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Abstract

Modelling the incidence of self-employment has proved problem-
atic. Whilst the individual supply side characteristics of the self-
employed are well documented, we argue that the literature has largely
misspecified demand side aspects. We present results from an econo-
metric framework that allows us to separately, and simultaneously,
model the supply and demand side characteristics that determine em-
ployment types. We show that whilst individual characteristics are
important determinants of self-employment, there are also important
factors specific to the type of employment that influence whether an
individual is self-employed. Our results suggest that individuals may
be captive to a particular employment type because of the sector in
which they work, the number of hours they prefer to work and their
ethnicity.
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1 Introduction

Recent years have seen the self-employed emerge as an important group of
workers in many developed countries, accounting for 16% of the workforce
in Australia, 10% in Canada, 9% in the UK and 9% in the US in 1999
(Le 1999). The increasing proportion of self-employed individuals in the
labour force has led to an interest amongst economists and policy makers in
the characteristics of the self-employed due to its potential role in alleviating
poverty and unemployment. Self-employment may be regarded as a way
out of unemployment and/or the creation of small businesses may serve to
create further employment. Yet modelling the incidence of self-employment
has proved problematic. Whilst the individual supply side characteristics of
the self-employed are well documented, we argue that the literature to date
has largely misspecified the demand side aspects. In this paper we present
results from an econometric framework that allows us to separately, and
simultaneously, model supply and demand side characteristics.

This paper focuses on the factors that determine the type of individ-
ual who is self-employed. The literature concerning the profile of the self-
employed has, in the main, looked at the characteristics of individuals who are
self-employed compared to fixed wage workers. We extend this approach by
additionally considering workers employed on performance related pay (PRP)
contracts. Such contracts allow some proportion of remuneration to be con-
ditional upon a measure of performance and, hence, represent an interesting
intermediate case between fixed wage employment and self-employment.

We investigate the possibility that individuals may not be strictly free to



choose their preferred type of employment, but may be captive to particular
types of employment due to a number of demand side factors which char-
acterise heterogeneity of employment types. We apply a new estimator, the
Parameterised Dogit Ordered Generalized Extreme Value (DOGEV) model,
that allows for ordering in the observed employment types and for captivity
within an observed employment type. To be specific, this estimator allows
us to distinguish between the differential effects of factors which lead to in-
dividual heterogeneity (i.e. supply side influences) and those which lead to
employment type heterogeneity (i.e. demand side influences). Thus we are
able to determine the impact of supply side factors on the probability of an

individual being self-employed whilst also controlling for demand side effects.

2 Background

A number of approaches have been developed to explain the determinants of
self-employment, emphasising to varying degrees sociological, psychological
and economic factors. The standard economic argument is that individuals
decide whether or not to enter self-employment on the basis of the rela-
tive utilities on offer. Such an approach encapsulates unemployment push
and pull factors, with displaced workers being pushed or pulled into self-
employment by supply side considerations (Taylor 1996).

Recent research has focused on the attributes of the self-employed in order
to determine who are the self-employed concentrating on characteristics such
as gender, ethnicity and family background (Le 1999). In general, studies
specify a reduced form Probit or Logit equation of self-employment whereby

the vector of explanatory variables contains a combination of personal and



labour market characteristics.

Turning initially to personal characteristics, marital status has been incor-
porated into many empirical studies. As argued by Le (1999), marriage is as-
sumed to represent stability and, as such, may provide a suitable background
for risky self-employment. Blanchflower and Oswald (1998) and Bernhardt
(1994) find that having a working spouse enhances the probability of self-
employment. Similarly, Schiller and Crewson (1997) find that a husband’s
employment increases the probability that his wife will be self-employed.

An individual’s age may affect his/her propensity to become self-employed
(see, Calvo and Wellisz 1980, Kidd 1993). For instance, age may act as a
proxy to capture the effects of an individual’s awareness, knowledge and
experience in the labour market thereby reflecting general human capital.
Alternatively, as an individual becomes older, he/she may have accumulated
the financial resources required for self-employment. Detailed analyses of
the importance of capital constraints for the probability of becoming self-
employed have been conducted by Blanchflower and Oswald (1998), Dunn
and Holtz-Eakin (2000) and Johansson (2000). Generally, studies have re-
ported a non-linear relationship between self-employment and age (Rees and
Shah 1986).

The role of ethnicity in determining the propensity to become self-employed
has also attracted a great deal of attention. The issue of whether discrimina-
tion bars employment in certain sectors has been the subject of much debate
(Hout and Rosen 2000). Rees and Shah (1986) find that non-white individu-
als in the UK have a lower propensity to become self-employed whilst Brock

and Evans (1986) find the reverse in the US. More recent evidence reported



by Clark and Drinkwater (2000) indicates higher rates of self-employment
amongst ethnic minorities in England and Wales.

The role of educational qualifications has been incorporated into many
empirical studies. Educational attainment may act as a proxy for ability.
Studies reporting a positive relationship between educational attainment and
the probability of self-employment, include Rees and Shah (1986), Borjas
(1986), Borjas and Bronars (1989) and Evans and Leighton (1989). Al-
ternatively, higher levels of educational attainment may play a signalling
role in the labour market with high educational qualifications serving to se-
cure employment in the non self-employed sector. Evidence supporting an
inverse relationship between higher levels of educational qualifications and
the propensity to become self-employed include Evans (1989), de Wit and
Winden (1989) and Kidd (1993).

Finally, Blanchflower and Oswald (1998) argue that the psychological fac-
tors associated with entrepreneurial drive influence the propensity to become
self-employed. Evans and Leighton (1989) focus on one such psychological
factor — willingness to be in charge of one’s own destiny — and find that this
is positively correlated with self-employment. A related point concerns an
individual’s preference for hours of work. In general, fixed wage employment
entails accepting the working week dictated by the employer (although in
some cases an employee may be able to exercise some discretion, albeit within
the parameters specified by the employer, for example flexi-time schemes).
In contrast, a self-employee can determine the number of hours of work, pre-
sumably to satisfy their entrepreneurial drive, thereby exerting more control

over their destiny.



To summarise, the standard approach adopted to profile the self-employed
entails specifying a Probit or Logit model to predict the probability of self-
employment. We extend the existing literature by allowing for three types
of employment namely; fixed wage employment, PRP and self-employment.
The inclusion of the intermediate category allows for the fact that, in reality,
the choice between self-employment and non self-employment, is not as stark
as that depicted in the existing literature. Moreover, the existing literature
allows for supply side and demand side influences, but these two influences
have been treated identically empirically. We propose an econometric model
that distinguishes between these two influences and therefore allows demand
and supply side effects to impact differentially on the probability of self-

employment.

3 The Econometric Model
3.1 The DOGEV Model

A new discrete model, the DOGEV model, proposed by Fry and Harris (2004)
forms the basis of our econometric analysis. It is based upon separate, inde-
pendent, generalisations of the Logit model for multiple outcomes. One of the
generalisations embodies the Ordered Generalized Extreme Value (OGEV)
probabilities (Small 1987), which will allow for the presence or otherwise of
ordering in the dependent variable and correlations of alternatives in close
proximity. This is important as it may be the case that employment types
are ranked. We explore the possibility that employment types are ranked

according to the associated earnings uncertainty, from self-employment at



one extreme to fixed wage employment at the other. Moreover, it is likely
that neighbouring alternatives will indeed be correlated.!

The second extension, which the DOGEV model embodies, is the Dogit
model of Gaudry and Dagenais (1979). This expands on Logit probabili-
ties by the introduction of additional outcome-specific parameters, ¢;. In
our application, 7 = 1,2,3, where 1 denotes fixed wage employment, 2 de-
notes PRP and 3 denotes self-employment. The interpretation of 6; varies
across application, but in general they can be regarded as heterogeneity of
the outcome itself (i.e. employment type), as opposed to observed individual
heterogeneity. In addition, they may also represent unobserved individual
heterogeneity which is common to individuals within an outcome. For ex-
ample, if the majority of individuals within a particular employment type
belong to a particular religious denomination and religious denomination is
a missing variable in the data set, then 6, for this particular outcome will
embody the effect of this variable.

It is intuitive to consider the choice-set generation framework of Manski
(1977). Specifically, in the Dogit model an individual is assumed to be either
captive to one of the J outcomes (here an employment type) or chooses
freely from the full set (fixed wage employment, PRP and self-employment).
Therefore, the available choice set faced by individual 7, B; = BV i, comprises

J + 1 sets, J single outcome captivity sets and one set comprising all .J

"'We focus here on testing for an ordering of employment types according to the asso-
ciated degree of earnings uncertainty. The raw data superficially supports the hypothesis
that employment types are ordered according to earnings uncertainty, with the standard
deviation of earnings around the mean being £200.72 for fixed wage employment, £371.43
for PRP employment and £828.75 for self-employment. Our framework, however, is suffi-
ciently flexible to explore ordering in other directions.



outcomes from which free choice is (subsequently) exercised by the individual.
The choice set generation process itself can be represented as a random utility

maximisation model with utilities given by

UY =Wy +ng, i=1,...,n; k=1,...,J+1. (1)

Under the assumptions that: 7,, are independently and identically dis-
tributed as a Type 1 Extreme Value variate; Wy, = log(6y); and the nor-
malisation that W;;,; = 0, the probability of individual ¢ choosing a single

outcome (captive) set is given by

0.
Py=—
L4+, 0k
and the probability that individual ¢ chooses from the full set is

1
— (3)
L+> 0k

For the outcome selection process, the probability that an individual se-

Py =

lects the specified outcome j from a single outcome choice set is one. The
probability that an individual selects the specified outcome j from the full
choice set is in the second stage derived from the standard random utility

maximisation model, RUM (Fry, Brooks, Comley, and Zhang 1993), of
2
Ui(j) = Vij + &4 (4)
where Ui(j?) is the utility that individual 7 gains from alternative j in this sec-
ond stage, and V;; and ¢;; are, respectively, the non-stochastic and stochastic
components of this utility. For simplicity, V;; is typically specified as
V;j - X;/B ) (5)
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and under the assumption that the €;; independently follow a Type 1 Extreme
Value distribution, the resulting probabilities have the standard Logit form
(Maddala 1983). So, utilising the Manski framework, the Dogit model can

be parameterised as

. 0. 1
Pt = ’ + i (6)
! 14’2;:1 Ok 1+ZI}I:1 O ( j)

where PZ’; are the standard Logit probabilities for multiple outcomes.

Fry and Harris (2004) suggest utilising this basic set-up, but to replace

the Logit probabilities with those of the OGEV model, which are given by

pOGEV _ exp (p~'Viy) (7)
N Z’;‘]:ll (exp (p~1Viy—1) +exp (p71Vir))"
X

(exp (p~'Vij1) +exp (p7 Vi)™
+ (exp (o1 Vig) + exp (p Wigan)) |
where the parameter p allows for any ordering in the data.

Akin to a moving average process, the OGEV (and hence DOGEV)
model(s) account for ordering in the data by allowing a correlation between
alternatives in close proximity, which decreases the further are the two al-
ternatives apart. Although p is not strictly a correlation coefficient - which
has no closed form expression in these models (Small 1987) - it is inversely
related to this such that when p = 1, the OGEV (DOGEV) model collapses
to the Logit (Dogit) one.>

Therefore the full functional form for the DOGEV choice probabilities

are given by

2See (Small 1987) for full details of the correlation structure.



0, 1
DOGEYV J OGEV
ij = + ij (8)

This specification is convenient in that simple parameter restriction tests

of p = 1 and 6 = 0, are tests against the nested sub-models of Dogit and
OGEV (and jointly, Logit), respectively. Such parameter restrictions can be
easily tested for using usual testing paradigms.

Using the indicator function d;; where

g — 1 if individual ¢ chooses alternative j
Y1 0 otherwise

the parameters of the model are now estimated using the maximum likelihood

criterion, where the log-likelihood function is

J N

L(¢)=> > diln PO,

j=1 i=1

with ¢' = [(VGC,BJ-), .0, p] and P99V being given by equation (8).
3.2 The Parameterised DOGEV Model

In a model of employment type, a relatively standard set of observed indi-
vidual characteristics are likely to directly affect the (second-stage) utilities
of the individual via the index functions described in equations (5) and (4).
Labour market rigidities, and in particular demand side constraints, may
lead to captivity of individuals in particular types of employment. However,
an important question is: are these captivity effects constant across indi-
viduals? In other words, is there heterogeneity of the various employment
types, that will vary in its effect across individuals? For example, consider

hours worked - certain individuals may prefer a particular length of working
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week. However, such divergences in hours worked are likely to be specific to
particular employment types and predominantly controlled by employers -
for example fixed wage contracts are likely to be associated with a standard
working week.

Therefore, we extend the basic DOGEV model to allow the captivity
parameters 6 to vary by observed factors z which characterise employment

type heterogeneity (or demand side effects) such that

; = exp (z"yj) , 9)

where the use of the exponential transformation ensures non-negativity of
the 6 parameters, required for the probabilities of equation (8) to be prop-
erly defined (Gaudry and Dagenais 1979). Such a generalisation appears
appropriate in a model explaining observed types of employment, as it is
possible to identify factors which are specific to employment types that are
likely to impact on the probability of self-employment. We will refer to this
specification as the Parameterised DOGEV Model. The instruments we use
to paramaterise the DOGEV model and thereby control for employment type
heterogeneity are industry, hours of work and ethnic origin.

Certain industries are more suited to particular types of employment.
Where large economies of scale and/or large sunk costs exist, for example,
we would not expect to find a high prevalence of self-employed workers.
Thus, individuals employed in different industries may be captive, to varying
extents, to particular employment types.

Hours of work are usually contractually specified and hours inflexibility

is a well documented labour market rigidity. Within fairly narrow bands,
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employees cannot, generally, freely choose the number of hours they work
(although some flexibility is generated by the availability of overtime and
flexi-time, but this too is employer driven). Self-employment is generally
associated with working longer hours than other types of employment. Thus
employment types may be heterogeneous in terms of the number of hours
worked.

Finally, as suggested in the literature, we argue that employer based
discrimination may push ethnic minorities into self-employment and thus
employment types may be heterogeneous in terms of ethnic groups. However,
it is important to note that, in this respect, this is a demand side factor
which will impact on the incidence of self-employment among ethnic minority
groups.

Including demand side variables as standard regressors does not take into
consideration their true impact in terms of tying workers to particular types
of employment. This could lead to misspecification and potentially erroneous
inference. To ascertain the contribution of modelling employment type het-
erogeneity to our understanding of who are the self-employed, we compare the
Parameterised DOGEV model with the standard multinomial Logit model

using the data described below.

4 The Data

Our data are drawn from the Family Expenditure Survey (FES) for the
UK, which is a nationally representative survey that is conducted on an
annual basis. Approximately 10,000 households are selected each year and

the average response rate is around 70%. The main aim of the survey is to
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Table 1: Distribution of the Sample by Employment Contract
Self-employed PRP Fixed Wage Total
Number %  Number % Number % Number %

1287 9.4% 3,623 26.5% 8,765 64.1% 13,675  100%

provide a reliable source of information on household expenditure, income
and other aspects of household finances.

We use pooled data from the 1997/98, 1998/99 and 1999/00 surveys. Our
sub-sample comprises of working adults aged between 18 and 65 who are
either self-employed, employed under a fixed wage contract or on a contract
characterised by PRP.?

Sample statistics are set out in Tables 1 - 3. It is apparent from Ta-
ble 1 that fixed wage contracts are the dominant form of employment type
(64.1%) and self-employment (9.41%) is the least common.* Table 2 shows
there are interesting differences in the incidence of employment type across
individual characteristics. For example, men are relatively more likely to
be self-employed. The incidence of self-employment is higher amongst mar-
ried relative to single, separated, divorced and widowed respondents. With
respect to ethnicity, PRP contracts are more heavily concentrated among
whites whilst the incidence of self-employment is relatively high among non
whites.

One might also hypothesise that both the number and the age of children

3The FES contains information on performance related bonus schemes (e.g. Christmas
bonuses; productivity bonuses; profit related bonuses; loyalty bonuses; dividends; incentive
schemes and performance/sales bonuses), which allows us to identify those individuals who
receive PRP.

4The 9.4% self-employment figure ties in closely with that stated earlier of 9% for the
UK suggesting that we have a representative working sample of the working population.
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may affect a parent’s willingness to become self-employed. We therefore
consider the number of pre-school and school-age children in the household
and find that whilst the former are distributed relatively evenly across the
three types of employment, the latter are highest amongst self-employed
workers.

The self-employed are, on average, much older - a finding that is con-
sistent with the hypothesis that older, displaced workers might turn to self-
employment given their relatively low probability of re-employment. It might
also reflect the ability of older workers to acquire the necessary start-up cap-
ital for self-employment, on account of their longer accumulation of wealth.

Individuals in self-employment have relatively few formal qualifications.
PRP contracts, on the other hand, are concentrated amongst those with
formal school qualifications and higher, whilst individuals holding fixed wage
contracts are relatively evenly spread across all levels of schooling.

In relation to housing tenure, fixed wage employees are most likely to be
found living in local authority housing, whilst the self-employed are more
likely to own their homes outright and PRP workers are most likely to live in
homes that are mortgaged. This may reflect the fact that housing equity is
often used as collateral to secure loans necessary to start up a small business.

Finally, we can see that the self-employed have a much longer working
week than those employed under fixed wage or PRP contracts. This is con-
sistent with the known labour market rigidities in terms of hours of work
since fixed wage and PRP employees are generally not free to determine the
number of hours worked. Hours of work are usually a contractually specified

aspect of the employment contract. Fixed wage and PRP workers have, on
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Table 2: Employment Type by Individual Characteristics

Self-employed PRP  Fixed Wage
Males 11.77 28.19 60.04
Females 4.67 23.07 72.26
Age* 43.62 37.89 38.61
Family Status
Single 4.15 26.18 69.67
Married /Cohabit 10.28 26.79 62.39
Separated /Widowed /Divorced 9.44 24.50 66.06
Pre-school Children* 0.22 0.23 0.18
School-Age Children* 0.75 0.47 0.52
Ethnicity
White 9.28 26.78 63.94
Non-white 12.33 20.03 67.64
Education Level
Less than GCSE 14.06 22.36 63.58
GCSE 9.29 26.94 63.77
Further Education 7.38 28.48 64.14
Higher Education 7.78 27.28 64.94
Housing Tenure
Rented- Local Authority 6.11 22.17 71.72
Rented - Private 9.82 22.16 68.02
Mortgaged 9.02 28.44 62.54
Owned 13.89 22.20 68.92
Household Income (Weekly)* 627.19 705.33 601.85
Hours of work* 50.77 39.67 39.92

Note: Numbers are expressed as a percentage of the total number of
individuals within the three types of employment for each individual
characteristic, except for those denoted by * which represent the average for
each types of employment

14



Table 3: Employment Type by Industry
Fixed Wage PRP Self-employed Total

Sample sizes

Retail 1917 1043 451 3411
Manufacturing 2990 1553 522 5065
Services/public 3858 1027 314 5199
Total 8765 3623 1287 13675
Percentages
Retail 56 31 13 100
Manufacturing 59 31 10 100
Services/public 74 20 6 100

average, a standard working week of approximately 40 hours, whilst the self-
employed are observed to have, on average, a much longer working week of
around 50 hours.

Table 3 shows the relationship between employment and industry. Em-
ployment in a given industry may be associated with employment type het-
erogeneity. Fixed wage contracts are the dominant type of employment across
all three (broad) industrial categories. However there are interesting differ-
ences regarding the frequency of PRP and self-employment across the indus-
tries. Employment types other than fixed wage employment are very rare
within the service industry and the self-employed are more common in retail

and manufacturing, both of which also have a high frequency of PRP.

5 The Results

For comparison purposes, we report results from both the Parameterised
DOGEV model and the multinomial Logit model. The results are set out in

Tables 4 and 5 below. In terms of the explanatory variables, a comparison of
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the multinomial Logit estimates with the Parameterised DOGEV estimates
shows a fairly consistent story, although the significance of some variables
varies across the specifications. The high degree of significance of the captiv-
ity parameters in the Parameterised DOGEV model is particularly noticeable
indicating that they have an important role to play in explaining employment
type heterogeneity.’

Prior to discussing the results of the Parameterised DOGEV model in
detail, we will present a comparison of the predictive capacity of the two
models. Table 6 shows the sample proportions across types of employment
and the within-sample predicted proportions from the multinomial Logit and
the Parameterised DOGEV models. We can see that unsuprisingly both
specifications over predict the dominant outcome, fixed wage employment.
In terms of overall predictive power, the Parameterised DOGEV model is
slightly better, predicting 66% of observations correctly; compared to 65%
for the multinomial Logit specification. However the overall predictive ca-
pacity of the two models is misleading given the dominance of fixed wage
contracts in the data - a naive model predicting fixed wage employment for
the entire sample would correctly predict 64% of the observations. A better
criterion for judging the performance of the models is their ability to predict
outcomes outside of the dominant category and the Parameterised DOGEV

does better than the multinomial Logit in this respect, especially with re-

A likelihood ratio test of the Parameterised DOGEV model against the DOGEV
specification yielded a Chi-squared test statistic of 1820 with 12 degrees of freedom. Hence,
the parameterisation of the captivity terms does make a significant contribution to the
likelihood function thereby supporting the parameterised specification. For brevity, we
do not present the results of the DOGEV model - the full results are available from the
authors on request.
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Table 4: Multinomial Logit Estimates
Reference Category: Fixed Wage Contracts

| PRP Contract Self-Employed
Variable Coef Coef
Constant 1981 (0.32) ** -10.310 (0.57) *
Male 0.353 (0.05) **  0.453 (0.09) **
Age 0.915 (0.15) ** 1.388 (0.27) **
Age squared -0.122  (0.02) ** -0.124 (0.03) **
Married77 0.088  (0.06) 0236 (0.13) *
Separated/widowed/divorced | 0.133 (0.10) 0.217 (0.17)
Pre school children 0.071  (0.04) 0.181 (0.07) **
School age children -0.147  (0.03) **  0.156 (0.04) **
Education
GCSE 0.097  (0.07) -0.061  (0.09)
Further Education 0.238 (0.07) **  -0.093 (0.11)
Higher Education 0.131 (0.07) * -0.182 (0.11)
Housing Tenure
Rented private -0.021  (0.10) 0.752 (0.18) **
Mortgaged 0.284 (0.07) ** 0.575 (0.14) **
Owned 0.124  (0.09) 0.956 (0.16) **
Year of Survey
1998/99 -0.263  (0.05) **  -0.323 (0.08) **
1997 /98 0.213 (0.05) **  -0.218 (0.08) **
Household Income 0.286 (0.04) ** 0.019 (0.07)
Region
Wales L0.146  (0.11) 0.043  (0.17)
Scotland 0.070 (0.13) 0.197  (0.20)
North England 20.021  (0.08) 20.041  (0.13)
Midlands 0.168  (0.08) **  -0.135 (0.13)
South England 0.048  (0.05) -0.250  (0.09) **
Captivity Parameters
Manufacturing -0.085 (0.05) -0.248 (0.08) **
Services/public -0.753 (0.05) **  -0.953 (0.09) **
Hours of work -0.191 (0.04) ** 0.995 (0.03) **
Non-white 0266 (0.11) ** 0284 (0.16) *
Number of Observations 13675
Log Likelihood -10500

. *ok
Standard errors in parentheses.

respectively (two-sided).
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Table 5: Parameterised DOGEV Estimates

PRP Contract Self-Employed
Variable Coef Coef
Constant -3.360  (1.05) ** -8.588 (1.83) **
Male 0.675 (0.19) **  0.406 (0.28)
Age 1276 (0.51) **  2.841 (0.79) **
Age squared -0.184 (0.07) ** -0.264 (0.09) **
Married 0.153  (0.16) 1.024  (0.34) **
Separated /widowed /divorced | 0.092 (0.26) 0.930 (0.42) **
Pre school children -0.123  (0.07) 0.272  (0.17)
School age children 0.437 (0.18) * 0.237 (0.10) **
Education
GCSE 0.323 (0.18) * -0.063 (0.22)
Further Education -0.025 (0.17) -0.128  (0.28)
Higher Education -0.125 (0.17) 0.080 (0.28)
Housing Tenure
Rented private -0.216  (0.27) 1.533 (0.47) **
Mortgaged 0.506 (0.21) ** 1781 (0.39) **
Owned 0469 (0.26) * 2.502 (0.48) **
Year of Survey
1998/99 0413 (0.15) ** -0.574 (0.20) **
1997 /98 0.397 (0.15) ** -0.363 (0.20) *
Household Income 0.437 (0.18) ** -4.719 (1.04) **
Region
Wales 0668 (0.34) * -0.881 (0.49)
Scotland 0.074  (0.30) 0.658  (0.54)
North England 0.151  (0.19) 0.158  (0.27)
Midlands 0433 (0.24) * 0432 (0.31)
South England -0.007  (0.13) -1.009 (0.31)
Captivity Parameters
Fixed Wage
Constant 11.860 (0.75) **
Manufacturing -0.040 (0.16)
Services 0.387 (0.20) **
Hours of work -2.720 (0.19) **
Non-white 0.354 (0.29)
PRP
Constant 14120 (0.89) **
Manufacturing -0.096 (0.17)
Services -0.473  (0.20) **
Hours of work -3.456  (0.23) **
Non-white -0.012  (0.30)
Self-Employed
Constant 2777 (0.36) **
Manufacturing -0.187  (0.15)
Services -0.713  (0.17) **
Hours of work 0.348 (0.06) **
Non-white 0.706  (0.26) **
p 0562 (0.27) **
Number of Observations 13675
Log Likelihood -103pQ

Standard errors in parentheses. ~~ and * significant at 5 and 10% level, respectively
(two-sided).



Table 6: Sample proportions and predicted outcomes
Fixed wage PRP Self-employed Correct

Sample 0.641 0.265 0.094
Multinomial Logit 0.945 0.016 0.039 0.65
Parameterised DOGEV 0.938 0.011 0.051 0.66

gard to self-employment. The Parameterised DOGEV model does better at
predicting outcomes within the self-employed category (although marginally

worse in the PRP one).°

Thus, explicitly accounting for employment type
heterogeneity enhances our ability to predict employment types.

To further consider the within-sample predictive accuracy of the Parame-
terised DOGEV model, Table 7 presents a simulated hit and miss table. The
predictions underlying hit and miss tables are given by assigning individuals
the outcome associated with their highest predicted probability across the
alternatives and then comparing this to the observed outcome. As is gener-
ally the case with discrete choice models (Duncan and Harris 2002) both of
these models tended to over predict the most common alternative (as noted
above). This is because construction of traditional hit and miss tables im-
plicitly ignores the stochastic elements of the underlying economic model.
Therefore we present simulated hit and miss tables where we explicitly take
into account both the stochastic and non-stochastic elements of the underly-
ing utility function (over 1,000 random draws). For comparison purposes, the
case of a random assignment of individuals’ types of employment according
to observed sample proportions is also presented. The Parameterised DO-

GEV model predicts better than simple random assignment. Thus, we find

6Neither models predict the PRP category particularly well. One suspects that this is
due to a paucity of variables pertaining to the workplace.
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Table 7: Hit and Miss Tables
RANDOM ASSIGNMENT

Predicted
Actual Fixed wage PRP Self-employed Total
Fixed wage 5618 2322 825 8765
PRP 2322 960 341 3623
Self-employed 825 341 121 1287
Total 8765 3623 1287 13675

PARAMETERISED DOGEV SIMULATED

Predicted
Actual Fixed wage PRP Self-employed Total
Fixed wage 5837 2296 632 8765
PRP 2301 1069 253 3623
Self-employed 624 263 400 1287
Total 8762 3628 1285 13675

further evidence suggesting that accounting for employment type captivity
is particularly important in predicting employment outcomes.

Figure 1 illustrates the predictive power of the Parameterised DOGEV
model by graphing the actual sample proportions by type of employment,
the average predicted probability across the individuals for each outcome,
the total probabilities predicted at the sample means of the explanatory
variables and the amount of the latter accounted for by the captivity within
each employment type.” Under these two tests of predictive power we can
see the model clearly performs well. The average probability of being in each
employment type accurately matches the sample proportions. Whilst calcu-
lating the predicted probabilities at the sample means of the variables does

slightly over predict the number of fixed wage employees and slightly under

"This differs from Table 6 which is based on observed individual characteristics as
opposed to sample means.
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Figure 1: Sample Proportions; Predicted Probabilities - average and at sam-
ple means (by total and captive)
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predict the number of PRP and self-employed workers, the orders of magni-
tude are small. Moreover, the graph illustrates the substantial contribution
made to the total probabilities arising from the demand side (or captivity)
factors.

Another short fall of the multinomial Logit specification is that it cannot
account for the possibility of ordering across employment types. The Para-
meterised DOGEV model, on the other hand, has the flexibility to allow us
to test for the presence of ordering in the dependent variable. A simple test
of the null hypothesis of no ordering is essentially a test of p = 1. We find
that p is statistically significantly different from 0 and 1 (at the 95% level).
Thus, we reject the null hypothesis which suggests that employment types
display ordering. As suggested earlier, this may reflect the earnings uncer-
tainty associated with each outcome with self-employment at one extreme

and fixed wage employment at the other. Ignoring the ordering in our de-
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pendent variable would result in misspecification and potentially erroneous
inferences.

Given the complexity of the implicit marginal effects of the Parameterised
DOGEV model and, for reasons of clarity, we present the implied probabili-
ties of self-employment for different realisations of our explanatory variables
in Table 8.8 Specifically, we consider the impact of both individual hetero-
geneity and employment type heterogeneity by considering each explanatory
variable in turn whilst setting all other variables to their sample means.

Table 8 has been constructed so that the contribution to the total proba-
bilities generated by the individual and employment type heterogeneity can
be distinguished. Note that as we change x (individual heterogeneity or
supply side variables) total probabilities change via equations (5) and (8),
although the captivity probabilities are unaltered. On the other hand, when
we change z (employment type heterogeneity or demand side variables), cap-
tive probabilities are directly affected via equations (9) and (8). In addition,
the non-captive ones are also affected via a scale factor implied by these

equations. That is, changes in x change the total probabilities through the

POGEV

7 and hence affect only the second term of equation (8).

impact on
Whilst changes in z influence 6; and so affect both terms in (8): the first
term directly and the second term via a scale factor.

In Table 8, we present the total probabilities of self-employment for each

change as well as the proportions of the total probability accounted for by

employment type heterogeneity and individual heterogeneity. In terms of

8Given that the focus of our paper is on self-employment, the corresponding probabili-
ties for fixed wage employment and PRP have been omitted for reasons of brevity but are
available from the authors on request.
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gender, employment type heterogeneity appears to be more important for
self-employed men than for self-employed women, which may reflect the fact
that self-employed women fit self-employment around family commitments
- consequently individual heterogeneity may be particularly important here.
Regarding age, individual heterogeneity is not very important when young,
but becomes increasingly important for individuals aged 40 and above. This
ties in with the existing literature reporting that age is positively related to
self-employment. Employment type heterogeneity appears to dominant the
probability of self-employment for all categories of marital status with very
little variation in terms of it’s contribution to the total probabilities across
each category. In terms of number of children the effect of employment type
heterogeneity declines as number of children increases.

There is some variation in the effect of education at the relatively higher
levels of education, the contribution of employment type heterogeneity is
highest for further education and lowest for higher education. As noted in
Section II, the role of education in determining self-employment has led to
some mixed results. Our findings suggest that it is particularly important to
distinguish between types of education beyond ‘A’ level.

In terms of housing tenure, the effect of individual heterogeneity is par-
ticularly pronounced for the self-employed — a finding which is consistent
with the hypothesis that capital /asset accumulation is associated with self-
employment, given that housing equity is a common source of loans security.
The contribution of employment type heterogeneity to the total probabil-
ity of self-employment appears to increase with income. In addition, it is

apparent that there is significant variation across regions in terms of the im-
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Figure 2: Predicted Probabilities: Industry
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portance of the two types of heterogeneity with demand side influences being
particularly pronounced in the South.

Given that introduction of the captivity parameters represents the novel
part of the model, we will consider all types of employment when discussing
the results relating to these parameters. Hence, Table 8 is accompanied by
three graphs showing the contribution to the total probabilities generated by
individual and employment type heterogeneity for each of the three demand
side effects for each of the three types of employment. We consider in turn
industry, hours worked and ethnicity.

We find that fixed wage workers are most likely to be found in the ser-
vice/public sector and the increased probability is largely due to the captivity
parameters. PRP and self-employment in contrast are least likely to be found
in this sector (see Figure 2).

Across the range of hours worked, we find the largest degree of variation
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Table 8: Self-employment Predicted Probabilities

Contract Heterogeneity

Individual Heterogeneity

Total Probabilit

Probability %

Probability %

Gender

Male

Female

Age

Age 20

Age 30

Age 40

Age 50

Age 60

Marital status

Single

Married

Separated /widowed /divorced
Number of preschool children
None

1

2

Number of school age children
None

1

2

3

Education

No formal qualifications
GCSE

Further education
Higher education
Housing Tenure

Rent LA

Rent

Mortgage

Owned

Household income

25th percentile (£345)
50th percentile (£522)
75th percentile (£771)

0.043 (80.45)
0.043 (45.47)
0.043 (80.45)
0.043 (89.91)
0.043 (75.29)
0.043 (61.78)
0.043 (58.55)
0.043 (80.45)
0.043 (77.80)
0.043 (79.08)
0.043 (80.45)
0.043 (78.06)
0.043 (73.74)
0.043 (80.45)
0.043 (78.92)
0.043 (73.50)
0.043 (67.45)
0.043 (80.45)
0.043 (80.66)
0.043 (83.44)
0.043 (79.45)
0.043 (95.86)
0.043 (80.31)
0.043 (80.19)
0.043 (65.04)
0.043 (51.91)
0.043 (71.99)
0.043 (90.50)

0.010 (19.55)
0.051 (54.53)
0.001 (19.55)
0.005 (10.09)
0.014 (24.71)
0.026 (38.22)
0.030 (41.45)
0.004 (19.55)
0.012 (22.20)
0.011 (20.92)
0.009 (19.55)
0.012 (21.94)
0.015 (26.26)
0.008 (19.55)
0.011 (21.08)
0.015 (26.50)
0.021 (32.55)
0.010 (19.55)
0.010 (19.34)
0.008 (16.56)
0.011 (20.55)
0.002 (4.14)

0.010 (19.69)
0.011 (19.81)
0.023 (34.96)
0.040 (48.09)
0.017 (28.01)
0.004 (9.50)

0.053
0.094

0.044
0.048
0.057
0.069
0.073

0.047
0.055
0.054

0.052
0.055
0.058

0.051
0.054
0.058
0.063

0.052
0.053
0.051
0.054

0.045
0.053
0.053
0.066

0.082
0.059
0.047
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Table 8: Self-employment Predicted Probabilities - continued

Contract Heterogeneity

Individual Heterogeneity

Total Probability

Probability %

Probability %

Region
Northern Ireland
Wales
Scotland
North England
Midlands
South England
Industry
Retail
Manufacturing
Services/public
Hours worked
35

40

45

50

55

60

Ethnicity
White

Non white

0.043 (76.96)
0.043 (87.24)
0.043 (61.96)
0.043 (78.80)
0.043 (81.86)
0.043 (90.83)
0.061 (85.86)
0.053 (83.42)
0.027 (74.82)
0.008 (77.88)
0.034 (80.73)
0.099 (83.26)
0.174 (85.57)
0.227 (87.62)
0.267 (89.37)
0.042 (80.45)
0.067 (89.47)

0.013 (23.04)
0.006 (12.76)
0.026 (38.04)
0.012 (21.20)
0.009 (18.14)
0.004 (9.17)

0.010 (14.14)
0.011 (16.58)
0.009 (25.18)
0.002 (22.12)
0.008 (19.27)
0.020 (16.74)
0.029 (14.43)
0.032 (12.38)
0.032 (10.63)
0.010 (19.55)
0.008 (10.53)

0.056
0.049
0.069
0.054
0.052
0.047

0.071
0.063
0.036

0.010
0.043
0.119
0.203
0.259
0.298

0.052
0.075
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Figure 3: Predicted Probabilities: Hours Worked

Olrdivibyal hegangenesity
. .

T

VST IITLL LSS

TS T TSI S

in the contribution of the individual and employment type heterogeneity
parameters to the three employment outcomes. This is illustrated in Figure
3.

Fixed wage workers are most likely to be observed working a standard
working week (approximately 40 hours), PRP workers have a slightly shorter
working week (35 hours per week) and the self-employed have longer working
hours (the probability of being self-employed increases as hours increases).
Captivity variables dominate the probability of being employed on a fixed
wage contract for low hours of work, however, their contribution to the total
probability diminishes rapidly as the number of hours worked increases. The
same pattern is observed for those employed under PRP contracts; whilst
the converse is true for the self-employed. The self-employed are much more
likely to be observed working long hours and logically the employment type

heterogeneity parameters dominate this probability.
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Figure 4: Predicted Probabilities: Ethnicity
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Figure 4 shows how employment type varies with ethnic origin. There
have been a number of studies that have shown that ethnic minorities have a
higher probability of self-employment (see, Clark and Drinkwater 2000, Brock
and Evans 1986), and this finding is reflected in our results. The graph
shows that non-whites are much more likely to be self-employed than the
other ethnic groups, Borooah and Hart (1999) find similar evidence. In
contrast, employment type heterogeneity plays a large role in determining
the probability of being a fixed wage worker for whites. The significance of
ethnic origin as a captivity parameter is consistent with the hypothesis that
labour market discrimination pushes non-whites into self-employment.

In summary, our results show that employment type heterogeneity is
important in modelling employment outcomes. Moreover, simply includ-
ing demand side variables as standard regressors in a model of individual

heterogeneity leads to relatively poor predictive power when compared to
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a specification that explicitly and simultaneously controls for the captivity

impact of the demand side factors.

6 Conclusions

Economists have in general found it hard to predict who are the self-employed.
We show that whilst individual characteristics are important identifiers of
employment type, aspects of employment type heterogeneity also play an im-
portant role. Modelling employment type heterogeneity as individual hetero-
geneity (i.e. as in the multinomial logit framework) leads to poor predictions
when compared to the Parameterised DOGEV model that allows us to sepa-
rate the effects of individual and employment type heterogeneity. Moreover,
our results suggest that the existing literature may have drawn conclusions
from potentially misspecified models. Furthermore, we have found evidence
of ordering across employment types suggesting an additional source of mis-
specification in the existing literature which has largely focused on unordered
discrete choice models.

We have shown that the self-employed are captive to self-employment
due to their ethnicity, long work hours and the industry in which they work.
Moreover, we show that the probabilities of being in any particular employ-
ment type are also driven by supply side factors. Our results concerning in-
dividual heterogeneity are consistent with the existing literature in as much

as the self-employed are more likely to be older and have housing equity.
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