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MEASURING THE PRODUCTIVITY GROWTH AND QUALITY CHANGES OF
TEACHING AND NON-TEACHING HOSPITALS IN TAIWAN

Kuan-Chen Chen1 , Chung-I Lin2 and Yu-Jen Hsiao3,∗
Abstract. The objective of this study was to compare productivity growth and quality changes in
teaching and non-teaching hospitals in Taiwan using a quality-based Malmquist productivity index
under a metafrontier framework. Researchers have argued that teaching hospitals are more costly than
non-teaching hospitals. Whether Taiwanese teaching hospitals operate with higher productivity than
non-teaching hospitals is important to determine given increasing financial pressure on hospitals. The
results of this study show that, among the Taiwanese teaching and non-teaching hospitals in the study
sample, both types of institutions increased in productivity and improved in quality from 2008 to
2014. However, non-teaching hospitals saw much greater positive developments in productivity and
quality than teaching hospitals. Therefore, additional teaching and research duties may influence the
performance of teaching hospitals in provision of direct patient care.
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1. Introduction
Teaching hospitals are medical institutions that provide internships, practical experience, and research opportunities to medical and nursing students, as well as to students in other medicine-related fields. There are many
rules governing the establishment of teaching hospitals, and the standards are different from those for nonteaching hospitals. The prerequisites for the establishment of a teaching hospital are equipment and sites for
teaching and research, a good clinical training environment, and a complete teacher training system with a
discrimination index for assessing the quality of teaching [27, 29]. Because of these additional standards, the
operating costs of teaching hospitals are usually higher than those of non-teaching hospitals.
Cameron [5] assessed the direct and indirect costs of teaching programs. The direct costs included higher
salaries and additional benefits for residents, as well as the costs of teaching- and research-related equipment
and activities. The indirect costs included the increased use of ancillary services and increased lengths of stay,
as well as the overhead allocated to teaching and administration units. Holding patient case mix constant, the
study showed that university hospitals are 33% more costly than their non-teaching counterparts. Furthermore,
Keywords. Teaching hospital, quality, Malmquist productivity index (MPI), metafrontier analysis, data envelopment analysis
(DEA).
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Rich et al. [26] found that teaching hospitals are 9%–30% more costly than non-teaching hospitals. The general consensus is thus that teaching activities add to hospital costs. Burke et al. [4] investigated the costs of
hospitalizations among U.S. Medicare beneficiaries 65 years and older and found that major teaching hospitals
had higher initial hospitalization costs than non-teaching hospitals, but the total costs of care at 30 days were
much lower at major teaching hospitals. In Taiwan, teaching hospitals sometimes receive government subsidies
to help cover the expenses of training programs. The present study further examined whether the additional
responsibilities of teaching hospitals affect their health care provision.
Teaching hospitals in Taiwan are usually affiliated with a university’s college of medicine or are commissioned
by the government to partner with a university’s college of medicine. To ensure the quality of medical education,
teaching hospitals must pass an accreditation process. Accreditation requires that faculty meet a high standard
for medical abilities and demonstrate intent to cultivate outstanding medical personnel through their teaching,
and thus to further improve the quality of medical services. Therefore, to a certain extent, teaching hospitals
have better conditions, i.e., more qualified staff and environments more conducive to learning, than non-teaching
hospitals, an advantage that should have a positive effect on medical services. However, the “master-apprentice
system” through which teaching hospitals provide clinical training may have a negative effect on the quality
of medical services. During training, medical interns or interns of other medicine-related departments shadow
physicians or other medical personnel as they take care of patients. Although such a model provides medical
interns with a complete clinical training environment, the ability of full-time medical personnel to provide
efficient, high-quality care may be influenced by their concurrent responsibility to teach interns. The training
system may also negatively affect service hours. Therefore, the aim of this study was to perform an in-depth
investigation into the differences in health care quality between teaching hospitals and non-teaching hospitals.
A few previous studies have explored the impact of teaching programs on hospital performance. Grosskopf
et al. [16] found an average inefficiency score of 0.80 for sample teaching hospitals, indicating that these hospitals
could have reduced inputs by 20% while maintaining output levels. The congestion of residents accounted for
20% of the total inefficiency score. Grosskopf et al. [17] found that only approximately 10% of the teaching
hospitals in their study could effectively “compete” with the non-teaching hospitals in the provision of patient
services. Sloan et al. [28] and Jensen and Morrisey [19] have suggested that teaching medical residents may
negatively affect the productivity of other hospital inputs, resulting in increased costs or reduced revenue. For
example, teaching responsibilities among physicians and nurses may detract from their roles in direct patient
care. By contrast, in a study of Veterans Affairs hospitals, Campbell et al. [6] found no difference in the financial
performance of teaching and non-teaching hospitals. Nuti et al. [23] also found that performance was not affected
by being in the university hospitals rather than the general hospitals. Therefore, the effect of teaching programs
on hospital efficiency and productivity is still worthy of in-depth investigation.
The outputs of medical education are difficult to determine when the education is in conjunction with patient
care [25]. Most previous studies have focused on analyzing the production efficiency of teaching hospitals rather
than the differences in performance between teaching and non-teaching hospitals. This study aims to fill the gap
in hospital research by investigating the performance differences in patient care services. Proponents of teaching
hospitals frequently claim that care quality differentiates teaching from non-teaching hospitals. Shahian et al.
[27] found that teaching intensity was favorably associated with Surgical Care Improvement Project (SCIP)
performance, acute myocardial infarction (AMI) and heart failure process scores, and mortality. Burke et al.
[3] noted that among hospitalizations for U.S. Medicare beneficiaries, the status of major teaching hospital was
associated with lower mortality rates for common conditions compared with non-teaching hospitals. However,
given resource constraints in medical care, teaching programs may force hospitals to make trade-offs between
the quality and quantity of care provided [14, 31]. Therefore, in this study we incorporated measures of quality
into overall measures of productivity, and we then analyzed levels of productivity and quality over time among
teaching and non-teaching hospitals.
In Taiwan, teaching and non-teaching are the two main hospital types. The conventional Malmquist productivity index (MPI) is not suitable for comparing the performance of a hospital operating with one type of
technology to that of another hospital using a different type of technology [11]. Therefore, in this study, we used
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an MPI incorporating quality attributes under a metafrontier framework, as recently proposed by Chen et al.
[10]. This technique enabled us to evaluate the determinants of productivity growth and to compare teaching
and non-teaching hospitals with regard to quality improvements and productivity growth.
Section 2 of this article introduces the MPI with quality attributes under the concept of a metafrontier model.
Section 3 briefly describes our sample data. Section 4 presents the main findings based on the empirical results,
and the last section offers conclusions.

2. Methodology
In this study, a metafrontier MPI (MMPI) including a quality index was used to measure the productivity
growth of the teaching and non-teaching hospitals [10]. Suppose that there are K groups in the sample and that
N
M
each group k at time t has I hospitals, which use an input vector xkt ∈ R+
to produce an output vector ytk ∈ R+
k
J
k
and a quality vector at ∈ R+ under the production technology set St . An input-oriented data envelopment
analysis (DEA) model was formulated as it focuses on minimizing the use of inputs for producing the given
amount of outputs. This model fits with the context of hospitals since these hospital managers cannot seek
output increment (i.e., service volume or cases), but rather reduced input usage (i.e., staff or beds) [8, 15, 22].
Therefore, an input-oriented DEA model is appropriate. The following is an input-oriented DEA model in which
the inputs are minimized and the outputs are kept at their current levels:



Dtk xkt , ytk , akt = sup λ : xkt /λ, ytk , akt ∈ Stk
(2.1)
where Dtk represents the distance function of group k measuring the maximal feasible reduction in xkt given
ytk , akt .
Färe et al. [12] defined an MPI incorporating quality attributes as the geometric mean of two ratios of distance
functions based on the benchmark period t and t + 1. The MPI of group k is as follows:
MPIkt,t+1

k
Dt+1
(xt , yt , at )
Dtk (xt , yt , at )
=
k
k
Dt (xt+1 , yt+1 , at+1 ) Dt+1 (xt+1 , yt+1 , at+1 )



 21
·

(2.2)

The quality change (QC) or quality index of group k from period t to t + 1 is defined as
QCkt,t+1

k
(xt+1 , yt+1 , at )
Dtk (xt , yt , at ) Dt+1
=
k
k
Dt (xt , yt , at+1 ) Dt+1 (xt+1 , yt+1 , at+1 )



 12
·

(2.3)

QCkt,t+1 T 1 is determined by whether quality improvement, stagnation, or decline occurs between two periods.
As hospitals seek to maximize their quality of care, constrained resources may force them to make some
tradeoffs between outputs of the quantity and quality of care [14]. Therefore, it would be more reasonable to
identify quality measures as dependent attributes with inputs/outputs in the analytical structure when decomposing MPI. In this respect, distance functions are assumed to not be multiplicatively separable in attributes
and inputs/outputs. Assuming that production technology exhibits constant returns to scale, equation (2.3) can
be decomposed as
MPIkt,t+1 = TECkt,t+1 × TCkt,t+1
(2.4)
where
TECkt,t+1
TCkt,t+1


Dtk (xt , yt , at )
and
=
k
Dt+1
(xt+1 , yt+1 , at+1 )
 k
 21
k
Dt+1 (xt+1 , yt+1 , at+1 ) Dt+1
(xt , yt , at )
=
·
Dtk (xt , yt , at )
Dtk (xt+1 , yt+1 , at+1 )


(2.5)
(2.6)
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Equation (2.5) measures technical efficiency change (TEC) and equation (2.6) measures technical change (TC).
TECkt,t+1 > 1 (<1) indicates enhancement (deterioration) in the efficiency of the production unit. TC captures
the shift in the production frontier, meaning that technical progress (regress) is indicated as TCkt,t+1 > 1 (<1).
Accordingly, MPI, the quality index, and the corresponding components for DMUi can be determined by the
related input distance functions, which can be obtained by solving the linear programming problems with the
CRS technology. The related input distance functions can be calculated as follows:


J
P


k

λl,j xl,nj ≤ θi xp,ni ,
n = 1, . . . , N ; 






j=1






J


P

k
 k
−1
λl,j yl,mj ≥ yp,mi ,
m = 1, . . . , M ; 
Dl (xp , yp , as )
= min θi j=1
,




J
P





λkl,j al,hj ≥ ys,hi ,
h = 1, . . . , H; 






j=1




k
λl,j ≥ 0,
j = 1, . . . , J
where l, p, s = t, t + 1.
The metafrontier is then assumed to take the same technology as the individual stochastic frontiers in the
various groups [1]. The upper boundary then faced by all the hospitals is the metafrontier rather than the
individual group frontier. Chen et al. [10] developed a quality-based MMPI that includes the dynamic aspects
of the metafrontiers in efficiency measurement. The model is formulated as
∗
Dt+1
(xt , yt , at )
Dt∗ (xt , yt , at )
=
∗
∗
Dt (xt+1 , yt+1 , at+1 ) Dt+1 (xt+1 , yt+1 , at+1 )



MMPIt,t+1

 12
·

(2.7)

All distances involved in equation (2.7) are input-oriented distance functions based on the metafrontier and
denoted by “ * ”. The MMPI can be decomposed as
MMPIt,t+1 = TEC∗t,t+1 × TC∗t,t+1

(2.8)

Dt∗ (xt , yt , at )
∗
Dt+1 (xt+1 , yt+1 , at+1 )

(2.9)

where
TEC∗t,t+1 =
TC∗t,t+1




and

∗
∗
Dt+1
(xt+1 , yt+1 , at+1 ) Dt+1
(xt , yt , at )
=
∗
∗
Dt (xt , yt , at )
Dt (xt+1 , yt+1 , at+1 )



 12
·

(2.10)

When equations (2.5) and (2.6) are substituted into equation (2.7), the MMPI then has the following decomposition:
MMPIt,t+1 = TECkt,t+1 × TCkt,t+1 × TGRCkt,t+1
(2.11)
where
"

TGRCkt,t+1

TGRkt (xt+1 , yt+1 , at+1 ) TGRkt (xt+1 , yt+1 , at+1 )
=
TGRkt+1 (xt , yt , at )
TGRkt+1 (xt , yt , at )

# 21
·

(2.12)

The technology gap ratio (TGR) refers to the ratio of the distance function based on the metafrontier to that
based on the group frontier (i.e., Dt∗ (·)/Dtk (·)) (O’Donnell et al. [24]). The TGR can also be applied to other
period distance functions to measure how close the group k frontier is to the metafrontier. Specifically, increases
in the TGR imply decreases in the gap between the group frontier and the metafrontier. The geometric mean of
the TGR on the right-hand side of equation (2.12) can be defined as the TGR change (TGRC), which signifies
a change in the TGR from period t to t + 1 and also denotes the technological catch-up [9, 20, 21].
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Table 1. Sample statistics for the entire sample hospitals.
Variables name

Mean

Panel A: inputs
Number of physicians (x1 )
Number of registered nurses (x2 )
Number of other registered medical personnel (x3 )
Number of patient beds (x4 )
Panel B: outputs
Number of outpatient visits and emergency room visits (y1 )
Number of surgeries (y2 )
Total inpatient days (y3 )
Panel C: quality attributes
Number of net inpatient mortality (a1 )
Number of referrals (a2 )
Number of nosocomial infection (a3 )

Std. dev.

Minimum

Maximum

199
627
167
747

248
633
152
636

7
43
14
47

1366
3691
839
3807

693 208
12 894
180 510

600 660
14 664
176 943

44 670
112
2587

3 359 220
89 538
1 100 000

373
911
451

390
901
620

1
22
2

2286
7472
4529

The quality index based on the metafrontier can be defined as
QC∗t,t+1

∗
(xt+1 , yt+1 , at )
Dt∗ (xt , yt , at ) Dt+1
=
∗
∗
Dt (xt , yt , at+1 ) Dt+1 (xt+1 , yt+1 , at+1 )



 12
·

(2.13)

In accordance with the definition of the TGR and by inserting equation (2.3) into equation (2.13), we have
QC∗t,t+1 = QCkt,t+1 × QGRCkt,t+1
where
QGRCkt,t+1

=

TGRkt (xt , yt , at+1 ) TGRkt+1 (xt+1 , yt+1 , at+1 )
TGRkt (xt , yt , at ) TGRkt+1 (xt+1 , yt+1 , at )

(2.14)
! 12
·

(2.15)

QGRCkt,t+1 > 1 (<1) indicates a reduction (enlargement) in the gap when the quality attributes are evaluated
between period t and t + 1. That is, QGRCkt,t+1 > 1 (<1) reflects improvement (deterioration) in the technology
gap due to change in quality.

3. Data
The sample hospital data used in this paper were obtained between 2008 and 2014 from the Collaboration
Center of Health Information Application under Taiwan’s Ministry of Health and Welfare. The sample was limited
to general hospitals to meet the homogeneity requirement of the DEA. After hospitals with either missing or
extreme values were eliminated, 106 general hospitals with data relevant to our 7-year study period remained. Of
these hospitals, 87 were teaching hospitals and 19 were non-teaching hospitals. In accordance with the literature
[7, 8, 13, 14, 18], we identified four inputs: the number of physicians and full-time equivalents (x1 ), the number of
registered nurses (x2 ), the number of other registered medical personnel (x3 ), and the number of patient beds (x4 ).
We then identified three outputs: the number of outpatient visits and emergency room visits (y1 ), the number of
surgeries including outpatient and inpatient surgeries (y2 ), and total inpatient days (y3 ). Finally, we identified
three quality attributes: net inpatient mortality (a1 ), the number of referrals in and referrals out (a2 ), and the
number of nosocomial infections (a3 ).
Table 1 provides descriptive statistics for all of the aforementioned variables. Note that all of the variables
have large standard deviations, because the sample contained small- to large-scale hospitals. Table 2 presents

S1828

K.-C. CHEN ET AL.

Table 2. Sample statistics for teaching and non-teaching hospitals.
Variable name

Teaching
hospitals (N = 87)
Mean
Std. dev.

Panel A: inputs
Number of physicians (x1 )
Number of registered nurses (x2 )
Number of other registered medical
personnel (x3 )
Number of patient beds (x4 )
Panel B: outputs
Number of outpatient and emergency
room visits (y1 )
Number of surgeries (y2 )
Total inpatient days (y3 )
Panel C: quality attributes
Number of net inpatient mortality (a1 )
Number of referrals (a2 )
Number of nosocomial infection (a3 )

Non-teaching
hospitals (N = 19)
Mean
Std. dev.

236
739
194

259
646
155

29
114
42

12
50
17

854

649

258

201

804 100

608 058

185 436

76 252

15 277
207 297

15 163
183 072

1981
57 854

1396
53 989

433
959
530

405
957
657

99
690
87

75
528
82

statistics by hospital type. Teaching hospitals provide a public good in terms of education and research, and
their direct patient care is often more sophisticated and specialized than that available in non-teaching hospitals.
Moreover, teaching hospitals often operate on a larger scale than non-teaching hospitals, possibly resulting in
teaching hospitals’ outperformance of non-teaching hospitals in patient care. As expected, the teaching hospitals
represented in this study had larger input, output, and quality quantities than the non-teaching hospitals.

4. Results
Panels A and B of Table 3 show the respective empirical results of productivity analysis of teaching and
non-teaching hospitals. Table 3 shows that the average annual productivity growth rates of teaching and nonteaching hospitals were 0.02% and 1.49%, respectively, and quality increased on average by 1.74% and 5.83% per
year, respectively. The results show that both the teaching and non-teaching hospitals increased in productivity
and improved in quality over the study period of 2008–2014. The non-teaching hospitals showed much greater
positive developments in productivity and quality than the teaching hospitals.
We then examined the components of the MMPI and identified the main source for productivity growth.
Table 3 shows that the TEC for the teaching hospitals remained stagnant, while the TEC for the non-teaching
hospitals exhibited an average annual reduction rate of 0.23% between 2008 and 2014. As for the TGRC, teaching
hospitals demonstrated weak catch-up dynamics. The convergence rate toward the potential technology over the
whole period was a mere 0.5%. The technology adopted by the non-teaching hospitals diverged from the potential
technology, resulting in an annual change rate of −0.14%. The TC for the teaching and non-teaching hospitals
had average annual growth rates of 0.39% and 1.96%, respectively. After decomposition of the MMPI, overall
productivity growth in the teaching and non-teaching hospitals was found to stem mainly from technological
progress. Moreover, the TC for the non-teaching hospitals was much higher than that for the teaching hospitals.
Consequently, the MMPI with quality attributes for the non-teaching hospitals was 1.49%, compared with the
0.02% change rate of the teaching hospitals.
Table 3 further illustrates the dynamics of the QC and its decomposition for the teaching and non-teaching
hospitals. Over the study period, the growth rates of quality for the teaching and non-teaching hospitals were
positive. However, the QC for the non-teaching hospitals was 5.83%, which is higher than the 1.74% change rate
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Table 3. The mean of the MMPI and its decompositions for teaching and non-teaching hospitals.

Notes.

(a)

Time period

MMPI

2008–2009
2009–2010
2010–2011
2011–2012
2012–2013
2013–2014
2008–2014 a

0.9839
1.0082
0.9932
0.9990
1.0010
1.0159
1.0002

2008–2009
2009–2010
2010–2011
2011–2012
2012–2013
2013–2014
2008–2014 a

1.0757
1.0051
1.0073
0.9830
0.9970
1.0241
1.0149

Panel A: teaching hospital
TEC
TC
TGRC QC
0.9784
1.0061
0.9953
1.0190
1.0078
0.9941
1.0000
Panel
0.9716
1.0165
0.9600
0.9846
1.0621
0.9947
0.9977

1.0137 0.9962 1.0100
0.9983 1.0069 1.0194
1.0031 0.9966 1.0114
0.9928 0.9937 1.0253
0.9938 1.0046 1.0172
1.0222 1.0053 1.0213
1.0039 1.0005 1.0174
B: non-teaching hospital
1.1203 0.9883 1.1488
0.9854 1.0040 1.0431
1.0463 1.0067 1.0366
1.0065 0.9918 1.0456
0.9449 0.9947 1.0426
1.0231 1.0062 1.0376
1.0196 0.9986 1.0583

QGRC
0.9886
0.9906
0.9891
0.9842
0.9892
0.9924
0.9890
0.9839
0.9926
0.9946
0.9892
0.9912
0.9988
0.9917

Numbers are geometric means.

for the teaching hospitals. As for the QGRC, the teaching and non-teaching hospitals dropped by an annual
average of 1.1% and 0.83%, respectively. These results reflect that, during the study period, the quality attribute
gap grew, causing a reduction in the technology gap.
Teaching hospital programs aim to cultivate outstanding medical personal by facilitating education and
research. Therefore, in general, these hospitals maintain high-quality hardware and software; high levels of
professionalism among doctors, nurses, and other personnel; and strong management. However, among the
hospitals in this study, the rates of technological change and QC for the non-teaching hospitals were not
inferior to those of the teaching hospitals. Furthermore, the non-teaching hospitals showed greater productivity
growth than the teaching hospitals. Previous studies have focused on the performance of medical services,
leading researchers to conclude that the medical services of non-teaching hospitals are not inferior to those of
teaching hospitals; for example, Grosskopf et al. [16] stated that only approximately 10% of teaching hospitals
could effectively “compete” with non-teaching hospitals. In teaching hospitals, education and research programs
increase institutional costs [5, 26], divert medical and nursing personnel’s energy and attention, adversely affect
the output of medical services and activities, and result in the inefficient provision of patient services. As
Grosskopf et al. [17] showed, 20% of the inefficiency in teaching hospitals was due to congestion of residents.
However, in terms of performance of medical services alone, the gap between teaching hospitals and non-teaching
hospitals is not significant. Furthermore, if the teaching and research achievements of teaching hospitals are
considered, the overall operating performance of teaching hospitals should be regarded as superior to that of
non-teaching hospitals.
In this study, we examined the productivity changes of teaching and non-teaching hospitals under the assumption that these two types of hospitals use different production technologies. As previously stated, the performance
evaluation of a hospital operating with one type of technology should not be compared with that of another
hospital operating with a different type of technology. Therefore, the use of a metafrontier technique is recommended for such analyses [1, 2]. In our application of this method, we calculated the TGR of various groups
to represent the technical differences between the group boundary and common boundary. Table 4 shows that
the average TGRs of teaching and non-teaching hospitals were 0.9164 and 0.9555, respectively. These results
indicate that the non-teaching hospital data are closer to the metafrontier than the teaching hospital data.
We examined the difference in TGRs between these two groups using a Mann–Whitney nonparametric test.
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Table 4. Mean difference test for the TGR.
Time period

Teaching hospitals a

Nonteaching hospitals a

p-value b

2008
2009
2010
2011
2012
2013
2014
2008–2014 a

0.9221
0.9026
0.9196
0.9052
0.9095
0.9257
0.9304
0.9164

0.9764
0.9459
0.9441
0.9485
0.9694
0.9497
0.9546
0.9555

0.0012
0.0525
0.2407
0.0323
0.0011
0.1488
0.1608
0.0000

Notes. (a) Numbers are arithmetic means. (b) The p-value is for testing whether TGR exists significantly difference between
two groups by Mann–Whitney test.

The mean TGR in the teaching and non-teaching hospitals significantly differed from 0 over the study period.
Therefore, technical differences between the teaching and non-teaching hospitals justified the application of the
metafrontier approach in this study.
As to the measure of TGR in each group, the arithmetic average has been used for this work. Using the
arithmetic average implies that the same weights are assigned to all DMUs in the group. Walheer [30] suggested
to find an aggregation scheme, which takes the relative importance of the DMUs in the group into account.
Constrained by data collection from the National Health Insurance Research Database (NHIRD), we do not
have price information for the service provided. Therefore, we retain this new way to obtain the group indicator
for TGR as a future research direction.

5. Conclusions
The main finding of this study is that teaching hospitals in Taiwan cannot straightforwardly be associated
with better results in terms of productivity and quality than non-teaching hospitals do. These findings appear
to raise doubts that teaching and research tasks may affect teaching hospitals’ performance in health care.
Therefore, policymakers and managers are suggested to define specific policies and actions in order to take care
of both teaching tasks and patient care in teaching hospitals, where teaching hospitals play an important role
as training clinicians for the future.
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