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Abstract

This thesis consists of two self-contained empirical essays. Essay | investigates the impact of
labor subsidies on TFP, and profit per employee is included as a second outcome. Coarsened
exact matching (CEM) is performed on the key variables. After matching, a difference-in-
difference (DID) model is applied. The study shows that firms employing workers with wage
subsidies experience negative and significant effects on both TFP and profit per employee.
Heterogeneity is, however, observed; the only sector to show a deficit in both TFP and profit per
employee is wholesale. During the second year with a subsidy, a negative impact can be
observed on the profit per employee but not on TFP. The policy conclusion from the analysis is
that subsidizing individuals from particular groups is necessary to induce firms to hire workers
from these groups. However, the time period for which a single firm is subsidized should be
considered.

Essay Il (with Jonas Mansson from Linnaeus University and the Swedish National Audit Office
(SNAO), Christian Andersson from SNAO and Fredrik Bonander from SNAQO) measures TFP of
the Swedish district courts by applying data envelopment analysis (DEA) to calculate the
Malmaquist productivity index for 48 Swedish district courts from 2012 to 2015. This study uses
a fully decomposed Malmquist index. A bootstrapping approach is further applied to compute
confidence intervals for each decomposed factor of TFP as well as for TFP. The study shows an
average annual of TFP by 0.7%. However, a substantial variation between years is observed both
with regards to the number of statistically significant courts below and above unity. The negative
impact is mainly driven by pure technical regress. Large variations are also observed over time
where the small courts have the largest volatility. The TFP change is positively correlated with
the rate of change in the caseload. Two recommendations are: 1) that district courts with negative
TFP growth could learn from those with positive TFP growth and 2) that a back-up force could
be developed to enhance flexibility.

Keywords: conditional difference-in-difference (cDID); Data Envelopment Analysis (DEA);
District courts; Malmquist index; subsidized employment; Total factor productivity (TFP);
Torngvist TFP index.
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The impact of labor subsidies on total factor productivity

Pontus Mattsson*

Abstract: Lower expected productivity is the motivation for subsidizing labor, but all research,
with one exception, focuses on other effects while some investigates the TFP effects of capital
subsidies. This study combines methods that, to the best of my knowledge, have not previously
been used together to determine the impacts of labor subsidies on total factor productivity (TFP).
Further, the profit per employee is included as a second outcome. Coarsened exact matching
(CEM) is performed on the key variables; difference-in-difference (DID) is then applied to the
matched data. It is found that firms employing workers with wage subsidies experience negative
and significant effects on both TFP and profit per employee. Heterogeneity is, however,
observed; the only sector to show a deficit in both TFP and profit per employee is wholesale.
During the second year with a subsidy, a negative impact can be observed on the profit per
employee but not on TFP. The policy conclusion from the analysis is that subsidizing individuals
from particular groups is necessary to induce firms to hire workers from these groups. However,
the time period for which a single firm is subsidized should be considered.
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1. Introduction

A policy used to prevent long-term unemployment is to subsidize the unemployed. The targeted
groups in Sweden are for example the already long-term unemployed, unemployed people with
disabilities and newly arrived immigrants.

There is extensive research on wage subsidies from a labor supply perspective. In general these
studies point to a small but positive impact on the labor market performance of the individuals
(see e.g. Gerfin et al. 2005; Jaenichen and Stephan 2011; Kraft 1998), and the re-employment
probabilities of the particular group usually increase (see e.g. Calmfors et al. 2002; Kluve 2006).
However, only a few studies exist on the labor demand side in relation to subsidies. The previous
research at the firm level mainly deals with the total employment effects (see e.g. Bennmarker et
al. 2009; Kangasharju 2007; Rotger and Arendt 2011), firm heterogeneity (Bellmann and
Stephan 2014), crowding-out effects and deadweight losses (see e.g. Calmfors 1994) or the
impacts on the components of the profit function (Mansson and Quoreshi 2015). Only Koski and
Pajarinen (2015) consider the productivity effects on firms as a result of hiring subsidized
workers. Although only one study can be found regarding the productivity effects from labor
subsidies, there is extensive research concerning the total factor productivity (TFP) effects as a
result of subsidies on the other input factor of production, capital (see e.g. Bergstrom 2000;
Bernini and Pellegrini 2011; Harris and Trainor 2005; Managi 2010; Skuras et al. 2006). Thus,
one motivation for this study is the lack of research on productivity effects regarding non-capital
input subsidies.

This paper takes its point of departure from an employer’s perspective of subsidized employment
and investigates in particular whether there is a change in TFP and profit per employee as a
result of hiring employees with wage subsidies. The focus is on the effects of wage subsidies on
all subsidy programs together; however, programs targeting the disabled are excluded.

The average treatment effect of the treated (ATT) is estimated for the matched data using the
TFP measured by the Torngvist TFP index and the profit per employee as outcomes. Coarsened
exact matching (CEM), developed by Blackwell et al. (2009), is used as the matching procedure.
There is only limited literature in the area of TFP that aims to investigate policy impacts based
on a causal relationship. Most of the previously mentioned studies regarding capital subsidies do
not identify a treatment and a control group to be compared over time. This makes it difficult to
evaluate the treatment effects. From a methodological point of view, Greene (2010) proposes a
model for sample selection in stochastic frontier analysis (SFA) and Chen et al. (2014) put
forward a method to estimate the treatment effect in SFA. Some empirical studies can be found
that use a proper impact design to explain the variation in TFP due to political interventions. For
example, Bernini et al. (2017) use SFA and a multiple regression discontinuity design, Bernini
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and Pellegrini (2011) perform matching and difference-in-difference (DID), Bloom et al. (2013)
and Lisi and Malo (2017) use DID. However, each of these studies performs impact evaluations
to evaluate the treatment effect based on a statistically estimated value of TFP. Nevertheless, the
analysis of causal relations is fundamental when evaluating policy changes and deserves more
attention in the TFP literature. The contribution of this paper is therefore twofold: 1) to propose a
combination of a TFP index and common methods for policy evaluation, such as conditional
DID, that is, matching and DID, in the same analysis and 2) to be the first study to investigate the
relationship between firm TFP and subsidized employees.

The results show a negative and significant effect on both TFP and profit per employee for the
whole sample. On the sector level, only wholesale indicates a negative and significant effect on
TFP and the profit per employee. The negative effect on TFP is no longer statistically significant
during the second year with a subsidy, which indicates a positive effect of on-the-job training.
Conversely, the profit per employee is negative, which can occur regardless of the zero effect on
TFP if firms within the treated group do not manage to maximize their profit.

The paper continues as follows. Section 2 describes the Swedish wage subsidy scheme. In
section 3 a theoretical framework is presented and hypotheses are derived. Section 4 describes
the method. In section 5 the data are presented. The results of the study are presented in section
6. Finally, section 7 concludes and discusses the policy implications.

2. The Swedish wage subsidy scheme*

This study focuses on wage subsidies within the programs of Special Recruitment Incentives
(Sarskilt anstallningsstéd), New Start jobs (Nystartsjobb) and Entry Recruitment Incentives
(Instegsjobb) on the aggregated level; that is, no separation is made between the programs. The
purpose of the included programs is to increase the employability of the particular groups in the
regular labor market, since all the individuals included have characteristics that make it difficult
to find a job. These can be for example long-term unemployment or poor knowledge of Swedish;
the Entry Recruitment Incentives also require employees to study Swedish for immigrants (SFI)
part-time. The firms decide who they want to employ with a subsidy as long as the individual
fulfills the requirements. The main requirement for all the programs is that the salary and
insurances are in line with the collective agreement. Further, termination of an employee’s
engagement due to job scarcity is not allowed during the previous nine-month period (Regulation
1997:1275); this is not the case for New Start jobs, for which firms do not have to follow the
Employment Protection Act either (LAS) (Regulation 2006:1481).

! Changes have been made to the programs during the time period; a full description of these can be provided on
request.



For New Start jobs, the subsidy is 1 payroll tax, which is 31.42% of the salary if the participant is
at least 20 and below 26 years old. If the employee is at least 26 years old, the subsidy is always
2 payroll taxes (Regulation 2009:26). In the case of the Entry Recruitment Incentives, the
subsidy is 80% of the salary but maximum compensation of 800 SEK per day, and for the
Special Recruitment Incentives it is 85% or a maximum of 890 SEK per day (Regulation
2010:2028).2

The period for which an individual can participate in a New Start job is the same duration as he
or she has been unemployed but a maximum of 1 year if the individual is below 26 years old and
a maximum of 5 years if the individual is at least 26 but less than 55 years old. The maximum
time is 10 years if the individual is older, but it can only be given until he or she reaches 65 years
of age (Regulation 2009:26). Support within the Entry Recruitment Incentives is given for 6
months to individuals working more than 50% of full-time hours and at most for 24 months if
they work less than 50% (Regulation 2007:420). Special Recruitment Incentives can be given for
a maximum of 12 months (The Swedish Employment Office 2009).

According to the Swedish Agency for Public Management (2011), the participants in the Entry
Recruitment Incentives are relatively young and have the smallest share of secondary school
education and the largest share of post-secondary school education. The heterogeneity in this
group is therefore large, since it includes both people who are quite close to the labor market
with a high education level and conversely low-educated individuals with less/no experience.
New Start jobs are similar except that there are fewer participants with less than secondary
school education; therefore, this group has less heterogeneity but all the participants are quite
distanced from the labor market because of the requirement of a long period of unemployment.
The participants in the Special Recruitment Incentives have spent the longest amount of time
unemployed.

3. Theoretical framework and hypotheses
The main objective for firms is to maximize their profit. The starting point of the analysis is
therefore the profit function in equation 1.

[1] T[(Wu'Ws'rry) =yx* p(y) — Lywy, —Lgws; — Kr,
where 7 represents the total profit. y is the total production expressed as f(L,, Lg, K), where L,
represents the amount of unsubsidized labor, Ls the amount of subsidized labor and K the amount
of capital. Further, w, is the wage cost for unsubsidized labor, ws the wage cost for subsidized
labor and r the price of capital. To maximize the profit, the marginal revenue product (MRP) of

% The employer can also obtain supervising support of 50 SEK per day for the first 3 months within the programs of
particular employment subsidies and Entry Recruitment Incentives.
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each input has to equalize its marginal cost. The derivatives of interest, in the scope of this paper,
concern unsubsidized and subsidized workers. They are expressed as dn(w,r,y)/dL, = p *
of/dL, — w, =0and on(w,r,y)/ Ly, =p xdf/dLs — wg = 0, respectively.

The marginal products of labor, that is, df/ dL,, and df / 0L, have means df/ dL,, and df/ dLg
and variances a,, and ag,. The marginal productivity of labor is assumed to decrease as the
duration without schooling or employment increases. Subsidized employees are therefore less
productive than unsubsidized workers on average. The variance components mean that there will
be low-productive workers without subsidies as well as some high-productive workers among
those who are entitled to subsidies. For simplicity, a fully competitive product market is
assumed. If we first suppose that no subsidy is given, this means that the wage from the firm
perspective will be equal for the two groups, that is, w,, = w, = w. The consequences for the
firm that hires a worker with a subsidy can be viewed from the marginal revenue products
(MRPs) of unsubsidized and subsidized workers, respectively. In the case of no subsidy, the
selection of employees on average is calculated by equation 2:

[2] w = p+[0f/0L,| > p+[3f/0Ls].

According to equation [2], an employer would hire individuals of category L,,, leaving category
L unemployed, when productivity sorting can be carried out on easily observed characteristics,
for example the duration of unemployment (see e.g. Eriksson and Rooth 2014). As a result,
without compensation for firms, the targeted groups in wage subsidy schemes are more likely to
end up in long-term unemployment. This result, together with other consequences of long-term
unemployment, such as health issues (see e.g. Kieselbach 2003), motivates governments to use
some kind of wage subsidy as a policy measure. Wage subsidies are used to compensate for the
potential deficit in the MRP that firms possibly face (see e.g. Bellmann and Stephan 2014).

Individuals who are eligible for wage subsidies have on average lower productivity than those
who are not entitled to subsidies. However, variation around this mean, indicated by the variance
components, o, and o, will exist. It can be expected that firms to some extent select individuals
who are entitled to subsidies based on their expected productivity and subsidy levels. This
implies that a non-random sample from the group eligible for wage subsidies will be hired.
Depending on how successful firms are in selecting individuals and how successful the
employment service is at setting the “correct” subsidy level, there will be different outcomes in
terms of the profit per employee for the firms. Conditional on the above-mentioned
circumstances, different scenarios and outcomes are possible.



Case 1

If perfect information regarding the subsidized individual is assumed, the productivity deficit is
known and the subsidy will be set so that it exactly compensates for the difference in the MRP,
thatis, p*df/dL, = (p + s)0f/ OLy = w, where s is the wage subsidies as part of the firm’s
revenue per entity. In this case the subsidy perfectly compensates for the lower productivity of
the subsidized individuals, keeping the profit per employee unaffected. The firm will then, from
an economic point of view, be indifferent with regard to hiring a person with or without a wage
subsidy. In this case lower productivity but no effects on profits can be expected for firms that
hire subsidized workers.

If non-perfect information exists regarding the individuals’ marginal productivity, the subsidy
might over- or under-compensate for the deficit.

Case 2

A firm is overcompensated if [df/ dL,] > [0f/ OLs] but p = [0f/ dL,] < (p + s)[df/ Lg].
There are two effects relating to the subsidies in this case. Firstly, since the marginal productivity
is lower for the subsidized individuals, it will reduce the TFP. However, the profit per employee
will increase, since the subsidy more than compensates for the productivity deficit. Profit-
maximizing firms will in this case replace regular workers with subsidized workers, since there
are economic incentives to hire individuals with subsidies. This will generate a high
displacement effect (Dahlberg and Forslund 2005), which can lead to positive employment
effects for persons entitled to wage subsidies when the subsidy per entity is added to the MRP
(see e.g. Kangasharju 2007; Rotger and Arendt 2011). In this case lower productivity and
increased profits are expected.

Case 3

The third case is that the subsidy does not compensate enough for the productivity deficit, that is,
p=*[df/dL,] > (p + s)[0f/ OL,], indicating that there are no economic incentives to employ a
person with a subsidy (see e.g. Pissarides 1992; Snower 1995). A loss in both productivity and
profit can be the case when firms fail in the selection process and overestimate the productivity
of the subsidized individuals. The reasons for overestimating an individual’s marginal
productivity could relate to issues such as workplace introduction and training; for example,
other employees must spend time introducing the subsidized employee to the work. Another
reason might be that TFP depends on the “weakest link,” meaning that the average productivity
is related to the least productive worker (Kremer 1993). Finally, firms with an altruistic purpose

® potential employment effects are not investigated in this paper.
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(Behrenz et al. 2015), rather than profit-maximization behavior, can hire an individual who is
eligible for a wage subsidy, which will result in a reduction in both the productivity and the
profit per employee (Behrenz et al. 2015).

Case 4

Individuals with above-average productivity in the subsidized group will be chosen if the
screening is performed successfully, which will leave the least productive individuals
unemployed (see e.g. Montgomery 1991; Pries and Rogerson 2005). Employers will in this case
only hire subsidized employees who are at least as productive as non-subsidized ones, that is,
[0f/ dL,] < [0f/ OLg] and further p = [0f/dL,] < p x[0f/ dLg] < (p + s)[0f/ dLs]. The
compensation is, in contrast to the previous cases, given for the higher risk of employing an
individual with an expectation of lower human capital due to the group characteristic of the long-
term unemployed (see e.g. Gibbons and Katz 1991; Hartmann 2004; Hujer et al. 2001). When
taking higher risk without inducing any deficit in TFP, the profit per employee will increase. If
this happens, a deadweight loss will occur. Behrenz et al. (2015) find that 40% of the employers
consulted answered that the same individual would be employed even without a subsidy. Case 4
will result in unaffected or increased productivity and higher profits.

Case 5

In the fifth case, it is assumed that firms do not manage to maximize their profits, that is, p *
[0f/ OL] # w. The outcome in that case can be a decline in the profit per employee while
productivity increases or remains equivalent (for further descriptions see e.g. Kumbhakar et al.
2015, pp. 280-285).

From a more dynamic perspective, if there is a productivity gap to start with, a closed gap can
occur if there is an increase in productivity for the subsidized employees due to individual on-
the-job training. Closing of the productivity gap can also occur when firms become more
experienced in hiring individuals from the group eligible for wage subsidies and therefore
perform better in the selection process. The productivity gap, according to Bellmann and Stephan
(2014), is expected to be closed in the medium or long term.

To sum up, the firm effects of employing persons with wage subsidies are not straightforward. If
there is full information about the marginal productivity deficit and firms succeed in maximizing
their profit, as in case 1, the resulting loss in the MRP will be perfectly compensated for by the
subsidy. Assuming less than perfect information regarding the individual’s marginal productivity
can lead to either too high or too low a compensation level in relation to the decrease in the
MRP. Another possible outcome is no negative effect on the marginal productivity, as in case 4,
in which the subsidy will generate a positive effect on the MRP. Finally, if firms do not manage
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to maximize their profits, a situation could arise in which a decline in the profit per employee is
observed at the same time as TFP remains constant, as in case 5.

4. Method
4.1. Measuring total factor productivity (TFP)

To measure the impact of hiring unemployed individuals who are entitled to a wage subsidy,
Koski and Pajarinen (2015) use labor productivity as the dependent variable. In this study a TFP
index is used to measure productivity change. The main reason for using TFP is that partial
productivity measures, such as labor productivity, do not capture the potential substitution
between labor and capital (see e.g. Brynjolfsson and Hitt 2003). Three different approaches to
measuring TFP are used in the literature.

The first approach is to estimate an average production function and compute the Solow residual
as an estimate of TFP (see e.g. Solow 1957). The second approach is to estimate a stochastic
production frontier (see e.g. Aigner et al. 1977; Skuras et al. 2006). Both these approaches allow
comparison over time but are questionable for estimating the treatment effect of a policy
intervention. The main problem with the two-step procedure, according to Wang and Schmidt
(2002), is that omitted variables in the first step will bias the coefficients in the second step. This
uncertainty will produce inefficient estimates of the determinants of TFP (see e.g. Newey and
McFadden 1994). Harris and Trainor (2005) try to solve this issue by including TFP, defined as
the time trend and the residual, directly in a regression model, with value added as the dependent
variable. This is, however, disputable, since value added is in fact a measure of output.

The third way of measuring TFP is to use an index approach. Several indexes are suggested in
the literature, such as the Malmquist (Caves et al. 1982), Fisher (1922), Laspeyres (1871),
Paasche (1874) and Tornqvist (1936) indexes. An issue with these indexes is that they do not
satisfy the circularity and transitivity axioms discussed for instance by O’Donnell (2012). A
suggested alternative is the geometric Young index (Young 1812). However, Fisher (1922)
concludes that indexes satisfying these axioms are unattractive based on other reasons. Drechsler
(21973) summarizes the Fisher dilemma by stating that a conflict is always present between
characteristicity and circularity.

In this study the Torngvist index approach is adopted to measure TFP. The Toérnqvist index has
the advantage of being computed directly from data on the prices and quantities of a firm’s
capital and labor (Caves et al. 1982). Another advantage of using the Térnqgvist index is that it is
non-parametric, which implies that no error term from the first step has to be handled in the
second step when comparing the treatment and control groups. The third advantage of the
Tornqgvist index is that it accommodates changes in the relative prices of inputs over time (Fan



and Zhang 2002). Finally, Diewert (1976) recommends index numbers that are exact for the
translog revenue functions. The Torngvist index satisfies this condition.

Tornqvist TFP index

The Torngvist TFP index is computed in two parts relating to inputs and outputs. The logarithm
of the output index (InQJ;; ;1) is defined and calculated as follows:
T N Qnie \Lnit*Pnit=1 1
[4] annit,nit—l = In Hn:l(E) 2 = Ezn=1[(‘)nit + (‘)nit—l] [lnqmt -
Ingpir—1] = [Ing; — Ing;e_q],

where w,;; and w,;;—, are the revenue shares. Further, g,,;;: and q,;+—, are the value added of
output n for firm i during t and t-1 (see e.g. Christensen and Jorgenson 1970; Rungsuriyawiboon
and Coelli 2004). In the last part of equation 4, the revenue shares and the subscript n are one,
since value added is the only output.

The logarithm of the Tornqvist input index (InPy,;; ,ic—1) is defined and calculated as:

T _ M X  PmittOmit—1 .
[5] lanit,mit—l = In Hm=1(xm1:_t1) 2 -

1
Ezrngl:l[wmit + Wmie—1] [INXpie — INXp0 41,

where w,,;; and w,,;;—, are the cost shares of the inputs for firm i in periods t and t-1. The input
vector is symbolized as Xmi;, where m stands for inputs, that is, the capital assets or the number of
full-time-equivalent employees. When calculating the cost shares, the total salaries are used as
the cost of labor.* The price of capital is estimated by multiplying the Swedish Treasury Bill plus
an expected depreciation rate of 5% with capital assets (see e.g. Lam and Lam 2005; Serafica
1998).°

The Tornqvist TFP index is defined as the ratio of the output index and the input index:

T
Qnit,nit—l

T .
Pmit,mit—l

Tornqvist TFP index = exp(anZ{it‘nit_l - lnPnTu-t,mit_l) =

* Total salaries can include the subsidies in some cases and omit them in others. This can occur due to different
accounting practices between firms; thus, there might be an error in the calculation. As a sensitivity test, the total
salaries are multiplied by 0.8 (and 0.9) to receive a hew value, which is used when calculating the weights of the
Tornqvist TFP index, and then the regressions are estimated again with consistent results.

® The Repo interest rate decided at the last meeting at the Central Bank of Sweden of each year is used. The results
are also consistent for a depreciation rate of 10%.



4.2. Identification
Ideally, the allocation of firms to the treated and untreated groups would have been random.
However, this is not the case, as pointed out by both Behrenz et al. (2015) and Bellmann and
Stephan (2014). Therefore, this study has to rely on a quasi-experimental design to identify the
impacts of subsidized employees. More explicitly, the selection that takes place needs to be
modeled.

To be considered as treated, at least 1% of the total number of employees during the post-
treatment period is required to be subsidized. The comparison group consists of firms that have
never hired a person with a subsidy throughout the observation period of 2007-2013.

4.2.1. Characteristics that influence selection

Behrenz et al. (2015) find that the education level, a large share of employees with a specific
gender, the share of immigrants, the share of young workers and the share of older workers
correlate with the decision to hire a person entitled to a wage subsidy. Bellmann and Stephan
(2014) find that the profit per employee for firms that hire with subsidies is lower than for firms
that do not; that the probability of employing a person with a subsidy increases with the labor
turnover; and that wage subsidies are most commonly used in retail, repair and wholesale. These
characteristics influence the selection into treatment but are present in the data and therefore it is
possible to control for them. There are also factors that are unobservable. In the survey
conducted by Behrenz et al. (2015), a non-ignorable number of the firms claimed that they would
never hire anyone with a subsidy, regardless of the compensation level (Behrenz et al. 2015).

4.3. Estimation strategy
The average treatment effect of the treated is estimated using a conditional DID approach,
specifically matching followed by DID. The DID method is used in previous research when
investigating the impacts of subsidies, for example labor productivity (Baghana 2010; Koski and
Pajarinen 2015), employment effects (see e.g. Bennmarker et al. 2009; Kangasharju 2007;
Rotger and Arendt 2011) and TFP effects as a result of capital subsidies (see e.g. Bernini and
Pellegrini 2011). The analysis is performed for the whole sample and for each sector separately.
Separate estimations between sectors allow for different production functions, which are
preferable, since different technologies might influence productivity growth differently. To take
care of some of the non-randomness relating to the characteristics previously described,
coarsened exact matching (CEM) is performed on the data during the pre-treatment period. This
makes a potential correlation among the parameters of interest more likely to be causal (Cobb-
Clark and Crossley 2003). CEM has the advantage over other matching methods of being non-
parametric, being more transparent, dealing with common support by construction and reducing
the sensitivity to measurement error (lacus et al. 2012). As matching variables, the number of
employees, sector dummies and 25 different regional dummies are used. Each of these
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characteristics is matched exactly. This means that the firms to be compared are within the same
sector, have the same number of employees and are located in the same region. In the DID
setting, serial correlation in the dependent variable generates standard errors that are too small
according to Bertrand et al. (2002). This problem has to be handled, since the Tdérnqvist TFP
index is serially correlated by construction. There are different possibilities to resolve this issue.
One way, used in this study, is to consider the mean value of two years before treatment as a pre-
treatment period and the mean value of two years after treatment as a post-treatment period. The
standard DID model for the comparison of means between the treated and the control group,
before and after treatment, to be estimated using the matched data, is:

[6] Tornqgvist TFP index;; = po + p;Treated + p,After + p3DID + pX; + p;i +

Eit-

The calculated Torngvist TFP index and profit per employee taken from the firm’s annual report
are used as dependent variables, respectively. Treated is a dummy variable, which indicates that
the firm has at least 1% subsidized employees during each year of the after period and none
before.® After is the period after treatment, and DID is the interaction of treated and after that
measures the treatment effect. The mean of 2011-2012 is used as the post-treatment period, and
the mean of 2009-2010 is considered as the pre-treatment period. To receive a sufficient number
of observations on the sector level, another period is aggregated to the sample, specifically the
period in which 2010-2011 is used as pre-treatment and 2012-2013 as post-treatment. X is a
vector of covariates for each firm, i, over time (t) chosen based on what is concluded to differ
between the groups of comparison. The X vector consists of information about the number of
full-time employees and the share of different education levels, age groups, foreign background,
women and the gender of the manager. One advantage of the DID approach is that it handles the
potential time-invariant bias, meaning that u; cancels out. Time-invariant bias is, according to
Koski and Pajarinen (2015), present because firms that choose to use wage subsidies are less
productive than others. Finally, &;, represents an error term.’

An assumption of the DID method is the existence of parallel pre-treatment trends in the
dependent variables, namely TFP and the logarithm of the profit per employee. To investigate
this assumption, a statistical test using a method proposed by Mora and Reggio (2015) is
performed as well as visual analysis of the TFP change and profit per employee over time.

Another potential source of problems relates to the fact that, according to Behrenz et al. (2015), a
substantial number of firms are unwilling to hire subsidized employees, regardless of the

® The subsidies can alternatively be included as a continuous variable.
’ Dynamics over a longer period of time is not investigated due to data limitations.
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compensation level. To investigate this matter, a robustness test is performed. In this test firms
that do not hire workers with subsidies in the following year are excluded from the control
group. This means that firms that are unwilling to hire workers with subsidies, among others, are
no longer included as a comparison. The procedure for the post-treatment period of 2011-2012 is
as follows: 1) firms in the control group are required to have at least 1% of their total employees
with a subsidy during 2013 but no subsidized employees beforehand; 2) to investigate the effect
between the pre-treatment period of 2009-2010 and the post-treatment period of 2011-2012,
2013 is deleted. Based on the same procedure, aggregation is performed with the period before
the one previously described; specifically, 2008—-2009 and 2010-2011 are considered as the pre-
treatment period and the post-treatment period, respectively. Thus, the obtained estimates are of
the potential differences in TFP and the profit per employee between firms hiring with subsidies
during the post-treatment period and firms hiring with subsidies in the following year. This
procedure makes all the firms in the control group willing to hire with subsidies but at a later
point in time.

To summarize, the combination of the Tornqvist TFP index and conditional DID has not been
used before. It has the advantage of not suffering from the issues of estimating in the first stage
of a two-stage procedure. Further, the method is both simple and transparent.

5. Data

The data used in this study are linked employee—employer data from Statistics Sweden. The data
are combined with information from the Swedish Employment Service about those individuals
who received some form of wage subsidy between 2007 and 2013. All individuals employed
within the programs of Special Recruitment Incentives (Sarskilt anstallningsstéd), New Start
jobs (Nystartsjobb) and Entry Recruitment Incentives (Instegsjobb), aggregated to the firm level,
are included in the data.

The data on subsidies include the first date and the last date on which an individual is employed
with a subsidy at a specific firm.2 The number of days for which a subsidized employee has been
employed is recalculated into full-time equivalence to make it comparable with the variable of
full-time-equivalent employees from Statistics Sweden (SCB). Descriptive statistics of the share
of firms with subsidized employees, the number of full-time subsidized employees in an average
firm and the ratio of full-time-equivalent workers with a subsidy compared with non-subsidized
employees are reported in table A3.

® The same individual can be employed by different firms with a subsidy within one year.
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In table 1 the numbers of treated and control firms divided into sectors are presented in columns
5 and 6, both for the full and for the matched sample. In columns 2—4 the number of treated is
presented separately for each subsidy program; the number of treated separated into each
program sums to more than the number of treated in column 5, indicating that some firms use
more than one of the programs. Only firms that existed during the whole time period and did not
change sector at any time are included. Further, firms with a Tornqgvist output index, that is,
Iny; — Iny;_,, of more than 1 or less than —1 are considered to be outliers and are excluded
from the analysis, because these are small firms that dramatically increase their output. Including
them will not generate relevant TFP growth on average. Changes in output drive the index
substantially upwards compared with TFP measured for the whole economy.

Table 1 Number of firms in the treated and control groups. SAS = Special Recruitment
Incentives, NYJ = New Start jobs and INS = Entry Recruitment Incentives

(2) Treated (3) Treated (4) Treated %) (6)
SAS NYJ INS Treated Control
2 040 71 304
All sectors 444 1603 399
(1941) (42 101)
Manufacturing, mining 270 6 756
) 47 225 45
and quarrying (246) (3587)
) 278 12 562
Construction 40 229 34
(261) (6 933)
Wholesale and retail 472 14 258
102 360 87
trade (465) (10 368)
Transportation and 169 7 160
29 148 27
storage (161) (4 363)
A ti 17 1804
ccomm(_)da |or_1 eTn_d 28 104 28 3 80
food service activities (171) (1291)
Business service 325 13098
. 88 257 83
activities (317) (9 243)

The number of firms in the matched sample is in parentheses.

A number of control variables are included in the conditional DID estimation. The size of the
firm, measured by the number of employees as in Koski and Pajarinen (2015), is identified as
being of importance for hiring persons entitled to subsidies. Identifying two similar groups for
comparison is fundamental when the DID method is used. Thus, other firm characteristics that
are concluded to affect the decision on hiring workers with wage subsidies according to Behrenz
et al. (2015) are included as control variables. These variables are presented in table 2.
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Table 2 Description of the included control variables

Variables Description

Number of employees Number of full-time equivalent employees

Dummies of the gender of the Dummy of the gender (male, female, mixed gender) of
operational manager the operational manager during the period

Employees with only primary education divided by the

Share with primary education
total number of employees

Employees with the maximum of college education

Share with college education
g divided by the total number of employees

Employees with post-secondary education divided b
Share with post-secondary education POy P Y 4
the total number of employees

Employees aged below 25 divided by the total number

Share of young of employees

Employees aged above 55 divided by the total number of

Share of older
employees

Employees with at least 1 foreign parent divided by the

Share of immigrants
total number of employees

Number of employed women divided by the total

Share of women
number of employees

The control variables are chosen based mainly on the characteristics that the previous literature
states to be key characteristics for the decision either to hire or not to hire personnel entitled to a
subsidy and potentially influence productivity. For example, the level of education is often
considered to be a driving factor of TFP growth when a highly educated workforce is assumed to
increase productivity (see e.g. Becker 1964). Age is often used as a proxy for experience, and a
more experienced workforce is likely to be more productive (see e.g. Becker 1964). Furthermore,
the variable of immigrant background is used as a proxy for language skills. Inferior language
skills, according to Kossoudji (1988), have an influence on wage growth, which is closely linked
to individual productivity. Finally, differences between males and females are found in relation
to giving birth that generate a direct effect on the hours worked, which influences experience and
thus productivity (see e.g. Lundberg and Rose 2000).

5.1. Matching results
To evaluate the effect on TFP as a result of hiring subsidized employees, the treated and
untreated groups have to be similar in characteristics during the pre-treatment period. With CEM
it is possible to match exactly on each observed characteristic. However, the cost of including
many factors in the matching stage is loss of external validity, meaning that a substantial number
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of firms are excluded due to having no match. A number of different matching variables are
applied, in different combinations, and the number of employees, sector and region are
concluded as being the fundamental ones.

Matching quality

To assess the overall imbalance in terms of the number of employees, sector and region before
and the improvement as a result of the matching, the £, statistic, introduced by lacus et al.
(2012), is used. If £; = 1, it means perfect imbalance, and if £; = 0, it means perfect balance.
The results show that £; = 0.488 before matching and £, = 0.000 after matching. Table 3
presents the means during the pre-treatment period for treated and untreated firms before and
after matching. The fourth column shows the differences in mean between the treated and the
control group before matching is performed.

Table 3 Means before and after matching two years before treatment

Unmatched Matched
Control Treated Difference | Control  Treated Difference
Variables group (3) 4) group (6) (7)
) (5)
Number of
5.063 7.066 2.003*** 6.518 6.280 -0.238
employees
Man as the
operational 0.855 0.836 -0.019 0.856 0.835 -0.021
manager
Woman as the
operational 0.120 0.131 0.011 0.113 0.134 0.021
Manager
Mixed gender as
the operational 0.025 0.033 0.008 0.031 0.031 0.000
manager
Share with
. . 0.182 0.179 -0.003 0.185 0.181 -0.004
primary education
Share with
. 0.553 0.578 0.025%** 0.576 0.576 0.000
college education
Share with post-
. 0.274 0.253 -0.021*** | 0.238 0.243 0.005
secondary education
Share of young 0.099 0.149 0.050%*** 0.122 0.149 0.027%***
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Share of older 0.283 0.196 -0.087*** | 0.246 0.196 -0.050***

Share of immigrants 0.160 0.224 0.064*** 0.168 0.228 0.060***

Share of women 0.275 0.319 0.044*** 0.294 0.320 0.026***

*** indicates significance at the 1% level and ** significance at the 5% level.

By comparing the magnitude and significance between column (4) and column (7) in table 3, it
can be seen that some characteristics become non-significant after matching.® The intuitively
important characteristics in relation to productivity, namely the education levels, are significant
before and non-significant after matching. Further, the differences in magnitude decrease for all
except three characteristics after matching, which is apparent from comparing column (4) and
column (7). The data still contain small differences, but, as pointed out by lacus et al. (2012, p.
23), “... no magical method will be able to fix this basic data inadequacy ....” Problems may still
be present if an important covariate is not included. This study, however, either matches on or
controls for the most important variables concluded to affect selection into treatment according
to Behrenz et al. (2015) and Bellmann and Stephan (2014).

6. Results

In the first part of the results, the pre-treatment trend assumption is investigated. It is crucial for
the trends to be parallel when using a DID approach. Second, the average treatment effect on all
firms is considered. The treatment effect is studied regarding both the Térnqvist TFP index and
the logarithm of the profit per employee as the dependent variables. Third, the same analysis is
performed on the sector level.

6.1. Test of the pre-treatment trends
The traditional way to investigate whether the pre-treatment parallel trend assumption holds or
not is to plot the trends before treatment and make a subjective judgment based on visual
analysis.'® However, Mora and Reggio (2015) provide a test for this assumption. The p-values of
the test are reported in table 4.

Table 4 Test of the parallel pre-treatment trend assumption using the matched data

Ho: Parallel pre-treatment trend Tornqvist TFP index Log(profit/employee)
All sectors aggregated 0.374 0.527
Manufacturing, mining and

. 0.818 0.910
quarrying

° To be noted is that neither of the compared variables are included in the matching process, except number of
employees.
19 A short illustration of these plots can be found, on the aggregated level, in figures Al and A2 in the appendix.
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Construction 0.528 0.801

Wholesale and retail trade 0.169 0.904
Transportation and storage 0.229 0.708
Accommodation and food service

. 0.178 0.206
activities
Business service activities 0.130 0.621

As table 4 reveals, the parallel pre-treatment trend assumption cannot be rejected for any sector.
This means that the development in TFP and the profit per employee before a firm hires a person
entitled to a subsidy is the same as for the firms that do not hire a person with a subsidy. This
implies that the DID estimates are likely to give a good estimate of the treatment effect.

6.2. Results for all firms

The results for the aggregated sample, when treated firms have at least 1% subsidized employees
over two years, are presented in table 5. Data from two years before treatment and a follow-up
period of two years after treatment are used in the first row. The second and third rows are the
same estimations as in the first except that only either the first year or the second year is included
in the post-treatment period. The reason for this separation is to investigate whether the
coefficient changes due, for example, to on-the-job training. Throughout the presentation the
control group consists of firms that did not employ a person with a subsidy during the period
2007-2013.

Table 5 Changes in TFP for all sectors using the matched sample

Dependent variable: Firms with at least 1% subsidized employees
Torngvist TFP index Treated After DID
Matched periods -1 and 0. Treated 0.015*** -0.001 -0.022***
periods 1 and 2 (0.004) (0.010) (0.006)
Matched periods -1 and 0. Treated 0.011 0.009*** -0.030***
periods 1 and 2. Year 2 excluded (0.007) (0.002) (0.009)
Matched periods -1 and 0. Treated 0.013*** -0.012 -0.014
periods 1 and 2. Year 1 excluded (0.004) (0.008) (0.008)

Standard errors clustered on the sector level are in parentheses; *** indicates significance at the 1% level and ** at
the 5% level. The covariates are reported in table 2.

The DID coefficient on the first row of table 5 shows a statistically significant reduction in TFP
by 2.2% for treated firms in relation to matched firms in the control group. The coefficient
becomes larger in magnitude when only the first year is included as the post-treatment period,
which can be seen in the DID coefficient on the second row. Vice versa, when only the second
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year of the post-treatment period is included, the DID coefficient on the third row is smaller in
magnitude and non-significant. This difference could be due to positive effects of on-the-job
training. A deficit in TFP is an expected result relating to the arguments for giving subsidies. A
potential problem, as pointed out by Koski and Pajarinen (2015), could be that it is more
common for less well performing firms to use subsidized employees. However, based on the sign
of the coefficients in column one, “treated,” the subsidized firms in our matched data are at least
as productive as the non-subsidized firms during the whole time period. This indicates that the
results in the present study do not suffer from the potential issue that less well performing firms
hire workers with subsidies. To investigate stability, the robustness test described in the
methodology is applied. This test indicates the same magnitude of the coefficients, but they are
non-significant due to a smaller sample size. However, the interpretation of the robustness test is
that the impact of hiring employees entitled to wage subsidies remains consistent with the main
results; that is, the results are stable even though there is another control group that consists only
of firms that employ workers with subsidies at a later point in time.*! The second question relates
to the profit per employee, which is used as the dependent variable in the second part of the
analysis. Since firms with a negative profit per employee exist, the variable is transformed by
adding the smallest negative value in the sample to each firm before dividing it by the number of
employees. Using this transformation makes the interpretation of the coefficient difficult;
however, only the sign and the significance level are needed to relate to the theoretical section.
Therefore, the coefficients of the profit per employee are excluded from the tables.'? These
results are reported in table 6.

Table 6 Effects on the profit per employee using the matched sample

Dependent variable: Firms with at least 1% subsidized employees
Log(profit/employee) Treated After DID
Matched periods -1 and 0. Treated
fxx* _k*k%
periods 1 and 2
Matched periods -1 and 0. Treated
JhE*x _kk
periods 1 and 2. Year 2 excluded
Matched periods -1 and 0. Treated
xxx _k*k%

periods 1 and 2. Year 1 excluded

Matched periods -1 and 0. Treated
periods 1 and 2. Térnqgvist TFP index : Baiaiad KKk
used as control

*** indicates significance at the 1% level and ** at the 5% level. The covariates are presented in table 2.

' All the robustness test results are provided in tables Al and A2 in the appendix.
12 A table that includes the coefficients can be provided on request.
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The DID estimate for the matched sample in the first row shows a statistically significant
reduction in the profit per employee. This indicates that firms are negatively affected by hiring
personnel with subsidies. The DID estimate when only data from the first year of the post-
treatment period is used (second row) is also negative and statistically significant at the 5% level.
Further, when only the second year is used, post-treatment (third row), the impact is significant
at the 1% level. The result indicates on average undercompensation for firms that use subsidized
workers if the relationship is a causal effect of the subsidized individuals. However, the
Torngvist TFP index is included as an explanatory variable in the fourth row with consistent
results. One year after hiring with a subsidy, there is no observed TFP deficit. This means that
the negative impact on the profit per employee is not only an effect of the individuals with a
wage subsidy. Instead, these firms perform less well in maximizing their profit with respect to
their input prices. Bellmann and Stephan (2014) conclude that the profit per employee on
average is lower for firms that use subsidies. In this study’s matched data, this is not the case
based on the zero coefficients for the treated dummy (see column 1), indicating no difference on
average but in the post-treatment period. A robustness test is also performed for the profit per
employee with the same conclusion when two years are included as a pre-treatment period.*

To conclude, the conditional DID estimates are negative and significant at the 5% level in terms
of TFP and at the 1% (or 5%) level for the profit per employee. The conclusion is therefore that a
negative impact occurs during the first year for both outcomes.

6.3. Results by sector
In this section the same analysis as in section 6.2 is performed but separated on the sector level.
Due to the fact that some sectors are small and contain very few observations, these sectors are
excluded. The excluded sectors are agriculture; energy supply and environmental activities; real
estate activities; education; human health and social work activities; arts, information and
communication; and entertainment and recreation. The results are reported in table 7.

Table 7 Changes in TFP for the matched sample as a result of hiring subsidized employees by
sector

Dependent variable: Firms with at least 1% subsidized employees
Tornqvist TFP index Treated After DID
Manufacturing, mining and 0.011 -0.008 0.005
quarrying (0.011) (0.003) (0.016)

3 However, here there are fewer observations, making each year separately non-significant, since the profit per
employee might change considerably from one year to another.
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. -0.001 0.005 -0.013
Construction

(0.011) (0.003) (0.015)
. 0.016 -0.035*** -0.030**
Wholesale and retail trade
(0.010) (0.003) (0.014)
) -0.016 0.008 -0.022
Transportation and storage
(0.017) (0.004) (0.024)
Accommodation and food -0.002 0.022*** 0.015
service activities (0.015) (0.006) (0.021)
) ) L 0.025** -0.002 -0.026
Business service activities
(0.011) (0.003) (0.016)

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level. The covariates
are presented in table 2.

The results in table 7 indicate that the negative impact of subsidized employees on TFP is driven
by firms within wholesale and retail trade. The non-significance in most sectors can either
depend on successful selection from the firm perspective or indicate that a small amount of on-
the-job training is required to perform equally well as other individuals. Firms within most
sectors can therefore hire individuals at a lower cost without any TFP deficit. During the second
year with a subsidy, wholesale and retail trade is also non-significant. However, related to the
different cases in the theoretical framework, the effect on the profit per employee is ambiguous
regardless of whether TFP increases, declines or remains the same.

From a policy point of view, the productivity deficit (or the risk factor for each of the reported
sectors except wholesale) should be compensated for by the wage subsidy to equalize the MRP
for subsidized and non-subsidized workers, respectively. This assumes perfect information
regarding the productivity deficit and that the given subsidy will perfectly compensate for the
differences in productivity. Employing an individual with a subsidy in this case will not generate
any effect on the profit per employee; if not, the event of case 5 occurs. To investigate this issue,
separate estimations are performed for each sector using the profit per employee as the
dependent variable. The result is reported in table 8.

Table 8 Changes in the profit per employee for the matched sample. Two years’ pre-treatment
and two years’ follow-up

Dependent variable: Firms with at least 1% subsidized employees
Log(profit/employee) Treated After DID
Manufacturing, mining and quarrying el

Construction

Wholesale and retail trade S oliakel R
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Transportation and storage FHAK

Accommodation and food service
activities

Business service activities X%

*** indicates significance at the 1% level and ** at the 5% level. The covariates are presented in table 2.

The results in table 8 show that subsidized employees have a negative and significant impact on
TFP within the wholesale sector. For the other sectors, no significant difference can be observed
in terms of the profit per employee.

7. Conclusion and recommendations

The focus of this study is twofold: 1) combining well-known approaches, such as index number
theory and conditional DID, that is, matching and difference-in-difference, to perform an impact
analysis with respect to TFP; 2) applying the method to investigate the effect on TFP of hiring
individuals entitled to a wage subsidy. Only one previous study considers firm productivity
effects as a result of labor subsidies. In contrast to the previous study, the present paper measures
total factor productivity (TFP) using the Térnqvist TFP index rather than labor productivity. The
profit per employee is also included as a second outcome. The analysis is performed on both the
aggregated and the sector level.

The results on the aggregated level show a negative and statistically significant impact, both in
terms of TFP and in terms of the profit per employee, driven by one sector. During the second
year with treatment, the TFP deficit disappears, indicating that the subsidized firms are less
productive only for a short period of time. On the sector level, the impact on TFP is only
negative for wholesale, which also indicates a negative effect in terms of the profit per employee.

From a policy perspective, the analysis shows that subsidizing firms that employ persons entitled
to a wage subsidy is necessary, since TFP decreases as a result of employing these individuals.
To make the target group for wage subsidies at least not unattractive in terms of performance on
the labor market, the subsidies need to compensate for this deficit. However, no productivity
deficit can be observed after one year. Firms should therefore, at this point in time, be indifferent
between employing previously subsidized individuals and employing non-subsidized ones, both
without wage subsidies. Even though no TFP deficit can be observed, the profit per employee is
significantly lower for firms that hire with a subsidy during the second year. The reason for this
is thus not due to the subsidized employees. Instead, it results from these firms not managing to
maximize their profit; that is, the MRP does not equalize the wage, as in case 5 in the theoretical
framework.
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Based on these findings, the policy maker should consider whether subsidizing the same firm is
necessary for a longer period of time. From a firm perspective, it is of interest to keep an equally
productive individual at a lower cost. However, the firms that continue to employ individuals
with a subsidy become less profitable, without a TFP deficit. This implies that the lower profit is
independent of who is employed (subsidized or non-subsidized workers). Hence, it is not an
issue for the policy maker to handle.

Finally, the proposed combination of methods, namely the Térnqvist TFP index (or another
index that does not rely on estimation) together with conditional DID, can be used in other
applications to investigate causal relationships with respect to TFP.
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Appendix

A.1. Robustness and sensitivity analysis

To investigate stability, the elimination of the possible differences that might occur from firms
claiming that they would never employ anyone with a wage subsidy is performed by changing
the control group, as described in the methodology (Behrenz et al. 2015).%* The results, in terms
of TFP, are reported in table A1."

Table Al Robustness check with TFP as the dependent variable using the matched sample

Dependent variable: Firms with at least 1% subsidized employees
Torngvist TFP index Treated After DID
Matched periods -1 and 0. Treated -0.003 0.014 -0.026
periods 1 and 2 (0.011) (0.012) (0.015)
Matched periods -1 and 0. Treated -0.004 0.018 -0.036
periods 1 and 2. Year 2 excluded (0.015) (0.016) (0.021)
Matched periods -1 and 0. Treated -0.010 0.001 -0.013
periods 1 and 2. Year 1 excluded (0.013) (0.013) (0.018)

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level. The covariates
are presented in table 2.

The DID estimate in the first row of table Al indicates that firms hiring with subsidies
experience a reduction of TFP by 2.6% as a result of employing workers with wage subsidies,
which is consistent with table 5 in terms of magnitude. The difference is non-significant at the
5% level. However, since the magnitude remains constant, the same conclusion can be drawn as
previously. The interpretation is then that a negative deficit is found, even when excluding firms
that are not willing to employ individuals with subsidies.

Each DID estimate is similar in magnitude to those in table 5; that is, when the second year is
excluded (second row), the coefficient is larger. When the first year post-treatment is excluded,
no statistically significant difference in terms of TFP is found on any reasonable level of
significance (the DID estimate in the third row). This non-significance and lower magnitude
confirm the result obtained in table 4; specifically, there is no difference in terms of TFP in the
medium term.

 As a placebo test, the same regression as in the main regression is estimated, that is, two years before and two
years after. However, instead of using the correct post-treatment period, the difference between the two years in the
pre-treatment period is used, that is, between -1 and 0, which represents 2009-2010 (when treatment is given in
2011-2012) aggregated with 2010-2011 (when treatment is given in 2012—2013), respectively. The results are non-
significant as expected. The results can be provided on request.

> Here, there are 1162 firms in the control group and 1501 in the treated group for the matched data.
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The wage subsidy should compensate for the decline in TFP, so the profit per employee is
unchanged. Therefore, the profit per employee should remain the same as if the firm did not hire
anyone with a wage subsidy if the subsidy is on the “correct” level, that is, case one in the
theoretical framework. However, over- or undercompensation can also be present, generating
positive or negative profit per employee effects, respectively. In table A2 the results for the
robustness tests when the profit per employee is used as the outcome are reported.

Table A2 Robustness check with the profit per employee as the dependent variable using the
matched sample

Dependent variable: Firms with at least 1% subsidized employees

Log(profit/employee) Treated After DID

Matched periods -1 and 0. Treated
periods 1 and 2

**k

Matched periods -1 and 0. Treated
periods 1 and 2. Year 2 excluded

Matched periods -1 and 0. Treated
periods 1 and 2. Year 1 excluded

Matched periods -1 and 0. Treated
periods 1 and 2. Térnqvist TFP index as Sxx
control

*** indicates significance at the 1% level and ** at the 5% level. The covariates are presented in table 2.

In the first row of table A2, it is apparent that the DID coefficient for the profit per employee is
negative and statistically significant. In comparison with the main results, presented in table 6, a
statistically significant and negative impact is also observed when firms that are unwilling to hire
with subsidies are excluded from the control group but at a lower level of significance.

No statistical significance can be observed when the second or first year is excluded from the
post-treatment period, indicated in the column on the right, that is, the DID (the second and third
rows). However, when interpreting it in comparison with the DID estimate of the first row,
which is significant, one needs to bear in mind that the non-significant DID estimates are only
based on one year as a post-treatment period. This generates large standard deviations, since the
profit per employee is volatile from one year to another, in comparison with considering a mean
of two years. Further, the number of observations is smaller than for the main results in table 6.*°
To control whether the deficit in the Tornqvist TFP index is the explanation for the decrease in
the profit per employee, the same estimation as in the first row of table 10 is used, but the

16 Examples of the reasons for a volatile result can be taxes, profit or losses in exchange rates and interest. It is thus
more accounting effects in the short run that are smoothed out in the long run.
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Torngvist TFP index is included as an explanatory variable. The significance from row 1 does
not change, which indicates that there is a negative and statistically significant effect on the
profit per employee for treated firms that cannot be explained by the decline in TFP; that is, case
5 occurs.

A.2. Visual analysis of pre-treatment trends
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Fig. Al Tornqvist TFP index using data from two years before treatment and a follow-up period
of two years after treatment. The firms have at least 1% subsidized employees during these years
and none previously. The full data are on the left-hand side and the matched data on the right-
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Fig. A2 Log(profit/employee) using data from two years before treatment and a follow-up period
of two years after treatment. The firms have at least 1% subsidized employees in these years and
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none beforehand for all the firms aggregated. The full data are on the left-hand side and the
matched data on the right-hand side

A.3. Descriptive statistics

Table A3 Descriptive statistics of the number of firms in total and the firms with wage subsidies

Total . . . Ratio of full-time-
Share of firms with  Number of full-time ) -
number of . . equivalent subsidized to
. at least 1 subsidized subsidies in an e
included ] non-subsidized
. employee average firm
firms employees
Year Obs. Mean S.D. Mean S.D. Mean S.D.
2008 72 692 0.085 0.279 0.091 0.675 0.012 0.105
2009 72 692 0.094 0.292 0.094 0.696 0.012 0.109
2010 72 692 0.118 0.323 0.127 0.907 0.012 0.099
2011 72 692 0.124 0.333 0.146 0.990 0.012 0.100
2012 72 692 0.114 0.318 0.127 0.995 0.012 0.102
2013 72 692 0.109 0.312 0.120 0.764 0.013 0.105
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Appendix for referees only
Table R1 Test of the parallel pre-treatment trend assumption using the full data

Ho: Parallel pre-treatment trend Tornqgvist TFP index  Log(profit/employee)
All sectors aggregated 0.296 0.878
Manufacturing, mining and quarrying 0.997 0.892
Construction 0.589 0.883
Wholesale and retail trade 0.183 0.864
Transportation and storage 0.326 0.768
Accommodation and food service activities 0.238 0.391
Business service activities 0.138 0.996

Table R2 Effects on the profit per employee using the matched sample

Dependent variable: Firms with at least 1% subsidized employees
Log(profit/ employee) Treated After DID
Matched periods -1 and 0. Treated 0.014 0.013*** -0.040***
periods 1 and 2 (0.008) (0.004) (0.010)
Matched periods -1 and 0. Treated 0.012 0.024*** -0.027**
periods 1 and 2. Year 2 excluded (0.009) (0.003) (0.013)
Matched periods -1 and 0. Treated 0.015 0.031*** -0.041***
periods 1 and 2. Year 1 excluded (0.009) (0.004) (0.013)
Matched periods -1 and 0. Treated
. . 0.013 0.013 -0.038

periods 1 and 2. Geometric Young

(0.008) (0.004) (0.009)

index used as control

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level. The covariates
are presented in table 2.

Table R3 Changes in the profit per employee for the matched sample. Two-year pre-treatment
period and two-year follow-up period

Dependent variable: Firms with at least 1% subsidized employees
Log(profit/employee) Treated After DID
Manufacturing, mining and 0.007 0.015** 0.005
quarrying (0.022) (0.006) (0.032)
. 0.033 -0.002 -0.051

Construction

(0.029) (0.008) (0.041)

) -0.006 0.018*** -0.048**

Wholesale and retail trade

(0.015) (0.004) (0.022)
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. 0.016 0.027*** -0.020
Transportation and storage

(0.025) (0.006) (0.036)

Accommodation and food service 0.035 0.000 -0.006

activities (0.021) (0.008) (0.029)

) ) o 0.025 0.013 -0.056
Business service activities

(0.021) (0.006) (0.030)

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level. The covariates
are presented in table 2.

Table R4 Coefficients of covariates. The reference categories are the mixed gender of the leader
and the share without education or maximum primary schooling

Covariates Tornqgvist TFP index Log(profit/employee)
Number of employees -0.002*** (0.000) -0.109*** (0.010)
Man as operational leader -0.003 (0.008) -0.001 (0.024)
Woman as operational leader -0.004 (0.007) 0.104*** (0.026)
Share with college education 0.082*** (0.020) 0.105*** (0.021)
Share with post-secondary schooling 0.088*** (0.028) 0.123*** (0.015)
Share of young -0.033*** (0.018) -0.378*** (0.065)
Share of older -0.011 (0.007) 0.214*** (0.046)
Share of immigrants 0.022 (0.010) -0.002 (0.023)
Share of women -0.028*** (0.007) -0.136*** (0.034)
Constant 0.995*** (0.015) 13.193*** (0.072)

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level.

Table R5 Placebo test for the Torngvist TFP index

Dependent variable: Firms with at least 1% subsidized employees
Torngvist TFP index Treated After DID
All sectors 0.001 0.047*** 0.008
(0.007) (0.002) (0.009)
Manufacturing, mining and quarryin 0.010 0.093™ 0.000
g, MINIng and quarying 4 1g) (0.005) (0.025)
: -0.029 0.008 0.006
Construction
(0.017) (0.005) (0.023)
: 0.010 0.064*** -0.025
Wholesale and retail trade
(0.014) (0.004) (0.019)

31



. 0.019 0.048 -0.004
Transportation and storage

(0.023) (0.006) (0.033)
Accommodation and food service -0.019 0.023** 0.018
activities (0.023) (0.009) (0.033)
. . e 0.001 0.047 -0.003
Business service activities
(0.017) (0.005) (0.024)

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level. The covariates
are presented in table 2.

Table R6 Placebo test for log(profit/employee)

Dependent variable: Firms with at least 1% subsidized employees
Log(profit/employee) Treated After DID
0.006 0.011*** -0.011
All sectors
(0.008) (0.002) (0.011)
Manufacturing, mining and quarryin 0.005 0.012%* 0.004
g, mining and quarying - 4 570y (0.006) (0.028)
) 0.001 0.008 -0.004
Construction
(0.021) (0.006) (0.029)
] -0.010 0.008** -0.005
Wholesale and retail trade
(0.012) (0.004) (0.017)
) -0.038 0.016** -0.021
Transportation and storage
(0.029) (0.007) (0.041)
Accommodation and food service 0.087*** -0.004 0.019
activities (0.025) (0.010) (0.035)
Business service activities 0.020 0.007 0.010
(0.021) (0.006) (0.029)

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level. The covariates
are presented in table 2.

Table R7 Robustness check with the profit per employee as the dependent variable using the
matched sample

Dependent variable: Firms with at least 1% subsidized employees
Log(profit/employee) Treated After DID
Matched periods -1 and 0. Treated -0.002 0.003 -0.035**
periods 1 and 2 (0.011) (0.012) (0.016)
Matched periods -1 and 0. Treated -0.006 0.018 -0.019
periods 1 and 2. Year 2 excluded (0.0112) (0.012) (0.016)
Matched periods -1 and 0. Treated -0.001 0.022 -0.033
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periods 1 and 2. Year 1 excluded (0.012) (0.013) (0.017)

Matched periods -1 and 0. Treated
periods 1 and 2. Tornqvist TFP index
used as control

-0.002 0.003 -0.034%
(0.011) (0.012) (0.016)

Standard errors are in parentheses; *** indicates significance at the 1% level and ** at the 5% level. The covariates
are presented in table 2.

The Swedish wage subsidy scheme

Entry Recruitment Incentives (Instegsjobb)

Entry Recruitment Incentives are given to employers with the purpose of stimulating
employment for individuals who find it hard to obtain a job in the regular labor market. An Entry
Recruitment Incentive can be given to an individual who is at least 20 years old, who is
unemployed and who received a residence permit during the last 36 months. It can be granted for
24 months, but if the employment is more than 50% of full-time, the maximum time is 6 months
(Regulation 2007:420). From the beginning of 2013, this time is 12 months. The support cannot
be given to immigrants after a time period of 36 months after the individual received a residence
permit, if the individual does not qualify on other grounds (The Swedish employment office
2013). The maximum level of subsidy with Entry Recruitment Incentives is 75% of the salary
cost and at most 750 SEK per day (The Swedish employment office 2011). From the beginning
of 2011, the subsidy is 80% of the salary cost with a maximum level of 800 SEK (Regulation
2010:2028). The subsidy is only given if the employer guarantees that the wage and other
advantages are in line with the collective agreements or equivalent within the sector. If a firm has
fired anyone based on job scarcity during a period of 9 months, it is not allowed to employ
workers with subsidies (Regulation 1997:1275).

Special Recruitment Incentives (sarskilt anstallningsstod)

An individual can be assigned to Special Recruitment Incentives if he or she has been
participating in the job and development guarantee for 6 months. A person who was assigned to
the job and development guarantee after participating in the job guarantee for the young for 15
months can be assigned to the Special Recruitment Incentives at the same time as entering the
job and development guarantee (Regulation 2011:586). When a Special Recruitment Incentive
has finished, the individual can be assigned again to be employed with a particular recruitment
incentive after applying for jobs for 3 months, but for the same employer 6 months are required
(Regulation 2007:920).

A Special Recruitment Incentive for individuals who have participated in the job and
development guarantee is 85% of the salary cost and mostly 750 SEK per day (Regulation
2008:271), but, since the beginning of 2011, it has been 890 SEK per day (Regulation
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2010:2028). From the beginning of 2012, an amount of 50 SEK per day can be given for
supervising the employee, but, for people who received a Special Recruitment Incentive from the
job and development guarantee, this amount is 150 SEK per day for 3 months and then 100 SEK
per day (The Swedish employment office 2013). The support can be given for a maximum of 12
months (The Swedish employment office 2008), but after the period studied here, it was decided
that it can be prolonged (The Swedish employment office 2013).

New Start jobs (nystartsjobb)

The purpose of New Start jobs is to stimulate employers to hire individuals who have not had a
job for a long time (Regulation 2008:1437). The support is given to an individual who is at least
20 years old and 1) has been unemployed and registered at the employment office for at least one
year or participating in a labor market policy program, 2) has had a protected job by Samhall and
has been registered at the employment office for one year, 3) has been unemployed and received
economic aid and been registered at the employment office for one year, 4) has received sickness
payment, rehabilitation payment or sickness or activity payment and has been registered at the
employment office for at least one year, 5) a combination of 1-4 and has been registered as
unemployed, 6) has spent at least 6 months of the last 9 months with the same conditions as
included in 1-4 and registered as unemployed if the individual is 20—-24 years old or 7) is a
foreigner and received a residence permit during the last 3 years and has been registered as
unemployed at the employment office (Regulation 2006:1481). If the individual does not fulfil
any of the previous conditions but is included in the job and development guarantee, the support
lasts for a maximum of one year (Regulation 2007:421). An individual can also be eligible for
support if he or she has been unemployed or part-time for two years, a combination of full-time
and part-time or participated in a labor market policy program (Regulation 2007:1366). From
March 2009 the youngest age group is from 20 to 25 years old instead, and the regular rules are
applicable to individuals who are at least 26 years old (Regulation 2009:26). For individuals who
are at least 55 at the beginning of the year, 6 months of unemployment during the last 9 months
are required to be eligible for New Start jobs from July 2010 (Regulation 2010:396).

A subsidy is only given if the employer has a collective agreement or without it gives the
employee equivalent advantages. The support is given for the same time as the individual has
been away from the labor market, or has had a protected job, but for a maximum of 5 years. If
the person is more than 55 years old, the support can however be given for 10 years, but only
until he or she reaches 65 years of age. For individuals who are at least 20 but below 25 years old
(after March 2009 this is 26), the subsidy is given for 1 year maximum, but this is not applicable
if 3 of the criteria in the last paragraph are fulfilled (Regulation 2009:26). Foreigners who are at
least 20 years old have the possibility to receive a subsidy for 3 years from the day when they
received their residence permit but only until they reach the age of 65 years (Regulation

34



2006:1481). Extra support can also be given if a firm employs an individual eligible for support
according to point 4 in the last paragraph (Regulation 2008:1437).

The support in Regulation (2006:1481) is 1 payroll tax as well as the general wage fee that the
employer needs to pay. From July 2009 the support is 2 payroll taxes for individuals who are at
least 26 years old, and for individuals between 20 and 26 years old it is 1 payroll tax. If the
younger age group became eligible for New Start jobs due to sickness payment, rehabilitation
payment or sickness or activity payment, the support is 2 payroll taxes (Regulation 2009:26).
The employers need to apply for the subsidy with specification of conditions of employment and
the employee needs to give the necessary information to the employment office to know that he
or she is eligible for a subsidy within New Start jobs. The decision on support is given for 1 year
at a time, and the decision needs to be reconsidered if there are changed conditions. The money
is given as a credit on the tax account in the month after the wage is paid (Regulation
2006:1481). Now there is a maximum salary to receive the compensation, which is 22,000 SEK
per month (Regulation 2015:41); during the period studied here, there is no limit like this.
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A bootstrapped Malmquist index applied to Swedish district courts
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Abstract: This study measures the total factor productivity (TFP) of the Swedish district courts
by applying data envelopment analysis (DEA) to calculate the Malmquist productivity index of
48 Swedish district courts from 2012 to 2015. In contrast to the limited international literature on
court productivity, this study uses a fully decomposed Malmquist index. A bootstrapping
approach is further applied to compute confidence intervals for each decomposed factor of TFP.
The findings show a 0.7% average decline of TFP annually. However, a substantial variation
between years can be observed in the number of statistically significant courts below and above
unity. The averages of the components show that the negative impact is mainly driven by pure
technical regress. Large variations are also observed over time where the small courts have the
largest volatility. Two recommendations are: 1) that district courts with negative TFP growth
could learn from those with positive TFP growth and 2) that a back-up force could be developed
to enhance flexibility.
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1. Introduction

Efficiency and productivity in the public sector are a major concern for most parliaments and
governments. It is explicitly stated in the Swedish Budget Law (2011:203), 1 chapter 3§, that all
state services should be provided with a high level of efficiency. When dealing with state-
provided production, this means that it should be efficient, that is, use the least amount of inputs
at the given output level or produce the maximum amount of production at the given resource
level. The motivation for studying productivity development is therefore, from a policy
perspective, straightforward. Swedish applications can for instance be found for higher education
(Andersson et al., 2017a), employment offices (Andersson et al., 2014), day care (Bjurek et al.,
1992), elderly care, primary and secondary education (ESO, 2016). Economic development is
concluded to benefit from an efficient judicial system internationally (see e.g. Feld & Voigt,
2003; Messick, 1999). Furthermore, there is an ongoing debate in the media as well as in
research regarding punishments, criminality, and the judicial system in Sweden (see e.g. Sturup
et al., 2017; Tyrefors Hinnerich et al., 2017). For instance, the share of solved suspicious
declined from 2004 to 2014 according to the Swedish National Council for Crime Prevention
(2015).

The Swedish Government has launched a number of reforms for the district courts during the last
20 years with the major objective of increasing efficiency and productivity while maintaining a
high degree of law and order (The Swedish Agency for Public Management, 2007). One such
reform has targeted the size of the courts based on the assumption that scale advantages exist. In
1999 there were 96 district courts in Sweden, but today only 48 exist. Despite the reforms the
Swedish National Court Administration (SNCA) reports indications that the productivity has
declined. However, problems can occur in this study, since productivity is measured by partial
measures, in this case labor productivity, which ignores substitution between inputs. At the same
time, new technologies have been introduced in the courts, such as the possibility of conducting
hearings through video conferences, and these changes are not captured by the productivity
measures used.

The aim of this study is to measure the Swedish district courts’ total factor productivity (TFP)
from 2012 to 2015. To compute TFP, the data envelopment analysis (DEA) framework proposed
by Charnes, Cooper, and Rhodes (1978) is used. TFP is measured by the Malmquist productivity
index (MPI) of Fare, Grosskopf, Lindgren, and Roos (1989, 1992). Following Simar and Wilson
(1998a), the MPI is decomposed into four parts: changes in 1) pure technical efficiency, 2) scale
efficiency, 3) pure technology, and 4) the scale of the technology. A commonly known issue
with all types of DEA analysis is that no statistical inference is possible (Simar & Wilson, 2000).
In this study a bootstrap approach is used to determine the confidence intervals of the different



components presented above (see Efron, 1979). Another issue with DEA is the influence of
outliers (see e.g. Kapelko & Oude Lansink, 2015). The analysis of outliers is to a large extent
omitted in previous studies on court performance. In this study an outlier detection analysis is
performed to investigate whether the results depend on a few extreme observations.*’

The findings indicate a decline in TFP of 0.7% on average. However, a substantial variation
between courts and between years is present. Between 26% and 68% of the courts have a
significantly negative change in TFP, while the share of courts with a significantly positive TFP
change is 9-41%. Looking at the components, the negative impact is driven by pure technical
regress of 3.1% in 2014-2015. During this period the number of courts with a significant decline
in TFP is large in comparison with the rest of the years. Furthermore, the number of courts with a
significantly positive TFP change is lower at the end of the studied period. The correlation
analysis concludes that the rate of change in the caseload has a significantly positive correlation
with TFP, which indicates flexibility problems.

The paper is organized as follows. Section 2 provides a brief summary of the Swedish district
court system. Section 3 presents the previous TFP and efficiency literature regarding courts.
Section 4 describes the methodology and section 5 the data, including outlier detection. The
results are reported in section 6. Finally, section 7 concludes and discusses the policy
implications.

2. The Swedish judicial system - A short description

The Ministry of Justice is responsible for matters that are related to the judicial system, which
include legislation on the fields of civil law and criminal law, for example.'® However, it is not
allowed to interfere in the day-to-day work, since the aim of the Swedish legal justice system is
to provide fair trials. This requires independence and autonomy between courts in relation to the
Parliament, Government, and other authorities. The judicial process differs depending on
whether it is a criminal case, a civil case, or a matter. The different processes are described in
figure 1. Each stage has the general purpose of dealing with cases and matters in an efficient
manner in compliance with the rule of law.

7 This study is a development of the report by Andersson et al. (2017b).
'8 This section builds on information presented by the Ministry of Justice (2015).
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Figure 1: Description of the judicial process

Criminal cases, to the left in figure 1, are first handled by the police. These cases start with a
police report followed by a preliminary investigation. In the next step, the case can either be
closed or be sent to the prosecutor, who will decide whether the case will be prosecuted or not. If
the case continues to prosecution, it will end up in the district court. A dispute is first handled by
the municipalities, and if it is not solved it becomes a civil case in the district court. These civil
cases are related to a dispute between individuals or business firms. Payment problems are
handled by the Swedish Enforcement Agency, which can decide on debt clearance. Another
potential route is bankruptcy, in which the decision has to be taken by the district court; this is
also the case if the firm itself applies for bankruptcy.

There are three different types of courts that build up the Swedish court system, namely the
general courts, the administrative courts, and special tribunals. The general courts consist of the
district courts, the Courts of Appeal, and the Supreme Court. Each of the instances is important,



since different instances provide possibilities to appeal to achieve a fair trial, which is a
fundamental right in any legal justice system. The Supreme Court, that is, the last instance, has
the main mission to provide the district court system with legal practice to enhance the
uniformity of actions in legal decisions.

This study focuses on the district courts, which have the mission to serve as the first instance in
the legal system. Each district court mainly handles cases related to their catchment area, which
corresponds to the surrounding geographical area. However, there are five courts that specialize
in land and environment cases. These courts deal for example with environmental and water
issues, property registration, and building matters. Within each court there are Chief Judges,
Senior Judges, and Judges who are considered as permanent judges, the former being the head of
the court. Each of these is appointed by the government. There are also law clerks who work as
non-permanent judges. Their work tasks normally consist of preparing cases, and they are most
likely to be recent law graduates. Finally, Lay Judges have experience from other occupations
and politics and are chosen by the Municipal Council but not educated in law. They work as
judges for a period of four years.

3. Literature review

There is literature regarding the labor productivity of courts (see e.g. Blank, van der Ende, van
Hulst, & Jagtenberg, 2004; SNCA, 2015) but only a limited amount of literature considering
court TFP. Kittelsen and Fegrsund (1992) are the first to investigate TFP change over time. The
efficiency scores of Farrell (1957) are used to calculate the MPI, which is decomposed into
change in efficiency and change in technology, with the first year as the base (Caves,
Christensen, & Diewert, 1982; Malmquist, 1953). In terms of the decomposed factors, the
catching-up was 4% and the technology shift 2% from 1983 to 1988. Kittelsen and Fersund
(1992) perform an outlier detection analysis in which the MPI and its components are shown in a
histogram with the labor share on the x-axis. Based on the diagrams, three courts are considered
to be outliers due to a large improvement or decline in TFP.*® Fauvrelle and Almeida (2016)
calculate the Malmquist index and decompose it into technical change and efficiency change.
Following Fére, Grosskopf, Norris & Zhang (1994), efficiency change is further decomposed
into a pure efficiency change and a scale component.” The results show on average a positive
TFP change of 1.5% decomposed into a decline of 1.7% in technical change (TC), a pure

9 Kittelsen and Farsund (1992) also note that an outlier with an exceptionally low efficiency score of 0.35 was
present. This court is highly specialized, but it is argued that very efficient courts may be more problematic.

% In the USA a PhD thesis by Ferrandino (2010) investigates TFP change and decomposes it into the same
components as Fauvrelle and Almeida (2016).



efficiency change of 3.3 %, and a scale efficiency change of 0.7%.% Both Fauvrelle and Almeida
(2016) and Kittelsen and Farsund (1992) use the averages of TFP change and decompose them
into at most three components. However, neither of them investigates whether the changes are
statistically significant.

While only a few studies exist on TFP change, efficiency is measured more extensively. This
research is important for this study, since it deals with the question of which inputs and outputs
to choose to measure performance.?” Lewin, Morey, and Cook (1982) are the first to investigate
inefficiency in district courts using DEA.? Lewin et al. (1982), as well as all the other studies,
use the number of employees as input. In some studies employees are measured as the number of
judges (see e.g. Ferrandino, 2014; Finocchiaro Castro & Guccio, 2014). In other studies the
personnel are separated into judges and office staff, for example (see e.g. Major, 2015; Santos &
Amado, 2014). The caseload of the court is another input included in some studies. The caseload
consists of pending and new cases, that is, the justice demand (see e.g. Kittelsen & Fgrsund,
1992; Schneider, 2005). For instance, Nissi and Rapposelli (2010) and Schneider (2005) argue
the importance of including the caseload, since an underestimation of productivity will occur
because the employees cannot perform their job without incoming cases. However, this is a
slightly contradicting argument when analyzing TFP, which will be described in the
methodology. Moreover, Beenstock and Haitovsky (2004) argue that individual productivity
increases if the work pressure is high. However, the caseload can also, as Kim and Min (2016)
argue, correlate negatively with quality. For example, if the caseload is low, more time can be
spent on each case, which on average generates a more precise judgement. The outputs normally
consist of the number of decided cases (see e.g. Nissi & Rapposelli, 2010). In some studies cases
are separated into type, for example criminal cases and civil cases (see e.g. Finocchiaro Castro &
Guccio, 2016). However, due to data limitations, the studies cannot separate the outputs within
each category based on the resources spent on each case. This aggregation equalizes e.g. a
murder with a car crime. Different types of crimes require different amounts of resources due to
their dissimilarity in complication. A problem with this will occur, in court performance analysis,
if there are differences in the mixture of crime types between courts.

Quality variables are argued to be important in some studies (see e.g. Yeung & Azevedo, 2011).
Some attempts to investigate the impact of quality variables on performance can be found in the

113

2! Moreover, an investigation is performed of what is described as “... productivity or technical efficiency ...”
(Schneider, 2005, p. 133). It is in fact technical efficiency that is calculated but referred to as court productivity each
time, except the previously cited occasion. Furthermore, Schneider (2005) investigates the determinants of
efficiency, such as the share of PhD judges and the share of judges older than 60, among others.

22 For a general descriptive survey of judicial efficiency, see Voigt (2016).

% Other previous input—output-oriented studies exist concerning court performance (see Nardulli, 1978) but not
concerning technical efficiency. There is also older research on courts that for instance focuses on organizational
perspectives (see e.g. Eisenstein & Jacob, 1977; Feeley, 1973).

5



literature. Examples are judges’ salaries and education, of which the former have a significantly
positive effect on efficiency (Deyneli, 2012). Furthermore, Schneider (2005) concludes that more
PhD holders as judges increase the efficiency. Finally, Falavigna et al. (2015) use court delay, as
an undesirable output, in a directional distance function.?* All these studies focus on technical
efficiency, which is basically a measurement of similarity. For instance, Espasa and Esteller-
Moré (2015) argue that the efficiency can be high even if the courts perform poorly as long as
they are congested. Thus, this is not a good measurement of performance improvements over
time; for example, lower inefficiency over time could occur due to a decline in performance of
the best district courts.

To sum up, there is no research regarding TFP in Sweden and very little literature
internationally. Furthermore, the international studies do not, due to data limitations, investigate
the potential heterogeneity in resource spending within the output categories. Moreover,
statistical inference is ignored and TFP is at most decomposed into three components.

4. Methodology

Different approaches can be applied in productivity and efficiency studies. Stochastic frontier
analysis (SFA) is a widely used parametric methodology (see e.g. Kumbhakar and Lovell (2003)
or Kriiger (2012) for overviews). SFA has the advantage of allowing for statistical noise directly.
However, the disadvantage is that it requires a specific functional form. Another option is the
DEA approach, which has the advantages that it relies on few assumptions and can handle
multiple outputs and inputs. Furthermore, DEA is relevant when analyzing the public sector, in
which the outputs are not sold on the market (Fgrsund, 2016). However, DEA also has some
disadvantages. Firstly, it does not give information about inference. To some extent this can be
handled by using resampling methods, such as the bootstrap procedure proposed by Simar and
Wilson (1998b). The second disadvantage of DEA is its sensitivity to outliers. This shortage is,
to a large extent, neglected in previous literature on court performance.

Outlier detection

There is no optimal procedure to detect outliers, since no generally accepted definition of an
outlier can be found (Davies & Gather, 1993). However, plenty of methods are applied in
different areas. For example, the outlier detection method by Wilson (1993) is useful when the
data checking is costly, that is, when the data set is large. Another approach, proposed by Simar
(2003), focuses on detecting what the author refers to as super-efficient observations. Kapelko

# The inefficiency is between 9% and 11% in Norway, Denmark, and Germany (Kittelsen & Fgrsund, 1992;
Rigsrevisionen, 2000; Schneider, 2005) and between 18% and 52% in ltaly, Portugal, and Brazil (Nissi &
Rapposelli, 2010; Pedraja-Chaparro & Salinas-Jimenez, 1996; Peyrache & Zago, 2016; Azevedo & Yeung, 2011).
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and Oude Lansink (2015) use a specific deviation from the median. This can be achieved in
different ways, for example including each input and output separately, using the ratio between
outputs over inputs, or considering the differences in the rate of change over time. The first is
just a measure of size; that is, a large (small) court has a large (small) amount of inputs and
outputs, making it likely to be eliminated. The focus in this paper is TFP change; therefore, we
focus on the deviation from median based on the rate of change in outputs as an outlier detection
procedure presented in a figure of boxplots. Finally, when a potential outlier is identified, a
closer look at the specific observation should be taken to produce arguments for why it is an
outlier (Simar, 2003).

DEA and the Malmquist productivity index

The point of reference can be taken either from an input perspective, that is, minimize the inputs
to produce a given level of output, or from an output perspective, that is, maximize the output
given the level of inputs. As in most studies of district courts, an output-based perspective is
assumed. The production technology in time period t for the 48 Swedish district courts is defined
as:

[1] S; = {(x},y)|x; can produce y; at time t},
where S, represents the technology. Each court, i, uses a vector of inputs, x*, to produce a vector
of outputs, y¢, in period t. Using the output distance function,? the technical efficiency can, in
time period t, be written as:

[2] Di(xt, yi) = inf{6: (x{, yf/0) € S1},

where 6 is a scalar, the o-subscript represents output distance function and the distance is
Dé(xE, yH) < 1. From the distance function, a measure of technical efficiency (TE) is obtained as
TE = 1/D{(xt,y!). If TE is equal to unity, the court is on the frontier, meaning that it is
technically efficient. However, if TE is larger than unity, the court is inefficient, for instance TE
equal to 1.1 means that the output can be increased by 10%, given the amount of inputs. To
calculate the standard Malmquist index introduced by Caves et al. (1982), the same calculation
needs to be performed for the following period, that is, t+1. This is shown in equation 3.%°

[3] DE(x{*1, yf*h) = inf{6: (x{*!, y[*'/6) € S'}.
This can be written similarly in the VRS case, which is defined as AL(x{*!, yf*1). Using
equations 2 and 3, assuming the technology of period t as the reference, Caves et al. (1982)
define the MPI as:

% See Shephard (1970) for the output distance function. The input distance function is defined in Shephard (1953).
% The name comes from the early work by Malmgquist (1953).
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Dg(xf+1' Yit+1)

Do(x, i)
where the MPI is the ratio of the output distance functions in each period, respectively. To avoid
an assumption of the benchmark technology, equation 4 is also defined with t+1 as the period of

reference. The MPI is then defined as the geometric mean of the two indexes.?’

[4] Mo(x, yi, xi*th, yith) =

Decomposition of TFP

Decomposition of the productivity index is first proposed by Nishimizu and Page (1982), who
define TFP as the sum of the efficiency change and technical change.”® The geometric mean of
two indexes is, following Caves et al. (1982) and Fare et al. (1989, 1992), obtained by rewriting
equation 4 as:

1/2

DE(xi*, yith) | DEF (T yith)
[5] MO(Xit! y1t’ Xit+1‘ Yit+1) = DB(Xlt, ylt) Dg+1(xit‘ yf) )
where the distance functions are defined assuming CRS. Based on the geometric mean defined in
equation 5, the MPI can be decomposed into technical change (TC) and efficiency change (EC).
Following Simar and Wilson (1998a) the decomposition is, while allowing for VRS, written as®:

1/2
At+1( XF+1 y't+1) AL‘ (Xt"+1 y't+1)At (Xt yf)
6 M (xt; F;X¢+1) t+1) = ( > Lt X e L =
[6] oXi, ¥i yi )

' A5 (x{, ¥1) AGFH(x{Y, yiTHAGT (i, vi
EC X TC.

EC is interpreted as changes in the relative efficiency of a court, that is, movements towards or
away from the frontier, while TC measures the shift of the frontier itself. EC or TC that is larger
(smaller) than unity indicates an improvement (decline) in efficiency or technical change
between period t and period t+1.% Using the Simar and Wilson (1998a) notation, which allows
both TC and EC to have either VRS or CRS, makes the decomposition shown in equation 7
possible.

%" There is a subscript t in both the numerator and the denominator, since the technology in period t is the reference.
Thus, production outside the reference frontier can occur, which would indicate technical change (Féare et al., 1994).
%8 The approach by Nishimizu and Page (1982) requires specification of the functional form.

% The inclusion of multiple inputs and outputs when assuming VRS in technical efficiency computations was first
proposed by Banker (1984) and empirically applied by Banker, Charnes, and Cooper (1984). A graphical description
of the DEA frontier with CRS and VRS presented in figure Al.

% Fare et al. (1994) relax the CRS assumption to allow for VRS and decompose EC into a pure effect and a scale
effect, respectively. According to Ray and Desli (1997), the decomposition presented by Fére et al. (1994) is wrong,
because the efficiency change is assumed to exhibit VRS while the technology has CRS. To clarify, if CRS holds,
there will not be any scale effect, since scale optimality pioneered by Frisch (1964) is assumed. On the other hand, if
VRS is assumed, technical change, as defined by Fére et al. (1994), does not measure the shift in the CRS frontier.
However, the error in calculation that Ray and Desli (1997) mention is, according to Simar and Wilson (1998a),
only an error in the definition of equations 6—7 in Fére et al. (1994). In other words the definitions by Fére et al.
(1994) assume CRS but their calculations allow for VRS. According to Simar and Wilson (1998a), equation 6 in
Fare et al. (1994) should be written as equation 6 in this paper.

8



[7] Mo(xf, yi.xi*', yi*h) =

<D5+1(Xlt-:+1, ylt+1)> (A5+1(X§+1, yl:t+1)/Dg+1(X$+1, yf+1)> X
DX, yh) A5 (xf, yf)/DE v

1
t t t t 5
( D&(xi ™, yi DG, ¥i) )2 %
DEH (x{*, y DG (xf, vi)

( AS(x{ yi /Db yith) A5 (xf, yi)/mE(xf yi)
ASFA(x*Y, yi)/DEF (xTY v T ARt (xf, vi)/DE(x{ vi)

AScaleEff x APureTech X AScaleTech.

APureTech and APureEff are both defined on the best-practice technologies according to Ray
and Desli (1997) and Fére et al. (1994), respectively. The scale efficiency change measures the
movement towards or away from the technically optimal scale. Finally, the scale of the
technology (AScaleTech), proposed by Simar and Wilson (1998a), represents the scale bias of
technical change, that is, the geometric mean of two scale efficiency ratios. This means that any
change in ScaleTech occurs from a change in the shape of the technology. The first ratio consists
of the change in the scale of the technology between t and t+1. The reasoning of the second ratio
is similar, specifically a change in the scale of the technology between t and t+1 relative to the
location of the production unit in period t.** Problems with this decomposition can occur when
cross-period distance functions are calculated using the VRS assumption, since it can generate
missing values for some components.® Finally, this decomposition is criticized slightly for its
confusing interpretation. For example, Wheelock and Wilson (1999) interpret what we call
AScaleTech as the shape of the technology, while Zofio and Lovell (1998) interpret it as the
scale bias of the technology (see Balk, 2001; Ray, 2001). A graphical description of APureTech
and AScaleTech is presented in figure A2 in the appendix.

%
) = APureEff x

To examine TFP and its decomposed factors, the efficiency needs to be calculated. The
reciprocal to the output-based Farrell (1957) measure of technical efficiency is formulated by
Fare et al. (1994) as:

[8] [D{E, yH]™1 =TE = Max 6
subject to
[9] le§=1 ZXgn < Xjpn=1,..,N

*! This decomposition is simultaneously proposed by Gilbert and Wilson (1998), Wheelock and Wilson (1999), and
Zofio and Lovell (1998).

% The VRS assumption is more sensitive to infeasible values when the cross-period distance functions are computed
(Briec & Kestens, 2009). This can be avoided by only using a CRS technology. However, CRS is only relevant
when long-run equilibrium in size appears to be a reasonable assumption (Chambers & Pope, 1996). This is not a
valid assumption in our case.

¥ An alternative decomposition can be found in Lovell (2003). In the Lovell (2003) case, both the output and the
input mix are considered, respectively. This is, however, not relevant to district courts, since a single court does not
have the power to decide the output mix.



[10] Yh=1ZkYien = 0)Yjmm=1,..,M

[11] K_1Z; = 0 (CRS),

[12] K_1Z = 1 (VRS),
where z, is N x 1 the vector of intensity variables (weights). The objective is to maximize 6,
which corresponds to minimizing the value of the distance function, D§(x¢, y£).>* For example,
if y, is an arbitrarily chosen level of output, the maximum output, given the level of inputs, is

calculated as y, = TE! or similarly y,/D§(x¢, yf).

To compute the MPI, four single-period problems are required, assuming CRS and VRS, as well
as four mixed-period problems, under CRS and VRS.* These calculations will generate the
average MPI. To improve the robustness of the calculated MPIs and draw conclusions based on
statistical inference, a bootstrap approach is applied.

Bootstrapping the Malmquist productivity index

Statistical inference for DEA is most commonly based on bootstrapping (see e.g. Efron, 1979).
Bootstrapping, and other resampling techniques, simulates the data-generating process multiple
times by resampling from the data and applying the original estimator to each simulated sample.
This generates an approximation of the sample distribution that can be used to create inference
that is meaningful in a statistical sense, for example the confidence intervals of the DEA
efficiency scores. These confidence intervals are based on a large number of bootstrap draws
(see e.g. Simar & Wilson, 1998b). Further, the efficiency scores can be bias corrected, as
proposed by Simar and Wilson (1999). However, the rule of thumb is not to correct for this bias

unless s? < é(BiasB[Mit'”l])z, where s2 is the variance of the bootstrapped values (Simar &

Wilson, 1999). The procedure can be summarized in four steps: 1) calculate the MPIs as
previously described, 2) generate an i.i.d. bootstrap sample from the original sample, 3) calculate
the MPIs based on the bootstrap sample, and 4) repeat steps 2 and 3 a sufficient number of times,
in our study 2000, to generate standard deviations to construct the confidence intervals of the
MPI and its decomposed factors.*

To summarize the methodology, the MPI including all the decomposed factors and their
confidence intervals will be computed and bootstrapped. This provides the possibility to evaluate

¥ A distance, DE(x!, yb) <1, is fulfilled if the technology is defined on the production set as in equation 3.
However, it can be above 1 in the mixed linear problem, indicating technical progress.

% The necessary linear problems to be solved are D¢(xt, yt), D§1 (x4, yi*1), D(x*Y, yi+1), and DE1(x!, yi)
for CRS. Similarly they are A§(x¢, yf), AP (xEHE, yith), Ab(xiE, yi+1), and ASY1 (x4, yf) for VRS. These are
calculated for each change in time, generating 8*3 problems for each court.

% This calculation is performed using the FEAR software in R (Wilson, 2008). A discussion about weaknesses with

this bootstrap procedure can be found in Olesen and Petersen (2016).
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changes based on statistical significance due to the bootstrapping. The decomposition can serve
as a good starting point for investigating the sources of the TFP change. This can be achieved
without problems of sample noise, making the results statistically robust.*

5. Data

The data used were obtained from the SNCA and are more detailed than the data used in
previous research; for example, different cases and matters are reported in 47 categories, which
will be taken into consideration even though some aggregation is necessary. The reason is that
each input and output that is added to the model reduces the ability to discriminate between
courts due to the degree of freedom problem. The choice of input and output variables is based
on what representatives of the courts have stated in interviews as reasonable resource and
performance measures as well as economic theory and previous research.®

In the first step, the outputs are aggregated into decided civil cases, decided criminal cases, and
decided matters. Simply adding these three groups together will, however, introduce aggregation
errors. There are differences between courts regarding the type of cases and matters that they
handle. Some courts handle more resource-intense cases than others. For example, a murder case
would most likely require more resources than a traffic case. This heterogeneity within different
categories of cases and matters is not taken into account in previous studies (see e.g. Kittelsen &
Fersund, 1992; Santos & Amado, 2014; Yeung & Azevedo, 2011). To compensate for these
facts, the outputs are weighted by the hearing time, that is, the time in the courtroom.* This
means that courts with a large share of cases from a complicated category are not negatively
affected in terms of TFP. The weights are based on the average hearing time in each sub-
category; for example, criminal cases alone consist of almost 40 categories, and each category
receives its own weight.*

On the input side, labor is the largest cost share for Swedish district courts, with 70%, and the
rental cost is about 13% for the period 2012-2015 (SNCA, 2012, 2013, 2014, 2015, 2016).
Labor is divided into three categories, specifically the number of hours worked for: 1) judges, 2)
law clerks, and 3) other personnel. A measure of capital is omitted from previous research (see
e.g. Ferrandino, 2014; Kittelsen & Farsund, 1992), with the exception of Elbialy, Garcia-Rubio,

%" Fgrsund (2016) argues that separation of the pure and the scale effects are problematic in the decompositions.
Furthermore, the interpretation of multiplicative decomposition is argued to be unclear. However, other authors such
as Lovell (2003) and Simar and Wilson (1998a) argue that this decomposition is meaningful.

% Wagner and Shimshaks’s (2007) strategy of model selection is also used to assess the plausibility of the model.

% According to Andersson et al. (2017b), the hearing time could be used as an approximation of the resources
spent.

0 The weights are calculated as an average over the whole time period for which data are available; that is, 2007—
2015.
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and Zaki (2011), who incorporate computers. To incorporate capital, the office space of the court
is used following the assumption that the amount of capital, such as computers and office
equipment, is proportional to the size of the premises.*

Furthermore, the caseload, as described in the previous literature, is an important source of
performance for several reasons; for example, if there is no caseload, there will not be any
output. We argue that the caseload is an important variable to incorporate when calculating
performance that focuses on improvements of technology, management, and so on. However, it
is not recommendable to include the caseload in the main analysis when TFP is investigated,
since an important factor of TFP changes is flexibility in inputs, that is, adjustable inputs
depending on changes in justice demand. Thus, the caseload is only included in the correlation
analysis. The caseload in year t is defined as the stock of open cases and matters at the end of
year t-1 plus the incoming cases and matters in the present year. A potential problem with this
method is that the incoming cases in the end of 2015 are not included. The correlation is
invariant for addition and therefore only a problem when the difference is non-random between
courts. In our case, it is however more relevant to assume randomness between courts, meaning
that it does not affect the correlations.*

1 A potential limitation that we cannot control for is differences in the preliminary investigation between regions;
for example, a court might perform better if it is has better material with which to work.

2 A measure of quality can potentially be included in the analysis. Andersson et al. (2017b) incorporates the change
frequency in higher instances in a second-stage analysis and concludes zero correlation with the efficiency scores.
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Outlier detection

The simplest method of detecting outlier is by using boxplots. A short description of different
procedures is presented in the methodology. In this paper the variable of interest is the change in
TFP. The outlier analysis is performed using changes in outputs, that is, the rate of change in, for
example, criminal cases from 2012 to 2013. The results of this analysis for each output are

reported in figure 2.
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Figure 2 presents boxplots of the changes in output from one year to the following one, that is,
our three investigated time periods: 2012-2013, 2013-2014, and 2014-2015. The upper-left
boxplot reports changes in civil cases for the different periods, the upper-right boxplot criminal
cases, and the lower-left boxplot decided matters. The whiskers have a standard range showing



that courts with a change in at least 1 of the outputs of more than approximately + 20% from
one year to the next are eliminated. A total of 14 courts are eliminated, meaning that there are 34
courts left in the sample.”® The descriptive statistics of the outputs and inputs, after the
elimination of outliers, are reported in table 1.

Table 1: Descriptive statistics, excluding outliers.

Mean (std dev.)

2012 2013 2014 2015
Outputs
Number of decided civil 3877 4069 4100 3837
actions (weighted) (3293) (3529) (3497) (3238)
Number of decided criminal,
i 4266 4182 4167 4 207
real estate, and environmental (2 991) (3015) (2 909) (3012)
cases (weighted)
Number of decided matters 901 942 955 944
(weighted) (597) (619) (654) (634)
Inputs
Regular and irregular judges 19.22 19.59 20.44 20.84
of any kind* (13.21) (14.17) (14.93) (15.21)
Law clerks and employees of
- 19.83 20.17 20.63 20.17
the law clerk training (15.24) (15.35) (15.44) (15.42)
program* ' ' ' '
33.68 34.75 35.26 35.43
Other personnel*
(25.37) (26.55) (26.78) (27.85)
. 4 493 4592 4570 4 608
Office space (square meters)
(2 863) (2932) (2869) (2838)
Correlation variable
7 447 7 383 7 146 5430
Caseload
(5394) (5332) (5131) (3893)

* Measured as full-time equivalent.

* Many courts are outliers based on the matters in 2012-2013 compared with the number of outliers in other
periods. The reason is that one type of matters that was handled by seven of the district courts was moved to the
Swedish Mapping, Cadastral and Land Registration. This means that the caseload will decline ceteris paribus for
these courts during this year, making the TFP change negative if the inputs are not adjusted to compensate. In this
study these courts are considered to be outliers.
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Table 1 show that the differences in output over time are on average quite small. However, each
of the inputs increases in size over time. For example, the number of full-time equivalent judges
increases from 19.22 to 20.84 (9%). The caseload decline over time, but the dramatic drop the
last period is because all incoming cases are not included as previously described. Also to be
noted are the large standard deviations, which are almost as large as the means. For instance,
Goteborg district court is, in terms of hours worked for judges, approximately 17 times larger
than Gotland. However, the largest and smallest courts are eliminated in the outlier analysis,
making the standard deviations smaller than if all the courts are included (reported in appendix
table A4). Finally, the non-weighted caseload declines during the studied time period, for
example by 4% from 2013 to 2015.

6. Results

The results concerning the MPI and its decomposed factors are reported first, namely efficiency
change (EC) and technical change (TC). EC and TC are then further decomposed into a pure and
a scale effect. Then a correlation analysis is performed based on the MPI and its components.

6.1. Malmquist index and its decomposed factors
To create possibilities for comparisons, we firstly conclude that the TFP change is negative
during each year, driven by technical regress, when all the courts are included.* Based on the
outlier detection analysis in the data section, the district courts with large volatility in output over
time are eliminated. The MPI and its components, after the elimination of outliers, are reported
in table 2.%

Table 2: Malmquist index and its decomposed factors after eliminating outliers.

Number of Number of

Malmquist Technical Efficiency . .
- courts with ~ courts with
Year productivity change change
. TFP below  TFP above
index (MPI) (TC) (EC) . .
unity* unity*
2012-2013 1018 LOL3 1005 9 (26%) 14 (41%)
- (0.997-1.038)  (0.951-1.051) (0.960-1.069) ’ ’
1.002 0.999 1.003
2013-2014 9 (26%) 11 (32%)

(0.985-1.021)  (0.958-1.045) (0.948-1.051)

“ The TFP change is -2.2%, -0.6%, and -3.5% for 2012-2013, 2013-2014 and 20142015, respectively. The full
results, including all the courts, are reported in the appendix.

** The bias is not corrected for since s = 0.00071 > i(BiasB [M{f*])2 = 0.00026, calculated as an annual
average. This is in accordance with the limit stated by Simar and Wilson (1999).
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0.961** 0.963 0.998
2014-2015 23 (68%) 3 (9%)
(0.940-0.981)  (0.924-1.006)  (0.942-1.044)

0.993 0.992 1.002
2012-2015 14 (40%) 9 (27%)
(0.974-1.013)  (0.944-1.034)  (0.950-1.055)

The bootstrapped confidence intervals at 5% are reported in parentheses, where ** symbolizes significance at the
5% level. * Below (above) unity means significantly below (above) the 5% level of significance.

In table 2 the TFP change, measured as the MPI, is positive for 2012-2013 and 2013-2014,
respectively. Column 3 reports that TC is positive during the first period and approximately zero
in the following ones. EC contributes positively to the TFP growth during the period 2012-2014.
If the five courts that are considered to be outliers, based on the fact that a type of matter only
handled by these courts moved to the Swedish Mapping, Cadastral and Land Registration, are
included, the MPI of the first two years is negative, indicating low flexibility, even though this
was known at least 1 year in advance.*® For the last period, 2014-2015, both TC and EC affect
TFP negatively, which generates a statistically significant decline in TFP. An interpretation of
the results for the first two periods (2012—2014) is that the courts with the largest volatility in
output on average explain the negative TFP change. The negative MPI, measured as an annual
geometric average over the whole time period, is driven by 2014-2015. A few courts have large
volatility in terms of TFP. For example, Gotland has TFP growth of 13.6% and 26.1% for the
first periods, respectively. However, it has a 12% decline in TFP during the period 2014-2015.
The MPI and its confidence intervals are graphically reported for each court and each year in
figures A3—AS5 in the appendix.

EC is small during the last period, specifically -0.2% (column 4, row 4), while TC is -3.7%
(column 3, row 4). These results are interpreted as the statistically significant decline in TFP
having its major source in a movement inwards of the frontier, indicating that the best courts
perform worse. In columns 5 and 6, it can be observed that the number of courts with a
significantly negative TFP change is stable during the period 2012-2014 but increases in 2014—
2015. Furthermore, the number of courts with significantly positive TFP growth decreases in
each year.*’ Both the fact that the production frontier moves towards the origin and the fact that
many courts perform significantly worse in terms of TFP indicate that this result is not driven by
a few observations. To gain more information, TC is decomposed into pure TC and scale TC.

“ ESO (2016) also concluded low flexibility in the Swedish public sector, e.g. within schools and elder care. For
example, the efficiency declined the years with a lower number of pupils.

" There is no indication that more or fewer well-performing (or poorly performing) courts are eliminated.
Depending on the year, there are for some years larger shares of courts with significantly positive TFP change and
for other years the opposite. Looking at the whole period, both the share of well-performing courts and the share of
less-well-performing courts, in terms of TFP change, decline.
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Decomposition of technological change

The decomposition of TC into pure TC and scale TC is performed according to equation 7 in
section 4. The results are reported in table 3.

Table 3: Decomposition of technical change into pure technical change and scale technical
change.

Year Technical change (TC) Pure TC Scale TC
1.013 0.999 1.010
2012-2013 (0.951-1.051) (0.927-1.031) (0.993-1.044)
0.999 1.000 0.996
2013-2014 (0.958-1.045) (0.960-1.051) (0.969-1.015)
0.963 0.969 0.996
2014-2015
(0.924-1.006) (0.929-1.018) (0.970-1.017)
0.992 0.989 1.001
2012-2015 (0.944-1.034) (0.939-1.033) (0.977-1.025)

The bootstrapped confidence intervals at 5% are reported in parentheses.

Technical change is defined as the product of pure TC and scale TC.*® Pure TC means that the
best firms, assuming CRS, have approximately no change in 2012-2014 but pure TC of -3.1%
from 2014 to 2015. The movement from the optimal scale (scale TC) generates regress of around
0.4% for the same time period. As an attempt to interpret these declines, it is worth studying the
boxplots used to identify the outliers, shown in figure 1. It can be observed that the average
number of decided cases and matters is fairly stable for 2012-2014, that is, a fluctuation between
1% and 2%. However, looking at 20142015, the decided criminal cases and matters are in the
same range as previously but the civil cases decline by 5.1% on average, with a median of -6.7%.
Thus, the produced output decreases in total, driven by a lower number of civil cases. This,
however, only concerns decided cases. Regarding the data from the SNCA (2015), the number of
incoming civil cases is reported to decline by 5% during the period 2014-2015, and the number
of balanced civil cases declined by 7%.%° Thus, an explanation for the negative TFP change
driven by a decline in TC is likely to be due to the decline in the caseload during this period.
This in itself should not decrease TFP if the inputs are fully flexible. However, the inputs are not
flexible enough to compensate for the lower workload level. To investigate the components of
efficiency change, its decomposition is now reported.

8 As noted in the methodology, a VRS assumption using cross-period distance functions is sensitive to infeasible
values. Two courts (Gotland and Haparanda) receive missing values for pure TC and scale TC. Both these courts
show the same pattern, specifically large volatility in TFP.

* It can also be noted that the incoming cases in this category decrease by 8% from 2013 to 2015 (SNCA, 2016).
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Decomposition of efficiency change

Efficiency change is decomposed into pure efficiency change and scale efficiency change

according to Fare et al. (1994). The results are reported in table 4.

Table 4: Decomposition of efficiency change into pure efficiency change and scale efficiency

change.

Year Efficiency change (EC) Pure EC Scale EC

20122013 1.005 1.012 0.993
(0.960-1.069) (0.974-1.091) (0.947-1.012)

2013-2014 1.003 0.998 1.005
(0.948-1.051) (0.934-1.047) (0.981-1.034)

20142015 0.998 0.996 1.002
(0.942-1.044) (0.931-1.046) (0.977-1.029)

1.002 1.002 1.000
2012-2015

(0.950-1.055)

(0.946-1.061)

(0.968-1.025)

The bootstrapped confidence intervals at 5% are reported in parentheses.

Efficiency change is positive for 2012-2013 and 20132014, respectively. The positive effect
has its source in the positive pure EC for the former period and scale EC for the latter. This
indicates that district courts on average become more homogeneous, since the efficiency
measures the distance from the frontier. During the period 2014-2015, EC is negative, indicating
greater heterogeneity between courts; that is, the average court is further away from the
production frontier. However, the change is only -0.2%. In comparison with what can be
observed in both table 2 and table 3, it can be concluded that most changes in TFP have their
source in technical change and that none of the changes in efficiency is statistically significant.

6.2. Correlation analysis
A few of the previous studies argue the importance of incorporating the justice demand to avoid
underestimating a court’s TFP. However, as stated, the justice demand should not affect TFP if
the inputs are fully flexible; that is, there should be a zero correlation if this is fulfilled. In table 5
the MPI and decomposed factors are correlated with the rate of change in the caseload.
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Table 5: Spearman correlations between MPI, TC and EC and the rate of change in the caseload.

Malmquist . -
o Technical change Efficiency change

Year productivity index

(TC) (EC)
(MPI)

20122013 0.454%*** 0.240 0.286
- (0.007) (0.171) (0.101)
5013-2014 0.304* 0.134 0.137
B (0.081) (0.450) (0.441)
2014-2015 0.347** 0.232 0.176
B (0.044) (0.186) (0.320)

P-values are reported in parentheses. *** symbolizes significance at 1%, ** significance at 5% and * significance at
10%.

From table 5 it can be observed that the MPI, but not the components, have a positive correlation
with the rate of change in the caseload that is statistically significant. A positive correlation can
mean either that the inputs do not decrease enough when the demand for justice services declines
or that the employees work harder when the demand increases, generating increased output given
the inputs. Each of these reasons indicates a slack in the courts; that is, more can be produced
without increasing the inputs. Schneider (2005) argues that the exclusion of the caseload
generates an underestimation of TFP. However, despite the positive correlation concluded in this
section, we argue that the correct measure of TFP is what we reported in the main analysis.
Nevertheless, the caseload can at least partly explain the results, meaning that the inputs are not
flexible enough. The positive relationship between the MPI and the rate of change in the
caseload is also in line with Beenstock and Haitovsky (2004), who argue that individual
productivity increases when the work pressure is high. These results strengthen the previous
argument of low flexibility in inputs. However, it should be interpreted carefully since no
causality can be concluded.>®

7.  Conclusion and policy recommendations

The purpose of this paper was to investigate the development of TFP from 2012 to 2015. The
differences in comparison with previous research are: 1) more detailed data are used that allow
the outputs to be weighted based on the hearing time, 2) statistical inference is incorporated by
adopting a bootstrap approach, and 3) TFP is decomposed into four components in contrast to a
maximum of three in the earlier literature.

% The results, including the outliers, show the same pattern but the significance is stronger and the correlations
higher. These results are reported in table A4 in the appendix.
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The findings indicate a 0.7% decline in TFP measured as an annual geometric mean. However, a
substantial variation between courts is found; for example, 26—68% of the courts have a negative
change in TFP, while 9-41% of the courts have a positive TFP change, depending on the year.
The negative impact is mainly driven by technical regress during the last period. The sources of
technical change are fairly equally distributed between pure change in the technology and change
in the scale of the technology, except for 20142015, when most of the decline comes from the
pure part. Furthermore, TFP is concluded to have a positive and significant correlation with the
caseload, indicating a non-sufficient level of flexibility in inputs.

The policy conclusion is that there is room for improvements. A recommendation is that district
courts with negative TFP could learn from those with positive TFP. This can hopefully result in a
positive TFP development in the future. Furthermore, it can be observed that the smallest courts
have the largest volatility in TFP change which is a source of inefficiency. Therefore, smoother
changes can be achieved by merging courts, which would improve TFP. However, the merging
is to some extent constrained by the social and geographical issues that need to be taken into
consideration. To avoid this issue, a less controversial policy implication that achieves more
flexibility in the Swedish district courts is to develop the back-up force, introduced in 2012, to
include other personnel than judges. This will allow the inputs to be adjusted when the demand
fluctuates which generates a higher degree of flexibility on the regional level. In particular, this
will enhance the flexibility of the small courts. The smallest courts have close to the minimum
number of employees. Small courts are by construction more sensitive to changes in the
workload, since a small change in the justice demand generates a large share of the percentage.
Therefore, the issue of large volatility in the justice demand could at least partly be solved by an
expansion of the back-up force to enhance flexibility. Furthermore, more flexible inputs across
Sweden could potentially make it possible to eliminate the requirement of a minimum number of
employees in each court. Instead the volatility in the smallest courts can be served by flexible
personnel, for example the back-up force.

Finally, peer comparisons of courts could be used in many potential aspects of the work of
improving efficiency and productivity. For example, differences can be present that are not
directly possible to determine in this study, such as organizational problems. This is, however, an
aspect that can be taken into consideration in future research.
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Appendix
Table Al: Malmquist index and its decomposed factors including all courts. The bootstrapped
confidence intervals at 5% are reported in parentheses.

. : . Number of  Number of
Malmquist Technical Efficiency . )
- courts with  courts with
Year productivity change change
: TFP below  TFP above
index (MPI) (TC) (EC) . .
unity* unity*
2012-2013 0978 09237 10637 21 (44%) 13 (27%)
- (0.955-1.002)  (0.852-0.960) (1.008-1.151) ’ °
2013-2014 0994 0977 1.018 16 (33%) 17 (35%)
—. 0 0
(0.974-1.013)  (0.931-1.019) (0.962—1.070)
20142015 0.9657 0981 0.984 28 (58%) 5 (10%)
B (0.941-0.987)  (0.940-1.035) (0.914-1.032) ’ ’
0.979 0.960 1.022
2012-2015 22 (45%) 12 (25%)

(0.957-1.000)

(0.907-1.004)

(0.961-1.083)

** symbolizes significance at the 5% level. * Below (above) unity means significantly below (above) the 5% level
of significance.

In the first column of table Al, the years used are indicated. The MPI is reported in the second
column. As seen from column 2, the MPI is below unity during each year. Looking at the whole
period, TFP decreases by 2.1% measured as an annual average, which can be seen from column
2, row 5. The decomposition into TC and EC makes it possible to some extent investigate the
source of this decline. For each of the studied periods, TC is below unity, on average. The
interpretation of this is that technical regress occurred. Technical regress can occur for example
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if reinvestments of capital are not made to compensate for capital use. Another potential
explanation is that the cases have become more complicated over time, therefore taking more
time to handle. However, the turnaround time decreased during this time period, in terms of both
criminal cases and civil cases, according to the SNCA (2014, 2016). Moreover, technical regress
can occur due to a reduction in the demand for justice services with either partial or no
adjustment in inputs. While technological regress is observed, efficiency improves during two of
the periods. The efficiency improvement is 6.3% and 1.8% for 2012-2013 and 2013-2014,
respectively. Moreover, from column 5 it can be observed that 16—28 courts, that is, 33—58%,
experience a negative change in TFP depending on the year. This can be compared with column
6, which shows that between 5 and 17 courts, or 10—-35%, have a positive TFP change. In detail,
7 courts have a significantly negative TFP change during each year.”* On average, 45% of the
courts have a negative TFP change and 25% of the courts a positive and significant TFP change.

Decomposition of technical change

The decomposition of TC into pure TC and scale TC is performed according to equation 7 in the
methodology. The results are reported in table A2.%

Table A2: Decomposition of technical change into pure technical change and scale technical
change including all courts. The bootstrapped confidence intervals at 5% are reported in
parentheses.

Year Technical change (TC) Pure TC Scale TC
0.923** 0.959** 0.969
2012-2013 (0.852-0.960) (0.873-0.997) (0.928-1.018)
20132014 0.977 0.989 0.985
(0.931-1.019) (0.942-1.037) (0.953-1.015)
20142015 0.981 0.979 1.005
(0.940-1.035) (0.932-1.040) (0.971-1.035)
0.960 0.976 0.986
20122015

(0.907-1.004)

(0.915-1.024)

(0.951-1.023)

** symbolizes significance at the 5% level.

Technical change is defined as the product of pure TC and scale TC. Pure TC means that the best
firms, assuming CRS, have technical regress of approximately 4% from 2012 to 2013 that is due

*! These are the courts of Alingsas, Mora, Norrtélje, Sundsvall, Uddevalla, Varberg, and VVastmanland.

%2 There are courts with missing values for pure TC and scale TC. Each of them has a large volatility in TFP
presented in parentheses: Lycksele (19.2%, 5.7%, and -23.3%) is missing during each time period. Gotland
(+15.1%, 11.8%, and -10.9%) and Haparanda (3.4 %, 2.6%, and -8.9%) are missing from 2013-2015. Géllivare
(3.9%, 4.5%, and -15.4%) is missing for the last time period. These courts are also the four smallest, which might be
a reason for their large volatility.
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to non-optimal use of inputs. The movement from the optimal scale (scale TC) generates regress
of around 3% for the same time period. Basically the same pattern can be observed for the other
time periods but is smaller in magnitude, meaning less regress. During the period 2014-2015, the
district courts move towards the optimal scale, which can be seen in the column for scale TC.
However, the negative pure technical change generates regress in total for this period.

Decomposition of efficiency change

Efficiency change is decomposed into pure efficiency change and scale efficiency change. The
results are reported in table A3.>

Table A3: Decomposition of efficiency change into pure efficiency change and scale efficiency
change including all courts. The bootstrapped confidence intervals at 5% are reported in
parentheses.

Year Efficiency change (EC) Pure EC Scale EC
1.063** 1.024 1.039
20122013 (1.008-1.151) (0.972-1.122) (0.964-1.092)
20132014 1.018 1.004 1.014
(0.962-1.048) (0.942-1.059) (0.974-1.043)
20142015 0.984 0.997 0.987
(0.914-1.032) (0.909-1.053) (0.952-1.028)
1.022 1.008 1.013
2012-2015

(0.961-1.076)

(0.941-1.078)

(0.963-1.056)

** symbolizes significance at the 5% level.

Efficiency change is positive for 2012-2013 and 2013-2014, respectively. The positive effect
has its source in both positive pure EC and positive scale EC for both time periods, respectively.
This indicates that district courts on average become more homogeneous, since efficiency
measures the distance from the frontier. However, during the period 2014-2015, both
components of EC are negative, indicating larger heterogeneity between courts; that is, the
average court is further away from the production frontier. Based on the results in table A2,
regarding TC, it can also be concluded that this change in discrepancy means that the courts on
the frontier perform worse, since a technical regress occurs. To investigate whether the reported
results are related to the rate of change in the caseload, a correlation analysis is performed.

Correlation analysis

%% There are no missing observations in the decomposition of EC.
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The relationship between the MPI and the rate of change in the caseload should theoretically be
zero if the inputs are fully flexible. The results, including all the courts, are reported in table A4.

Table A4: Spearman correlations between MPI, TC and EC and the rate of change in the
caseload. All courts included

Malmquist
. q . Technical change Efficiency change
Year productivity index
(TC) (EC)
(MPI)
2012-2013 0.715*** 0.216 0.471%**
- (0.000) (0.140) (0.001)
20132014 0.471%** 0.288** 0.483***
; (0.001) (0.047) (0.001)
20142015 0.580*** 0.202 0.535***
(0.000) (0.168) (0.000)

P-values are reported in parentheses. *** symbolizes significance at 1%, ** significance at 5% and * significance at
10%.

The same patterns as shown in table 5 in the main analysis can be observed from table A4 when
all the courts are included. However, the level of significance is slightly stronger when all the
courts are included, which is intuitive, since it should be more difficult to adjust inputs for large
changes in percentage of the justice demand.
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Descriptive statistics

Table A5: Descriptive statistics including all the courts

Mean (std. dev.)
2012 2013 2014 2015
Outputs
Number of decided civil 3587 3746 3782 3619
actions (weighted) (3 454) (3617) (3593) (3530)
Number of decided criminal,
: 3838 3778 3736 3780
real estate, and environmental
. (3196) (3197) (3063) (3142)
cases (weighted)
Number of decided matters 865 881 898 883
(weighted) (637) (764) (827) (789)
Inputs
Regular and irregular judges 17.17 17.58 18.48 18.76
of any kind* (14.63) (15.58) (16.39) (16.36)
Law clerks and employees of
. 18.41 18.79 19.12 18.82
the law clerk training
N (17.80) (17.86) (18.05) (18.17)
program
31.45 32.54 33.01 33.36
Other personnel*
(29.38) (30.59) (30.71) (31.94)
4371 4 465 4 461 4511
Area (square meters)
(4 196) (4 218) (4 180) (4 175)
Correlation variable
6 900 6 817 6 577 5023
Caseload
(5877) (5952) (5 696) (4 355)

* Measured as full-time equivalent.

Illustration of DEA

Figure Al below shows the production, under CRS and VRS, when one input is used to produce

one output.
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Figure Al: Graphical illustration of DEA (Drawn based on Coelli et al. 2005, figure 11.1)

Figure Al shows the production frontier for CRS and VRS during year t and year t+1,
respectively. Year t+1 is on a higher level of output, given the level of input, meaning that
technical change has occurred. Furthermore, increasing returns to scale (IRS) can be observed,
assuming VRS, to the left of the tangency between the CRS and the VRS frontier, indicating that
the firms using less than this level of input are too small. Similarly, to the right-hand side of the
tangency point, there are decreasing returns to scale, meaning that firms observed there would
increase their  productivity
by N becoming smaller.

Figure A2: Description of PureTech and ScaleTech (taken from Simar and Wilson, 1998a).
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In Figure A2 the change in pure and scale technology can be calculated as:

(DB/DF)/(DB/DF))1/2 __ DH

APureTech = ((DB/DH)/(DB/DH) = 5 >1

(DB/DG)/(DB/DF) )1/2 __ DF

(DB/DH)/(DB/DH) =<1

AScaleTech = (
DH

Both the APureTech and the AScaleTech consist of a geometric mean of two ratios. Looking at
the points, it can be observed that TC has not changed, since the technology, assuming CRS, is
constant. However, the VRS frontier in the second period is above the VRS frontier in the first
period, given input amount D. Thus, the pure technology has increased and a flattening shape of
the VRS frontier indicates a loss in scale.

Finally, the TFP change and its confidence intervals are reported for each court and year in
figure A3-Ab.
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Figure A3: Computed MPI and confidence intervals 20122013
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