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Introduction
HEaIthcare sector is considered one of the
most  important  service centers. Its
performance is one of the indicators of
development and social welfare. Its economic
analysis, accordingly, is vital for health decision-
makers (1-3). Hospital is one of the most critical
and influential segments of society in all health
systems which plays an essential role in providing
medical services and health promotion (4, 5). Thus,
hospitals benefit from a large number of trained
and specialized personnel in the health care system
in many countries and consume about 50 to 80
percent of health funding (6). National statistics in
Iran revealed that about 40 % of government health
expenditures are related to hospitals (7, 8). Thus,
health policymakers and decision-makers should
always consider managing hospitals and their
departments favorably as the most important center
for providing health services. Medical Record
Department  (MRD) is one of these hospital
departments. There, all medical service documents
provided to a patient in the hospital are kept in
order of date. They are used for subsequent
treatment of patients, research and training, and the
review of provided services in terms of quantity
and quality. MRD is considered the most important
and richest source of information for evaluating
and planning healthcare services in health
organizations such as hospitals. In this department,
the patient's medical record is the most essential
tool for storing and retrieving information,
analyzing health care. It also provides all the
information related to the patient's medical history,
diseases, health  risks, diagnoses, tests,
examinations, treatment methods, disease course,
and the patient's response to treatment and follow-
up (9).

Waste of resources is one of the consequences
of poor management of hospitals' MRD. Available
resources can be used to provide more services and
improve service quality by preventing and
reducing resource waste (10). Therefore,
improving productivity has the most effect on cost
control planning and prevention of waste of
resources in different departments of hospitals
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(11). MRDs are no exception. It is necessary to
implement effective strategies by managers of
these departments to reduce costs and increase
productivity.

Calculating  productivity  enables MRD
managers to monitor the trend of productivity
changes, identify potential problems, and take
timely corrective action. Therefore, measuring
total factor productivity (TFP) changes, a criterion
for describing the correct and optimal use of
production factors, and identifying the factors
affecting these changes will lead to adopting
corrective measures to improve productivity (12).

data envelopment analysis (DEA) and Kendrick-
Creamer index are the most important and accurate
methods of measuring productivity. Kendrick-
Creamer index measures the total and final
productivity of production factors in hospital's
MRD. Total Factor Productivity (TFP) is defined
as the ratio of total production to the sum of all
inputs consumed. In contrast, final productivity is
the amount of change in total production per unit
of change in the use of the production factor. The
amount of changes in total productivity for all
MRDs of hospitals can be calculated using the
DEA method by the Malmquist index. It is an
accurate measure of productivity monitoring (13).
In addition, it divides productivity changes into
changes resulting from technological, managerial,
and scale efficiency (14-16).

There is no study conducted to evaluate the
productivity of MRD in lIranian hospitals,
especially using the Kendrick Creamer index. The
results reported by Dargahi et al. (10), Nabilou et
al. (16), Li et al. (13), Silwal et al. (17), and Moffat
et al. (18) confirmed to the productivity in
hospitals.

This study aims to determine the total factor
productivity changes. Furthermore, it measures the
productivity of production factors in the MRD of
hospitals affiliated with Urmia University of
Medical Sciences during 2016-2020. It is
conducted in order to plan for improving the
performance of MRD as well as the allocation of
resources to this vital department optimally.
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Materials and Methods

This was a descriptive-analytical study. It
examined all MRDs of general medical and
teaching hospitals affiliated with  Urmia
University of Medical Sciences, West Azerbaijan
(including 24 hospitals) ,2016-2020. The results
MRD of each hospital with the number assigned
will be provided to that hospital to comply with
ethical considerations. The required data and
information were collected from the studied
hospitals and the vice-chancellor for treatment
affairs of Urmia University of Medical Sciences.
It was conducted using checklists designed by the
researcher.

According to the results of previous studies, the
authors selected a combination of the most
important and common inputs and outputs to
estimate total factor productivity changes. These
data included: The number of outpatient and
inpatient medical records prepared for patients in
the MRD, the number of responses to letters and
patients referred to the department as output,
variables about the number of personnel working
in the MRD, holders of associate and lower and
bachelor's and higher degrees as well as the
number of equipment (computer, printer, wristband
printer, barcode reader and ICD-10 {International
Classification of Diseases) books} were considered
as inputs (10, 19, 20).

At first, productivity changes of the studied
hospitals were evaluated for the years 2016-2020
using the non-parametric method of DEA and
Malmquist index through Deap,; software. This
was done after the required data were collected
from the MRDs of the hospitals affiliated with
Urmia University of Medical Sciences.

The Malmquist productivity index is defined
using distance functions as follows:

1)
M (g™, X" g, XY =

Dit (qt+1’xt+l) Dlt (qt+lyxt+1) Dlt (qt’Xt) 1/2 gt
Dll (q( , Xt) Dit+1(qt+1’ Xt+1) . Dit+1(qt , Xl) i i

In this formula, M (total factor productivity

index) is equal to multiplying technological changes
(1% ), [which is measured by transferring the
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frontier production function between period t+1 and
t] by efficiency changes ( Ei”l) in the same period.
D, is the input distance function, (g xuy is the

output and input values in the period t+1, and
(g, x") is equal to the output and input values in

period t, respectively (18). Finally, the total
productivity changes for the MRD of each hospital
are obtained from the following equation:

Total productivity changes = managerial efficiency
changes x scale efficiency changes x Technological
changes

If the Malmquist index is less than one based on
minimizing production factors, it means that
performance improves, while a value greater than
one indicates performance reduction over time (17).

Then, the Kendrick-Creamer index was used to
measure the total productivity of production
factors. The existence of total production elasticity
relative to the production factors is necessary to
calculate the mentioned index. It requires
estimating the production function to measure
these elasticities. The parametric method of
Stochastic Frontier Analysis (SFA) and Frontier,
software were used to estimate the function. In the
following Cobb-Douglas function, the power of
each of the production factors indicates its
corresponding elasticity:

Y= AP*NP (2)

At this stage, the total productivity of the
hospitals under the study's production factors was
calculated using the Kendrick-Creamer index and
the elasticity of production factors. The
mathematical form of the Kendrick-Creamer
function is as follows:

TFP = -— 2 — (3)

- P.ep+N.ep
Where TFP, is total productivity of MRD, Q; is
output. The number of outpatient and inpatient
medical records for patients in the MRD and the
number of responses to letters and clients referred
to this department were used as output in this

study. P is the number of personnel input, N is the
number of equipment input, eyis the elasticity of

personnel input and e,is the elasticity of
equipment input in the MRD of the studied
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hospitals.

This article was a part of master's thesis (ethics
code: IR.UMSU.REC.1398.350) that Urmia
University of Medical Sciences supported.

Results

Kendrick-Creamer index was used to calculate
the total factor productivity. The existence of total
production elasticity relative to production factors
of personnel and capital was necessary to calculate
the mentioned index, which required estimating the
production function to calculate these factors.
Frontier,, software was used to estimate the
production function. The results of estimating the
production function were as follows:

LnY =10.110 + 0.440 LnL + 0.480 LnK

Standard deviation (0.140) (0.190) (0.250)

t statistics (71.040) (2.320) (1.900)

LR =13.400

As can be seen, all coefficients are statistically
and significantly different from 0. Given that the
obtained LR was above 4, the estimated function
was suitable.

In the next step, the total factor productivity of
MRD in hospitals affiliated with Urmia
University of Medical Sciences was calculated
using the elasticity of the production factors.
According to Table 1, the average total
productivity reached 17885.260 in 2020 from
13984.940 in 2016 during a fluctuation. That is,
the total MRDs of university hospitals, on
average, for each unit of labor (personnel) and
capital (equipment available in the MRD) have
been able to create 17885.260 outputs (services
provided in the MRD) in 2020.

Figure 1 shows the trend of the average total
productivity of production factors in all MRDs of
hospitals affiliated with Urmia University of
Medical Sciences during the years 2016-2020.

The sum of elasticities of the production factors
(function coefficient) indicated the return to scale.
€= Ey, + Eyx

The elasticities of the production factors in the
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Cobb-Douglas production function with logs on
both sides have the same function coefficient. The
elasticity of each of the production factors is
shown in the Table 2.

The function coefficient obtained was
approximately equal to one by summing the
elasticities, which represents constant return to the
scale.
€= Ey, + Eyg = 0.440 + 0.480 = 0.920 = 1

The results of calculating total factor
productivity changes, using Deap,; software and
analysis of its changes based on the factors
affecting it, are shown in Table 3.

As the calculations in the above table suggest,
during the period under study, the average total
productivity change was equal to 1.096. Given that
the number obtained was greater than one,
productivity decreased during this period. Also, the
average technological efficiency change was
1.142, the average technical efficiency change,
0.959, the average managerial efficiency change,
0.979, and the average scale efficiency change was
0.979. During the studied period, technical,
managerial, and scale efficiency positively affected
productivity, while it was observed that
technological efficiency had a negative effect on
productivity.

The results of the Table 4 show that hospitals 20
(2.880) and 10 (0.866) had the worst and best
performance among the MRDs of the studied
hospitals, respectively. Moreover, the departments
10 (0.793), 4 (1.075), 19 (0.728), and 10 (0.793)
demonstrated the highest improvement in the index
of changes in technical efficiency, technological
efficiency, managerial efficiency, and scale
efficiency during the years 2016-2020 respectively.
Total productivity changes of MRDs of hospitals
affiliated with Urmia University of Medical
Sciences were largely affected by the negative
effect of technological efficiency changes. As a
result, it is necessary to pay attention to how to use
new technologies to increase productivity.
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Table 1. Total factor productivity of MRDs during 2016-2020 using Kendrick-Creamer index

Total factor productivity of MRDs

MRD 2016 2017 2018 2019 2020 Average
1 6286.620 5384.610 5128.490 5475810 6131.190 5681.340
2 10189.610 13612.360 16318.910 12914.820 12975.660 13202.270
3 11714.950 11705.470 13841.120 11323.890 12515.190 12220.120
4 28768.260 27457.920 28750.560 39452570 23361.160 29558.090
5 15017.510 17541.400 18113.220 15142.110 13598.450 15882.540
6 12276.040 13111.110 15572.920 20934.680 17063.060 15791.560
7 23026.250 22415.880 25729.260 18883.500 17436.220 21498.220
8 9810.370 10693.030 10488.330 9116.670 9106.8180 9843.0440
9 24081.520 34451.090 31685.750 35697.510 30948.900 31372.950
10 18493.240 23425.680 25880.630 18125.000 16001.740 20385.260
11 22281.900 25348.850 27815.190 26525.790 26131.690 25620.680
12 7450.760 11172.350 10583.330 10618.060 14057.290 10776.360
13 13037.550 12844.320 12940.370 13038.750 10540.740 12480.350
14 10254.050 10997.980 13609.310 13909.090 13802.370 12514.560
15 14585.770 12516.180 11410.390 14030.940 12420.730 12992.800
16 14679.260 12543.710 10189.380 13036.060 10391.530 12167.990
17 14132.690 15735.560 16514.380 16947.100 15144.400 15694.830
18 9877.660 10096.970 40256.140 47224570 40163.540 29523.780
19 13060.140 14121.120 13138.370 9475510 9701.715 11899.370
20 674.600 73656.750 84026.040 72452.640 46212.830 55404.570

Average 13984.940 18941.620 21599.600 21216.250 17885.260 18725.530

Table 2. The elasticity of production factors of MRDs in hospitals affiliated to Urmia University of Medical Sciences

Parameter E, « E/ .

Elasticity 0.480 0.440

Table 3. Changes in total productivity and efficiency of MRDs IN HOSPITALS AFFILIATED WITh Urmia University
of Medical Sciences during 2016-2020 using DEA method

Technical Technological Managerial . Total productivity
Year . L e Scale efficiency
EFFiciency efficiency efficiency changes
2017 0.516 2.617 0.860 0.599 1.350
2018 1.000 1.141 1.018 0.982 1.141
2019 1.210 0.845 1.002 1.208 1.023
2020 1.356 0.675 1.049 1.293 0.915
Average 0.959 1.142 0.979 0.979 1.096

Table 4. Changes in total productivity and efficiency of MRDs in hospitals affiliated with Urmia University of Medical
Sciences in the whole studied period using DEA method

[ Downloaded from jebhpme.ssu.ac.ir on 2026-01-28 |

Technical Technological Managerial Scale Total productivity
MRD C - L e

efficiency efficiency efficiency efficiency changes
1 0.882 1.136 0.962 0.916 1.002
2 0.963 1.171 0.934 1.031 1.128
3 0.890 1.145 1.009 0.882 1.019
4 0.862 1.075 0.884 0.976 0.927
5 0.874 1.126 0.895 0.977 0.984
6 1.019 1.188 1.019 1.000 1.210
7 0.871 1.149 1.005 0.867 1.001
8 0.874 1.156 0.962 0.909 1.010
9 1.000 1.193 1.000 1.000 1.193
10 0.793 1.091 1.000 0.793 0.866
11 0.908 1.146 0.947 0.959 1.041

[ DOI: 10.18502/jebhpme.v6i2.9941 |
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Technical Technological Managerial Scale Total productivity
MRD - L L e
efficiency efficiency efficiency efficiency changes
12 1.035 1.157 1.000 1.035 1.198
13 0.837 1.112 0.915 0.915 0.931
14 0.942 1.150 1.016 0.927 1.084
15 0.898 1.108 1.044 0.860 0.995
16 0.794 1.164 0.925 0.857 0.923
17 0.894 1.123 0.975 0.917 1.004
18 1.233 1.142 1.205 1.024 1.409
19 0.858 1.161 0.728 1.179 0.996
20 2471 1.166 1.285 1.923 2.880
Average 0.959 1.142 0.979 0.979 1.096
25000

20000
15000

10000

5000

2016 2017

2018 2019 2020

Figure 1. The average total factor productivity in all MRDs of hospitals affiliated with Urmia University of Medical
Sciences during 2016-2020

Discussion

The use of physical, technical, and human
resources optimally is the main motivation to use
scientific and applied methods to evaluate the
activities and performance of organizations. One of
the most important performance appraisal
indicators for combining factors and production
resources to achieve the goal of optimal resource
allocation and cost reduction is productivity. The
present study aims to investigate the productivity
of MRD in hospitals affiliated with Urmia
University of Medical Sciences.

Kendrick-Creamer index was used to calculate
the average total production factor productivity of
MRDs of the studied hospitals in all the studied
years, equal to 18725.530 . In other words, all
MRDs of the hospitals under study have provided
services equal to 18725.530, on average, for each
unit of total production factors. This index revealed
that productivity has increased in all studied years
except 2019.

Volume 6, Issue 2, June 2022; 100-9

Kendrick-Creamer index was used to calculate
the average total production factor productivity of
MRDs of the studied hospitals in all the studied
years, which was equal to 18725.530. In other
words, all MRDs of the hospitals under study have
been able to provide services equal to 18725.530,
on average, for each unit of total production
factors. The results of this index indicated that
productivity increased in all the years except for
2019.

In this study, the average total productivity
changes of MRDs in hospitals affiliated with
Urmia University of Medical Sciences, using the
Malmquist index, was equal to 1.096. The number
obtained is greater than one. This means the total
production factor productivity of MRDs of the
studied hospitals has decreased despite the
increasing trend of productivity growth during the
years 2016-2020. Furthermore, the amount of this
decrease has been 9.600 %. In the meantime,
technological efficiency changes have had the
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greatest impact on reducing productivity compared
to other factors. In other words, the MRDs under
study did not appropriately benefit from
technological advances. Therefore, we need to look
at how new technologies can be used to increase
productivity. According to the results reported by
Sahin et al. (21), due to technological advances in
providing services followed by government
investment, the total productivity of Turkish
hospitals has increased in public hospitals of that
country (21). Thus, improving technology can play
an important role in increasing the productivity of
MRDs, especially in large hospitals. During the
studied period, technical, managerial, and scale
efficiency of MRDs in hospitals also positively
affected productivity.

In this study, the sum of elasticities of
production factors (function coefficient) was
approximately equal to one. The return to scale
was almost constant in the MRDs of the studied
hospitals. This means that a one percent change in
the amount of utilization of production factors
leads to a one percent change in the amount of
production.

The results of the Malmquist index indicated
that the average technical efficiency of MRDs of
hospitals was 0.959; that is, these hospitals can
increase their output by 4.100 % without
increasing the amount of production inputs and
because of the optimal use of resources.

The average managerial efficiency has been
obtained at 0.979 in this study. In other words,
productivity can be increased up to 2.100 % .It can
be conducted using the correct management
techniques and motivation of the staff in MRDs of
the hospitals without changing the amount of
inputs. Therefore, effective steps can be taken to
improve the productivity of MRDs in these
hospitals by proper management, using the
opinions of staff, and creating favorable working
environments.

The average scale efficiency was 0.979 in this
study. This means that an annual average of 2.100
% can be added to the output of MRDs in the
studied hospitals. This is because of the savings
caused by providing services on a large scale.

106 ——

Therefore, departments with increasing returns to
scale should increase the level of providing
services due to economic justification. Moreover,
departments with decreasing returns to scale
should review the overall structure of their
department and adjust their capital and additional
personnel inputs to avoid negative marginal
production.

The main reason for decreased total factor
productivity can be the lack of sufficient
knowledge of the personnel in utilizing the existing
equipment and technologies of this department for
providing services in the right way. Therefore,
training courses should be provided for the correct
use of the equipment by personnel in departments,
where the main reason for the decreased
productivity is technological changes. In this study,
the average annual output of MRDs has been
reduced by 14.200 % due to technological changes.
According to the results of Malmquist index, the
range of changes in total factor productivity of
MRDs of the studied hospitals in the review period
was Dbetween 0.866 and 2.880. Therefore,
productivity has increased only in 7 departments
out of 20 and has decreased in another 13
departments. Therefore, high efficiency
departments can be considered a model for other
departments in terms of using production factors to
increase efficiency and productivity.

In this regard, effective measures such as
guantitative and qualitative improvement of
providing services, continuous performance
appraisal, and the optimal use of personnel and
equipment of departments to increase the
efficiency of hospital MRDs were proposed.
Moreover, by continuously monitoring the
performance of MRDs, the results can be used for
planning and policy-making and avoiding wasting
resources. The causes of their progress or decline
can be determined by examining trends in total
productivity changes. According to the results of
the indexes calculated in this study, the authors can
identify the amount of total productivity changes
and its trend in MRDs of hospitals. Therefore, it is
suggested that managers pay special attention to
these methods to improve their productivity and
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performance.

Most of the studies on the productivity of total
factor production in the health system have
focused on the medical departments. So far, only
one domestic study has been conducted on the
productivity of MRDs at Tehran University of
Medical Sciences through the Malmquist index.
There have been no studies for the researchers to
compare them with the results of this study.
Therefore, the main limitation of this study was the
impossibility of comparing the results of the
present study with other studies. This research is
the only study investigating the total factor
productivity of all MRDs. It used two indexes of
Malmquist and Kendrick-Creamer, which is
considered its most significant strength compared
to the study conducted by Dargahi et al. (10) They
investigated changes in the productivity of the
MRDs of Tehran University of Medical Sciences
hospitals through the years 2006-2007. Assuming
maximization of the production factors, they used
the DEA method (Malmquist index), and
calculated total productivity changes in their study.
It was equal to 0.938. This number indicates that
the productivity of MRDs in hospitals has
decreased during the studied period due to the
wrong assumption adopted to calculate the amount
of productivity changes. Moreover, technological
and technical efficiency changes had the highest
effect on reducing the amount of total productivity
changes. Changes in managerial efficiency and
scale efficiency were in the next ranks,
respectively (10). This was consistent with the
results of this study. In general, the health system
cannot control the number of patients referred to
hospitals; thus, it is wrong to use the assumption of
output maximization in calculations. Nouraei
Motlagh et al. (19), in a study, investigated
changes in the total factor productivity in hospitals
affiliated with Lorestan University of Medical
Sciences in 2010-2016. They used the DEA
method for this purpose. In this study, the average
total productivity change of hospitals during the
studied period was 1.023. This indicates that
productivity has decreased during the studied
period, and technological changes had the

Volume 6, Issue 2, June 2022; 100-9

maximum negative effect on productivity
reduction compared to other factors (19). This is
consistent with the results of this study.
Furthermore, technological changes in the studies
by Torabipour in Ahvaz hospitals (22), Krigia in
Angola hospitals (23), and Yawe in Uganda
hospitals (24) were the main cause of decreased
total productivity, which is consistent with the
results of the present study. Productivity of all
departments in the hospital can be increased by
upgrading technology and using the up-to-date
equipment.

Conclusion

In this study, insufficient knowledge of
personnel's MRD in the correct use of technology
for providing services was the leading cause of
decreased productivity. Therefore, providing
instructions for correct use of technology can be
helpful for personnel. The results of the Kendrick-
Creamer and Malmquist indices can help managers
improve productivity, and thus, reduce the costs of
hospitals' medical records departments.
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