolds (1973).
3 If we challenge the strict monetization, the results of the early models become more ambigous. See
Block and Heineke (1975).
* However, there were also some unpublished manuscripts at Columbia University before 1968 such as

Smigel-Leibowitz (1965) or Ehrlich (1967) focused on empirical assessment of crime activities in the

U.S.. Becker (1996, p. 143) aso writes:” | began to think about crime in the 1960s after driving to
Columbia University for an oral examination of a student in economic theory” .



Another of hisresultsisthat crimeis socially undesirable since the potential offenders
spend their time planning and implementing the crime, in other words on
unproductive activities, which in turn causes only a violent income redistribution in

society In the modern literature this behavior is called rent-seeking.

Becker (1968) also discusses the economics of crime from the view of individual and
stresses the rationality and the liability of the actions. The individual compares the
benefits and the costs of committing crime (or offence). The crime is committed only
if g>pf, where g is the gain from the crime and the term pf is expected punishment (p
stands for probability of punishment and f for fine). Moreover, from the point of view
of the enforcer it isrational to increase fines and lower the probability of punishment
so that the expected punishment would not change. The only limitation is the
offender’s income.®> However, if this is true, why does the substitution between fines

and probability of punishment have weak empirical grounds?

Polinsky and Shavell (1979) refine Becker's results by considering the attitude
towards risk. This together with the recent model of Garoupa (2001) explains why we
do not observe this substitution in reality. Garoupa (2001) shows that substitability
between the probability of punishment and fine holds only if the expected punishment

is close to the gain from crime. Otherwise, the relationship can be complementary.

Becker (1968) derives that the greater elasticity of the change in the probability of
punishment than the elasticity of response to the change in fines implies that offenders
are marginally risk-lovers. Brown and Reynolds (1973) generalize Becker’'s model
risk implications about entering into illega activities by showing relevant elasticities
implies nothing about risk attitudes. Later on, there is vast theoretical literature
refining the results of Becker’s model, such as Ehrlich (1973) or Polinsky and Shavell
(1979).

® See Polinsky and Shavell (1991) for aformal model where differencesin income are introduced.
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2.1.2 Heineke M odsl |

Heineke (1978) adds interesting aspects to Becker’'s model and to the models on tax
evasion® from the early 1970s. He enriches both the models of portfolio choice and
previous models of the economics of crime.

In the model the following notation is used:

O-initial weslth;
x - amount of W° spent on illegal activity, O<x <1, x <W°;
g(x,a) - gain from offence, dg/dx > 0, dg/da > 0, g(0,a) = 0;
f(x,R) - fine from offence, if detected’ 9f/ox > 0, 9f/0R > 0, f(0, R) =0;
a - ashift parameter for gains (magnitude of the gains);
3 —a shift parameter for losses (severity of the losses);
p - probability of detection;
S - wealth when being successful (no fine imposed):
WV - wealth when being unsuccessful (fineis imposed on the offender);
u(W) - von Neumann - Morgenstern utility, duwow > 0;3

The individua s maximize expected utility (EU):
E[U(W)] = (- p)u(W®) + pU(W”) @,

JEU : s ag WU dg_ofy_
o =@ ) (W) ( )(ax 5 =0 ).

It is clear from the first-order condition that such optimum can exist, since the first

U

term in the equation (2) is positive and the second term is negative.’ It is natural to
expect that dg/ox < of/ax, that is marginal gain should be lower than margina fine,
otherwise all the individuals would commit as much crime as possible. On the other

hand, the condition for committing additional crimeis:

® For contemporary survey of the literature on tax evasion see Slemrod and Yithzaki (2002), for the tax
evasion models preceding Heineke's model 1. see Allingham and Sandmo (1972), Kolm (1973) and Singh
(1973).

" We assume for simplicity that detection equals to punishment. That is there are no costs to impose fine.

8 |f JU/OWOW > 0, then the individual is risk lover, if JWOWOW < O than the individual isrisk averse, if
JUdWOW = 0, than theindividual isrisk neutral.
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this means the additional (marginal) gain has to be higher than the expected additional

fine.

To make sure that we found the maximum of expected utility function; the second
derivative of the equati on (1) must be negative.

JEU oy ou ag Bg _\ou au
39X =@ ) ( ) +(1 ) (W)aax paxa (wY)
)99 ag af of

9999 . u
—(wW" —_— = —p—(W")—<0
ox ox p ox ( 1) )4 -P axax( R X X ax ( ) axax <

We can see that the inequality (4) can be fulfilled independently on the attitude

(4).

towardsrisk.

After the exclusion of potential corner solutions (x = 0, x = 1), we can find the
individual’s response to the change of parameters. In other words, how much
maximizing would an individual dedicate to illega activities when there is a change
in his’/her wedlth, the probability of detection, the size of gain and the severity of
losses? Under the constant absolute risk aversion we obtain®

OWoW =0 (5)
This means change in the wealth will not affect the incidence of individual’s illegal
activities.

Under the decreasing absolute risk we have

Op/OW >0 (6).
As a result, more wedth will bring more crime. Wolpin (1978) shows a rather
surprising conclusion from the equation (6). Illegal activity decreases with increasing
unemployment, since higher unemployment rate implies lower income. Notice an
interesting feature that in this case we cannot explain with the perception quoted by

Eide (1994, p.56):" ... misery creates a situation where crime is a rational

®Because p and gu /oW > 0 and 9g/ox -of/ox < 0.
10 See Appendix 1 for derivation of the results how optimal value of x changes with the change of wealth.



reaction.” Social norms as Eide (1994) argues can be appropriate for explaining this

problem.

On the other hand, using the results of Polinsky and Shavell (1999) and Garoupa
(2001) we may derive how to explain equation (6) by the rational behavior at variance
with Eide (1994). Low wealth means low opportunity costs and low probability being
fined by a substantial amount. This change in the other parameters may in turn

explain why equation (6) stands under rational behavior, too.

Under the increasing absol ute risk aversion we end up with

OWOW <0 .
This means higher wealth contributes to lower illegal activity.

Next, we can derive under some reasonable assumptions the following outcomes: ™
OW/OR < 0, op/op < 0 and op/da >0 (8).
The results from equation (8) are as follows: more severe punishment causes less
crime, as well as a higher probability of detection. On the other hand, higher gains

from crime make individual more likely to beinvolved inillegal activities.

3. Model of Time Allocation

A possible limitation of the portfolio models (Heineke model | in the last section) is
that individual has not only to decide about the optimal level of crime, but to consider
time as an important variable influencing the decision-making, too. As a result, we
encounter the models where time will be allocated between legal and illegal activities.
We redefine the problem of the individual’s maximizing of the expected utility as
follows:

E[U(W)] = (L-p)u(W®) + pu(W") 9),

where

W= WO+ L(t.,8) + G(ti.x)

! See Appendix 2 for derivation.



WY = WO+ L(t,8) + G(ti,x) - F(t,'¥)

L(t_,8) —function of benefits and costs depending on the t,
tL —time spent on lega activity

4 - ashift parameter for L(t.,0)

G(ti,x) —gain from theillegal activity

ti —time spent on illegal activity

X - shift parameter for G(t;,x)

F(ti,¥) — loss, if punished

Y - ashift parameter for F(t;, )

Individual maximizes the expected utility with respect to t; (time spent on illegal
activity) and t_ (time spent on legal activity). Because the algebra is very similar to
the portfolio model, we do not present the derivations.™? All the assumptions from the
previous model apply, too.

Now, there are two possibilities how to deal with the model. First, as Heineke (1978)
discusses, the smple model without restrictions on the values of t; and t.. Second
introduces the restriction on a sum of the value t; and t,. That meanst; + t, = t, wheret
means time and is a positive real number. The second model is developed in Ehrlich
(1973).

3.1 Heineke's model |1
An individual will maximize with respect to t, and t; the following:
E[UW)] = - p)u(W®) + pu(W") (10).
The resulting first-order conditions are:
JEU ou ,., s OL ou ..., oL
=1-p)—(W>)=—+p—W")—=0 11
3 = AP WO bW o (11)
JEU ou oL ou oG oF
- = 1— 7W57 7WU _— :0 12
ot - ARG WAS -+ pg )(ati at J (12)

12 See Ehrlich (1973), Heineke (1978) or Eide (1994) for survey.



The optimal value of t, depends on benefits and costs arising from legal activities and
is independent of p, W°y and ¥ (probability of detection, initia wedlth, the
magnitude of gains and the size of the imposed fine respectively).™® But increase in
the wealth causes that individua will allocate more of hisher time to legal activities.
When dL/dt. = 0 (the marginal benefits reach zero), an individual will exert onesalf to
illegal activities. It is possible to derive the following inequality:

otilop< 0 (13).

Timeinvolved inillegal activity decreases as the probability of punishment increases.

The outcome of change in the severity of punishment, the magnitude of gains, gains
from legal activities and wealth increase on time allocated on illegal activities (sign of
these partial derivatives oti/d¥, dti/dy, dti/dd and dti/dW respectively) depends on the
attitude towards risk.

In the case of constant absolute risk aversion we get:

atildy > 0, dti/d¥< 0, dti/dd =0, dti/oW =0 (14).
This means, if there is increase in the gains from the illegal activities, individua will
concentrate more on it. If the punishment from illegal activities is more severe, then
everybody decreasesitsillegal activities.

In the case of increasing absolute risk aversion we obtain:

ot/dy > 0, Jt/oW< 0, /98 < 0, It/OW > 0. (15).

The results in the equation (15) show that individual devotes less time to illegal
activities when higher severity of punishment is present and when there are better
legal opportunities. Increase in the wealth and the magnitude of gains makes the
individual tend more to the illegal activities. The results for the decreasing absolute
risk aversion are the following:

dti/dy > 0, 9ti/0d >0, dti/oW > 0. (16).
Higher potential gains as well as higher wealth from illegal activities cause higher

crime. Better legal opportunities do not have negative influence on a incidence of

1% See Eide (1994) for mathematical derivation, the technique is roughly the same as in the portfolio
model, we do not present it.



crime committed. The consequence of various severity of punishment on the level of
crime (the sign of dti/d'P) isindeterminate.
If there is a large independence between legal and illegal activities, the model yields

the same result as portfolio Heineke model 1.

3.2 Ehrlich'sMode

We discuss the model of Ehrlich (1973) in this section. In this model we assume that
the total time is fixed and has to be divided between legal and illegal activities. As a
result, the more time is spent on lega activities, the less may be spent on illegal
activities and vise versa. We can rewrite the wealth depending on success in the
following manner:

W= WO + L(t-t;,8) + G(tix)

WY = WO + L(t-;,8) + G(ti,) - F(ti,P)

The first-order condition of the optimization of the allocation of timeis:**

JEU oL G oF oG oL
ES =@~ p)—(W )( o o at) (- p)—(W )(at at) 0 (7).

Rearranging leads to:

oG dL ou
E_E _ pi(\NU) -

du ..
%o o WP

The term on the left describes the individuad’'s indifference curve. After the
differentiation of equation (10) and setting dE[U(W)] = 0, we have:

Ju
aws p—(W“)

dwY

(19).
@- p) (W)

Also can be found out, that left term in the equation (18) is the margina rate of

substitution between W*° and W" given the overall time constant. As t; increases, it

4 The second-order condition assures the maximum, see Ehrlich (1973, p.527).
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will produce transformation curve, where W* is substituted for W according to the
following equation:
oG dL

ot ot _ dw?®
oG JL oF dgwVY

(20).
Equations (19) and (20|) determine the optima time alocated on legal and illegal
activities (point B in Figure 1). If al the time was devoted to the illegal activities,
than the individua’s optimum would become point C. In addition, if there is only
legal activity, individual will end up in the point A. Notice aso that certainty line
must lie at the angle of 45", since we assume that legal earnings are certain and also
gains and losses [G(t,x) and F(t;,¥)] are zero and then W° = WY. Naturally,
transformation curve's domain is (W° + G(t) —F(t), WP + L(t)) and its relevant range

is(W°+ L(t), W2+ G(t)) (seefigure 1).
Figure 1 — Determination of Activity Mix

WS Transorfmation

WO+G(t) |===—----~ Indifference curve o
e Certainty line
! B
i
|
WOoHL(QF—======"" [
: A
' |
| ]
! i
! |
i
i !
' |
i !
WO+G(t)-F(t) WO+L(t) wY

Source: Ehrlich (1973)
It can be aso shown that if risk-neutral person would choose point B in the figure 2,

than an optimum for risk-lover must be l&ft to the point B on the transformation curve

and to the right for a risk-averse person.
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It is clear that individua participates in illegal activities, if hisgher expected utility
increased. To state thisformally:

%Y o 21).
at

Concretely, when there is no illega activity, WY = W® and thus u” = u®. Putting

equation (19) and (21) together, after rearranging we obtain:

dG dL oF

>p— 22).
Po o P (22)
The marginal differential gain must exceed the expected punishment in order to crime

to occur.

Ehrlich’s analysis goes beyond Becker (1968) in some aspects, since the model
explores not only costs, but benefits, too. Similarly, Ehrlich’s model can predict not
only the direction of the changes as was the case of Heineke’'s model 11, but also the
magnitude of the legal and illega activities. Clearly, Ehrlich’'s model aso provides

the arguments for punishing repeated offenders more severely.

4. Conclusion

Some types of criminal activity are largely explicable by the rational decision-making
of individuals. As we could see in our survey of the early models, namely the
portfolio and time allocation model, unsurprisingly they bring very similar results. In
all cases regardless of attitudes towards risk, the higher probability of punishment
lowers the efforts dedicated to committing an offence. The results of the changein the
severity of punishment, the magnitude of gains from illega activities and income are

indeterminate and depend on the attitude towards risk.

However, the positive models of the individual decision-making to commit a crime do
not analyze many aspects of the crimina activities such as how enforcement agents
should behave in order to maximize social welfare and the unproductive behavior of
those, which plan and commit crimes. The models consider only individual decision-

making and ignore interactive decision-making, as well as more than one time period

12



decision-making, which is crucial in analyzing e.g. margina deterrence.’® It may be
derived from the early models that the optima punishment is maximal. This
conclusion is drawn because of the nature of the models (comparative static models).

Theidea of maximal punishment was later refuted.

On the other hand, the models of individual decision-making provide a useful
introduction and a guideline to the economics of crime and highlight the fact that it is
aways the rational individual who is a center in analyzing the consequences of

decision-making.

We conclude with the quotation by Ehrlich (1973, p.527):” Recidivism is not
necessarily the result of an offender’s myopia, erratic behavior, or lack of self

control, but may rather be the result of choice dictated by opportunities.”
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Appendix 1
Derivation of the sign du/oW [equations (5), (6) and (7)]:
From the first-order condition (equation (2)) we have i = 0 and differentiating we get

du= oK daw +a—“dx 0
ow oX
Rearranging we have:*®
o __owaw
dw ol ox

Since JdW/ox is negative (second-order condition), it is enough to explore the sign of
JWoW in order to determine the sign of dx/dW. Taking the derivative of p with
respect to W we get:
O gy w99 B vy 09 o
W =@ p)axaw( )a P (W

X OxdW oX ox
From the first-order condition (equation (2)) we have
ou/ox(W') ag of

99
1-p B =_p AT (BT
a=p) ox IOaulax(WS) (ax ox

Putting together we obtain

aiuz_ ou/ox(W") og of . du (W) + ou )(ag of
oW ou/ax(W?3) "ox  9x” dIxoW oxoW oX ox
Rearranging leads to
0 dg of ou/oxoW (W= ou/ 9xoW (W*
Mo T o - W) (W),
oW ou/ ox(W>) ou/ Ix(W?®)
where
S
‘, (WS):_au/aan(vSv )
ou/ ox(W>)

and

%8 The more proper way would be to solve the derivation by implicit function as it is in Eide (1994),
however the results are the same.
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_du/axoW(W")

(W5 = au/ax(WY)

Finally, we have

M __ g o Nl (W)=, (W
S =P~ jaulax(w ) (W) =1, (W)]

Under the constant absolute risk aversion (CARA) ra(W°) = ra(W) and that means
OWOW = 0. Under the decreasing absolute risk aversion (DARA) ra(W5) < ra(WY)
and that means /oW > 0. Under the increasing absolute risk aversion (IARA)
ra(W%) > ra(W") and that means dp/oW < 0. We obtain these results, because p and
ou/oW(WY) are positive and the term (9g/ox -9f/dx) is negative. If we recapitulate:
CARA = 9p/oW = 0, DARA = /oW > 0 and IARA = 9p/oW < 0.

Appendix 2

Derivation of /a3 < 0, dp/dp < 0 and dp/da > 0 from the eguation (8).

We employ the same technique as in Appendix 1.

First, we show how the severity of fines effects the crimina activity and how the

result depend on the attitude on risk:
du= a—“df&+a—“dx: 0
R ox
Rearranging we get:
dx _ dwai

d?3 op/ox

and then

M _ [ AU (9 3 YU ey Ay AU Of
o~ p[axars(w )( o Jax ) T W ) s
For arisk-averse and risk-neutral individual iz is obviously aways negative. For risk-
loving individual the result is uncertain, but if the following inequality holds

of

EINE I RTINS T
w )( )ax(w 56 < ™ aan

oxoli3 ox  oX
then op/oRR < 0, too.
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Second, we show that the increase in the probability of detection always decreases the
criminal activity of the individual:

e _ du Ju of
87p_ (W)ax (W)(ax 8x)<0

Third, we show how the magnitude of the gain effects illegal activity. After some
agebrawe get:

Ou_du dg  dg (_ 0EU /0W )
da. IW ox axaa opL/ ox

Since we aready derived CARA = Ju/oW = 0, DARA = du/oW >0 and IARA =
OWOW < 0. op/ox < 0 isasufficient condition for maximizing the expected utility and
dg/lda > 0. Then we only have to assume the marginal gain must increase, that is
dg/oxda > 0, and can derive the sign of dx/da.

As aresult, for decreasing absolute risk aversion and constant absolute risk aversion
we obtain dy/da > 0. The bigger the gain the more illegal activities will be present.

The outcome under increasing absolute risk aversion isindeterminate.
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