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finding a solution to its diminishing tax revenue, while 9 
improving the efficiency and effectiveness of the body 10 
responsible with managing taxation might offset this 11 
need. Efficiency can simply be defined as the ratio of 12 
output to input and is evaluated against a best practice 13 
frontier Data Envelopment Analysis model. This research 14 
measured & analyzed the Technical and Scale Efficiency 15 
of 14 small and medium tax offices in charge of direct 16 
and indirect taxes within the jurisdiction of Addis Ababa 17 
City Administration, using data from Ethiopian Revenues 18 
and Customs Authority and Addis Ababa Finance and 19 
Economic Cooperation Bureau. The study used Total 20 
Number of Taxpayers, Office Rent Expense and Total 21 
Number of Employee as input and Direct and Indirect 22 
Taxes as output for the year 2015/16. The average 23 
technical efficiency scores under constant returns to 24 
scale and variable returns to scale assumption indicate 25 
that tax offices should be able to collect their current level 26 
of revenues with approximately 40.7% & 9% less inputs 27 
respectively. Many of inefficient DMUs have also excess 28 
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input usage and output. The scale inefficiency is 36.1% 29 
with 75% of the tax offices exhibiting increasing returns to 30 
scale. These suggest that tax collecting offices managers 31 
must improve their operational planning and 32 
management practices in an efficient way. This could be 33 
via adopting best practices of other tax offices and an 34 
optimal combination of factors of production, improving 35 
tax compliance, and minimizing office rent cost, adequate 36 
investment and further training in, and the adaption of 37 
new technologies relevant to modernization of tax offices. 38 
The next measure would then be to improve their scale 39 
efficiencies by increasing its scale operations through 40 
internal growth. 41 

Keywords: Constant Returns to Scale (CRS), Data 42 
Envelopment Analysis (DEA), Decision Making Units 43 
(DMU’s), Efficiency, Scale Efficiency, Slacks, Technical 44 
Efficiency, and Variable Returns to Scale (VRS) 45 
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1. Introduction 

 

ax is a typical 

instrument which 

States across the 

globe depends upon 

so as to carry out the 

needs of their 

citizens. Tax 

administrations exist 

to ensure obedience 

with the existing tax 

laws and the 

efficiency and 

effectiveness with 

which tax offices 

achieve their 

mission has always 

been a high priority 

for rulers. In 

developing 

countries, though, 

the administrative 

dimension of 

taxation has long 

been familiarized by 

tax administrators, 

especially those 

T 
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working on tax 

policy Goode (1981), 

Bird and de Jantsch 

(1993), there has 

been a slight 

analysis of this 

administrative 

dimension, at least 

by economists. The 

prevailing evidence 

from government 

budgetary 

information clearly 

indicates that the 

budget cost of 

collecting direct and 

indirect tax is over 1 

percent of the 

revenues from these 

taxes, and can 

sometimes be 

significantly higher, 

Sandford (1995). 

Unfortunately, there 

is little information 

on how “efficient” 

any tax 

administration may 
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actually be in using 

administrative 

“inputs” (e.g., 

humans, materials, 

information, rules, 

systems) to generate 

“outputs” like direct 

and indirect taxes. 

The recent 

international trends 

of rising government 

deficits and 

escalating debt have 

put further 

considerable burden 

to the revenue 

collection agencies at 

least in two ways. 

Firstly, tax 

administrators are 

forced to increase 

tax collections, 

through robust 

enforcement. 

Secondly, the fiscal 

upset is forcing 

reductions in 

resources allotted to 
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the tax offices. Tax 

administrative is 

therefore being 

forced to do more, 

and to do more with 

minimal resources. 

These advances 

mean that inefficient 

tax offices will need 

to take ladders to 

increase the 

efficiency of their tax 

revenue collection 

activities. While 

public spending 

efficiency has 

received a great deal 

of attention, tax 

collection efficiency 

has received 

considerably less 

notice, largely 

because the absence 

of comparable data 

across tax 

administrations has 

made the 

comparative 
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analysis of tax 

offices impossible. 

Governments have 

chosen to implement 

new taxes and 

increased tax rates in 

the hope of finding a 

solution to increase 

tax revenue, 

however improving 

the efficacy and 

efficiency of the 

body charged with 

managing taxation 

might offset this 

need (Barrilao-

gonzalez. n.d). 

Efficiency is simply 

the ratio of total 

outputs to total 

inputs. Efficiency 

can be measured 

using parametric 

models and non-

parametric models. 

Data Envelopment 

Analysis (DEA), a 

non-parametric 
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model is a linear 

programming-based 

technique for 

measuring the 

performance 

efficiency of decision 

making units 

relative to the best 

practicing. 

 It was originally 

developed for 

performance 

measurement. It has 

been successfully 

employed for 

assessing the relative 

performance of a set 

of firms that use a 

variety of identical 

inputs to produce a 

variety of identical 

outputs. The 

principles of DEA 

date back to Farrel 

(1957). The recent 

series of discussions 

on this topic started 

with the article by 
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Charnes et al. (1978). 

A good introduction 

to DEA is available 

in Norman and 

Stoker (1991). 

Cooper et al. (2000) 

provide recent and 

comprehensive 

material on DEA. 

The paper attempts 

to determine the 

relative and scale 

efficiency, 

magnitude of 

inefficiency and 

ranking of tax 

collection offices 

which deal with 

declarations, 

assessments, 

collection and tax 

appeal review of 

individuals and 

companies at the 

city government 

level. 
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1.1. BACKGROUND OF THE STUDY 

AREA 

After the bilateral agreement which have been 

signed in 2011, all tax collecting offices of Addis 

Ababa city government are came under direct 

control of ERCA. The reason for the merger is to 

improve efficiency and enhance quality in taxation 

works as a means of increasing revenues and 

customer satisfaction resulting from a more efficient 

tax administration system. 

The vision of the Addis Ababa Tax Authority is to 

see the city expenditure is covered from the tax 

revenue. The allocation of public resources to each 

tax office is based on the budget of the city 
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government for the inland revenues authority. For 

the year 2015/2016, Birr 512.70 million recurrent 

budgets is ratified by the city administration for the 

tax authority tax activities. From this amount, a 

total of Birr 493.92 million is disbursed. The tax 

collection trend in the Addis Ababa City Tax 

Authority jurisdiction shows an increasing trend. In 

2011, it was collected 4.3 billion Birr. But after the 

merger with ERCA, for example by 2015/16, it was 

reached Birr 21,109.16 million (92.54% of the 

planned goal) and in 2016/2017, by showing 20% 

average increment, it is reached 23 Billion Birr and 

it increases covering capacity of expenditure budget 

from 51% to 75%. There is a potential to collect 
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more than 40 Billion Birr per year in the city (Tax 

for Development newspaper, 9th year, no. 108, Nov, 

2017). It is collected from the direct taxes, indirect 

taxes, municipality revenues and salary income 

taxes collected from the agents (Federal Revenues 

and Customs Authority Addis Ababa branch 

offices) and rental taxes collected by one of the 

federal branches, Large Taxpayers Branch Office.   

1.2. STATEMENTS OF THE 

PROBLEM 

The study aims to measure the relative Technical 

and Scale efficiency of Addis Ababa City 

Administration Tax Offices which were under the 

administration of ERCA. Tax administration should 
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be effective in the sense of ensuring high 

compliance by taxpayers, and efficient in the sense 

that administrative costs are low relative to revenue 

collected. In 2015/16, The Ethiopian Revenues and 

Customs Authority tax administration cost is 

reached to 1.00% of the total collected tax revenues. 

It indicates that for every Birr 100 tax revenues 

collected, Birr 1.00 is spent. The Addis Ababa City 

Tax Administration cost is reached to 2.34% of the 

total collected tax revenues. It indicates that for 

every Birr 100 tax revenues collected, Birr 2.34 is 

spent (ERCA’s Annual Main Activity Performance 

Report, July, 2016). The efficiency ratio of the city is 

below the federal tax authority and is similar with 
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the prevailing evidence from government 

budgetary information that indicates that the 

budget cost of collecting direct and indirect tax is 

over 1 percent of the revenues from these taxes, and 

can sometimes be significantly higher, Sandford 

(1995). Though there is no prior efficiency 

measurement is conducted in these tax offices, this 

research finding reveals that on average 40.7% & 9% 

inefficiency is exhibited in CRS & VRS technical 

efficiency measures respectively. And the scale 

inefficiency is 36.1%. This shows that the problem is 

still existed in all measure of efficiency. 

The causes of the inefficiency of the tax collection 

agencies could fall under at least in four ways, 
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Olson (1965). Firstly, there have been extended and 

bitter labor disputes on the issue of updating the 

managerial procedures of tax offices, particularly 

with regard to increasing the use of computers. 

Secondly, the sector suffers from chronic 

bureaucracy, low levels of education among 

employees and, prevalent corruption (Addis 

Standard Newspaper, May22, 2014). Thirdly, tax 

office administrators’ appointment has been prone 

to politically dominant interest groups and to their 

private agendas, which has hindered modernization 

and development of economic, democratic, 

professional and promotion on the basis of merit. 

Finally, there is a historically determined deficit of 
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capital, which is one contemporary illustration of 

how and how far, the country and the city lag 

behind the nations of the industrialized world. 

 Despite the follow-up inspection procedures 

carried out by the ERCA, auditing or feedback 

regarding the tax offices’ activities is still not 

enough, as can be seen from the yearly reports 

presented by tax office. These reports focus mainly 

on the financial performance of the unit that is the 

collected amount of revenue. However, information 

on operational activity is not standardized and in 

the case of some offices, even neglected. This, in 

turn, implies that the City Government is, at best, 

under-informed as to the return on its policy. From 
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this, it can be inferred that the tax offices are free to 

set their own private agendas, sidestepping the 

public objectives which they are assumed to 

achieve. Since a worldwide process of 

modernization of public administration is being 

carried out throughout State institutions, Keehley et 

al. (1997) and the necessity for efficiency of tax 

offices came in to the tax administrators’ agenda, 

the researcher emphasizes the need to apply the 

DEA benchmark procedure to analyze the efficiency 

of the tax offices’ activities. This would be at least 

one step in the right direction in the attempt to 

reduce the lag behind other countries and cities tax 

offices. 
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1.3. RESEARCH GAPS 

Various research works have been conducted in 

relation to the tax administration issue of Ethiopia. 

But little studies that focus on efficiency of tax 

offices are conducted. To the best of the researcher’s 

knowledge, no studies have been conducted so far 

to estimate the relative efficiency of tax offices using 

DEA model in Ethiopia. However, the researcher 

has got a study by Yifru (2016), on Efficiency of 

Private Commercial Banks in Ethiopia, using input-

oriented CRS and VRS single stage DEA model. The 

researcher makes a reference on studies which are 

relevant to tax offices efficiency conducted in 

Europe and Asia. The study tried to bring an 
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answer for the query of relative efficiency of tax 

collecting offices under investigation.  

1.4. RESEARCH OBJECTIVES 

1.4.1. GENERAL 

OBJECTIVE 

The main objective of the study is to investigate the 

relative efficiency of tax collecting offices of the 

Addis Ababa City Government using DEA model. 
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1.4.2. SPECIFIC 

OBJECTIVES  

 To estimate relative technical efficiencies 

(TE) and scale efficiency (SE) of individual 

Decision-Making Units (DMUs) 

 To measure the magnitude of inefficiency 

behind this tax collecting offices 

 Ranking tax collecting offices based on 

their efficiency scores 

1.5. RESEARCH QUESTIONS 

 How efficiently do tax offices utilize their 

resources and to their scale size? 

 How much inefficiency is existed in each 

tax offices? 
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 Which tax office is relatively better efficient 

and inefficient than others? 

1.6. SIGNIFICANCE OF THE STUDY 

The paper contributed to the literature in a number 

of ways. To the best of the researchers’ knowledge, 

this is the first known attempt to estimate relative 

efficiency of tax offices by procuring DEA model in 

the city. The measurement of efficiency the research 

employed were also unlike from other common 

measures, for instance simple tax ratios (cost-to-

revenue), often used to measure the efficiency with 

which tax revenues are collected. The disadvantage 

in procuring these ratios is that incapability to 

account for the fact that tax collection is a 
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production process that transforms multiple inputs 

to multiple outputs. DEA efficiency scores 

estimation permitted to consider for these inputs 

and outputs and also for the environmental factors 

that affect how the inputs are combined in the 

production process James Alm et al. (2013).  The 

analysis provided information on suitable political 

and administrative measures that can lead to 

improvements in the general setup behind the tax 

offices. Finally, it becomes useful for further study 

to those whom want to undertake more research in 

this area. 
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1.7. SCOPE   OF THE STUDY 

As mentioned in the main objectives, the study 

assesses the relative efficiency (Technical and Scale 

only) of 14 Inland Revenue collecting offices of 

Addis Ababa City Administration. Due to 

unavailability of data, the investigation is limited to 

the period 2015/16 only. The variables like Total 

Number of Tax Payers, Office Rent Expense and 

Total Number of Employees were used as input and 

Direct Taxes and Indirect Taxes are taken as output 

variables. Other input and output variables of tax 

offices were not considered in this empirical study.   
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1.8. LIMITATIONS OF THE STUDY 

The paper has two limitations: first, limitations 

related to the data set and second, those related to 

the DEA method.  

With reference to the data set, the homogeneity of 

the tax offices used in the analysis is questionable, 

since the study had compared offices with relatively 

different size (small to medium), may face different 

restrictions and therefore, might not be considered 

to be directly comparable. Additionally, the data 

obtained was not as wide as it is expected. If a 

larger amount of data were available, a further 

analysis with other methods such as the Tobit 

regression could be performed which would greatly 
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improve the conclusions. Reducing the number of 

observations in DEA variables increases the 

likelihood that a given observation will be judged 

relatively efficient, Banker (1993). 

Some of the limitations of the DEA model are the 

following: the DEA does not make any functional 

form on the data, neither does it make distributional 

assumptions for the inefficiency term, nor does it 

make a prior distinction between the relative 

importance of any mix of inputs and outputs.  

1.9. DESCRIPTION OF THE STUDY 

AREA 

The study was conducted in fourteen (14) Addis 

Ababa City Administration tax offices which are 

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 415

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


currently operating in the city. Their classification 

of tax collection responsibility is based on the 

physical geography of the sub cities which are 

classified for appropriateness of the city 

administration and the ability of taxpayers. The city 

has 10 micro taxpayer offices, 2 medium taxpayer 

offices and 2 project offices. The names of the offices 

are Bole Sub City Micro Taxpayers Branch Office, 

Arada Sub City Micro Taxpayers Branch Office, 

Yeka Sub City Micro Taxpayers Branch Office, 

Kirkos Sub City Micro Taxpayers Branch Office, 

Gulele Sub City Micro Taxpayers Branch Office, 

Akaki Kaliti Sub City Micro Taxpayers Branch 

Office, Nifas Silk Lafto Sub City Micro Taxpayers 
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Branch Office, Kolfe Keranyo Sub City Micro 

Taxpayers Branch Office, Lideta Sub City Micro 

Taxpayers Branch Office, Addis Ketema Sub City 

Micro Taxpayers Branch Office. The two medium 

tax payer branches are Addis Ababa Number 1 

Medium Taxpayers Office and Addis Ababa 

Number 2 Medium Taxpayers Office. Lastly 

Merkato Number 1 and Merkato Number 2 project 

offices are project offices which are established 

recently and responsible for collecting tax on the 

Merkato trade area which is said to be Africa’s 

biggest trading area. From these tax offices, Addis 

Ababa Number 2 Medium Taxpayers Office and 

Arada Sub City Micro Taxpayers Branch Offices 
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were excluded from the data set since they are 

supposed to be outliers. 

1.10. ORGANIZATION OF THE 

PAPER 

The paper is organized as follows. The next chapter 

contains literature reviews with theoretical and 

empirical literatures of DEA measure of efficiency. 

Chapter three presents the method of the research 

work it has been conducted. Chapter four 

communicates with data analysis and presentation 

of findings. Final part of the paper summarizes 

presented results and discusses possible directions 

for future research work. References and 

appendices are attached here with. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. THEORETICAL LITERATURE 

REVIEW 

Tax is a compulsory contribution to the support of 

government, levied on person’s property, income, 

commodities, transactions, etc. Taxes are a special 

kind of imposition that can be distinguished from 

fees and fines on the basis that they are imposed on 

the community at large and are not specifically 

connected with the receipt of any particular 

services, the granting of any special rights or 
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privileges, or the breach of any law by the payer. 

Taxpayers are compelled by law to pay taxes and 

are obliged to do so even though they may not 

necessarily receive any direct benefits in return. 

Taxation is the principal means by which 

governments raise revenue. Without taxation, 

governments would be unable to finance their 

operations or deliver the many public goods and 

services that they provide to the community. The 

achievement of any tax system is dependent upon 

the Management charged with its enactment 

(Lasheras and Herrera, 1991). Governments have 

chosen for the announcement of new taxes and an 

increase in tax rates in situations where such action 
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may have proved unnecessary, had greater efforts 

been made on ensuring optimal organization within 

the management of the tax system. Therefore, a tax 

system should not be considered solely in terms of 

the structure of taxation or the quantification of 

taxable events, but rather, must also be approached 

with a view to the efficiency and efficacy of the tax 

administration charged with overseeing it (Jiménez 

and Barrilao, 2001). The tendency towards offsetting 

deficit by incrementing fiscal pressure might be 

substituted by a more rigorous control of the 

management of the tax system, increasing its 

efficiency, whilst reducing the incidence of fraud 

(Rubio, 1996; Ruibal, 2008). 
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Unfortunately, there is little information on how 

“efficient” any tax administration may actually be 

in using administrative “inputs” (e.g., humans, 

materials, information, rules, systems) to generate 

“outputs” like direct and indirect taxes. The recent 

international trends of rising government deficits 

and escalating debt have put further considerable 

burden to the revenue collection agencies at least in 

two ways. Firstly, tax administrators are forced to 

increase tax collections, through robust 

enforcement. Secondly, the fiscal upset is forcing 

reductions in resources allotted to the tax offices. 

Tax administrative is therefore being forced to do 

more, and to do more with minimal resources. 
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These advances mean that inefficient tax offices will 

need to take ladders to increase the efficiency of 

their tax revenue collection activities. While public 

spending efficiency has received a great deal of 

attention, tax collection efficiency has received 

considerably less notice, largely because the absence 

of comparable data across tax administrations has 

made the comparative analysis of tax offices 

impossible. Governments have chosen to 

implement new taxes and increased tax rates in the 

hope of finding a solution to increase tax revenue, 

however improving the efficacy and efficiency of 

the body charged with managing taxation might 

offset this need (Barrilao-gonzalez. n.d.). 
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2.1.1. TYPES OF 

TAXES 

1. Direct Taxes 

The most important and widely imposed modern 

tax is income tax. As its name suggests, income tax 

is a tax on income (i.e. earnings). 

Corporation income tax- is a tax on the profits, or 

net income (total income minus costs), of 

corporations. 

Estate tax - tax on the property (including real, 

personal, and intangible property) left by a person 

at death. 
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Gift tax- is a tax on the value of gifts received by an 

individual in excess of a certain sum per year and 

over a certain cumulative amount over a person's 

lifetime. 

Individual income tax - tax on the income of 

individuals or families, generally applied to wages, 

salaries, tips, interest, and dividends. It is also 

called personal income tax. 

Inheritance tax -A tax on the income (including 

property) received by an heir from the estate of a 

person who has died. Bequests to charitable 

organizations are not taxed. 
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Poll tax - A tax of a specific monetary amount 

imposed directly on an individual. The other name 

used is a lump-sum tax or head tax. In the Pollution 

tax -A tax levied on a company that produces air, 

water, or soil pollution over a certain level 

established by the government. 

Property tax- is a tax on property, usually meaning 

only real property, such as land, buildings or 

houses, and machinery. Personal property, such as 

furniture, vehicles, or jewelry, is largely excluded, 

as is intangible property, such as money, stocks, 

bonds, or bank deposits (Taxation Principle and 

Theory). 
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2. INDIRECT TAXES 

In addition to income tax, most countries also 

impose some form of consumption tax. A 

consumption tax is a tax whose economic incidence 

falls on the consumer (e.g. through the increased 

cost of goods or services). It is the opposite to 

income tax, as its base is consumption rather than 

earnings.  

Value added tax (VAT) - is a form of consumption 

tax where the seller pays the government a 

percentage of the value added to goods or services 

at each stage of production. The value added at 

each stage of production is the difference between 
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the seller‘s cost of materials and the selling price. In 

essence, a VAT is just a general sales tax that is 

collected at multiple. As with general sales taxes, 

consumers bear the final burden of value-added 

taxes 

It is the most widely known consumption tax. VAT 

was first imposed in France in 1954 and has been 

adopted throughout the European Union (EU). It is 

a requirement for EU membership that Member 

States impose VAT at a minimum rate of at least 

15% (although reduced rates are allowed for certain 

supplies). In Ethiopia also, VAT is taxed at a flat 

rate of 15%. Excise tax -is a selective tax imposed on 
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the production and sale of specific products. It is 

charged with different rates.  

 Sales Tax - is imposed on the sale of goods or 

services. The tax is computed as a percentage of the 

total sales price. Sales taxes differ from excise taxes 

in that sales taxes impose the same tax rate on a 

broad range of goods and services, whereas excise 

taxes apply only to specific goods or services. 

Although collected from sellers at the retail level, 

consumers bear the cost of sales taxes. Tariff tax - is 

levied on imported or exported goods. Also called 

duty or customs duty. 
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2.1.2. PERFORMANCE MANAGEMENT 

Early performance measurement used to mainly 

focus on financial output performance ignoring 

other areas (such as production or customer service) 

or ignoring the concept of efficiency. The 

performance of DMUs is assessed in Data 

Envelopment Analysis using the concept of 

efficiency or productivity, which is the ratio of total 

outputs to total inputs. Efficiency can be simply 

defined as the ratio of output to input. More output 

per unit of input reflects relatively greater 

efficiency. If the greatest possible output per unit of 

input is achieved, a state of absolute or optimum 

efficiency has been achieved and it is not possible to 
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become more efficient without new technology or 

other changes in the production process.  

Efficiency can be measured in different ways. 

Technical efficiency of a tax office is a comparative 

measure of how well it processes inputs to achieve 

its outputs, as compared to its maximum potential 

for doing so, as represented by its production 

possibility frontier. Scale efficiency refers to the 

amount by which efficiency can be increased by 

moving to the most efficient scale size.  

Scale efficiency measures can be obtained for each 

firm by conducting both a CRS and a VRS DEA, and 

then decomposing the TE scores obtained from the 
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CRS DEA in to two components, one due to scale 

inefficiency and one due to “pure” technical 

inefficiency (i.e. VRS TE).  If there is a difference in 

the CRS and VRS TE scores for a particular firm, 

then this indicates that the firm has scale 

inefficiency. If inputs and/or outputs are measured 

in dollars rather than physical units, the efficiency 

differences observed can be due to price efficiency 

as well as scale and technical efficiency. 

Allocative efficiency results from an efficient mix of 

inputs used to produce the mix of outputs. It refers 

to whether inputs, for a given level of output and 

set of input prices, are chosen to minimize the cost 

of production, assuming that the organization being 
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examined is already fully technically efficient and, 

Global (Economic) Efficiency is the one which 

reflects the production of goods and services that 

afford the greatest benefits to society at the lowest 

possible social cost. 

Afonso et al. (2006) highlighted the importance 

behind the rational use of resources available to the 

public sector and the need for high-caliber fiscal 

policies. Both these aspects are considered crucial 

for economic growth and stability as well as for 

individual well-being.  

In recent years’ various attempts have been made at 

measuring the degree of public expenditure 
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efficiency through quantitative analysis methods, 

including composite indicators and non-parametric 

approaches. However, tax revenue is the key 

funding source behind public spending; therefore, 

taxation system efficiency is of pivotal importance 

to the longevity and well-being of any public-sector 

activity. Increasing the revenues obtained from 

taxation can be achieved only at progressively 

higher marginal costs (Afonso et al., 2006) 

2.1.3. TYPES OF EFFICIENCY 

MEASUREMENT MODELS 

Regression and Stochastic frontier analysis have 

been the popular methods of measuring efficiency. 

Data Envelopment Analysis (DEA) is one of the 
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latest additions to the bracket of these techniques. 

The econometric approach to the construction of 

frontiers and the estimation of efficiency relative to 

the constructed frontiers has similarities and 

differences with the mathematical programming 

approach. Both are analytically rigorous 

benchmarking exercises that exploit the distance 

functions introduced to measure efficiency relative 

to a frontier. However, the two approaches use 

different techniques to envelop data more or less 

tightly in different ways. At the risk of over 

simplification, the differences between the two 

approaches boil down to two essential features.  

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 435

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


• The econometric approach is stochastic. This 

enables it to attempt to distinguish the effects of 

noise from those of inefficiency, thereby providing 

the basis for statistical inference.  

• The programming approach is nonparametric. 

This enables it to avoid confounding the effects of 

misspecification of the functional form (of both 

technology and inefficiency) with those of 

inefficiency. 

A. Parametric Models (Econometric Models) 

Econometric models can be categorized according 

to the type of data they use (cross-section or panel), 

the type of variables they use (quantities only, or 

quantities and prices), and the number of equations 
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in the model. The most widely used model, the 

single equation cross-section model, and the panel 

data models. In both contexts the efficiency being 

estimated can be either technical or economic. And 

also, multiple equation models and shadow price 

models, which typically involve multiple equations, 

(Timothy j. Coelli et al. 2005). 

B. Non-Parametric Model (Data Envelopment 

Analysis) 

Data envelopment analysis (DEA) is a mathematical 

programming-based technique to evaluate the 

relative performance of organizations. While the 

main applications have been in the evaluation of 

not-for-profit organizations, the technique can be 
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successfully applied to other situations competing 

with other techniques as cost benefit analysis and 

multi criteria decision making as can be seen, for 

instance, in a recent study about the best choice for 

traffic planning, namely, the design and location of 

a highway in Memphis, Bougnol et al. (2005). 

2.1.4. HISTORY AND APPLICATIONS OF 

DEA 

DEA is a mathematical programming technique 

presented in 1978 by Charnes et al. (1978), although 

its roots may be found as early as 1957 in Farrel’s 

seminal work, Farrell (1957) or even to Debreu’s, 

which introduced in the early fifties the “coefficient 

of resource utilization”, Debreu (1951). It deserves 
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special attention and also the work of the Dutch 

Nobel-prized Tjalling Koopmans and his “activity 

analysis concepts”, Koopmans (1951). 

The DEA technique is usually introduced as a non-

parametric one, but in fact it rests on the 

assumption of linearity, Chang and Guh (1991) and 

for the original constant returns to scale (CRS) 

models even in the stricter assumption of 

proportionality. Its application has been focused 

mainly on the efficiency assessment of not for- 

profit organizations, since these cannot be 

evaluated on the basis of traditional economic and 

financial indicators used for commercial companies. 
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The first application of DEA was in the agriculture 

field; as a matter of fact, Farrell applied it to 1950 

data of 48 states in the United States of America, 

considering 4 inputs and 2 outputs.  

At that time, the DEA term was not yet created, so 

in fact the first time the term DEA and that 

technique was applied in the area of education, 

specifically in the analysis of Program Follow 

Through, conducted in the USA, in the late 

seventies, Rhodes (1978). Since then it has been 

used to assess efficiency in areas such as health, 

Wilson et al. (2012), county goals, Seiford and Zhu 

(2002), courts, Schneider (2005), universities, 

Bougnol et al. (2010) and many other not-for-profit 
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sectors. Nowadays DEA can be seen to have spread 

to other fields such as transit, Chiu et al. (2011), 

mining, Chen et al. (2010), air transportation, 

Pestanae Dieke (2007) and even banking, 

Emrouznejad and Anouze (2010).  

2.1.5. ADVANTAGES AND 

LIMITATIONS OF DEA 

The main advantage of DEA is that it can readily 

incorporate multiple inputs and outputs to calculate 

technical efficiency. By identifying the “peers” for 

organizations that are not observed to be efficient, it 

provides a set of potential role models that an 

organization can look to, in the first instance, for 

ways of improving its operations. However, like 
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any empirical technique, DEA is based on a number 

of simplifying assumptions that need to be 

acknowledged when interpreting the results of 

DEA studies.  

Its main limitations include but not limited to the 

following: being a deterministic rather than 

statistical technique, DEA produces results that are 

particularly sensitive to measurement error. DEA 

only measures efficiency relative to best practice 

within the particular sample. Thus, it is not 

meaningful to compare the scores between two 

different studies. DEA scores are sensitive to input 

and output specification and the size of the sample. 

Despite these limitations, data envelopment 
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analysis is a useful tool for examining the efficiency 

of government service providers. Just as these 

limitations must be recognized, so must the 

potential benefits of using DEA (in conjunction with 

other measures) be explored to increase our 

understanding of public sector performance and 

potential ways of improving it? 

2.2. EMPIRICAL LITERATURE REVIEW 

At the empirical level, DEA methods have been 

extensively applied for the estimation of the 

efficiency scores of individual production units 

(cross-section) in various areas such as: health 

services, education, public transportation, post 

offices, municipalities, banking, insurance, etc.  
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On the contrary, at the revenue side of the 

government sector, empirical studies on the 

productive efficiency of tax offices seem to be rather 

rare. Although efficiency of the tax administration is 

one of the four "canons" recommended by Adam 

Smith (1776) in his long-standing treatise on 

taxation. Moreover, one notices that economists are 

more interested in the empirical investigation of 

individual compliance costs of taxation rather than 

the measurement of the operational efficiency of 

existing tax administrations (see Sandford, Godwin 

and Hardwick (1989); Slemrod (1992). 

Analysis of efficiency of tax offices is scarce, 

probably because of the non-disclosure policy of 
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public entities such as tax offices everywhere 

including in Ethiopia. The study refers to the 

following papers: James Alm and Denvil Duncan 

(2013), Moesen and Persoons (2002), Gonzalez and 

Miles (2000), Ramón Fuentes (2014), Sang-Lyul Ryu 

and Seok-Young Lee (2013), Katharaki and Tsakas, 

(2010) and C.P Barros (2007).  

James Alm and Denvil Duncan (2013) attempted to 

determine the relative efficiency of tax collection 

agencies of 30 OECD (Organization of Economic 

Co-operation and Development) countries for the 

period 2005 to 2009 using input-oriented variable-

return-to-scale three stages DEA model and 

econometric model. They used salary and 
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information technology administrative costs related 

to tax function as inputs and personal income tax 

(PIT), corporate income tax (CIT), and value-added 

tax (VAT) in total, separately, and in various 

combinations as output variables. Their findings 

indicate that 12 of the 30 countries in the sample are 

relatively efficient at collecting any of the three 

types of tax revenues (personal income, corporate 

income, and value added taxes). And the average 

efficiency scores show that with the current level of 

output, countries have a scope to minimize 

approximately 10 to 13 percent of their existing 

input usage. 
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Moesen and Persoons (2002) analyzed the efficiency 

of 289 regional tax offices dealing with personal 

income tax matters in Belgium for the fiscal year 

1991, with Free Disposal Hull (FDH) and DEA 

taking labor as input and number of audited returns 

with a different complexity as output. Their 

examination reveals that organizational designs do 

matter such as the presence of a Central Tax Office 

and to a lesser degree the monitoring system within 

each Regional Directorate General. Equally is the 

positive impact of managerial skills. Offices which 

are daily managed by a qualified (higher ranking) 

civil servant seems to accomplish better on average. 
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Which is an argument for investing in human 

capital also in the public sector? 

Gonzalez and Miles (2000) analyzed the efficiency 

of 15 Spanish regional tax offices for the year 1995 

with DEA, using a bootstrap technique. The single 

input used was the ratio of the number of tax 

inspectors to the total personnel; the two outputs 

used were the ratio, the number of actions 

performed by the tax office to total tax payers and 

the ratio of debt to gross added value. Their 

conclusions were that the average efficiency was 

0.81 and that only third of the 15 offices analyzed 

were efficient.  
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Ramón Fuentes, (2014) analyzed how the 

productivity growth of the tax offices located in the 

province of Alicante (Spain) evolved between 2004 

and 2006. The methodology employed was Output-

oriented Data Envelopment Analysis (DEA) based 

Malmquist Indices to compute the levels of 

productivity and smoothed bootstrap to avoid the 

sensitivity of the results to sampling variations. The 

inputs were office area and number of employees 

and the outputs were number of tax returns and 

number of taxpayers. The finding shows the 

aggregated development of Malmquist productivity 

index and its components for the whole of the 

period 2004-2006, total average productivity 
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increased by 5.73%, with a simultaneous 

improvement in all components. 

Sang-Lyul Ryu and Seok-Young Lee (2013) Using 

data envelopment analysis discovers how the 

efficiency of collecting national tax in tax 

jurisdictions has been changed in Korea over the 

period 1998-2011 for six tax jurisdictions. The input 

variables taken were direct taxpayers, indirect 

taxpayers and real GDP (RGDP). Direct tax and 

other taxes were taken as output variables. They got 

the mean efficiency scores 0.62 for pooled sample of 

84 observations, suggesting that there exists a 

significant level of waste in national tax collection 

activity. Furthermore, trend analysis indicates that 
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the aggregate efficiency for tax jurisdictions has 

declined steadily over time since the currency crisis 

of 1997. 

Katharaki and Tsakas, (2010) studied the technical 

and scale efficiency of 27 tax offices in Greece 

during the period 2001-2006 utilizing DEA and 

Window analysis. They used labor in each tax 

office, measured by the number of employees; the 

number of computers operating in each tax office; 

the number of natural persons (NP) paying taxes; 

and the number of legal entities (LE) paying taxes 

as inputs and incoming taxation funds related to 

natural persons and the incoming taxation funds 

related to legal entities as outputs. And find that 
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‘‘scale size’’ and the structure of regional economy 

where tax offices operate are important factors 

affecting their efficiency.  

C.P Barros (2007) estimates the technical and 

allocative efficiency of 41 tax offices in central and 

great Lisbon from 1999 to 2002, utilizing DEA. The 

inputs used were labor, measured by the number of 

workers; capital, measured by the rents paid for the 

premises and the tax population (population 

registered in the office’s files) and the outputs used 

were the total amount of personal income tax 

collected; value of corporate income tax collected; 

value of VAT, value of inheritance and donations 

taxes and value of other taxes and found the results 
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are, at best, mixed, leading to conclude that the 

Government’s regulatory body, the Central Tax 

Authority (CTA), falls short of achieving its stated 

aims. To estimate the relative efficiency of public 

spending, DEA has been employed in a variety of 

public finance studies, Adam, Delis, and Kammas 

(2011) and taxation, Thanassoulis, Dyson, and 

Foster (1987). 

 

2.3. CONCEPTUAL FRAMEWORK 

The proposed framework which explains the input 

and output variables used for the estimation of 
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technical and scale efficiency of tax collecting offices 

of Addis Ababa City Administration is as follows: 

 

Author 

OUTPUTS 
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CHAPTER THREE 

3. RESEARCH METHODS 

3.1. INTRODUCTION 

Generally, the research method part includes the 

operational definition of variables, research design, 

model specification, research method, sample 

design such as: population, sampling frame, 

sampling unit, the sample size, sources of data. In 

addition, methods of data analysis and 

presentations are also part of this section. 
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The paper was concerned with the concept of 

technical and scale efficiency, given that analyzing 

other types of efficiency entails the need for 

awareness of market prices, or, where necessary, 

social cost, values that, in the case of the public 

sector, remain largely unknown (Barrilao-Gonzalez 

n.d.). 

3.2. OPERATIONAL DEFINITION OF 

VARIABLES 

 The following variables are operationalized as 

follows: 

1) Tax offices mean an Inland Revenue small 

& medium size branch office established by 

Addis Ababa City Administration to deal 
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with tax declarations, assessments, 

collection, enforcement and doubtful tax 

demands of individuals and companies at 

Addis Ababa City level, for collecting tax 

revenues. 

2) Decision making units (DMUs) are entities 

responsible for converting inputs in to 

outputs, such as firms. In this study, DMU 

refer to 12 Addis Ababa City 

Administration tax collecting offices. 

3) Technical Efficiency: is comparative 

measure of how well it processes inputs to 

achieve its outputs, as compared to its 

maximum potential for doing so. 
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4) Pure Technical Efficiency: is the remaining 

efficiency element that refers to resource up 

keeping or output improvement. 

5) Scale Efficiency: is the ability of each 

DMU’s to operate as close to its most 

productive scale size as possible. 

6) Ranking: giving grade and setting 

precedence for the efficiency scores of each 

DMU’s.  

7) Total Number of Employees: the total 

number of permanent employees who had 

been working for each tax offices in the 

sample period. 
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8) Total Number of Taxpayers: all types of 

taxpayers who were registered and active 

in each DMU’s in the sample period 

excluding employee and students. 

9) Office Rent expense: is an expense which 

were disbursed for office building rent of 

each DMU’s in the sample period 

10)  Direct Taxes: It includes all types of Inland 

Revenue direct taxes collected by each tax 

offices in the sample period which are 

included in appendix E6 except salary 

income tax collected from the agents 

(Federal Revenues and Customs Authority 

Addis Ababa branch offices) and rental 
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taxes collected by one of the federal agents, 

Large Taxpayers Branch Office.  

11)  Indirect Taxes: It includes all types of 

Inland Revenue indirect taxes collected by 

each tax offices in the sample period which 

are included in appendix E6. 

3.3. RESEARCH DESIGN 

To estimate the technical and scale efficiency of the 

DMU’s, this analytical study was used a database 

from ERCA and AFECO for the year 2015/16, 

containing information on inputs and outputs. The 

study was employed DEA methodology, based on 

the article by Charnes et al. (1978), set up as a non-

parametric, deterministic approach that enables us 
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to obtain a measurement of relative efficiency 

between tax offices, in order to identify those that 

present optimal performance when compared with 

the remainder. 

In many studies the analysts have tended to select 

input-oriented models because many DMU’s have 

particular orders to fill (e.g. electricity generation) 

and hence the input quantities appear to be the 

primary decision variables, although this argument 

may not be as strong in all industries. In some 

industries the DMUs may be given a fixed quantity 

of resources and asked to produce as much output 

as possible. In this case an output orientation would 

be more appropriate.  

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 461

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


Several criteria can be applied to the selection of 

inputs and outputs. Usually, the criterion of 

available archival data is used. Next, the literature 

survey is a way to ensure the validity of the 

research and as such, another criterion to take into 

account. The last criterion for measurement 

selection is the professional opinion of managers in 

the area concerned and the realistic approach 

required when analyzing these statistics. For this 

study, it follows all four mentioned criteria. 

In a general production function, labor, land and 

capital are included as inputs. Prior studies for 

example Barros (2007); JamesAlm and Denvil 

Duncan (2013); Katharaki and Tsakas, (2010); Sang-
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Lyul Ryu and Seok-Young Lee (2013); were used 

total amount of tax collected by regional tax office 

in tax jurisdictions as one of outputs. 

Barros (2007) takes number of tax population, rent 

expense and number of employee as input variables 

and direct and indirect taxes with different 

segregation as output variables. 

James Alm and Denvil Duncan (2013) uses salary 

expense and information technology costs as input 

variables and tax revenues as output variable.  

Katharaki and Tsakas, (2010) used labor in each tax 

office, measured by the number of employees; the 
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number of computers operating in each tax office; 

the number of natural persons (NP) paying taxes; 

and the number of legal entities (LE) paying taxes 

as inputs and incoming taxation funds related to 

natural persons and the incoming taxation funds 

related to legal entities as outputs. 

Sang-Lyul Ryu and Seok-Young Lee (2013) Using 

data envelopment analysis taken input variables 

like direct taxpayers, indirect taxpayers and real 

GDP (RGDP). Direct tax and other taxes were taken 

as output variables. 

Taking into account the existing literature and 

availability of data, the study includes the Total 
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Number of Taxpayers, Office Rent Expense and 

Total Number of Employees as input and Direct 

Taxes and Indirect Taxes as output in estimating the 

efficiency for each observation. The traditional 

micro-economic theory of factors of production 

concepts of the use of labor and land is considered 

for input selection. The justification for the inclusion 

of the total number of taxpayers as an input 

variable is that from this population each tax offices 

can generate their tax revenues. The output 

variables such as direct taxes and indirect taxes are 

included as they are the reasons for existence of 

each tax offices & generate the major and the 

dominant source of revenues for each DMU. If we 
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see the 2015/16 budget year, from the total tax 

revenues collected in the city, Direct Taxes 

(including salary taxes which is Br 13,601.98 

million) & Indirect Taxes Br 6,929.83 million is 

collected. In total, it shows 97.26% from Birr 

21,109.16 Million tax revenues. The remaining is 

collected from the municipal revenues and rent 

revenue collected by the federal large taxpayers’ 

office. 

3.4. MODEL SPECIFICATION 

The study employed single stage input-oriented 

CRS based on Charnes, Cooper and Rhodes (1978) 

and VRS DEA approach based on Banker, Charnes 

and Cooper (1984). The linear programming is 
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formulated to estimate efficiency scores. Assume 

there are data on N inputs and M outputs for each 

of I firms. The input and output for DMUj be (x1j, 

x2j, x3j, ……, xNj) and (q1j, q2j, q3j, ….., qMj), 

respectively. The N×I input matrix, X, and the M×I 

output matrix, Q, represent the data for all I firms. 

Where j=1, 2,…, I, 

Input (x): N number of input items: xi where i=1…, 

N 

Output (q): M number of output items: qr where 

r=1…, M. Thus, the input X and the output Q data 

matrixes can be arranged as; 
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X (input) =    x11    x12  ……….x1I 

                       x21    x22  ……….x2 I 

         x31   x32  ……….x3 I 

                       xxx   xxx    ………xxx 

                       xxx  xxx    ………xxx 

                       xN1   xN2  ……….xN12 

Q (output) =   q11   q12  ……….q1 I 

                         q21   q22  ……….q2 I 
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                         qxx    qxx  ………qxx 

                         qxx   qxx………. qxx 

                        qM1   qM2  ……..qM12 

 

So, there are three inputs x1j, Total Number of 

Taxpayers (TNT), x2j, Office Rent Expense (ORE), 

x3j, Total Number of Employees (TNE) and the two 

outputs q1j, Direct Taxes (DT), q2j, Indirect Taxes 

(IDT) and the number of DMU’s (tax offices in this 

case) I are 12. The input-output matrix represents 

the data of all DMU’s can be presented as follows: 
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X (Input) = TNT1   TNT2   TNT3      

TNT4…………TNT12 

         ORE1    ORE2   ORE3     ORE4……......TNE12 

         TNE1    TNE2   TNE3     TNE4………...TNE12     

Q (Output) = DT1     DT2      DT3      

DT4……….........DT12 

         IDT1    IDT2    IDT3    IDT4…………….IDT12 

Efficiency is measured as a ratio of all outputs to all 

inputs. For each DMU’s a measure of the ratio of all 

outputs over all inputs, such as u’qi/v’xi, where u is 

an M×1 vector of output weights and v is a 
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N×1vector of input weights. Then to select the 

optimal weights the mathematical programming 

problem is as follows: 

Max u, v (u’qi/ v’xi),                                                                      

(1) 

Subject to u’qj/ v’xj≤1               J = 1,2,…..,I, 

u,v ≥ 0 

This involves finding values for (u) and (v) that 

maximize the ratio of DMUj, the DMU being 

evaluated, subject to the constraint that all 

efficiency measures must be less than or equal to 
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one. Efficiency value takes the values between zero 

and one. The problem with this particular ratio 

formulation is that it has an infinite number of 

solutions. To avoid this, one can impose the 

constraint v’xi =1, which provides: 

Max µ, σ (µ’qi),                                                                        

(2) 

Subject toσ’xi =1, 

µ’qj-σ’xj≤0,           j=1,2,….,I 

µ, σ ≥ 0, 
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Where u’s and v’s are replaced by µ’s and σ’s. This 

change reflects the transformation, called the 

multiplier form of the linear programming problem. 

(R.Ramanathan, 2003) in writing his book on ‘An 

Introduction to Data Envelopment Analysis, A Tool 

for Performance Measurement’, mentions the 

possibility to write the dual of any linear 

programming problem using certain rules. These 

rules are available in textbooks on linear 

programming, such as (Taha, 1997). Using the 

duality in linear programming, one can derive an 

equivalent envelopment form of this problem as: 

Min θ,λθ,                                                                                   

(3) 
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Subject to   –qi + Q λ ≥ 0, 

θxi - X λ ≥0, 

λ≥0, 

Where θ is a scalar and λ is a I×1 vector of 

constants.  Q is a vector of outputs of every DMU 

and X is the vector of all inputs of every DMU. This 

envelopment form involves fewer constraints than 

the multiplier form (N+M < I+1). (Cooper, Seiford, & 

Tone, 2000) provides a rule of thumb of I ≥ max {N × 

M, 3× (N+M)}; where I is number of DMUs, N is 

number of inputs and M is number of outputs. This 
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pre-condition has been fulfilled by the analysis in 

this study Gordana Savić, A. D. et al. (2015). 

The value of θ obtained will be the efficiency score 

for the ith DMU. It satisfies θ ≤ 1, with a value of 1 

indicating a point on the frontier and hence a 

technically efficient firm, according to the Farrell 

(1957) definition. These linear programming 

problems will be solved I times, once for each firm 

in the sample. A value of θ is then obtained for each 

DMU’s (Coelli et al. 2005). 

The above approach takes in to account the CRS 

that is applicable when all DMU’s are operating at 

an optimal scale. In other situations, this is not the 
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case. The scale of operations may have an impact on 

the outputs, creating “economies” or 

“diseconomies” of scale. The BCC model, 

developed by Banker et al. (1984), can deal with 

variable returns to scale, Jorge Santos et al. (2013). 

Banker, Charnes and Cooper (1984) suggested an 

extension of the CRS DEA model to account for 

VRS. The use of CRS specification when not all 

DMU’s are operating at the optimal scale will result 

in measures of TE which are confounded by scale 

efficiencies (SE). The use of VRS specification will 

permit the calculation of TE devoid of these SE 

effects. The CRS can be easily modified to account 
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for VRS by adding the convexity constraint п’ λ =1 

to equation (4) to provide: 

Min θ,λ θ,                                                                                      

(4) 

Subject to   –qi + Qλ ≥ 0, 

θxi – X λ ≥ 0, 

п’ λ =1, 

λ ≥1, 

Where п is an I×1 vector of ones. As a result, this 

forms a convex hull of intersecting planes that 
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envelop the data points more tightly than CRS 

conical hull. So that VRS efficiency scores are 

greater than or equal to CRS efficiency scores. The 

convexity constraint п’ λ =1, ensures that an 

inefficient tax office is “benchmarked” against 

similar size tax offices. That is, the projected point 

(for that firm) on the DEA frontier is a convex 

combination of observed firms (Coelli et al. 2005) 

3.5. INPUT AND OUTPUT SLACKS 

This is a value which shows the discrepancy in the 

constant or proportional change of input and 

output variables (Coelli, 2008). It also represents the 

amount of value for improvement in both input and 

output. Slacks only show the variable discrepancy 
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between the constant output and input. It is only 

perceived that the value must be either increased or 

decreased (Cooper, Seiford, & Zhu, 2011). Efficient 

tax offices did not have input and output slack 

because they are expected to use the inputs to 

produce their output efficiently. Thus, no need of 

changing inputs and outputs for the efficient tax 

offices. But input or output slacks exist in inefficient 

tax offices.  

3.6. SCALE EFFICIENCIES 

The scale efficiency is the “unit where the size of 

operations is optimal so that any modifications on 

its size will render the unit less efficient” (Kao & 

Liu, 2011, p.225). Scale efficiency can be achieved by 
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conducting both CRS and a VRS DEA, and then 

decomposing the CRS TE in to one due to pure 

technical inefficiency (VRS) and one due to scale 

inefficiency. If there is a difference in TE scores of 

CRS and VRS for a specific DMU, then that DMU 

has scale inefficiency (Coelli et al. 2005). 

Moreover, scale efficiency shows whether the tax 

offices operating at increasing or decreasing returns 

to scale. When output increases by the same 

proportion with the increase in inputs, this time 

CRS existed.  IRS occurs when the output increases 

by a larger proportion than the increase in inputs 

during the production process. Similarly, if output 

increases by less than proportional change in 
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inputs, there are DRS (Banker et al., 2004, p.346). 

Thereby, it can be interpreted that the direct and 

indirect taxes of the offices have increased by a 

larger proportion of the given amount of number of 

tax payers, rent expense and number of employee, 

and thus they need to increase its number of 

taxpayers, rent expense and number of employee to 

become more efficient.  

Moreover, Kao & Liu, (2011) says that scale 

efficiency value is also given by: 

Scale Efficiency = CRS TE/VRS TE 
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Where, all of these values are bounded by zero and 

one. 

However, this measure does not indicate whether 

scale inefficiency can be due to the existence of 

either increasing or decreasing returns to scale. As 

(Coelli et al. 2005) discusses, this issue is decided by 

running an additional DEA problem with the non-

increasing returns to scale (NIRS).  

This is done by changing the DEA model in LP (4) 

by replacing the п’ λ =1 restriction with п’ λ ≤ 1, to 

provide 
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Min θ, λ θ,                                                                                      

(5) 

Subject to   –qi + Qλ ≥ 0, 

θxi – X λ ≥ 0, 

 п’ λ ≤ 1, 

 λ ≥1, 

The constraint п’ λ ≤ 1 ensures that the ith firm is 

not “benchmarked” against firms that are 

substantially larger than it, but may be compared 

with firms smaller than it. By comparing the VRS 

and NIRS scores one can determine the scale 
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inefficiencies. If the VRS and NIRS equal to one 

another but differs from CRS, there exists DRS. On 

the other way, IRS exist when the NIRS and CRS 

measures are equal but differ from the VRS. The 

three efficiency measures will be equal when the tax 

office reaches at its most productive scale size. 

3.7. RESEARCH METHODS 

In order to achieve the main research objectives 

quantitative research method is used. DEA is 

applied to measure the relative efficiency of 

decision making units. DEA has been used in a 

number of public finance studies to assess the 

relative efficiency of public spending, Adam, Delis, 

and Kammas (2011) and taxation, Katharaki and 
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Tsakas (2010); Barros (2007); Thanassoulis, et al. 

(1987). 

The output produced by tax agencies can be 

measured in several ways. One could measure 

using the rate of contested cases resolved, Barros 

(2007), the number of taken actions against criminal 

accounts, Katharaki and Tsakas (2010), or the 

number of returns that are audited, Moesen and 

Persoon (2002).  

An ideal analysis would also distinguish between 

revenues collected through voluntary payments 

with law enforcement activities. Unfortunately, it 

was hardly easy to have enough information on the 
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sources of revenues to account for this distinction. 

As a result, the output measures focus on tax 

revenues collected measured distinctly as Direct 

Tax and Indirect Tax. The study takes them as the 

appropriate measures of output since the core 

objective of tax agencies is to collect revenues 

(James Alm & Denvil Duncan, 2013). The efficiency 

scores were obtained by DEAP statistical software 

and, descriptive statistics was run by EVIEWS 8 

software packages. 

3.8. SAMPLE DESIGN 

A sample design is a definite plan for obtaining a 

sample from a given population. The sample was 

included 14 tax collecting offices of Addis Ababa 
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city administration, for the period 2015/16. It is 

possible to measure efficiency using cross sectional 

data in the case of DEA. Shwu-Huei Huang, Ming-

Miin Yu et al. (2017) employed DEA to evaluate 

operating efficiency in departments of 20 Taiwanese 

local tax offices for 2013, Hoque and Rayhan used 

DEA to measure efficiency of 24 banks in 

Bangladesh for the year 2010. Similarly, Yifru 

Yirdaw (2016) used DEA to measure efficiency of 17 

private commercial banks in Ethiopia.   

3.9. POPULATION OR UNIVERSE 

The total number of small and medium sized tax 

collecting offices administered by Addis Ababa City 

Government is 14. So, the research was taken all tax 
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offices of small and medium size except two tax 

offices which were supposed to be outliers. 

3.10. SAMPLING FRAME 

It is the list of populations and which consist of all 

categories of sampling units or units of analysis. 

Hence the sampling frame in this study was the 14 

tax collecting offices of Addis Ababa City 

Administration. 

3.11. SAMPLING UNIT/UNIT OF ANALYSIS 

The sampling units in the study are the small and 

medium size tax collecting offices of Addis Ababa 

City Administration.  
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3.12. SAMPLING TECHNIQUE 

3.13. SAMPLE SIZE 

The study was based on the efficiency evaluation of 

12 Addis Ababa City Administration tax offices 

located here in Addis Ababa. The sample used in 

the analysis represents characteristically similar tax 

offices in the city administration. 

3.14. SOURCES OF DATA 

All data required for the study were collected from 

secondary sources. It was collected from published 

and unpublished documents, plans, books, and 

other related materials collected from AAFECB and 

ERCA.  
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CHAPTER FOUR 

RESULT AND DISCUSSION 

4.1. INTRODUCTION 

This chapter presents the results of the DEA 

efficiency estimation of each tax offices. Of the 14 

existing tax offices, 12 were taken into consideration 

for this study, excluding the two tax offices of 

Arada sub city small tax payers branch office and 

Addis Ababa number two (2) medium taxpayers 

branch office, which considered to be outliers, and 

whereby their data is not homogeneous and 

therefore not subject to generalization to the 
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remaining offices. Indeed, their inclusion would 

have undermined the coherence of the results to a 

considerable extent. The DEA models run in this 

study is under input orientation (also known as 

input minimization). 

4.2. DESCRIPTIVE STATISTICS 

It is necessary to start the analysis with descriptive 

statistics so that we can get information about the 

inputs, outputs and other variables status. The 

descriptive statistics for variables used to calculate 

the DEA efficiency estimates and other variables 

using EVIEWS 8 package are as shown in table 1. 
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Table 1: Descriptive statistics for inputs, outputs 

and other variables of Addis Ababa tax offices 
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With regard to tax collection inputs, on average, 

29,544 active taxpayers from all tax offices, with a 

maximum of 60,482 in Nifassilk Lafto sub city and a 

minimum of 4965 in Addis Ababa Medium no.1 are 

existed in discharging their tax responsibilities. 

From these taxpayers 19,440 are companies 

registered as enterprise taxpayers and 335,090 are 

individual company taxpayers. On average, 

9363434 Birr office rent expense is disbursed with a 

maximum of Birr 20,516,058 in Merkato no.1 branch 

office and a minimum of Birr 2,554,092 Merkato 

no.2 branch office. On average, 323 persons were 

allocated as employee, with a maximum of 398 in 

Bole sub city and a minimum of 221 in Lideta sub 
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city. Similarly, in relation to outputs on average, 

Birr 324.6658 million direct taxes were collected, 

with a maximum of Birr 760.48 Million in Addis 

Ababa Medium no.1 and a minimum of Birr 

129.4200 million in Lideta. 

On average, Birr 285.3025 million indirect taxes 

were collected with a maximum of Birr 838.69 

million in Addis Ababa Medium no.1 and a 

minimum of Birr 95.47 million in Lideta sub city. 

When we see other variables, the mean 

establishment year is 2010 with a maximum of 2013 

in AAM1 and a minimum of 2010 in ADK, AKK, 

BOL, GUL, KIR, KOK, LID, NIL &YEK. On average 

the 5.58 service year is served with a maximum of 6 
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years in ADK, AKK, BOL, GUL, KIR, KOK, LID, 

NIL &YEK and a minimum of 3 years in AAM1. On 

average, 1620 enterprise taxpayers were operated 

with a maximum of 3185 in Yeka sub city and a 

minimum of 72 in Addis Ababa medium no.1.and 

also, on average, 27924 individual taxpayers were 

operated with a maximum of 57646 in Nifassilk 

Lafto sub city and a minimum of 4893 in Addis 

Ababa medium no.1. Generally, tax offices were 

found to be hardly different in those inputs they 

procure and outputs they produce. 

In table 2, for the purpose of comparison of the 

characteristics of the variables in each tax offices are 

listed with a ratio. It is clear that the mean value of 
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the number of employee over number of taxpayers’ 

ratio is .0169673 and its standard deviation is lower 

than the mean and equal to .0002324. The mean 

value of the ratio, direct tax/ number of taxpayers’ is 

22409.14 and its standard deviation is higher than 

the mean and equal to 41690.43. The mean value of 

the ratio, direct tax/office rent expense is 43.59572 

and its standard deviation is lower than the mean 

and equal to 31.53445. The mean value of the ratio, 

direct tax/number of employee is 989731.6 and its 

standard deviation is lower than the mean and 

equal to 616239.8. The mean value of the ratio, 

indirect tax/number of taxpayers is 22881.11 and its 

standard deviation is higher than the mean and 
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equal to 46741.89. The mean value of the ratio, 

indirect tax/office rent expense is 40.41876 and its 

standard deviation is lower than the mean and 

equal to 40.29239. The mean value of the ratio, 

indirect tax/number of employee is 873629.6 and its 

standard deviation is lower than the mean and 

equal to 692400.2. Off course a high degree of 

homogeneity is needed in DEA analysis. In this 

case, it can be asserted that the tax offices analyzed 

have some degree of homogeneity. 
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Table 2: Comparison of the characteristics of the 

variables in each tax offices 
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4.3. INPUT OUTPUT RELATIONSHIP 

All the inputs taken in this study such as Total 

Number of Taxpayers, Office Rent Expense and 

Total Number of Employees have positive 

relationship with the output direct taxes, and except 

Total Number of Taxpayers, all inputs have positive 

relationship with the output indirect taxes. 

The following graphs from EVIEWS 8 software 

show the input-output relationship of each input 

and output variables under consideration. 
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Fig.1: Relationship between Number of Taxpayers 

Direct 

 Tax 
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and Direct Tax 

As it is shown in Figure 1, Direct tax is directly 

related with the number of taxpayers and vice 

versa. It means that an increase in the number of 

direct taxpayers will lead to an increase in the direct 

tax. It could be on account of many of the taxpayers 

in the city are put under the category of direct tax 

payers. 

Figure 2 shows Office rent expense is directly 

related with direct tax. An increase in office rent 

expense generates an increase in direct tax and vice 

versa. Since office is a major factor for any activity, 

an increase in office expense budget make to have 
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enough working space and convenient rooms for 

each department so as to undertake their tasks and 

good customer handling.  

                                                                                  
Fig.2: Relationship between Office Rent Expense 

and Direct Tax 

Direct 

 Tax 
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In figure 3 also the number of employees on the tax 

offices has a positive significant relationship with 

direct tax. An increase in the number of employee 

leads to an increase in direct tax and vice versa. 

When the number of personnel in the tax office 

increases, they process more works. But the quality 

of workers is essential. 
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Fig.3: Relationship between Number of Employees 

and Direct Tax 

Direct 

 Tax 
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Figure 4 shows the inverse relationship of number 

of taxpayers and indirect tax. An increase in the 

number of taxpayers will lead to a decrease in the 

indirect tax and vice versa. The possible reasons 

could be as it is said above majority of taxpayers is 

direct tax payers. Or may be an increase in the 

number of taxpayers may lead the DMUs busy in 

their operation and system. This leads to work load 

and inefficiency in collecting these taxes. 

So, the tax administering body should not go for 

increasing the number of taxpayers with the aim of 

increasing indirect taxes. Rather it has a chance to 

see other alternatives to increase revenues from 

indirect tax. This could be achieved via giving 
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accessible, reliable and timely information service 

along with the precise and timely treatment of 

requests and appeals.  

 

Fig.4: Relationship between Number of Taxpayers 

and Indirect Tax 

Indirect  
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In figure 5, indirect tax is directly affected by the 

movement in office rent expense. An increase in 

office rent results in an increase in indirect tax and 

vice versa. An increment in office rent expense may 

be done for office space, convenience for 

transportation, quality, etc. This adds value for the 

general working environment so as to achieve the 

stated objectives & have a high amount of taxes. But 

what the tax offices could do should be minimizing 

the expense to the minimum by searching other 

alternatives like renting a building in the upper 

floors or in the long run building their own office 

makes them avoiding office rental expense. 
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 Fig.5: Relationship between Office Rent Expense 

and Indirect Tax 

As it is seen in figure 6 the Number of employee is 

directly related with the indirect taxes. This means 
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that, an increase in the number of employee will 

contributed to a more amount of indirect taxes. In 

order to use the chance of increment of direct tax 

with the increase of the personnel, the tax 

administering body should increase the 

productivity of employees through communicating 

and sustaining high ethical standards in employees; 

identify and resolve conflicts of interest between the 

private interests of employees and public 

responsibilities; preparing effective training 

opportunities; making recruit and promotion on the 

basis of merit and equal opportunity and protect 

employees against arbitrary dismissal. 
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Fig.6: Relationship between Number of Employees 

and Indirect Tax 
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4.4. COMPARATIVE ANALYSIS OF TAX 

OFFICES EFFICIENCY IN CRS AND 

VRS MODEL 

The DEA efficiency scores in this study are 

estimated using the computer program, DEAP, 

version 2.1, developed by Tim Coelli, The 

University of Queensland. 

Table 3 summarizes the results of the input-oriented 

DEA analysis in CRS and VRS scores, scale 

efficiency and the status of returns to scale of 14 

DMUs (by including the two DMUs i.e. AAM2 and 

ARA which were supposed to be outliers) attached 

here in appendix E1, helps us to compare with the 
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12 DMUs efficiency scores that were run by 

excluding the two outliers. 

Table 3 CRS, VRS and Scale Efficiency results of 

fourteen DMUs 
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As it is seen in the efficiency results from Table 3, 

the mean overall technical efficiency (CRS), pure 

technical efficiency (VRS) and scale efficiency scores 

of these tax offices are 0.361, 0.882 and 0.388 

respectively.  

When CRS technical efficiency is taken, only AAM2, 

and ARA tax offices are efficient with a score of 

1.000, the rest twelve (12) DMUs are inefficient. And 

unfortunately, all inefficient tax offices are below 

the average 0.36. Whereas the VRS assumption 

taken in to consideration, five (5) of the DMUs are 

technically efficient with a score of 1.000, namely 

AAM1, AAM2, MR2, ARA and LID. The rest nine 

(9) are inefficient and six (6) tax offices are below 
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the average 0.882. Moreover, only AM2 and ARA 

tax offices are scale efficient whereas the rest are 

scale inefficient with increasing returns to scale 

nature. Ten (10) of the fourteen (14) DMUs are 

operating below the average 0.388 scale efficiency. 

As expected, only AAM2 and ARA (which assumed 

to be outliers so that excluded from the model) are 

efficient in CRS, VRS and SE. Though, AAM1 and 

LID is technically inefficient at CRS and their scale 

is inefficient, they turn to efficient at VRS 

assumption. 

The lowest technically inefficient DMU is LID with 

a score of 0.079 and the highest technically 
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inefficient DMU is AAM1 scoring 0.823, under CRS 

assumption. When VRS technology is assumed, the 

lowest technically inefficient DMU is BOL with a 

score of 0.650 and the highest technically inefficient 

DMU is AKK scoring 0.946. The lowest scale 

inefficient DMU is LID with a score of 0.079 and the 

highest is AAM1 with a score of 0.823. 

4.5. CRS EFFICIENCY DISCUSSION OF THE 

TWELVE DMUs 

Table 4 presents the results of the input-oriented 

DEA analysis of 12 DMUs, under the assumption of 

CRS. In contrast to Table 3 (36.1% average efficiency 

score), this DEA scores makes increase the average 

overall technical efficiency to 59.3% and turned 
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AAM1, MR2 & BOL from inefficiency to efficiency 

by scoring equal to one. Of the 12 DMUs, 8 DMUs 

are below the average efficiency score of 0.593, 

under CRS assumption. Below in table 4, the 

technical inefficiency score distance to the unity 

shows the possibilities for DMU’s to reduce their 

inputs usage while maintaining outputs unchanged. 

This average efficiency score suggests that the 

DMUs input can be minimized by 40.75%, given the 

outputs. 

Three of the twelve (25%) tax offices, namely 

AAM1, MR2 and Bole are fully efficient with a score 

of 1.000. Whereas, nine (75%) of tax offices are 

inefficient and have efficiency scores ranging from 
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the lowest technically inefficient for example 0.207 

by GUL to the highest technically inefficient DMU 

NIL with a scores of 0.952 in CRS DEA model.  

Table 4: Efficiency Results of Twelve DMUs under 

CRS  
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4.5.1. RADIAL MOVEMENT AND 

PROJECTED VALUE 

Radial Movement gives the value for input-output 

variables for improvement (Coelli, 2008). The Radial 

Movement shows the adjusted proportionality of 

input and output variables (Coelli, 2008). Projected 

value shows the proportionality of input and 

output for every radial and slack movement. 

The radial values for the DMU2 i.e. MR1 are -8,307 

for Number of Taxpayers, Rent Expense is Birr -

14,472,850.000 and -245 for Number of Employees. 

The projected value of input for the MR1 against 

each output is 1,737.959 (Number of Taxpayers), 
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Rent Expense is Birr 4,941,697.693 and 102.212 

(Number of Employee). MR1 can adopt a Direct Tax 

of 266.200 million and Indirect Tax of 262.070 

million output values to achieve efficiency. The 

values are to be decreased by -8307 for Number of 

Taxpayers, Birr -14,472,850.000 for Rent Expense 

and -245 for Number of Employee. 

The radial values for the DMU4 i.e. ADIK are -

14871.850 for Number of Taxpayers, Rent Expense 

is Birr -1946653.240 and -196.974 for Number of 

Employees. The projected value of input for the 

ADIK against each output is 7802.162 (Number of 

Taxpayers), Rent Expense is Birr 1561729.760 and 
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158.026 (Number of Employee). ADIK can adopt a 

Direct Tax of 154.610 million and Indirect Tax of 

147.640 million output values to achieve efficiency. 

The values are to be decreased by -14871.850 for 

Number of Taxpayers, Birr -1946653.240 for Rent 

Expense and -196.974 for Number of Employee. 

Similarly, the lowest inefficient DMU is NIL and the 

radial values for this DMU are -2893.516 for 

Number of Taxpayers, Rent Expense is Birr -

232506.963 and -16.170 for Number of Employees. 

The projected value of input for the NIL against 

each output is 22704.091 (Number of Taxpayers), 

Rent Expense is Birr 4627493.037 and 321.830 
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(Number of Employee). NIL can adopt a Direct Tax 

of 377.050 million and Indirect Tax of 293.280 

million output values to achieve efficiency. The 

values are to be decreased by -2893.516 for Number 

of Taxpayers, Birr -232506.963 for Rent Expense and 

-16.170 for Number of Employee. 

Likewise, the highest inefficient DMU is GUL, its 

radial values are -15907.522 for Number of 

Taxpayers, and Rent Expense is Birr -11616152.807 

and 232.394 for Number of Employees. The 

projected value of input for the GUL against each 

output is 1030.501 (Number of Taxpayers), Rent 

Expense is Birr 2930118.572 and 60.606 (Number of 
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Employee). GUL can adopt a Direct Tax of 157.840 

million and Indirect Tax of 119.810 million output 

values to achieve efficiency. The values are to be 

decreased by -15907.522 for Number of Taxpayers, 

Birr -11616152.807 for Rent Expense and -232.394 for 

Number of Employee. Similar interpretations can be 

made for the remaining five inefficient DMUs (see 

Appendix B1, B2, B3, B4, B5 & B6). 

4.5.2. SUMMARY OF SLACKS 

This is a value which shows the discrepancy in the 

constant or proportional change of input and 

output variables (Coelli, 2008). It also represents the 

amount of value for improvement in both input and 
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output. Slacks only show the variable discrepancy 

between the constant output and input. It is only 

perceived that the value must be either increased or 

decreased (Cooper, Seiford, & Zhu, 2011). Efficient 

tax offices did not have input and output slack 

because they are expected to use the inputs to 

produce their output efficiently. Thus, no need of 

changing inputs and outputs for the three (3) 

efficient tax offices. But input or output slacks exist 

in inefficient tax offices. Slacks are calculated 

radially in DEAP software. Among inefficient tax 

offices, six (6) tax offices i.e. MR1, ADIK, GUL, 

KOK, NIL & YEK have input slacks except for total 

number of employees and, all inefficient DMUs i.e. 
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MR1, ADIK, AKK, GUL, KIR, KOK, LID, NIL & 

YEK have slacks for indirect taxes. But MR1, ADIK, 

GUL, KOK, NIL & YEK showed both input and 

output slacks. There is no DMU is existed having 

slack for direct taxes. 

From DEAP software results attached here in 

appendix A2, it is understood that DMU MR2 

should decrease the number of taxpayers by 1,731 

and 1,101,510 Birr rent expense to become efficient. 

Similarly, DMU ADIK can decrease their input of 

number of taxpayers by 4,129 to become efficient. 

DMU GUL also should decrease its input usage of 

number of taxpayers by 3,118 and rent expense Birr 
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99,226 to become efficient. DMUs KOK, NIL and 

YEK need to reduce their number of taxpayers by 

4,461, 34,884 and 2,465 respectively to become 

efficient. 

4.5.3. SUMMARY OF PEERS 

The term Peer or Reference set indicates an 

inefficient firm to follow or as a reference (Coelli, 

2008). It is a point that an inefficient DMUs targets 

to move from the Farrell efficient point to Pareto-

Koopman efficient point based on the two-stage 

DEA solution or Pareto optimal solution (Yong-bae 

Ji and Choonjoo Lee). From table 5 here below, the 

2ND and 7th inefficient DMUs such as MR1 and GUL 
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can follow the input-output trend of AAM1. Like 

this DMU ADIK, KOK, NIL can follow the input-

output trend of any of BOL or MR2. DMU AKK and 

LID can follow the input-output trend of any of 

MR2, BOL or AAM1. Similarly, DMU KIR can 

follow the input-output trends of any of BOL, 

AAM1, or MR2 and, DMU YEK can follow the 

input-output trends of any of MR2 or BOL. But the 

efficient tax offices don’t have to follow any tax 

office and are the peer of them only. Thus, it is 

necessary to rank the tax offices according to the 

Efficiency Scores and the number of Peer Counts. 
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Table 5: Rank of Tax Offices under CRS-Input 

Orientation Frontier 
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Furthermore, peer weight is a number of variables 

that can be followed for the respective reference 

firm (Cooper et al., 2011). For the 2nd DMU i.e. MR1, 

since it has peers value for DMU 1 (AAM1). Thus, it 

can follow 35% of the number of taxpayers, rent 

expense and number of employee of AAM1 to 

become efficient. For the 4th, DMU i.e. ADIK, since it 

has peers value for DMU 6 (BOL) & 3 (MR2). Thus, 

it can follow 5.2%, 38.7% of the number of 

taxpayers, rent expense and number of employee of 

BOL and MR2 respectively to become efficient. For 

the 5th, DMU i.e. AKK, since it has peers value for 

DMU 3, 6 & 1 (MR2, BOL & AAM1). Thus, it can 

follow 2.8%, 16.4% and 2.4% of the number of 
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taxpayers, rent expense and number of employee of 

MR2, BOL & AAM1 respectively to become 

efficient. For the 7th DMU i.e. GUL, since it has peers 

value for DMU 1 (AAM1). Thus, it can follow 20.8% 

of the number of taxpayers; rent expense and 

number of employee of AAM1. For the 8th DMU i.e. 

KIR, since it has peers value for DMU 6, 1 & 3 (BOL, 

and AAM1& MR2). Thus, it can follow 22.6%, 25.4% 

and 5.5% of the number of taxpayers, rent expense 

and number of employee of BOL, AAM1 and MR2 

respectively to become efficient. For the 9th DMU i.e. 

KOK, since it has peers value for DMU 6 & 3 (BOL 

& MR2). Thus, it can follow 34.2% and 9.4% of the 

number of taxpayers, rent expense and number of 
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employee of BOL & MR2 respectively to become 

efficient. For the 10th DMU i.e. LID, since it has 

peers value for DMU 3, 6 & 1 (MR2, BOL & AAM1). 

Thus, it can follow 7%, 12.5% & 5.3% of the number 

of taxpayers, rent expense and number of employee 

of MR2, BOL & AAM1 respectively to become 

efficient. For the 11th DMU i.e. NIL, since it has 

peers value for DMU 6 & 3 (BOL & MR2). Thus, it 

can follow 28.3% and 59% of the number of 

taxpayers, rent expense and number of employee of 

BOL & MR2 respectively to become efficient. For 

the 12th, DMU i.e. YEK, since it has peers value for 

DMU 3 & 6 (MR2 & BOL). Thus, it can follow 14% 

& 33.4% of the number of taxpayers, rent expense 

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 530

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


and number of employee of MR2 & BOL 

respectively to become efficient. 

 Finally, peer count shows the number of times a 

peer firm is being used as the reference unit. The 1st 

DMU i.e. AAM1 has been used as a peer 5 times, 

while DMU 3 & 6 i.e. is MR2 & BOL is used as a 

peer 7 times each. Therefore, DMUs MR2 & BOL is 

the most efficient DMUs followed by AAM1 and 

are appropriate examples to share for other 

inefficient DMUs. 
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4.5.4. SUMMARY OF INPUT TARGETS 

Target values are different from slack values. Slacks 

show discrepancies while targets show predicted 

value. This shows the model that is to be followed 

for the preferred and perceived inputs; in this case, 

the specific inputs employed by each inefficient 

DMU will help in making them efficient. However, 

these inputs i.e. the number of taxpayers, rent 

expense and number of employee remain the same 

for efficient DMUs. Appendix A5 shows the input 

target for nine (9) inefficient DMUs. DMU 2 

i.e.MR1; for constant output of direct and indirect 

taxes, it must have an efficiently proportional total 

number of taxpayer of 1738, office rent expense of 
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Birr 4,941,698 and total number of employee of 102. 

So, MR1 should decrease the numbers of taxpayers 

by 10039, financials of rent expense by 15,574,360 

and number of employee by 245. 

Likewise, for DMU 4 i.e. ADIK; for constant output 

of direct and indirect taxes, it must have an 

efficiently proportional number of taxpayer of 7802, 

rent expense of Birr 1,561,730 and number of 

employee of 158. So, ADIK should decrease the 

numbers of taxpayers by 19001, financials of rent 

expense by 1,946,653 and number of employee by 

197. For DMU 5 i.e. AKK; for constant output of 

direct and indirect taxes, it must have an efficiently 
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proportional number of taxpayer of 9188, rent 

expense of Birr 2,215,385 and number of employee 

of 82. So, AKK should decrease the numbers of 

taxpayers by 19035, financials of rent expense by 

4,589,317 and number of employee by 170. 

For DMU 7 i.e. GUL; for constant output of direct 

and indirect taxes, it must have an efficiently 

proportional number of taxpayer of 1031, rent 

expense of Birr 2,930,119 and number of employee 

of 61. So, GUL should decrease the numbers of 

taxpayers by 19025, financials of rent expense by 

11,715,378 and number of employee by 232. 
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For DMU 8 i.e. KIR; for constant output of direct 

and indirect taxes, it must have an efficiently 

proportional number of taxpayer of 13992, rent 

expense of Birr 6,226,409 and number of employee 

of 184. So, KIR should decrease the numbers of 

taxpayers by 13499, financials of rent expense by 

6,006,864 and number of employee by 177. For 

KOK, DMU 9; for constant output of direct and 

indirect taxes, it must have an efficiently 

proportional number of taxpayer of 19403, rent 

expense of Birr 4,018,067 and number of employee 

of 170. So, KOK should decrease the numbers of 

taxpayers by 25639, financials of rent expense by 

3,565,688 and number of employee by 150. 

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 535

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


For DMU 10 i.e. LID; for constant output of direct 

and indirect taxes, it must have an efficiently 

proportional number of taxpayer of 6979, rent 

expense of Birr 2,149,159 and number of employee 

of 68. So, LID should decrease the numbers of 

taxpayers by 15804, financials of rent expense by 

4,866,320 and number of employee by 153. 

For DMU 11 i.e. NIL; for constant output of direct 

and indirect taxes, it must have an efficiently 

proportional number of taxpayer of 22704, rent 

expense of Birr 4,627,493 and number of employee 

of 322. So, NIL should decrease the numbers of 
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taxpayers by 37778, financials of rent expense by 

232,507 and number of employee by 16. 

For DMU 12 i.e. YEK; for constant output of direct 

and indirect taxes, it must have an efficiently 

proportional number of taxpayer of 19568, rent 

expense of Birr 4,045,249 and number of employee 

of 183. So, YEK should decrease the numbers of 

taxpayers by 21187, financials of rent expense by 

3,437,283 and number of employee by 155. 
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4.6. VARIABLE RETURNS TO SCALE IN 

DEA AND SUMMARY OF EFFICIENCY 

Variable returns to scale (VRS) is a type of frontier 

scale used in DEA. It helps to estimate efficiencies 

whether an increase or decrease in input or outputs 

does not result in a proportional change in the 

outputs or inputs respectively (Cooper, Seiford, & 

Zhu, 2011). This method includes both increasing 

and decreasing returns to scale. Hence, VRS may 

exhibit increasing, constant and decreasing returns 

to scale when working in Data Envelopment 

Analysis Program (DEAP). 

Before discussing the interpretations and findings, 

look into the previous interpretations, where the 
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procedure to extract, apply and execution of data to 

perform the analysis is discussed. However, here 

this section includes interpretations and findings 

and how VRS differs from CRS. 

Table 6: Efficiency Results of Twelve DMUs under 

VRS Frontier 
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Table 6 above shows efficiency summary for input 

oriented VRS DEA. The above table shows the 

difference in technical efficiency between CRS 

and VRS frontier. The overall Technical Efficiency 

is broken down into Pure Technical Efficiency 

specified by the VRS DEA score (average = 91%) 

and Scale Efficiency (average = 63.9%). In contrast to 

CRS model, the VRS model placed four DMUs 

(33.33%) as efficient, namely AAM1, MR2, BOL and 

LID, but eight DMUs (66.66%) namely MR1, ADK, 

AKK, GUL, KIR, KOK, NIL and YEK still remained 

inefficient. The VRS DEA model made LID 

technically efficient in opposite to CRS DEA model. 

Therefore, LID attains pure technical efficiency but 
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remained scale inefficient with increasing returns to 

scale nature. Therefore, the inefficiencies assigned 

to LID under CRS assumption is purely due to its 

scales of operations. 

The lowest technically inefficient DMU is KIR with 

a score of 0.726 and the highest technically 

inefficient DMU is NIL scoring 0.996, under VRS 

assumption. 

The presence of inefficiency of inputs in the 

production process is indicated by efficiency scores. 

For example, on average the tax offices in Addis 

Ababa tax jurisdiction have a scope for reduction of 

inputs by 9%. 
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4.6.1. SCALE EFFICIENCY 

In appendix C1, the average Scale Efficiency of the 

tax offices are 63.9% and six (50%) of the twelve 

DMUs are below this average SE score. Of the 

twelve DMUs, three (25%) of DMUs namely AAM1, 

MR2 and BOL are both technical and scale efficient 

and have six peer counts except BOL (zero peer 

counts) in VRS. Such seldom appearance of efficient 

DMU in the reference set of inefficient DMU is 

likely to possess a very uncommon input/output 

mix. Thus, it is not suitable example to share for 

other inefficient DMUs Yifru (2016). Of these nine-

scale inefficient DMUs, only LID is technically 

efficient at VRS and has eight peer counts. The rest 
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eight DMUs are both scale and technically 

inefficient. The highest scale inefficient DMU is 

GUL by scoring 0.247 and the lowest scale 

inefficient DMU NIL with a score of 0.956. 

The investigation further investigates the nature of 

returns to scale of each DMU. Table 6 shows the 

nature of returns to scale of each DMU. Here nine 

(75%) of DMUs namely MR1, ADK, AKK, GUL, 

KIR, KOK, LID, NIL and YEK said to be operating 

in an increasing return to scale suggesting that they 

are not operating at an optimal scale because they 

can achieve further scale economies if they were 

increased their volume of operation. In this 

situation there exists a higher degree of 

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 543

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


specialization, managerial and technical 

indivisibilities and dimensional relations. 

The rest three (25%) of DMUs like AAM1, MR2 and 

BOL exhibits constant returns to scale having limits 

of their scale economies. Here there is no DMUs 

shown decreasing returns to scale. For all DMUs 

that display IRS in their operation, a more than 

proportionate increase in output is achieved in 

relation to an increase in input. Thus, DMUs that 

work with IRS could achieve substantial efficiency 

gains by increasing its scales of operation. This 

could be attained through inside progress. NIL 

becomes the only lowest inefficient DMU in all the 

three efficiency measurements of CRS, VRS and SE 
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with efficiency score of 0.952, 0.996 and 0.956 

respectively. GUL is the highest inefficient firm in 

CRS and SE scoring score of 0.207 and 0.247 and 

KIR is the highest inefficient DMU at VRS having 

0.726 efficiency score.  

The lowest inefficient DMU NIL needs only 0.048 

and 0.004 of reduction to its input at CRS and VRS 

respectively to become efficient. Similarly, the 

highest inefficient DMU at CRS is GUL. It needs as 

much as 0.793 less reduction in their input usage to 

become inefficient and also the highest inefficient 

DMU at VRS is KIR. It needs 0.274 reductions in its 

input usage to become efficient. 
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4.6.2. SUMMARY OF SLACKS 

All inefficient tax offices have either input or output 

slacks except for the total number of employees. 

Moreover, the findings from the summary of slacks, 

peer weights, peer counts, input targets can be 

interpreted the same way as it was interpreted for 

the CRS DEA model. As here, from Appendix C2, 

DMU 2 has increasing returns to scale, so MR1 has 

scale returns discrepancy of Birr 3856809.369 for 

office rent expense. DMU 4 has IRS, so ADIK has 

scale returns discrepancy of 10493.102 for total 

number of taxpayers. DMU 5 has IRS, so AKK has 

scale returns discrepancy of 5178.917 for total 

number of taxpayers. DMU 7 has IRS, so GUL has 
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scale returns discrepancy of 2831716.511 for office 

rent expense. DMU 8 has IRS, so KIR has scale 

returns discrepancy of 4490.617 for total number of 

taxpayers. DMU 9 has IRS, so KOK has scale returns 

discrepancy of 21085.980 for total number of 

taxpayers. DMU 11 has IRS, so NIL has scale 

returns discrepancy of 48099.391 for total number of 

taxpayers. DMU 12 has IRS, so YEK has scale 

returns discrepancy of 16958.833 for total number of 

taxpayers. 

4.7. EFFICIENCY AND THE FRONTIER LINE 

In reality, no firm can produce a single output by 

consuming one input only. Figure7 illustrates the 

concepts of efficiency, slacks and references or peers 
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in an intuitive manner using two inputs and one 

output. The concept of frontier is especially 

important for the analysis of efficiency, because we 

measure efficiency as the relative distance to the 

frontier. For example, firms that are technically 

inefficient operate at points in the interior of the 

frontier, while those that are technically efficient 

operate somewhere along the technology defined 

by the frontier. The DMU is called efficient when 

the DEA score equals to one and all slacks are zero 

(Cooper, Seiford, and Tone, 2006). If only the first 

condition is satisfied, the DMU is called as efficient 

in terms of “radial", “technical", and “weak" 

efficiency. If these two conditions are satisfied, the 

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 548

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


DMU is called efficient in terms of “Pareto-

Koopmans" or “strong “efficiency (Yong-bae Ji and 

Choonjoo Lee). 

In figure7, it is portrayed using two inputs and one 

output utilized. Thus, Total Number of Taxpayers 

and Office Rent Expense are used as input variable 

with Indirect Taxes as output variable. Though, 

three variables are taken, it is not possible to 

represent them on the XY plane. For demonstration 

purpose, the input, Total Number of Employee and 

the output, Direct Taxes are not taken as an input 

and output variables as they have no non-zero slack 

value. Since constant returns to scale is assumed, it 

is possible to normalize the inputs Number of 
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Taxpayers and Office Rent Expense by the single 

output Indirect Tax. That time, Figure7 can easily 

contract three efficient DMUs: AAM1, MR2 & BOL 

that are on the frontier line and are considered 100% 

efficient. DMU s MR1, ADIK, AKK, GUL, KIR, 

KOK, LID, NIL & YEK are remained inefficient 

since they do not lie on the efficient frontier line. 

In figure 7, DMUs AAM1, MR2 & BOL lie on the 

efficiency frontier, and hence are the most efficient. 

But there is a time where their performance can be 

improved. For example, DMU BOL is on the Farrell 

efficient point, however the two inputs could be 

reduced to point MR2 and still produce the same 

output. In this case, BOL has an input slack of the 
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distance MR2 BOL. Therefore, BOL is not efficient 

in terms of “Pareto-Koopmans” or “strong” 

efficiency. Since MR2 has a large peer count (7) and 

its nearness to the origin than AAM1, it is the most 

efficient DMU. Geometrically the distance O MR2 > 

O AAM1 though it is a slight difference. 

Inefficiency can be seen as how much the inputs 

must contract along a ray from the origin until it 

crosses the frontier. For example, in figure 7 below, 

the technical efficiency of DMU GUL (which is the 

highest inefficient DMU) is defined as the distance 

OA/OG. Likewise, the efficiency of lowest 

inefficient DMU NIL is the distance between 
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ON/ONIL. Point OA and point ON are therefore, 

the Farrell efficient point. 

DMU NIL, the lowest inefficient DMU has 0.952 

efficiency score and the highest inefficient DMU 

GUL scored 0.207 efficiency score. Thus, NIL has 

excess input utilization of only 4.8%. Whereas GUL 

exhibited 79.3% excess input utilization given the 

output unchanged as compared to efficient DMUs.  
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Fig.7: CRS input orientation efficiency frontier line  

International Journal of Scientific & Engineering Research Volume 11, Issue 9, September-2020 
ISSN 2229-5518 553

IJSER © 2020 
http://www.ijser.org

IJSER

http://www.ijser.org/


4.8. THE NATURE OF RETURNS TO SCALE 

In figure 8 below, frontiers determined by 

economies of scale are presented considering one 

input (Number of Employee) and one output 

(Direct Taxes) for the 12 DMUs. The figure displays 

CRS, VRS & Non-Increasing Returns to Scale (NIRS) 

frontiers. If CRS is considered, then only DMU 

AAM1 is efficient. But DMUs AAM1 & LID could 

be efficient if VRS is assumed. At the point where 

VRS and NIRS are frontiers are equal then 

decreasing returns to scale exist for those DMUs on 

the efficient frontier (in the data no DMU operates 

at a DRS). Where the two frontiers are unequal, then 

IRS holds for those DMUs (such as DMU LID).  
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For the CRS frontier, increasing returns to scale 

exists for the remaining inefficient DMUs if the sum 

of the reference weights is less than one. Otherwise 

there exists decreasing returns to scale. 

Figure 8 shows all inefficient DMUs such as MR1, 

MR2, ADIK, AKK, BOL, GUL, KIR, KOK, NIL & 

YEK are operating at increasing returns to scale. It is 

also presented in appendix E5.  

The efficiency of DMU GUL for example, is defined 

as θ GUL, input, CRS = the distance between G G'/G 

GUL for input-oriented CRS DEA model represents 

that one can obtain the same output by reducing the 

input by the ratio of 1- θ GUL, input, CRS. 
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Efficiency for output-oriented CRS DEA model is 

defined as θ GUL, output, CRS = G‴ GUL/ G‴ AAM1 

and it represent that one can achieve the higher 

output by the ratio 1- θ GUL, output, CRS. Hence 

the input-oriented VRS frontier efficiency measure 

is defined as θ GUL, input, VRS = the distance 

between G G"/G GUL. At DMU AAM1 all efficiency 

frontier measures are meet equal regardless of their 

assumptions. This point is called the most 

productive scale size (MPSS). 

Likewise, the efficiency of DMU NIL for example, is 

defined as θ NIL, input, CRS = the distance between 

N N'/N NIL for input-oriented CRS DEA model 

represents that one can obtain the same output by 
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reducing the input by the ratio of 1- θ NIL, input, 

CRS. 

Hence the input-oriented VRS frontier efficiency 

measure is defined as θ NIL, input, VRS = the 

distance between N N"/N NIL. 

It is possible to decompose the technical inefficiency 

of CRS in to pure technical inefficiency and scale 

inefficiency. In Figure 8, the distance between G' 

GUL contributes to the CRS technical inefficiency of 

DMU GUL and the distance G" GUL contributes to 

technical inefficiency of DMU GUL in VRS model. 

Since scale efficiency is calculated by dividing 

technical efficiency of CRS by VRS, then the 

distance G' G" contributes to scale efficiency. 
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Similarly, the distance between N' NIL contributes 

to the CRS technical inefficiency of DMU NIL and 

the distance N" NIL contributes to technical 

inefficiency of DMU NIL in VRS model. Hence the 

distance N' N" contributes to scale efficiency. 

Similar interpretations can be made for all 

remaining inefficient DMUs. 
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Fig.8: Efficiency concept and Scale Returns on 

frontier line  
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4.9. EFFICIENCY TO ESTABLISHMENT 

AND SERVICE YEAR 

In Figure 9, the efficiency of DMUs with respect to 

establishment period is plotted. Two of efficient 

DMUs (AAM1, MR2) in CRS, VRS & Scale 

efficiency have established after the mean year 2010. 

LID, VRS efficient DMU and BOL, efficient DMU in 

all of efficiency measures and all inefficient DMUs 

except MR1 are established at the mean year 2010. 

Whereas, MR1 is established after the average year 

of establishment 2010. Therefore, all efficient DMUs 

are established at and after the mean year 2010. But 

two of the three efficient DMUs are established after 
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the mean year. Thus establishment year does not 

affect efficiency scores. 

 
Fig.9: Establishment year vs efficiency score under 

CRS 
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In figure 10, two of efficient DMUs (AAM1, MR2) in 

CRS, VRS & Scale efficiency have below the mean 

service years of 5.58. LID, VRS efficient DMU and 

BOL, CRS, VRS and Scale efficient DMU and all 

inefficient DMUs except MR1 have service years 

above the mean service years of 5.58. While MR1 

have served below the average 5.58 service years. 

Therefore, service year doesn’t have effect on the 

efficiency of DMUs. 
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Fig.10: Service year vs efficiency score under CRS 
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4.10. EFFICIENCY TO ENTERPRISE 

TAXPAYERS AND INDIVIDUAL 

TAXPAYERS 

From table 1, the average number of Enterprise 

Taxpayers and Individual Taxpayers is computed. 

The average number of Enterprise Taxpayers is 

1620 and the average number of Individual 

Taxpayers is 27924.17. All efficient DMUs (AAM1 & 

MR2) in CRS, VRS & Scale efficiency measurement 

except BOL which have more than the average 

number of Enterprise Taxpayers and the VRS 

efficient DMU i.e. LID have below the average 

number of Enterprise Taxpayers. All inefficient 

DMUs except MR1, ADIK & KIR which have below 
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the average number of Enterprise Taxpayers, have 

above average number of Enterprise Taxpayers. 

 

 
 

Fig.11: Enterprise taxpayer vs efficiency score under 

CRS 
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Similarly, in figure 12, efficiency with respect to 

individual company is plotted, all efficient DMUs 

(AAM1 & MR2) in CRS, VRS & Scale efficiency 

measurement except BOL (which have more than 

the average number of Individual Taxpayers) and 

the VRS efficient DMU i.e. LID have below the 

average number of Individual Taxpayers. Part of 

Inefficient DMUs like KOK, NIL & YEK have above 

the average number of individual taxpayers. The 

remaining inefficient DMUs MR1, ADIK, AKK, 

GUL & KIR have below the average number of 

Individual Taxpayers. Thus, efficiency is not 

affected by the type of the taxpayers whether they 

are enterprise taxpayers or individual taxpayers. 
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Appendix E2 is compiled the descriptive statistic 

results for these variables. 

 

 
 

Fig.12: Individual taxpayers’ vs efficiency score 

under CRS 
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CHAPTER FIVE 

5. CONCLUSIONS AND POLICY 

IMPLICATION 

5.1. CONCLUSIONS 

Given the current challenge of budget deficit in 

government, tax offices performance is of major 

importance for government revenue generation. 

This study analyzed the technical efficiency and 

scale efficiency of Addis Ababa City Administration 

small and medium sized tax collecting offices using 

cross-sectional data in the year 2015/16 with input- 

oriented CRS and VRSDEA approach. The inputs 
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used were Total Number Taxpayers, Office Rent 

Expense and Total Number of Employees. And the 

two outputs are direct tax and indirect taxes. The 

finding indicates that, three DMUs i.e. AAM1, MR2 

& BOL are efficient with an efficiency score equal to 

one in CRS, VRS &, SE exhibiting constant returns 

to scale nature having limits on their economies of 

scale. About 75% of the tax offices are exhibiting 

increasing returns to scale. The possible reasons to 

exhibit this nature may be there existing high 

degree of specialization, managerial & technical 

indivisibility and, dimensional relations. No DMU 

is having with decreasing returns to scale. DMU 

LID is efficient in VRS measure only. The rest 8 
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DMUs remained inefficient in all forms of efficiency 

measure. All inefficient DMUs except NIL, scored 

below the average efficiency of 0.593 under CRS 

and excluding ADK & AKK, all inefficient DMUs 

efficiency score is below the average 0.996 under 

VRS. Many of inefficient DMUs have excess inputs 

and output in their operation. 

5.2. POLICY IMPLICATION 

Considering the results, the policy implications of 

this paper are as follows: Most of the inefficient 

DMUs are operating below their optimal relative 

technical efficiency and scale size. Therefore, those 

inefficient DMUs office managers must improve 

their operational planning and a management 
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practice in an efficient way. It is in association with 

(Lasheras and Herrera, 1991), the achievement of 

any tax system is dependent upon the Management 

charged with its enactment. This could be via an 

optimal combination of factors of production, 

improving tax compliance so as to get voluntary tax 

payers, adequate investment in, and adaption of 

new technologies relevant to modernization of tax 

offices, and further training and education in the 

adaption and use of the new technology. The office 

rent expense should be minimized by having their 

own buildings or through reducing office area or 

changing from ground floors to upper floors; the 

salaries should be more directly related to 
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performance. The next step would then be to 

improve their scale efficiencies. These tax offices 

should increase its scale operations through internal 

growth or consolidation in the sector. 

These measures will define an organizational 

governance environment with transparency, 

accountability and efficiency improvements which 

explicitly force the tax offices to achieve efficiency 

in their operational activities. Moreover, the savings 

that will result from the improved efficiency will 

reduce waste, allowing more resources to be 

diverted into alternative public uses. The 

restructure of the AARA, which is now being 

implemented proclaims independency of the 
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authority from ERCA, may result in efficiency 

improvement through a better coordination of 

managerial tasks and specialization. The anticipated 

result is the improvement of the efficiency. Future 

DEA research should see additional methods for 

treatment of variable selection problems reported 

herein, as well as empirically testing conclusions in 

a variety of management control settings. 
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