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Introduction: Ethiopian health expenditure as a share of total government expenditure 
increased from 7.6% in 2013/14 to 8.1% in 2016/17. But it remained low even for the low- 
income country average expected share of 8.7%. It signifies the efficient use of scarce 
resources in the health sector is still critical to achieving sustainable development goals. 
But little evidence is available about public hospitals’ technical efficiency in providing 
maternal health services. Therefore, the aim of this study was to assess the technical 
efficiency of maternal health services provision of public hospitals in Northwest Ethiopia.
Methods: Facility-based cross-sectional study was conducted among twelve randomly selected 
public hospitals. Input data (salary expenditure, non-salary expenditure, and the number of beds) 
and maternal health services output data (antenatal care, skilled delivery, and postnatal care) for 
a 2011 Ethiopian fiscal year (July 2018 to June 2019) were collected and entered into Epi-Data 
3.1. We used both primary and secondary data collection procedures to determine independent 
variables and the dependent variable, respectively. We also used a two-stage input-oriented data 
envelopment analysis with variable returns to scale assumption.
Results: The study showed that hospitals included in this study wasted US$ 6833.50 for 
salary and US$ 3886.8 for non-salary expenditures. The study also revealed that the mean 
pure technical efficiency of public hospitals for maternal health service provision was 0.92 
±0.142, and their scale efficiency was 0.795±0.24. The hospital manager’s experience year, 
the educational level of the manager, and the hospital service year associated positively with 
the technical efficiency. However, the catchment population and distance of another health 
facility associated negatively with technical efficiency.
Conclusion: The public hospitals’ pure technical efficiency in the provision of maternal 
health services in Northwest Ethiopia was high. More than half of the public hospitals were 
technically efficient. The wasted amount of expenditures could be used for satisfying the 
unmet health services need of the population. Therefore, it is better to monitor the health 
facilities for the wise use of the existing resources for their best performance.
Keywords: technical efficiency, maternal health service, public hospitals, data envelopment 
analysis, tobit model, Northwest Ethiopia

Introduction
Maternal health service is recognized as a good measure of overall population 
health and health system performance, particularly in low-income countries.1 

Globally, in 2015, 300,000 pregnant women died, with more than half from Sub- 
Saharan Africa.2 The 2016 Ethiopian demographic and health survey reveals 
Ethiopia has high maternal mortality with 412 per 100,000 live births estimated 
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ratio.3 It is very far from the sustainable development goal 
(SDG) of reducing the maternal mortality ratio by less 
than 70 per 100,000 live births by 2030.4

Ethiopia is among one of the low-income countries 
with a low budget allocation for health care delivery. The 
seventh and recent Ethiopian health account showed that 
the country’s health expenditure as a share of total govern-
ment expenditure increased from 7.6% in 2013/14 to 8.1% 
in 2016/17.5 But it remained low even for the low-income 
country average expected share of 8.7%. It indicates the 
efficient use of scarce resources in the health sector is 
critical to achieving the stated SDG.

Even though there is an increasing interest among health 
policymakers in Africa towards efficient utilization of health 
resources,6,7 there are indicators for the inefficient utilization 
of resources. An input-based budgeting system8 and the 
absence of real competition9 can be used as sources of 
inefficient performance of public hospitals. However, It is 
underlined that the efficient utilization of resources is one of 
the stressing points on moving towards universal health 
coverage,10 and ensuring efficiency is one priority area of 
the Ethiopian health sector transformation plan.11

Technical efficiency is one of the widely used effi-
ciency assessment approaches for health facilities. It is 
the best-observed practice achieved by the decision- 
making unit (DMU) on converting physical inputs into 
outputs, which is determined by the difference between 
the observed ratio of combined quantities of DMU output 
to input.12 It is affected by the size of operations (scale 
efficiency) and by managerial practices (pure technical 
efficiency).13

The technical efficiency of huge stakeholders in the 
health sector is critical for achieving the SDG of the 
maternal mortality ratio. Hospitals are one of the huge 
and ultimate decision-making units (DMUs) for cost- 
effective and efficient health service provision to achieve 
universal health coverage and sustainable development 
goals. So, they need to ensure that these health facilities 
provide efficient health services.

Although technical efficiency is in extensive use in the 
rest of the world14–18 to elucidate health facilities’ perfor-
mance, only a few studies have been conducted in 
Ethiopia. Even if different studies were conducted in 
Ethiopia,19 they did not select the appropriate input and 
output data relative to DMUs and did not assess the factors 
associated with technical efficiency.20

This study was conducted by addressing the limitation 
of the previous studies by selecting a small number of 

inputs and outputs and also identifying factors in 
the second stage of data envelopment analysis. It is also 
specific for maternal health services to make focused evi-
dence for policymaking towards SDG achievement of 
maternal mortality ratio. Moreover, this method did not 
previously apply elsewhere in the health systems of 
Northwest Ethiopia. Therefore, this study aimed to assess 
public hospitals’ technical efficiency towards maternal 
health services provision in Northwest Ethiopia.

Materials and Methods
Study Design and Period
We conducted a facility-based cross-sectional study from 
February 15 - March 15, 2020, to assess public hospitals’ 
technical efficiency in providing maternal health services 
and associated factors in the Northwest of Ethiopia. This 
study’s source population was all public hospitals in the 
four districts of Northwest Ethiopia. Whereas, the study 
population for this study was all selected public hospitals 
in four districts of Northwest Ethiopia. The public hospi-
tals which were functional in the 2011 Ethiopia fiscal year 
were included in the study.

Study Settings
The study was conducted on public hospitals of Northwest 
Ethiopia. Ethiopia’s health system structure is organized 
with the three-level health care system since 2010.21 The 
primary level includes the health post, health center, and 
primary hospital. The secondary level consists of the gen-
eral hospitals, and the tertiary level consists of specialized 
hospitals. Maternal health services in primary health care 
are mainly preventive, non-emergency services, and essen-
tial obstetric care. In the secondary level, emergency 
obstetric services are included. The tertiary level provides 
comprehensive emergency and non-emergency maternal 
health services.22 The Northwest Ethiopia where the 
study was conducted has four districts (the Central 
Gondar district, the North Gondar district, the West 
Gondar district, and the South Gondar district), and 20 
public hospitals (one referral, one general, and 18 primary 
hospitals).

Sample Size Determination and Sampling 
Procedures
Based on the WHO “tool for assessing the operationality 
of district health systems”23 recommendation, since dis-
tricts in Northwest Ethiopia are fewer than nine, all (four) 
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districts were included, and 12 public hospitals out of 20 
public hospitals on the districts were randomly selected. 
The public hospitals were proportionally allocated based 
on the level of hospitals. Using the lottery method, one 
referral, one general, and ten primary hospitals were 
selected accordingly. The calculated number of hospitals 
determined the number of inputs and outputs to be 
included in the study. We selected three inputs and three 
outputs to be in line with the rule that the number of inputs 
should be less than one-third of the number of DMUs, and 
the number of DMUs should be greater than the product of 
the number of outputs and inputs24 or greater than two 
times the sum of inputs and outputs.25

Variables
The dependent variable of this study was the technical 
efficiency of maternal health services provision in public 
hospitals. The output variables were the number of antena-
tal care (ANC) visits, skilled delivery, and postnatal care 
(PNC) services provided in public hospitals. The input 
variables were salaried expenditure, non-salary expendi-
ture, and a number of beds to provide maternal health 
services. Inputs as a factor of production are summarized 
into two categories; labor and capital. Salary expenditure 
is used as a proximate measure of labor, whereas non- 
salary expenditures and the number of beds were used as 
the proximate measure of materials and capital, 
respectively.

The independent variables were organizational factors: 
managerial service years of the CEO, the CEO’s educa-
tional status, the distance of the CEO’s residence from the 
facility, additional benefit packages for the employees, 
level of facility, service year of facility, and patient waiting 
time. And environmental factors were total catchment 
population, the availability of nearby health facilities, 
and the distance of the facility from the capital city.

This study’s one fiscal year includes the time from 
July 8, 2018, to July 7, 2019. The maternal health service 
was ANC service, skilled delivery, and PNC service. The 
ANC services included were the first and fourth ANC 
visits, and skilled delivery could be any type of child 
delivery service provided by the facility.

Data Collection Tools and Procedures
Both primary and secondary data collection procedures 
were employed in this study. A structured and pretested 
questionnaire that contains questions on the environmental 
and organizational related characteristics was used for 

primary data collection. The document review was used 
for the secondary data collection on the inputs for maternal 
health services and the maternal health services outputs in 
each hospital’s 2011 Ethiopian fiscal year.

The questionnaire was developed after reviewing the 
standards for the public hospitals of the country,22 the 
WHO tool for assessing the operationality of district health 
systems,23 and related literature.19,26 Specifically, the out-
put data were obtained from the district health information 
system 2 (DHIS-2) database from the respective hospitals 
to ensure data reliability.27

Data Quality Control
The tool was prepared in English, then translated into 
Amharic, and then back-translated into English to check 
for its consistency. Four data collectors with a bachelor’s 
degree in health science background were recruited. A day 
of training was given for the data collectors before the 
actual data collection period, and a pretest of the tool was 
conducted at Addis Zemen health center. Then, the tool’s 
error was identified, especially the starting and ending 
point of the questionnaire was rearranged, and unclear 
words were corrected accordingly. Every day after data 
collection, questionnaires were reviewed and checked for 
their completeness and relevance by the principal investi-
gator. Then the necessary feedback was offered to data 
collectors the next morning.

Data Management
We used the volume method of indirect cost estimation to 
determine a specific expenditure value for the specified 
outputs produced, which counts the ratio of the number of 
maternal health services to the operational cost multiplied 
the total number of services. The procedure was conducted 
to identify specific expenditures for the defined common 
inputs shared to provide health services, including mater-
nal health services. The cost of particular inputs for mater-
nal health services (midwife nurses, physicians for 
maternal health services, and beds for maternal health 
services) was counted separately. Finally, the inputs for 
maternal health services were calculated by the sum of the 
shared amount of inputs and the specific inputs for mater-
nal health services.

Expenditures in Ethiopian birr were changed to the US 
dollar with an exchange rate of 1 Ethiopian birr to 0.0295 
US dollars by the date February 2019.28 Costing was done 
from the provider perspective, and bottom-up costing was 
employed. Data were collected, entered into EpiData 
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version 3.1, and exported to Microsoft excel 2019 and 
STATA software version 14 for further analysis.

Data Analysis
The two most widely used analysis methods for measuring 
technical efficiency are stochastic frontier analysis and 
data envelopment analysis (DEA). The former is the para-
metric measurement and uses econometric approaches to 
estimate the functional forms towards measuring output to 
input. The latter is a non-parametric approach, which is 
a flexible method that uses observed data to determine the 
frontier without placing conditions on the user form for 
multiple outputs and inputs.29

The DEA works on relative and ratio-based analysis. 
The relative performance proved to be technically efficient 
if and only if the other DMUs with the same inputs and 
outputs do not show inputs and outputs can be improved 
without worsening some of the other inputs and outputs.30

In DEA, technical efficiency is calculated as the best- 
observed practice achieved by the DMU on converting 
physical inputs into outputs, determined by the observed 
ratio of combined quantities of an entity’s output to 
input.12

Technical
efficiency ¼

The weighted sum of outputs produced
The weighted sum of inputs used 

In this study, the two-stage DEA was used to identify 
public hospitals’ technical efficiency and associated fac-
tors on maternal health services. It is the best way of 
technical efficiency analysis for multiple inputs and multi-
ple outputs.

The DEA assumes the two technical efficiency assess-
ment methods, the VRS with Banker, Charnes, and Cooper 
model, and CRS with Charnes, Cooper, and Rhodes 
model.

The choice of CRS or VRS usually depends on the 
context and purpose of the analysis. If the interest is only 
in productivity regardless of the scale of operations, CRS 
be more appropriate. If the attention is focused on how the 
scale of operations affects productivity, VRS be preferred, 
particularly if it is believed that DMUs are not operating at 
their optimal scales.31

Technical efficiency can be expressed as the potential 
to increase outputs from given quantities of inputs, the so- 
called output-oriented technical efficiency, or the potential 
to reduce the quantities of inputs used in producing given 
quantities of outputs input-oriented technical efficiency. It 

is affected by the size of operations (scale efficiency) and 
by managerial practices (pure technical efficiency).13

In this study, in the first stage, DEA with input orienta-
tion and VRS assumption was conducted by the DEA 
program version 2.1 (DEAP 2.1) developed by Tim 
Coelli.32

The input orientation was selected because the public 
hospitals can influence the inputs more than the outputs as 
there is no real competition among public hospitals, and 
their primary goal is to provide curative services. Besides, 
the output of public hospitals is need-based from the 
beneficiaries, which cannot be within their primary con-
trol. The VRS assumption is preferred because not all 
analysis units are considered to be operating at an optimal 
scale as the study done on public hospitals where financial 
constraints are typical, leading to not working on their 
optimal scales.

The VRS takes two forms: decreasing returns to scale 
(DRS) and increasing returns to scale (IRS). The DRS 
implies that a health facility is large for its operation 
scale, so it needs to downsize its operation to be scale 
efficient. The hospital performing the IRS needs to enlarge 
its level of service to become scale efficient since its size 
is small for its operation scale.12

The formula derived by Cooper33 for the VRS input- 
orientated DEA was used to compute each public hospi-
tal’s relative technical efficiency towards the maternal 
health service production based on the expended inputs.

Efficiency ¼ max ∑
�r

Uryrj0 þ U0 

Subject to

∑
r

Uryrj � ∑
r

ViXij þ U0 � 0; j ¼ 1; . . . ; n 

∑
i

viX ij0 ¼ 1 

Ur;Vi � 0 

Where:
yrj = the amount of the output r produced by health 

facility j,
Xij = the amount of the input i used by health facility j,
Ur = the weight given to the output r, (r = 1 . . . t and 

t is the number of outputs),
Vi = the weight given to the input I, (I = 1 

. . . m and m is the number of inputs),
j0 = the health facility under assessment.
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As the second stage of the DEA, the Tobit regression 
model was used to identify the factor affecting public 
hospitals’ technical efficiency in providing maternal health 
services. As the ordinary least square regression leads to 
biased estimation due to the censoring of the data, Tobit 
regression remains the choice of analysis for the dependent 
variable with censored datasets, although the debate on the 
choice of regression analysis ongoing among scholars.34 

Significant factors were determined at a p-value of less 
than 0.05 and a 95% confidence level.

Results
Organizational Factors
All selected public hospitals were assessed for this study, 
making a response rate of 100%. The study revealed that 
all heads of the facilities were males, and 9 (75%) had less 
than five years of experience. Out of 12 heads of the 
facilities, half of them had a Master’s and above degree.

The study showed that 8 (66.67%) facilities were 
recently opened with less than five years of operation 
regarding the facilities. In 10 (83.33%) public hospitals, 
patients had to wait 30 minutes and more at the outpatient 
department to get services from the hospitals (Table 1).

Environmental Factors
Regarding the environmental factors, the study showed 
that 5 (41.67%) of the hospitals had a catchment popula-
tion of greater than one million, and 10 (83.33%) of 
hospitals had another health facility that gives maternal 
health service within a two-kilometer distance (Table 2).

Inputs Used and Outputs Produced
This study showed that a total of US$ 2,303,706 and US 
$477,534.5 amount of salary and the non-salary cost was 
expended for the 2011 Ethiopian fiscal year, and 297 beds 
were used for the ANC, delivery, and PNC services in the 
study hospitals (Supplementary Material).

The study also showed that the 12 hospitals provided 
31,892, 26,723, and 16,346 numbers of ANC, Skilled 
delivery, and PNC service in the fiscal year (Table 3).

The Efficiency Score of Public Hospitals
The study revealed that 7 (58.3%) hospitals were pure 
technical efficiency, and 5 (41.67%) of the hospitals were 
scaled as efficient (Figure 1). Out of scale inefficient 
hospitals, 3 (25%) were operating beyond their scale, 
whereas 4 (33.33%) were operating below their level.

The mean ± standard deviation (SD) score of overall 
technical efficiency, pure technical efficiency, and scale 
efficiency of the hospitals were 0.741 (±0.278), 0.92 
(±0.142), and 0.795 (±0.24), respectively (Table 4).

The Projections on Input Reduction and 
Output Escalation
The study finding indicated that hospitals wasted 3.6%, 
9.8%, and 6.2% of the salary expenditure, non-salary 

Table 1 Organizational Factors of Public Hospitals Towards 
Maternal Health Services at the Northwest of ANRS, Ethiopia, 
2020 (N = 12 DMUs)

No Variables Category Frequency 
(N)

Percent 
(%)

1 Sex of the CEO Male 12 100

2 Age of the CEO <30 4 33.33

≥30 8 66.67

3 Educational status 
of the CEO

BSc 6 50.00

≥Master 6 50.00

4 Managerial 

service year of the 

CEO

≤5 years 9 75.00

>5 years 3 25.00

5 Distance from the 
hospital to the 

CEO’s residence

<2KM 6 50.00

≥2KM 6 50.00

6 Hospitals provide 

staff with additional 
cash benefits*

Yes 1 8.33

No 11 91.67

7 Hospital offer staff 

other than cash 

benefits

Yes 6 50.00

No 6 50.00

8 Service year of the 
facility

<5 years 8 66.67

≥5 years 4 33.33

9 Level of the facility Primary 10 83.33

General 1 8.33

Tertiary 1 8.33

10 Patient waiting time <30 min 2 16.67

≥30 min 10 83.33

Note: *Does not include overtime, risk, and duty payments.
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expenditure, and beds, respectively, to produce the amount 
of ANC, delivery, and PNC service they provided. The 
expended amount of inputs was needed to produce 11.7%, 
13.5%, and 13.9% more ANC, delivery, and PNC services 
than what they already produced (Table 5).

Factors Associated with Technical 
Efficiency
The study revealed that a year increase in the head’s 
managerial experience increases the hospital’s technical 
efficiency score by 0.031 (95% CI: 0.005, 0.05). The 
hospital run by a head who had a master’s and above 
educational status scored 0.219 (95% CI: 0.121, 0.317) 
more technical efficiency than hospitals run by heads 
who had a bachelor’s degree. A unit increase in the hospi-
tal’s service year increases the technical efficiency score 
by 0.09 (95% CI: 0.051, 0.129). Another health facility 
that gives maternal health service within a 2km distance 
increases the hospital’s technical efficiency score by 0.497 
(95% CI: 0.344, 0.651). A 100,000 increase in the hospital 

catchment population decreases the hospital’s technical 
efficiency score by 0.0524 (95% CI: −0.101, −0.0036) 
(Table 6).

Discussion
In this study, the mean pure technical efficiency score of 
the public hospitals were 0.92 (±0.14SD). When the hos-
pitals perform in their best managerial performance, 8% of 
resources would be saved for the constant volume of out-
puts produced. On the other side, the average pure techni-
cal efficiency score of the inefficient hospitals was 80.8% 
(±17% SD). This means the inefficient hospitals need to 
reduce 19.2% of the resource allocation to be fully tech-
nical efficient as their peers on the frontier.

This finding is in line with the study conducted in 
Oromia 75%.19 However, it is higher than the studies 
conducted in Ethiopia’s public primary hospitals, 55%20 

and Tigray 42%.35 This might be due to the change in time 
and demography that makes the current study high client 
flow, which is not proportional to resource allocation 
compared with the previous studies.

The finding of this study exhibits similarity with the 
studies conducted in India,16 Colombia,36 and Sierra 
Leone,15 with the technical efficiency scores of the ineffi-
cient hospitals 0.79 (±0.12SD), 0.75, and 0.63 (±0.18SD), 
respectively. On the other hand, it is higher than the study 
conducted in Bangladesh, 0.63.14

The study also showed that 7 (58.3%) of the hospitals 
were exhibiting pure technical efficiency, which is attribu-
table to the facility’s managerial performance. The number 
of pure technical efficient hospitals was in line with the 
studies conducted in India16 and Sierra Leone,15 where 
50% and 63% (±18%SD) of hospitals were technical effi-
cient, respectively.

However, the finding is lower than the studies con-
ducted in Oromia, in which 78.8% of hospitals perform 
pure technical efficiency.19 This might be due to the large 

Table 2 Environmental Factors of Public Hospitals Towards 
Maternal Health Service at the Northwest of ANRS, Ethiopia, 
2020 (N =12DMUs)

No Variables Category Frequency 
(N)

Percent 
(%)

1 Total catchment 
population

<1,000,000 7 58.33

≥1,000,000 5 41.67

2 The distance of the 

hospital from the 

capital of the 
district

<100KM 10 83.33

≥100KM 2 16.67

3 Presence of nearby 

health facility*

Yes 10 83.33

No 2 16.67

Note: *Within 2km distance.

Table 3 Inputs Used and Outputs Produced on Maternal Health Service Provision at Public Hospitals in Northwest of ANRS, Ethiopia, 
2020 (N =12 DMUs)

Variables Total Mean SD Min Max

Inputs Salary expenditure (US$) 2,303,706 191,975.5 362,812.4 31,463.13 1,337,061
Non-salary expenditure (US$) 477,534.5 39,794.54 75,929.69 4480.58 276,202

No of beds 297 24.75 33.78 6 130

Outputs ANC 31,892 2657.67 3812.40 437 14,208

Skilled delivery 26,723 2226.92 2985.83 497 11,066

PNC 16,346 1362.17 1566.63 48 6044
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(three more) number of outputs were used. So that when 
the number of outputs increases, the high number of 
DMUs would be technically efficient.37 This finding is 
lower than with the research conducted in Bangladesh, 
where 79% of the hospitals were technically efficient.14 

This might be due to taking the outpatient visit as one of 
the outputs which were not included in this study as one of 
the least resource-intensive departments in hospitals.38 

But, it is higher than the findings from the studies con-
ducted in Kenya,39 Nigeria,40 Sierra Leone,15 and 

Malaysia,41 in which 11.76%, 33.3%, 41%, and 37.5% of 
hospitals were pure technical efficient respectively. This 
discrepancy may be because all are conducted on a higher 
number of hospitals, which is explained by high observa-
tion leading to a low-efficiency level.32

The finding is higher than the studies conducted in 
China,17 Kenya,39 Zambia,35 and Mexico,18 with the aver-
age pure technical efficiency scores of 0.78, 49.9 
(±0.32SD), 0.42, and 0.30, respectively. This may be due 
to the number of observations performed by the listed 
studies. However, it is lower than the studies conducted 
in Colombia at 0.96.36 This may be due to the difference in 
the study setting.

The study showed the scale efficiency score of the 
hospitals was 0.79 (±0.24SD). This means when the 
scale inefficient hospitals operate on their optimal size; 
the total inputs would be decreased by 21% without chan-
ging the number of outputs produced. Among all, 5 
(41.67%) were scale efficient, and 7 (58.33%) were scale 
inefficient. Among the scale inefficient hospitals, 3 (25%) 
were operating high for their operation size, and 4 
(33.33%) were running low for their size of production.

The study showed that the overall amounts of salary and 
non-salary expenditures were US$ 191,975.10 and US$ 
39,794.50, respectively but, the maximum amount of salary 
and non-salary expenditures they need to use to produce the 
number of maternal health service they already produced 
was US$ 185,141.60 and US$ 35,907.70. This means the 
hospitals included in this study were wasted US$ 6833.50 

Table 4 Efficiency Score of Public Hospitals Towards the 
Provision of Maternal Health Service in Northwest of ANRS, 
Ethiopia, 2020 (N = 12DMUs)

DMUs CRS 
TE

VRS 
TE

Scale 
Efficiency

Returns to 
Scale

H01 0.447 1.000 0.447 DRS
H02 0.689 0.720 0.957 DRS

H03 0.900 1.000 0.900 DRS

H04 0.333 0.585 0.569 IRS
H05 1.000 1.000 1.000 –

H06 1.000 1.000 1.000 –
H07 0.326 0.789 0.460 IRS

H08 1.000 1.000 1.000 –

H09 1.000 1.000 1.000 –
H10 0.492 0.995 0.495 IRS

H11 0.671 0.950 0.707 IRS

H12 1.000 1.000 1.000 –
Mean 0.741 0.920 0.795

SD 0.278 0.142 0.240

Figure 1 Efficiency score of public hospitals towards the provision of maternal health service in Northwest of ANRS, Ethiopia, 2020 (N = 12DMUs).
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Table 5 Input Reduction and Output Escalation Projections to Make Inefficient Hospitals More Efficient in the Northwest of ANRS, 
Ethiopia, 2020 (N = 12 DMUs)

Inputs Outputs

Salary ($) Non-Salary ($) Beds (N) ANC (N) Delivery (N) PNC (N)

H01 Original 1,337,061 276,202 130 14,208 11,066 6044
Projected 1,337,061 276,202 130 14,208 11,066 6044

Difference 0% 0% 0% 0% 0% 0%

H02 Original 104,253 7389.4 14 1016 1203 1215

Projected 75,081.3 5321.7 8.29 1765.3 1608.5 1215

Difference −27.9% −27.9% −40.7% 73.7% 33.7% 0%

H03 Original 125,888 19,151.1 20 2916 1525 1649

Projected 125,888 19,151.1 20 2916 1525 1649
Difference 0% 0% 0% 0% 0% 0%

H04 Original 83,049 13,218.7 21 437 634 589
Projected 48,561 5272.13 12 1311.9 1222.5 1012

Difference −41.5% −60.1% −42.8% 200.2% 92.8% 71.8%

H05 Original 155,835 51,590 25 4539 4424 48

Projected 155,835 51,590 25 4539 4424 48

Difference 0% 0% 0% 0% 0% 0%

H06 Original 32,559 34,788.9 25 1530 1423 1472
Projected 32,559 34,788.9 25 1530 1423 1472

Difference 0% 0% 0% 0% 0% 0%

H07 Original 71,452 36,235 14 609 519 521

Projected 56,348.1 5086 11 1441.7 1332.9 1068.2

Difference −21.1% −85.9% −21.4% 136.7% 156.8% 105%

H08 Original 31,463 5680.1 15 1027 980 891

Projected 31,463 5680.1 15 1027 980 891
Difference 0% 0% 0% 0% 0% 0%

H09 Original 147,356 13,555.2 6 1834 2154 1715
Projected 147,356 13,555.2 6 1834 2154 1715

Difference 0% 0% 0% 0% 0% 0%

H10 Original 76,099.2 8323.61 8 901 605 504

Projected 75,712.3 4624.4 7.9 1764 1607 1206

Difference −0.5% −44.4% −1.25% 95.7% 165.6% 139%

H11 Original 56,944 6918.8 12 1010 497 449

Projected 54,093.4 5140 11.4 1404.2 1300.9 1052.1
Difference −5% −25.7% −5% 39% 161% 134%

H12 Original 81,741.5 4480.6 7 1865 1693 1249
Projected 81,741.5 4480.6 7 1865 1693 1249

Difference 0% 0% 0% 0% 0% 0%

Mean Original 191,975.1 39,794.5 24.8 2657.7 2226.9 1362.2

Projected 185,141.6 35,907.7 23.2 2967.8 2528.1 1551.8

Difference −3.6% −9.8% −6.2% 11.7% 13.5% 13.9%
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and US$ 3886.8 for salary and non-salary expenditures, 
respectively. This could be the health expenditure for 323 
clients according to the seventh Ethiopian health account per 
capita health expenditure of US$33.25 and for 125 clients 
according to the WHO recommendation per capita, health 
expenditure for low-income countries US$86.42

The study also revealed that a year increase in the 
managerial experience of the CEO increases the hospital 
technical efficiency score by 0.031 (95% CI: 0.005, 0.05). 
The hospital run by heads who had a master’s and above 
educational status scored 0.219 (95% CI: 0.121, 0.317) 
more technical efficiency score than hospitals run by 
heads who had a bachelor’s degree. This might be as 
experience and level of education increases, the leadership 
and managerial skill of managers will be improved, which 
directly contribute to the wise use of resources.

A unit increase in the service year of the hospital increases 
the technical efficiency score by 0.09 (95% CI: 0.051, 0.129), 
which is also the finding of the study conducted in Oromia, 
Ethiopia,19 where the service year of the facility increases the 
technical efficiency score by 0.02. This might be due to those 
high served hospitals can more preserve human power, and 
they have a more adaptive and sustainable work environment 
through the consistent managerial team.

The presence of another health facility that gives 
maternal health service within a 2km distance increases 
the technical efficiency score of the hospital by 0.497 
(95% CI: 0.344, 0.651), which is supported by the study 
conducted in Palestine.43 The study conducted in Burkina 
Faso34 also suggests an increased distance between the 
next health facility decreases the technical efficiency 
score of the hospital by 0.107. The reason might be the 

hospital’s patient load would be shared by the adjacent 
health facilities, which may reduce their facilities burden.

A 100,000 increase in the catchment population of the 
hospital decreases the hospital’s technical efficiency score 
by 0.0524 (95% CI: −0.101, −0.0036). It is in line with the 
study conducted in Greece.44 But, it is contrary to the find-
ings of the studies conducted in Henan, China,45 and Oromia 
Ethiopia.19 The catchment population of hospitals increases 
the technical efficiency score by 0.104 and 0.056, respec-
tively. The reason could be the hospitals in this study were 
very close to the capital city of the district, with 83.3% had 
<100 km. So, the bypass of the hospitals to a higher-level 
lead to low health service production in the hospitals.

Limitations of the Study
Even though this study has many implications for decision 
making, it has its limitations, which need to be considered 
while interpreting and concluding the result. First, the 
study includes only the public hospitals and so will never 
be construed for the private hospitals as their primary goal 
is different. Second, the quality adjustment was not made 
in the study, and it may have a constraint on the compar-
ison, which is because the DEA analysis has no room for 
quality adjustment. Third, the study used inputs and out-
puts for a single year, so the efficiency scores may be 
changed when the data is changed.

Finally, even though health facilities perform many 
outputs with many inputs, it is challenging to incorporate 
all the inputs and outputs for analysis. So, the result of this 
study may be changed when the inputs and outputs of the 
research are changed. Despite those limitations, since the 
study applied the DEA for technical efficiency 

Table 6 Factors Significantly Associated with a Technical Efficiency Score of Public Hospitals Towards the Provision of Maternal Health 
Service in Northwest of ANRS, Ethiopia, 2020 (N = 12DMUs)

Variables Category Coefficient T P-value 95% CI

CEO’s managerial experience in years N 0.031 2.81 0.026* (0.005, 0.05)

Educational status of the CEO (≥Master.) D 0.219 5.29 0.001* (0.121, 0.317)

Service year of the hospital N 0.090 5.48 0.001* (0.051, 0.129)
Presence of another health facility in ≤ 2km D 0.497 7.66 0.000* (0.344, 0.651)

Total number of the catchment population N −5.24e−07 −2.54 0.039* (−1.01e−06, −3.6e−08)

Constant 0.036 0.34 0.743 (−0.218, 0.292)
Sigma 0.039 (0.007, 0.070)

Log-likelihood 7.18
Number of observations 12

Chi square 23.82

Note: *significant with p-value <0.05. 
Abbreviations: D, dummy variable; N, numeric variable.
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measurement, the finding can be used to evaluate the 
performance evaluation in the health care system and the 
benchmark for the subsequent studies.

Conclusion
The study revealed that the pure technical efficiency 
score of public hospitals in Northwest Ethiopia is high. 
More than half of the public hospitals in Northwest 
Ethiopia were scored 100%. The study also showed 
that the managerial experience and educational status 
of the head of the hospital, service year of the hospital, 
and the presence of nearby health facilities providing 
maternal health services were identified to improve the 
technical efficiency of the public hospitals. In contrast, 
the increased catchment population of the service area 
was identified to diminish the technical efficiency of 
the hospitals.

For the higher officials, it is better to expand health 
facilities to decrease the patient load, to hire more experi-
enced, and build the capacity of facility heads. Besides, 
experience between experienced and less experienced hos-
pitals is advisable.

For the next researchers, efficiency measurement of the 
health systems of Ethiopia is one of the untouched areas of 
study. So, it is better to evaluate the efficiency perfor-
mance of the DMUs in the health system. If possible, 
incorporating a higher number of observations and with 
longitudinal data will generate strong evidence for crucial 
decision making on maternal health services towards the 
efficient use of scarce health resources in low-income 
countries like Ethiopia.
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