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Abstract

Condominium residents are reluctant to join the management committees (MCs)
and contribute to the management of local public goods because of free-riding prob-
lems. In studying a sample of condominiums in Taipei, It is found that some degree
of outsourcing to third party managers (TPMs) is necessary when the scale of local
public goods increases. However, higher management fees paid to TPMs are not
directly related to higher utilities derived by the residents in the use of local public
goods. When self-selectivity in the outsourcing decision is controlled, the results
show that the efficiency in the provision of local public goods increases with the
effort levels of the MC members. The MC members who adopt a hands-off approach
by fully delegating the management responsibilities to TPMs deliver lower pay-offs
in the provision of public goods.

1. Introduction

Public goods are goods that possess non-
exclusive and non-rival properties. Olson
(1965) defines a public good as either
‘inclusive’ or ‘exclusive’ based on the degree
of non-rivalness of the good. ‘Exclusive’
public goods or common-pool resources
(CPRs), a term used by Ostrom et al.
(1994), are subtractable because benefits
enjoyed by an individual consuming the
goods are subtracted from the residual ben-
efits for others in the group. Common

amenities and facilities in condominiums
are examples of local CPRs that are sub-
tractable. Self-interested individuals who
maximise their pay-offs by consuming
more CPRs than required create overcon-
sumption and overcrowding problems.

In the The Logic of Collective Action,
Olson (1965) argues that self-interested
individuals will not contribute to the provi-
sion of public goods, if they can free-ride
on the contributions of others. He shows
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that transaction costs in organising collec-
tive action increase with the number of
users. This paper aims to test Olson’s thesis
empirically in the context of managing local
public goods (or CPRs) in condominiums.
This study makes two contributions to the
collective action literature. First, this study
applies data envelopment analysis (DEA) to
measure residents’ utilities in the use of
local public goods taking into account both
the quality and quantity attributes of the
goods. Secondly, we empirically test the
relationship between the effort level (input)
of members of the management committee
(MC) and the residents’ utilities of using
CPRs (output). As the MC of a condomi-
nium could choose partially or fully to out-
source the CPR management functions to a
third party manager (TPM), our results
show that efforts put in by the MC mem-
bers have a positive impact on the efficiency
of the CPR management.

The remainder of the paper is organised
as follows. Section 2 reviews the literature
on CPR provisions in condominiums.
Section 3 proposes a theoretical collective
action model to explain the trade-offs of
utilities between token residents, active
members and TPM in the management of
local public goods. Section 4 discusses the
empirical methodology and design. Section
5 presents data analysis and the estimation
of joint pay-offs in CPRs. Section 6 dis-
cusses empirical results on the relationship
between the utilities of the CPRs and the
effort levels of the active members. Section
7 concludes the findings.

2. Local Public Good Provisions
in Condominiums

High-rise condominium living is prevalent
in many Asian cities facing land scarcity
and high population density problems.
Shared facilities and amenities like 24-hour

security, landscaped open space, swimming
pool, tennis courts, barbeque pits, car-parks
and lifts are CPRs exclusively provided for
the enjoyment of condominium residents.
Attracting residents to join the MCs and
undertake the responsibilities of governing
the use of CPRs is challenging.

There are two types of institutions gov-
erning the local collective goods in condo-
miniums: the common law system and the
statutory law system. In the common law
system, such as the Deed of Mutual
Covenant (DMC) in Hong Kong, resi-
dents’ rights as tenants in common are
spelled out in the covenants. Whereas, in
the statutory law system, such as the
Condominium Management Ordinance in
Taiwan and the strata title system in the
US, Canada, Australia and Singapore, a
MC is formed mandatorily to undertake
the management of common property.1

Free-rider problems are found in both sys-
tems. Some studies argue that transaction
costs are higher in the common law sys-
tems where collective actions are organised
through private contracts (Walters and
Kent, 2000; Walters, 2002; and Yiu et al.,
2006). However, it is not the institutional
structure of a self-organised group, but the
rules devised to govern CPRs that matter.
Ostrom (2000) argues that internally
enforceable rules are more effective than
externally imposed rules for self-organised
groups to attain sustainable outcomes in
governing CPRs.

Residents evaluate the time and efforts
(private costs) they have to devote to serve
as MC members in condominiums. If the
private costs in collective good provisions
are high, self-interested residents will not
contribute in organising collective action.
They will choose instead to be token contri-
butors by only paying their shares of
expenses. It is thus not easy to attract
condominium residents to join MCs and
undertake the responsibilities of governing
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CPRs. Ostrom (2007) describes this free-
rider problem as a ‘social dilemma’.

A free-rider presumes that everyone else
other than himself/herself would contribute
in the provision of CPRs. Social scientists
attribute the free-riding problem to the
‘diffusion of responsibility’. In a study
involving 1456 residents in Detroit’s neigh-
bourhoods, Oliver (1984) found that diffu-
sion of responsibility was found among
token members. The current and past
active members of local resident commu-
nities were pessimistic about free-riding on
others’ efforts; and they stepped forward to
serve because ‘if we (I) don’t do it, nobody
else will’. Oliver (1984) also showed that
free time and income level were not corre-
lated with the level of activism in neigh-
bourhood communities.1 Rootedness in the
community (Wandersman et al., 1987),
collective interests and selective incentives
(Yau, 2011) are important factors that
motivate active participation in neighbour-
hood organisations. Individuals are more
likely to participate in collective manage-
ment if perceived benefits of participation
are higher relative to non-participation.
Selective incentives including rewards and
punishments are effective in promoting
activism in the Hong Kong’s housing man-
agement (Yau, 2011).

Residents face two levels of ‘social
dilemma’ when organising collective actions
in condominiums. The first-level dilemma
is caused by the apathy of residents, whose
optimal strategy is to free-ride and not to
join the MCs. The second-level dilemma
arises when residents, upon being elected
into a MC, choose to minimise their private
costs by outsourcing the management of
CPRs to a TPM or through direct labour.
This study examines the second-level
dilemma of MC members in determining
the optimal trade-offs between the private
efforts and the level of outsourcing in the
CPR management in condominiums.

The two models for the CPR management
in condominiums are an owner-manager
(OM) model and a third party manager
(TPM) model. In the OM model, MC mem-
bers either involve directly or employ direct
labour in the day-to-day management of the
public goods. The OM model mitigates
agency problems found in TPMs (Chinloy
and Maribojoc, 1998). In the TPM model, a
principal–agent relationship between a MC
and a TPM is established via a contractual
arrangement (Knapp, 1991). The TPM
offers professional CPR management ser-
vices in return for fees. The MC retains ‘resi-
dual’ controls on major decisions including
rights to replace an underperforming TPM.
In the management of private goods like
rental properties, some US studies have
shown that the OM model is more effective
than the TPM model in deriving higher pay-
offs for private owners (Rosenberg and
Corgel, 1990; Sirmans and Sirmans, 1991;
Springer and Waller, 1996; and Sirmans
et al., 1999). However, the TPM is a more
popular model vis-à-vis the OM model for
the CPR management in many Asian cities
(Hung and Chang, 2002; Yip et al., 2007;
and Chen et al., 2007). TPMs assume the
CPR management functions, which reduces
the private costs (efforts and time) of MC
members. TPMs help to reduce the second-
level free-rider problems.

3. The Theoretical Collective Action
Model

Conditional on joining a MC, a resident
chooses the effort level to contribute,
e 1� að Þ, where a has a value between 0
and 1 denoting the level of outsourcing of
CPR management services to a TPM. We
assume that a is a negative decreasing func-
tion of the effort level of MC members,
such that e 1� að Þ\ 0 and e0 1� að Þ\ 0.
Active members in an owner-manager
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(OM) model contribute maximum effort,
(a = 0); whereas MC members who out-
source a full range of CPR services to a
TPM put in minimum effort, (a = 1)—that
is [e 1ð Þ\e 0ð Þ].

TPMs deliver outputs (local public
goods) with quality, q, and, in return, they
are paid a fee, p, for their professional ser-
vices. The quality factor, q, is a non-linear
function of w, and two elasticity measures
that are b on the output (users) side and l

on the input (producers) side capture
asymmetry in the delivery of local public
goods, such that [b—l 0] implies efficiency
gain in the process.

Based on these assumptions, the utility
(pay-off) functions for the three parties
involved in the provision of local public
goods, Uk, where [k = a free-rider (f ), an
active member (m) and a TPM (t)], are
defined. In an extreme case, where all resi-
dents are free-riders with no involvement
of MC and TPMs, residents derive a mini-
mal utility that is equal to the quantity of
local public goods supplied, w. If a propor-
tion of the local public goods, a, is man-
aged by a TPM, residents derive marginal
increase in utility of bqaw. The service
fees payable for outsourcing a proportion
of shared services to a TPM are paw.
Collectively, the utility function of the
free-rider for the use of the local public
goods is defined as follows

Uf = w + bqaw � paw ð1Þ

where, w + bqaw.paw and b.0; and b is
an elasticity of marginal utility, which mea-
sures an increasing return to scale effect on
the quality of CPRs in large condominiums.

For the active MC members, they incur
negative utility (private costs) depending
on the level of effort contributed, e 1� að Þ,
where the marginal increase in the effort
level is negative, that is e0 1� að Þ\0. The

utility function of the active MC members
is defined as

Um = 1 + rð Þ w + bqaw � paw½ �
� e 1� að Þw½ �

ð2Þ

Substituting (1) into (2), we rewrite the util-
ity function for the active members as:

Um = 1 + rð ÞUf � e 1� að Þw½ � ð3Þ

We assume that the TPM’s costs of deliver-
ing the expected local public goods, K(q, w),
increase with q at an increasing rate of
returns to the scale, w. The utility function
for a TPM in providing a full-range of local
public goods is defined as

Ut = pw � K(q, w) ð4Þ

Taking the first-order derivation of the util-
ity function (equation (4)) with respect to
the quantity of the local public goods, the
optimal price for the TPM services is equa-
ted to the marginal costs of delivering the
services, such that p = ∂K(q, w)

∂w , conditional
on ∂Ut

∂w = 0.
If the price (fee) of TPM services is made

up of two components: a variable cost with
an increasing return to scale, c wð Þ, where
c9(w).0, and a quality (efficiency) pre-
mium, lq, where l measures the ‘produc-
tion’ efficiency, such that a more efficient
TPM with l.0 is paid a higher fee for pro-
viding the same level of local public goods.
The price of TPM services is represented as

p =
∂K(q, w)

∂w
= c(w) + lq ð5Þ

We re-arrange the terms in equation (5) and
define the function of the quality variable, q,
as

q =
1

l
p� c(w)½ � ð6Þ

We assume that the supply of the local
public goods is exogenous and normalise
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the quantity of public goods to w = 1ð Þ. By
substituting the optimal price (equation (5))
and the optimal quality (equation (6)) func-
tions into equation (2), the utility function
of the active MC members is rewritten as

Um = 1 + rð Þ 1 + b� lð Þqa� c(1)a½ �
� e 1� að Þ

ð7Þ

Um = 1 + rð Þ 1 +
b

l
pa� b

l
c(1)a� pa

� �

� e 1� að Þ
ð8Þ

Similarly, by substituting the optimal price
(Equation 5) and the optimal quality
(Equation 6), the utility function of the free-
rider in Equation (1) can be re-written as:

Uf = 1 + b� lð Þqa� c(1)a ð9Þ

Uf = 1 +
b

l
pa� b

l
c(1)a� pa ð10Þ

The optimal outsourcing decisions, that are
a�(q, l) or a�(p, l), are determined such
that the active MC member and the free-
rider jointly maximise the utility functions
in equations (7)–(10), subject to the con-
straint (basic utility) of (1 + bq . p), where
the constrained utility has a value of 1 at
zero outsourcing, (a = 0), and (1 + bq . p)
at a full-level outsourcing (a = 1). The free-
riders will be indifferent at any level of
outsourcing as long as they obtain a utility
(equation (10)) that is greater than 1, that
is 1 + b

l
pa� b

l
c(1)a� pa

� �
.11 + b

l
pa� b

l

c(1)a� pa . 1. By re-arranging the terms,
we obtain b

l
� 1

� �
pa . b

l
c(1)a . 0 , such

that (b . l) is strictly binding.

Proposition 1: Based on the objective of max-
imising the private pay-off (utility) in the
use of local public goods, free-riders will not
object to an outsourcing strategy as long as

there is positive efficiency gain in the deliv-
ery of the local public goods by TPMs, that
is (b . l) . 0.

If the active member and the free-rider both
jointly maximise their pay-off functions in
equations (7) and (9) or equations (8) and
(10), we rearrange the Kuhn–Tucker condi-
tions to derive the following equation

∂Um

∂a
= 1 + rð Þ ∂Uf

∂a
+ e0 1� að Þ= 0 ð11Þ

The joint optimal outsourcing outcome is
obtained if both the active members and
the free-riders obtain the same levels of
utility (pay-offs) and the effort level of the
active members is constant at e9(1� a) = 0.
If the effort level of an active member fol-
lows a negative convex curve, [e(1� a)\0
and e9(1� a)\0], the active member will
increase the effort level such that he/she
could reduce disutility associated with a
high level of outsourcing.

Proposition 2: The joint pay-offs (utility) of
active members and free-riders in choosing
an optimal level of outsourcing are depen-
dent on the marginal costs of active mem-
bers in increasing the effort levels.

Conditional on the optimal level of out-
sourcing, the MC members maximise the
utility functions in equations (7) and (8)
with respect to the ‘production’ elasticity
factor of the most efficient TPM, l, that are

∂Um

∂l
= � 1 + rð Þqa ð12Þ

∂Um

∂l
= � b

l2 1 + rð Þ p� c 1ð Þ½ �a ð13Þ

Proposition 3: The marginal pay-offs (utili-
ties) of the active members decrease with
respect to the input elasticity factor (pro-
duction efficiency) of the TPMs.
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Given that the service delivery standard of
TPMs is tied to the fees, the MC trades-off
between choosing the most efficient TPM
and having lower pay-offs in the use of the
local public goods. The marginal utilities are
sensitive to changes to the elasticity factor, if
the quality of the local goods and the profes-
sional fees charged by TPMs are high.

4. Empirical Design

4.1 Efficiency Measures

Unlike private goods, individual or joint
pay-offs in the use of local public goods in
condominiums are not directly observable.
We apply data envelopment analysis (DEA)
to measure empirically the efficiency in the
provision of local public goods. Charnes
et al. (1978) and Banker et al. (1984) pro-
pose two efficiency measures for the DEA
models: technical efficiency (TE) and scale
efficiency (SCALE). Technical efficiency is
measured based on the type of production
technology, either a constant return to scale
technology (CRS) or a variable return to
scale technology (VRS). The optimal output
of a non-profit-oriented decision-making
unit (DMU) based on given inputs and a
fixed production technology is determined
using the frontier methodology.

In an output-oriented VRS model,3 the
technical efficiency is solved in the optimisa-
tion process involving the following system
of equations

Maxu, lu ð14Þ

Subject to

�uyi + Yl � 0

xi � Xl � 0

NI0
0
l = 1

l � 0

ð15Þ

where, Y is a (M 3N) aggregate output;
X is a (K 3 N) aggregate input; NI is a
(N 3 1) identity vector; l is a (N 3 1)
vector of constant; and f� 1 is the pro-
portional increase in outputs that can be
produced by i-th DMU using a fixed input
given that ()1 � f \‘.

The technical efficiency of i-th DMU
(VRSTEi) based on a VRS output-oriented
model is computed as (1=f), which has a
value between 0 and 1, such that the most
efficient DMU has a value of 1. A DMU is
said to be technically more efficient than
other DMUs if it produces more outputs
using a given sets of inputs in a given tech-
nology. Scale efficiency (SCALE) measures
the relative efficiency based on the optimal
outputs of two different technologies given
a fixed input. The most efficient technology
has a scale efficiency value of 1.

We use CRSTE, VRSTE and SCALE to
measure efficiency in the provision of local
public goods in the condominium samples
using both non-price (quality-based) input
and output factors. The output factors
capture residents’ utilities in the use of local
public goods, which include factors such as
the quality of the living environment, unin-
terrupted use of common facilities and
social cohesiveness in the estate. The man-
agement fee is a tangible input factor. Other
intangible input factors include effort levels
of the MCs members and TPMs using non-
price factors include type of maintenance
activities, number of social events organised
and number of MC meetings held.

4.2 Empirical Methodology

The efficiency measures estimated from
the DEA methodology, [Y = CRSTE,
VRSTE, SCALE], are the proxies for the
utility (pay-off) derived from the use of the
local public goods. We test the hypothesis
that collective pay-offs of residents are
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positively correlated with the effort levels of
active members in the provision of local
public goods. The empirical model is writ-
ten as:

Yi = a + b9Zi + cmi + dgi + ei ð16Þ

where, a is an intercept; and ei is a regres-
sion error. For the right-hand-side variables,
the outsourcing level, gi, which has a value
from 4 to 12, is converted into a binary vari-
able based on a threshold value (�g = 8), such
that the outsourcing level is low, (c = 0), if
(�g � 8); and otherwise, the outsourcing
level is high, (c = 1), when (g.8 ). The
‘Outsource’ variable inversely measures the
effort level of the MC members, e(1� a)—
that is, a high outsourcing level implies a
low effort level of the MC member. The
management fee, m, is an indirect proxy of
production efficiency for TPMs. The attri-
bute vector, Zi, which includes size, type,
rental unit ratio, vacant unit ratio, mix of
units by floor area and the largest unit by
floor area, controls for the heterogeneity of
condominium samples; and the vector b
coefficient captures the elasticity of the
attributes.

If the outcome of collective action were
directly related to the effort level of the
active members, we expect the coefficient
for the outsourcing variable to be negative
and significant, [H0: d � 0]; otherwise, the
MC members will increase residents’ utili-
ties in use of the local public goods by out-
sourcing more of the works to TPMs. If the
coefficient on the management fee (TPM
efficiency), d, was significant and positive,
that is [H0: c � 0], the social outcome
(joint utilities) is not related to the collec-
tive action problem. The social dilemma
could be solved through externally orga-
nised actions, which include outsourcing
the collective good provisions to indepen-
dent parties (TPMs).

When an active member self-selects the
effort level, his intention could be revealed
through the outsourcing decisions. The
endogenous effect can be separated using a
two-stage approach proposed by Lee (1978)
and Heckman (1976). We first estimate the
outsourcing decision as a probit function of
a vector Si Si that represents the types of
CPR works, the ratio of public area to built-
up area, ‘Public’, and the management fees
paid, mi. We identify three categories of
works that have a high probability of being
outsourced:

physical facilities and services
(‘Facility’); handling of management fee
arrears (‘Arrear’); and financial manage-
ment and planning (‘Fund’). The binary
choice of outsourcing, that inversely reflects
the effort levels of the MC members,
e(c j g), where g = (1� a), can be repre-
sented as

ci = p9Si + qmi + zi ð17Þ

where, p is a vector coefficient for the regressor
vector S; q is a coefficient on the management
fee variable; and zi is a standard normalised
error term. Based on the probit estimation of
the binary choice of outsourcing

ci = 1 if c�i � 0, that is p9Si + qmi � zi

ð18aÞ

ci = 0 if c�i \0, that is p9Si + qmi\zi

ð18bÞ

we compute the density function, f(ci), and
the cumulative normal distribution func-
tion, F(ĉi), where (ĉi = p9Si + qmi).

In the second stage, the interactive
effects of the selectivity variables on the
utilities (efficiency) of the local public
goods are tested independently in two dif-
ferent models: a low effort level of active
members (i.e. high outsourcing, c = 1) and
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a high effort level of active members (i.e.
low outsourcing, c = 0

Yi, c = 1 = a1 + b1Z1 + c1m1 d1g1

+ g1 �
f (ci)

F(i)

� �
+ e1

ð19Þ

Yi, c = 0 = a2 + b2Z2 + c2m2 d2g2

+ g2 �
f (ci)

F(i)

� �
+ e2

ð20Þ

Data Analysis

We use the responses of residents in a
questionnaire survey on the use of shared
facilities and living environment of condo-
miniums to construct relevant utility mea-
sures (efficiency indicators). The survey
data were collected from July to September
in 2005 by the Taiwan Real Estate
Research Centre at the National Chengchi
University. The survey respondents
include MC members and directors of reg-
istered condominiums located in Taipei
city and county. Serving as the communi-
cation channel with non-active residents,
the MC members could provide an objec-
tive review of the levels of satisfaction of
the community cohesion and participation
in the condominiums. Face-to-face inter-
views with selected respondents were also
conducted to understand the roles of the
MC members in organising activities to
enhance social outcomes in the provision
of local public goods.

As the CPRs for mix-use developments
are more diverse and heterogeneous, we
exclude them from the study. Our sample
includes only 143 single-use condominiums
in Taipei city. After removing the outliers
and the responses with incomplete informa-
tion, a final sample of 128 condominiums
was used.

5.1 Estimating Efficiency Measures Using
the DEA Model

Treating a condominium as a DMU, four
qualitative measures of general satisfaction
levels of residents (Output) are identified,
which include quality of property facilities
and services (‘Living’), activities promoting
social cohesiveness and neighbourliness
(‘Social’), enforcement of rules and execu-
tion of work plans (‘Rules’) and interrup-
tions and lapses in selected services
(‘Down’). Based on a set of questions (see
the Appendix), the respondents were asked
to rate the service quality on a five-point
scale, in a descending order with 5 being the
most satisfactory and 1 being the most unsa-
tisfactory. The two ‘input’ indicators—the
frequency of maintenance services planned
(‘Maintain’) and the number of meetings
and social events organised (‘Event’)—were
rated by the respondents based on a five-
point scale with 5 being the most important
and 1 being the least important. The
monthly management fee per unit is used as
a price-based input factor.

Based on the summary statistics in Table 1,
we found that the respondents were most sat-
isfied with the MC’s efforts in minimising
interruptions and downtimes in the facilities
and services (‘Down’), as well as enforcing
by-laws and implementing work plans
(‘Rules’), which have the highest average
scores of 4.716 and 4.323 respectively. In
terms of the inputs, the frequency of mainte-
nance services scores the highest at an aver-
age 3.365 (‘Maintain’) compared with the
social activities indicator with an average
score of 2.188 (‘Event’). The standard devia-
tions are higher for the input indicators
reflecting the variations in the respondents’
views.

Based on the estimated input and output
indicators, we compute the technical effi-
ciency indicators (TEcrs and TEvrs) and the
scale efficiency indicator (SCALE) using the
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DEA.4 Table 1 shows that the variable return
to scale (VRS) technology has the highest
mean efficiency scores of 0.967, compared
with the mean efficiency score of 0.767 for
the constant return to scale (CRS) technol-
ogy. The mean scale efficiency (SCALE)
score was estimated at 0.793. The CRS tech-
nical efficiency scores have the highest stan-
dard deviation of 0.123. The three efficiency
indicators represent joint utilities (pay-offs)
in the use of local public goods.

5.2 Independent Variables

The descriptive statistics are summarised in
Table 1. The sample size ranges from 5 units
for the smallest condominium to 298 units
for the largest condominium. The mean size
of sample condominiums is 49.3 units. The
age of the sample condominiums varies
from 3 years to 35 years. The mean age of
the sample condominiums is 10.26 years. By
the building height, the sample condomi-
niums are sorted into three groups compris-
ing low-rise developments with buildings
below 5 storeys in height, medium-rise
developments with buildings between 6 and
12 storeys in height and high-rise develop-
ments with buildings greater than 13 storeys
in height. The average ‘Height’ of 2.06 indi-
cates that slightly more than half of the
sample consists of medium- to high-rise
condominiums.

The heterogeneity of units in the sample
condominiums is controlled using two
categorical variables (with value ranging
between 1 and 5)—‘Mix’ that counts the
type of unit by floor areas in the develop-
ment and ‘Max’ that identifies the largest
unit available in the developments. The
mean value of Mix is 1.59 indicating that
half of the sample condominiums have less
than two different floor area types; whereas
the mean value of Max is 4.07 indicating

that more than half of the sample has the
largest units with more than 41 ‘ping’ by
floor area.5 We also control for the user
types in the sample condominiums by mea-
suring the proportion of rental units
(‘Rental’) and vacant units (‘Vacant’) to
total units. The mean of 2.29 for ‘Rental’
shows that the majority of the develop-
ments are owner-occupied. The vacancy
rate in the sample developments is not
more than 2 per cent as indicated by the
mean ‘Vacant’ value of 1.54.

The average monthly fee (‘Fee’) contrib-
uted by the sample condominium residents
is NTD$75.08 per unit area (ping) and the
maximum fee is reported at NTD$250 per
month per ping.6,7 The mode of outsour-
cing is a cardinal variable that has the
values [1 = self-managed, 2 = via direct
labour, and 3 = third party managed]. The
respondents indicate the mode of outsour-
cing for four local public services, which
include ‘security’, ‘cleaning and conser-
vancy’, ‘mechanical, electrical and fire
equipment’ and ‘administrative work and
social events’ (Figure 1). The ‘Outsourcing’
variable, g1, is computed as the sum of the
values of the contract mode for the four
local public goods, which range from a
minimum of 4 (full OM model) to a maxi-
mum of 12 (full TPMs model). The mean
‘Outsource’ value of 8.18 indicates some
degree of outsourcing, either by direct
labour or TPMs. As shown in Figure 1, 58
per cent of the sample condominiums out-
source works that are more technical in
nature, such as the maintenance of mechani-
cal, electrical and fire safety equipment.
Direct labour is employed to carry out less
technical and more routine works, such as
security and cleaning and conservancy ser-
vices. Some 76 per cent of the MC members
self-manage administrative work and social
events.

10 FANG-NI CHU ET AL.



6. Empirical Results

6.1 Outsourcing and Efforts of MC
Members

Based on the specification in equation (16),
we estimate an OLS model and a semi-log
model with the efficiency indicators in loga-
rithm terms as dependent variables. As the
efficiency indicators have a value bounded
between 0 and 1, we also run a censored
Tobit regression model, where the depen-
dent variables are censored at both ends of
the distributions, (Yi = Y�i , if 0 � Y�i � 1;
or Yi = 0 otherwise). The empirical results
are summarised in Table 2.

The regression results are robust and con-
sistent across different models. In terms of
the goodness of fit, the VRSTE models have
the lowest adjusted R2 compared with the
CRSTE and the SCALE models. Among the
attribute vectors, Zi, the condominium size
(Size) is the most consistent in all models.

It is significant, but has negative effects on
the efficiency indicators. The results show
that residents’ satisfaction levels decline
when the local public goods are shared by a
large group of residents. The coefficients on
‘Mix’ and ‘Height’ are both negative and sig-
nificant. The results imply that collective
goods are less efficiently provided in condo-
miniums with more diverse types of units,
as well as in more densely built condomi-
niums with many high-rise blocks.

The coefficient on the ‘Fee’ variable is sig-
nificant, but negative at less than the 1 per
cent level in the CRSTE and SCALE models.
It is only marginally significant in the
VRSTE model. The hypothesis [H0: c� 0] is
rejected. The results support Proposition 3
that marginal pay-offs (utilities) are inver-
sely related to the management fees, of
which a large fraction is used to pay the
TPM services. The MCs trade-off between
attaining lower utilities and paying higher
management fees in the delivery of local

Figure 1. Outsourcing of property management services.
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Table 2. Regression models on determinants on utilities of local public goods

Regression model OLS OLS Semi-log Tobit

Dependent variable: technical efficiency in constant return to scale technology (CRSTE)

Constant 1.241 (7.829)*** 1.243 (7.913)*** 0.294 (1.464) 1.243 8.312***

SIZE 20.001 2(3.297)*** 20.002 2(2.556)** 20.002 2(2.463)** 20.002 22.685***

HEIGHT 20.054 2(2.378)** 20.052 2(2.277)** 20.072 2(2.491)** 20.052 22.392**

AGE 20.002 2(1.571) 20.002 2(1.371) 20.002 2(1.292) 20.002 21.440

RENTAL 20.001 2(0.075) 0.000 2(0.055) 0.000 2(0.026) 0.000 20.058

VACANT 0.005 (0.496) 0.004 (0.401) 0.004 (0.317) 0.004 0.421

MIX 20.020 2(1.848)* 20.023 2(2.056)** 20.029 2(2.066)** 20.023 22.159**

MAX 0.004 (0.472) 0.003 (0.358) 0.005 (0.383) 0.003 0.376

FEE 20.001 2(5.269)*** 20.001 2(4.856)*** 20.002 2(4.975)*** 20.001 25.101***

OUTSOURCE 20.045 2(1.283) 20.039 2(1.104) 20.038 2(0.854) 20.039 21.159

OUTSOURCE2 0.002 (1.136) 0.001 (0.699) 0.001 (0.489) 0.001 0.734

OUTSOURCE*SIZE 0.000 (1.774)* 0.000 (1.672)* 0.000 1.863*

Adjusted R2 0.380 0.391 0.391 0.767#

S.E. of regression 0.097 0.096 0.123 0.097

Dependent variable: Technical efficiency in variable return to scale technology (VRSTE)

Constant 0.959 (13.737)*** 0.960 (13.863)*** 20.041 2(0.558) 0.960 14.564***

SIZE 0.000 2(0.758) 20.001 2(1.853)* 20.001 2(1.851)** 20.001 21.947*

HEIGHT 0.011 (1.066) 0.012 (1.185) 0.013 (1.197) 0.012 1.245

AGE 0.000 2(0.168) 0.000 (0.029) 0.000 (0.042) 0.000 0.030

RENTAL 20.002 2(0.659) 20.002 2(0.645) 20.002 2(0.596) 20.002 20.678

VACANT 0.002 (0.487) 0.002 (0.395) 0.002 (0.334) 0.002 0.415

MIX 20.012 2(2.465)** 20.013 2(2.665)*** 20.014 2(2.764)*** 20.013 22.800***

MAX 0.004 (0.976) 0.004 (0.869) 0.004 (0.871) 0.004 0.913

FEE 0.000 2(1.807)* 0.000 2(1.444) 0.000 2(1.463) 0.000 21.517

OUTSOURCE 0.003 (0.205) 0.006 (0.383) 0.006 (0.368) 0.006 0.402

OUTSOURCE2 0.000 2(0.269) 20.001 2(0.665) 20.001 2(0.644) 20.001 20.699

OUTSOURCE*SIZE 0.000 (1.716)* 0.000 (1.725)* 0.000 1.803*

Adjusted R2 0.032 0.048 0.049 0.967#

S.E. of regression 0.043 0.042 0.045 0.043

Regression model OLS OLS Semi-Log Tobit

Dependent variable: scale efficiency (SCALE)

Constant 1.272 (8.223)*** 1.274 (8.253)*** 0.335 (1.733)* 1.274 8.669***

SIZE 20.001 2(3.222)*** 20.001 2(2.036)** 20.002 2(1.848)* 20.001 22.139**

HEIGHT 20.064 2(2.888)*** 20.063 2(2.805)*** 20.085 2(3.050)*** 20.063 22.947***

AGE 20.002 2(1.499) 20.002 2(1.348) 20.002 2(1.358) 20.002 21.416

RENTAL 0.001 (0.157) 0.001 (0.172) 0.002 (0.203) 0.001 0.181

VACANT 0.004 (0.382) 0.003 (0.312) 0.003 (0.203) 0.003 0.328

MIX 20.011 2(0.999) 20.012 2(1.139) 20.015 2(1.091) 20.012 21.197

MAX 0.001 (0.134) 0.000 (0.051) 0.001 (0.071) 0.000 0.053

FEE 20.001 2(4.844)*** 20.001 2(4.507)*** 20.001 2(4.613)*** 20.001 24.734***

OUTSOURCE 20.046 2(1.351) 20.042 2(1.217) 20.044 2(1.027) 20.042 21.278

OUTSOURCE2 0.002 (1.225) 0.002 (0.899) 0.002 (0.754) 0.002 0.944

OUTSOURCE*SIZE 0.000 (1.262) 0.000 (1.073) 0.000 1.326

Adjusted R2 0.359 0.363 0.363 0.793#

S.E. of regression 0.095 0.095 0.118 0.095

Notes: We run OLS, semi-log and Tobit models on the three efficiency indicators. In the semi-log model, the efficient

estimate is converted into logarithm terms. The table reports the regression coefficients and t-statistics (in parenth-

eses) of the respective models. The significance level of each coefficient is denoted: *** 1 per cent significance; ** 5

per cent significance; * 10 per cent significance. For Tobit model, the mean of the dependent variable is reported.
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public goods. The high fees indicate produc-
tivity gains by outsourcing to TPMs on the
one hand; the high fees reduce the marginal
utilities of the residents on the other hand.
Therefore, the social dilemma cannot be
solved by paying for TPMs.

In testing the second hypothesis, [H0:
d � 0], the coefficient on ‘Outsource’ is
insignificant, which rejects Proposition 2
that MC members contributing high effort
levels produce incremental collective action
outcomes, compared with MC members
who put in the minimum level of effort.
However, the significant and positive coef-
ficient on the interactive variable,
‘Outsource*Size’, suggests that some degree
of outsourcing to the TPMs generates
incremental social pay-offs (efficiency
gains) for residents, when the scale of
public goods is relatively large.

6.2 Self-selectivity of Active Members

Through outsourcing to TPMs, the
MC members could self-select to minimise

private costs (effort levels) incurred in the
management of local public goods. The
results of the first-stage Probit model on
the binary outsourcing decisions (equa-
tion (17)) are summarised in Table 3.
Condominiums with more physical facilities
and services and larger public space are
more likely to outsource CPR management
activities. The management fee is also a pos-
itive predictor of the probability of outsour-
cing. From the Probit regression, we

compute the density function, f(ĉi), and the
cumulative normal distribution function,

F9(ĉi), where (ĉi = p9Si + qmi), and define
the two selectivity variables: IMILLS1 =

� f (ci)
F(ci)

h i
and IMILLS2 = f(ci)

1�F(ci)

h i
.

In the second-stage regression, we test the
interactive effects of the selectivity variables
(IMILLS1 and IMILLS2) on the utilities
(efficiency) of the local public goods in a
high outsourcing model, (c = 1) (Equation
(19)), and a low outsourcing model, (c = 0)
(equation (20)), using the OLS and the
semi-log models. The results in Table 4 are

Table 3. Probit regression model of a binary outsourcing variable (N = 128)

Independent variable Symbol Coefficient z-statistic

Constant 24.912 26.240***
Handling of management fee arrears ARREAR 20.080 20.583
Financial management FUND 0.057 0.293
Physical facilities and services FACILITY 0.399 3.208***
Ratio of public space to built-up area PUBLIC 9.926 3.795***
Management fee FEE 0.012 3.590***

McFadden R2 0.403
Mean dependent variable 0.391
S.D. dependent variable 0.490
S.E. of regression 0.365
Observations with c = 0 78
Observations with c = 1 50

Notes: The dependent variable of the Probit model is a binary variable that has a value of 1, if
OUTSOURCE . 8, and 0 otherwise. The estimation method: ML - Binary Probit (Quadratic hill
climbing). The table reports the coefficient of the estimate and the numbers in parentheses are
z-statistics of the respective coefficient. The significance of each coefficient is indicated by: *** 1 per
cent significance; ** 5 per cent significance; * 10 per cent significance.
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consistent with the results in Table 3, except
for the VRSTE model.

The ‘Size’, ‘Height’ and ‘Mix’ variables
are significant and the signs are the same in
the CRSTE and SCALE models. The coeffi-
cients on ‘Max’ and ‘Age’ are also signifi-
cant in the models. The coefficient on
‘Max’ is positive and significant in the high
outsourcing models (panel A), whereas the
coefficient on ‘Age’ is negative and signifi-
cant in the low outsourcing model (panel
B). The ‘Fee’ variable is significantly nega-
tive at less than the 5 per cent level in the
CRSTE and SCALE models. The results
reaffirm Proposition 3 that paying for
higher efficiency in TPMs (higher manage-
ment fees) reduces the residents’ marginal
utilities in the use of local public goods.

The selectivity variable, IMILLS2, which
controls for the endogenous outsourcing
decision, is significant in the low outsour-
cing models, (c = 0), but the IMILLS1 is not
significant in the high outsourcing models
(c = 1). The positive sign for IMILLS2
implies that the earlier estimates in the OLS
and the semi-log models are biased down-
ward. The self-selectivity in the outsourcing
decision decreases the residents’ utilities in
the use of local public goods in the low-
outsourcing model. The result is consistent
with Proposition 2, which implies that, by
choosing a low level of outsourcing, the MC
members have to contribute more effort to
produce higher social outcomes (joint mar-
ginal utilities). The two selectivity variables
are, however, not significant in the VRSTE
model.

7. Conclusion

In the self-organised CPR regimes, the
active members’ efforts have a positive
impact on the collective (social) pay-offs.
Using the efficiency indicators estimated by
the data envelopment analysis (DEA) as

proxies for the joint utilities (social pay-
offs), we test the determinants for the incre-
mental utilities in the provision of CPRs.
Our results show that the management fees
have a significant but negative impact on
the efficiency indicators (Proposition 3).
The negative coefficient implies that resi-
dents do not enjoy higher marginal utilities
by paying higher fees for the services of the
TPMs.

We also find that the effort levels of
active members and the scale of local public
goods are jointly and positively significant
in influencing the incremental outcomes
in the use of CPRs. When the CPR scale
increases, some degree of outsourcing to
TPMs is necessary to increase the pay-offs
(utilities) in the management of CPRs.
When the self-selectivity in the outsour-
cing decision is controlled, we find that
the effort levels of active members do posi-
tively influence the efficiency in the model
with low outsourcing of local public goods
(Proposition 2).

Notes

1. Common property has legal definition in
Strata Titled Acts, which cover parts of land
and buildings jointly shared and used by res-
idents. Residents have undivided interests in
the common property.

2. Oliver (1984) uses the number of children
and the unemployment status of active
members as proxies for free time. However,
free time is not directly related to the effort
levels of the members in the provision of
local public goods.

3. The choice of an output-oriented model
over an input-oriented model in this study
has no significant impact on the efficiency
scores.

4. We thank Professor Timothy Coelli for shar-
ing the DEAP Version 2.1 computer pro-
gramme. The data envelopment analysis
frontier technique is available at: http://
www.uq.edu.au/economics/cepa/deap.htm.
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5. Ping is a traditional measure of area in
Taiwan: 3.305 square metres is equivalent to
1 ping.

6. The unit ‘$’ is measured in New Taiwan dol-
lars (NTD$).

7. The monthly management fees that are not
reported on a per unit ping basis are con-
verted using the average floor area of the
sample development. The outliers with a
management fee below NTD$20 per unit
area are dropped.
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