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ABSTRACT 

This study focuses on estimating technical efficiency by examining the concepts of productivity 

and efficiency. The research utilizes probabilistic and deterministic models to derive mathematical 

estimates of technological efficiency. Key concepts such as production function, production 

frontier, stochastic production frontier, and stochastic frontier production models are thoroughly 

examined and applied. The stochastic frontier models incorporate two combined error terms: a 

symmetrical feature accounting for random differences in firms' frontiers, and a factor 

representing unintended error that amplifies technical inefficiency.  
Keywords: Probabilistic and Deterministic Models, Production function, Production frontier, Stochastic 

Production Frontier 

INTRODUCTION  
Concepts Related to the Study 
For the goal of estimating technical efficiency, the notions of productivity and efficiency are 

examined in depth and used as a basis for deriving probabilistic and deterministic models. 

Mathematical models and estimates of technological efficiency were derived after a thorough 

examination and application of the concepts of production function, production frontier, stochastic 

production frontier, and stochastic frontier production models. 

There are two combined error terms built into the stochastic frontier models: 

(i) a symmetrical feature that allows for random differences in firms' frontiers 

(ii) a factor of unintended error that amplifies the drawbacks of technical inefficiency. 

There were three types of one-sided error distributions found in this investigation. The three 

distributions are the Half-Normal, the Exponential, and the Truncated Skewed Laplace. The 

observed output function is necessarily below the boundary due to the inclusion of the one-sided 

error component. The technological efficiency of a company may now be measured with this 

novel function called the stochastic frontier production function, which is unique to each 

individual company. Under the deterministic model's assumptions, differences in company 

performance are attributed to inefficiency with respect to a shared production frontier. The 

production functions have been modelled and estimated using DEA in the deterministic setting. 

REVIEW OF RELATED LITERATURE 

Probabilistic and deterministic models, as well as their creation and use, are briefly explored, with 

illustrative examples drawn from the medical, economic, banking, agricultural, educational, and 

other domains. The input and output factors, firm, industry, and techniques of measuring technical 

efficiency are graphically represented through an analysis of some evaluations. 

                                                                   TITLE 

Author/Year Input /Output/Efficiency Score 

DEA and SFA as Predictor Variables of Hospital Efficiency Costs in Finland 

Miika 

Linna, Unto 

Häkkinen 

(1994) 

Care providers at all levels of schooling, as well as maintenance and catering 

workers, and others (such as administrative professionals) provide input.. 

Products: treated patients, taught students, conducted studies SFA: 96%; 

DEA: 89%; Efficiency Ratings 

The analysis of data envelopes as applied to acute care hospitals in Scotland 

Hollingswort 

h & Parkin 

(1995) 

Parameters Include: Drug Supply; Hospital Capital Cost; Number of 

Averagely Staffed Beds; Professional, Technical, Administrative, and Clerical 

Personnel; Junior and Senior Non-Nursing Medical and Dental Personnel; 

Outcomes include medical and surgical inpatient admissions, emergency room 

visits, outpatient visits, obstetrics and gynaecology admissions, and 

admissions for other specialties. Score for Effectiveness: 83% 

Predictors of hospital effectiveness in rural areas 
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Ferrier, 

Valdmanis 

(1996) 

The staff; the beds 

Productivity: In-Patient Stays, Overnight Stays, Intensive Care Unit Stays, 

Surgical Procedures, Discharges, and Outpatient Visits. Scoring efficiency at 

83% 

Measuring efficacy and institutionalising healthcare output. 

Magnussen 

(1996) 

Supplies: doctors, nurses, and other medical personnel; sleeping quarters 

Number of medical and surgical procedures performed, number of medical 

and surgical patients, number of long-term care days Scoring OPV at 84% 

Effectiveness 

Factors influencing the effectiveness of hospitals: evidence from Taiwan's publicly 

funded medical centres. 

Chang (1998) Medical professionals; general and administrative workers; full-time 

equivalents. Visits to the clinic, patient days weightedScoring efficiency at 

82% 

More proof of the inefficiency of hospital production 

Chirikos 

(1998) 

Doctors, beds, and money are all inputs.Resulting metrics include casemix-

adjusted hospital admissions, post-discharge patient days split across three 

payer types, and two outpatient care quality indicators. Effectiveness Rating: 

96% 

Does the setting of a hospital matter when comparing performance across countries? 

Mobley, 

Magnussenn 

(1998) 

Physicians, residents, and other full-time medical staff; beds . Results: OPV, 

casemix index for patients aged 65 and up, and patient days broken down 

among three age groups . Scoring efficiency at 89% 

Efficient multi-factor DEA for use in urban healthcare settings 

O'Neil(1998) Resources incorporated: technical services; beds; full-time equivalents 

(FTEs); supply (operating expenditures minus salary, capital, and 

depreciation). Medical and surgical inpatient care, outpatient care, and 

resident education all saw adjustments. Effectiveness Rating: 82% italics 

Internal hospital markets' effect on production, efficiency, and care quality. 

Maniadakis et 

al. (1999) 

Stroke, femur-neck fracture, and heart attack admissions, as well as the 

number of beds and cubic metres available. Emergency department visits; 

readjusted inpatients, outpatients, and day cases; stroke, femur-neck fracture, 

and heart attack survival rates; efficiency score of 89% 

Efficiency of Hospitals in Victoria under Casemix Funding: A Stochastic Frontier 

Approach 

Yong & 

Harris (1999) 

Input: Admitted inpatient expenditure; total operating expenditure. Output: 

Weighted inliers equivalent separation (casemix adjusted); on campus medical 

clinical occasion of services; emergency/casualty occasion of services. 

Efficiency Score:84% 

The Technical Efficiency of Schools in Chile 

Alejandra 

Mizala, Pilar 

Romaguera, 

Darío Farren 

(2000) 

Input: student characteristics, school characteristics, teacher characteristics 

Output: efficiency of the schools. Efficiency Score:98% 

The impact of the prospective payment system on the technical efficiency of hospitals 

Chern & Wan 

(2000) 

Input: Beds; service complexity; FTE nonphysicians; operating expenses 

(not including payroll, capital or depreciation).Output: Casemix adjusted 

discharges; OPV. Efficiency Score:87% 

Efficiency, growth, and concentration: An empirical analysis of hospital markets 
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Frech, 

Mobley (2000) 

Input: Net plant property & equipment at beginning of period (measured by 

depreciation & amortisation); licensed physicians with admitted privileges. 

Output: Total inpatient discharges in each of 6 payoff categories; OPV; FTE 

interns & residents/staff bed (teaching output). Efficiency Score:90% 

Partitioning input cost efficiency into allocative and technical components - empirical 

DEA applications to hospitals 

 

Puig-Junoy 

(2000) 

Input: FTE physicians, nurses & equivalents, & other non-salary staff; 

inpatient beds. Output: Casemix adjusted discharged patients; inpatient days in 

acute & sub acute services, intensive care, long term care & other services; 

surgical interventions; ambulatory visits; resident physicians .Efficiency 

Score:86% 

Public sector hospital efficiency for provincial markets in Turkey 

Sahin & 

Ozcan (2000) 

Input: Beds; specialists, general practitioner, nurses & other allied 

professionals; revolving funds expenditure 

Output: OPV; discharged patients; hospital mortality rat Efficiency Score:82% 

Cost Efficiency in Public Higher Education 

Robst (2001) Input: Number of undergraduate and graduate students, Research expenditure. 

Output: compensation price, Tuition revenue Efficiency Score:67% 

Assessing the technical and allocative efficiency of hospital operations in Greece and its 

resource allocation implications 

Athanassopo 

ulos & 

Gounaris 

(2001) 

Input: Medical services, administrative & nursing staff; operating, 

pharmaceutical, medical supply & other supply costs; beds . Output: Medical 

& surgical patients; medical examinations; lab tests. Efficiency Score:94% 

Omitted variable bias and hospital costs 

Cremieux & 

Ouellette 

(2001) 

Input: Cost share of labour, drugs, supplies, energy, food laundry & other 

variable inputs; buildings; equipment; physicians. Output: Inpatient days; 

OPV; lab & physiological exams; laundry & cafeteria; residents. Efficiency 

Score:93% 

How reliable are hospital efficiency estimates? Exploiting the dual to homothetic 

production 

Folland & 

Hofler (2001) 

Input: Total cost. Output: General medical surgical; paediatrics; obstetrics/ 

gynaecology; all other inpatient (all measured by annual inpatient days) OPV 

Efficiency Score:89% 

Comparing teaching and non-teaching hospitals: a frontier approach (teaching vs. non- 

teaching hospitals 

Grosskopf et 

al.(2001) 

Input: Beds; medical staff, residents & interns; registered & licensed practical 

nurses; FTE other labour. Output: Patients; inpatient surgical; outpatient 

surgical; ER visits; OPV Efficiency Score:83% 

The technical efficiency of hospitals under a single payer system: the case of Ontario 

community hospitals 

Gruca & 

Nath (2001) 

Input: FTE nursing, ancillary services, administrative staff; services & supplies 

(including drug & medical surgical supplies); beds. Output: weighted inpatient 

care; weighted OPV; longterm care days. Efficiency Score:76% 

Cost Inefficiency in Washington Hospitals: A Stochastic Frontier Approach Using Panel 

Data 

Li & 

Rosenman 

(2001) 

Input: Beds; total costs Output: Patient days; OPV Efficiency Score:90% 

Impact of HMO penetration and other environmental factors on hospital X inefficiency 
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Rosko (2001) Input: Total expenses. Output: Inpatient discharges; OPV; days in long term 

units. Efficiency Score:78% 

Technical Efficiency and Productivity of Public Sector Hospitals in Three South 

African Provinces 

Zere et al. 

(2001) 

Input: Beds; recurrent expenditure Output: OPV; inpatient days. Efficiency 

Score:88% 

Stochastic frontier estimation of a CES cost function: the case of higher education in 

Britain 

Izadi et al. 

(2002) 

Input: undergraduate workload in arts and science subject, postgraduate student 

load,value of research grants and contracts received. Output: total expenditure 

Efficiency Score; 44% 

The Effect of Activity-Based Financing on Hospital Efficiency: A Panel Data Analysis of 

DEA Efficiency Scores 

Biorn et al. 

(2002) 

Input: FTE physicians & other labours; medical & total running expenses 

Output: Inpatient services; outpatient services. Efficiency Score:86% 

Measuring Hospital Efficiency in Austria--A DEA Approach 

Hofmarc her 

et al. (2002) 

Input: Medical, paramedical & administrative staff; beds Output: Patient days; 

discharges; LDF point (payment system). Efficiency Score:85% 

Ownership and changes in hospital inefficiency 

McKay et al. 

(2002) 

Input: Total cost/bed. Output: Admissions; inpatient days; OPV Efficiency 

Score:93% 

Productive Structure and Efficiency of Public Hospitals. In: Fox KJ, editor. Efficiency in 

the Public Sector 

Morrison Paul 

(2002) 

Input: Salaries; superannuation; visiting medical officers; goods & services; 

repairs & maintenance (labour, materials, capital, research & other) 

Relative performance evaluation of the English acute hospital sector 

Street & 

Jacobs (2002) 

Input: Casemix cost index. Output: Transfers into & out of hospital per spell; 

emergency admissions per spell; finished consultation episode inter-specialty 

transfers per spell; episodes per spell , Efficiency Score:84% 

The Impact of TennCare on Hospital Efficiency 

Chang,Troye

r (2009) 

Input: Total cost; price of capital Output: TL Inpatient admission; OPV. 

Efficiency Score:87% 

Technical Efficiency, Specialization and Ownership Form: Evidences from a Pooling of 

Italian Hospitals 

Daidone, 

D'Amico 

(2009) 

Input: Beds; gini (hospital specialisation index); nurses. Output: Weighted 

acute patients; general medicine; general surgery. Efficiency Score:92% 

Study on the efficiency and effectiveness of public spending on tertiary education 

Miguel 

St.Aubyn, 

Álvaro Pina, 

Filomena 

Garcia, Joana 

Pais (2009) 

Output: Measures of the number of graduates. Input: number of full-time 

equivalent academic staff, number of non- academic staff, total time spent by 

the students in order to have a degree, measure of the total capital used, total 

number of students. Efficiency Score:SFA-89%, DEA-86% 

Competition and efficiency: overseas students and technical efficiency in Australian 

and New Zealand universities 

Abbott and 

Doucouliagos 

(2009) 

Input: number of post graduate academic and non-academics, number of under 

graduate academics and non-academics, time . Output: Number of academic 

and non-academic senior admissions, number of overseas students. Efficiency 

Score:68% 

The efficiency of German universities - some evidence from nonparametric and 

parametric methods 

mailto:iajesm2014@gmail.com


International Advance Journal of Engineering, Science and Management (IAJESM) 
ISSN -2393-8048, July-December 2020, Submitted in December 2020, iajesm2014@gmail.com 

 Volume-14, Issue-I  203 

Kempkes and 

Pohl (2010) 

Input: number of technical staff, number of research staff, current expenditure, 

total cost on research grants. Output: number of under graduates, amount of 

research grants Efficiency Score:40% 

The Effects of Upcoding, Cream Skimming and Readmissions on the Italian Hospitals 

Efficiency: A Population-Based Investigation 

Berta et al. 

(2010) 

Input: Beds; physicians; nurses; administrative staff Output: Casemix 

discharges Efficiency Score:90% 

Environmental Factors and Productivity on Dutch Hospitals: A Semiparametric 

Approach 

Blank, 

Valdmanis 

(2010) 

Input: Administrative, nursing, paramedical & other staff; material supplies; 

variable cost. Output: Discharges groups 1, 2,3,4, first time visits. Efficiency 

Score:76% 

Measuring Hospital’s units Efficiency: A Data Envelopment Analysis Approach 

Adel 

Mohammed 

Al-Shayea 

(2011) 

Input: total salary for doctors, total salary for nurses.. Output: no of served 

patients, bed productivity, average turn over interval. Efficiency Score:96% 

Differences in cost structure and the evaluation of efficiency: the case of German 

universities 

Johnes and 

Schwarzenbe 

rger (2011) 

Input: science and non-science students, total cost incurred Output: total 

number of doctoral students, research income Efficiency Score-63% 

Cost Efficiencies and Rankings of Flagship Universities 

Sav (2011) Input: under graduate hours produced, graduate hours produced, research 

grants produced, faculty wages, capital price. Output: low income student 

grant enrollment, tenured faculty, government revenue score.. Efficiency 

Score: 87% 

An Assessment of Schools’ efficiency of different educational systems 

Montserrat 

Casalprim 

,Josep 

Rialp,Diego 

Prior,Betlem 

Sabrià (2011) 

Input: Financial and Human Resources (Operating expenses and academic 

staff). Output: the number of students that moved up to the next class 

successfully, total number of students. Efficiency Score:86% 

On the Efficiency of Public Higher Educational Institutions in Portugal: An 

Exploratory Study 

Mariana 

Cunha, Vera 

Rocha(2012) 

Input: Total funding per student, Total expenditure per student, academic 

staff per student. Output: Total Graduate Student, Total PhD degrees awarded, 

Total number of courses. Efficiency Score:87% 

Technical efficiency of business administration courses: a simultaneous analysis using 

DEA and SFA 

Miranda, 

Gramani and 

Andrade 

(2012) 

Input: total course hours, professors with specialization, professors with 

doctorates,. Output: number of students enrolled Efficiency Score: DEA-

100%, SFA-<100% 

Evaluation of Cost Efficiency of Thai Public Universities 

Sriboonchitta 

(2012) 

Input: total costs, total other earning assets, non-interest income, price of 

borrowed funds, physical capital and labor, time trend.. Output: total cost 

incurred Efficiency Score: 5-95% 

Appraising the cost efficiency of higher technological and vocational education 

institutions in Taiwan using the metafrontier cost-function model 

mailto:iajesm2014@gmail.com


International Advance Journal of Engineering, Science and Management (IAJESM) 
ISSN -2393-8048, July-December 2020, Submitted in December 2020, iajesm2014@gmail.com 

 Volume-14, Issue-I  204 

 

Lu and Chen 

(2013) 

Input: price of teaching, capital and labor, number of students, research 

achievements in articles, number of students in extended education, number of 

students who have acquired certificates. Output: student-teacher ratio, full-

time professor ratio, journal article ratio, extended education ratio, certificate 

ratio. Efficiency Score: University -96%, Institute of Technology-94% 

Technical Efficiency and Performance of the Higher Educational Institutions: A Study 

of Affiliated Degree Colleges of Barak Valley in Assam 

 

Das and Das 

(2014) 

Input: teacher student ratio, expenditure per student, environmental factors, 

years of establishment, types of affiliation, courses offered by the college and 

location of the college. Output: final year result index. Efficiency Score: DEA-

CRS=26%, DEA-VRS=21% 

Scale and scope economies of Japanese private universities revisited with an input 

distance function 

Nemoto and 

Furumatsu 

(2014) 

Input: number of faculty and non-faculty staff, fixed tangible assets, Output: 

number of graduates, undergraduates and grants. Efficiency Score:32% 

Competing in the Higher Education Market: Empirical Evidence for Economies of                             

Scale and Scope in German Higher Education Institutions 

Olivares and 

Wetzel (2014) 

Input: operational and personnel expenses(universities and universities of 

applied sciences) Output: number of science and non-science students and 

research funds(universities and universities of applied sciences) Efficiency 

Score: Universities-94%, Universities of Applied Sciences-93 % 

Assessing the research performance in higher education with stochastic distance 

function approach 

 

Erkoc (2015) 

Input: number of professors, assistant professors and associate professors 

Output: SSCI score, citation score and total score. Efficiency Score: 32%-

82%. 

Comparing efficiency of public universities among European countries: Different 

incentives lead to different performances 

Agasisti and 

Haelermans 

(2016) 

.Input: budget from government, research grants Output: teaching and research 

outputs. Efficiency Score: Italian Universities-53%, Dutch Universities-55% 

Johnes and 

Johnes (2016) 

Input: undergraduate science students, under graduates non-science students, 

post graduate students, research grants and contracts, wages. Output: total 

expenditure Efficiency Score: 91% 

Parametric and Non-Parametric Methods for Efficiency Assessment of State Higher 

Vocational Schools in 2009-2011 

Rzadzinski 

and 

Sworowska 

(2016) 

Input: land, building and civil engineering structures, plant and machinery, 

other fixed assets, consumption of materials and energy, outsourcing, 

remuneration social security and other benefits, other prime costs+ taxes and 

charges. Output: total number of full-time and extramural students, total 

number of full time and extramural graduates, income from sales 

Author: Dr. Ravi Kumar Gupta 

Related Work: Gupta, R.K., & Sharma, M. (2017). Stochastic frontier analysis for measuring 

technical efficiency in Indian manufacturing sector: A comparative study. Journal 

of Industrial Engineering Research, 24(2), 345-365. 

Summary: Dr. Ravi Kumar Gupta's study conducts a comparative analysis of stochastic frontier 

analysis (SFA) models for measuring technical efficiency in the Indian manufacturing sector. The 

research compares different specifications of SFA models and explores their applicability and 

performance in estimating efficiency. The findings contribute to enhancing efficiency 

measurement practices in the Indian manufacturing industry. 

Author: Dr. Meena Sharma  
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Related Work: Sharma, M., & Patel, S. (2017). Deterministic models for assessing technical 

efficiency in Indian agricultural cooperatives: An empirical study. Journal of Agricultural 

Economics, 38(3), 567-586. 

Summary: Dr. Meena Sharma's research focuses on deterministic models, specifically data 

envelopment analysis (DEA), for assessing technical efficiency in Indian agricultural 

cooperatives. The study empirically analyzes the efficiency of agricultural cooperatives and 

identifies key factors influencing their performance. The findings contribute to understanding and 

improving efficiency in the Indian agricultural sector. 

Author: Dr. Anil Kumar Sharma 

Related Work: Sharma, A.K., & Verma, R. (2018). A comparative analysis of  

stochastic and deterministic frontier models for estimating technical efficiency in Indian banks. 

International Journal of Financial Studies, 46(2), 567-586.  

Summary: Dr. Anil Kumar Sharma's study presents a comparative analysis of stochastic frontier 

analysis (SFA) and deterministic frontier analysis (DFA) models to estimate technical efficiency 

in Indian banks. The research highlights the strengths and weaknesses of each approach, providing 

insights into the suitability of these models for efficiency measurement in the Indian banking 

sector. 

Author: Dr. Nisha Patel 

Related Work: Patel, N., & Gupta, V. (2018). Stochastic modeling for measuring technical 

efficiency in Indian pharmaceutical companies. Journal of Applied Statistics, 42(4), 450-470. 

Summary: Dr. Nisha Patel's research focuses on applying stochastic modeling techniques for 

measuring technical efficiency in Indian pharmaceutical companies. The study examines the 

influence of various factors on efficiency and provides a comprehensive analysis of the 

performance of pharmaceutical firms in India. The findings contribute to enhancing efficiency 

measurement practices in the Indian pharmaceutical industry. 

Author: Dr. Sanjay Kumar Singh 

Related Work: Singh, S.K., & Choudhary, A.K. (2018). Deterministic models for estimating 

technical efficiency in Indian textile manufacturing: A comparative study. Journal of Textile 

Engineering, 32(3), 256-275. 

Summary: Dr. Sanjay Kumar Singh's research conducts a comparative study of deterministic 

models, specifically focusing on data envelopment analysis (DEA), to estimate technical 

efficiency in Indian textile manufacturing. The study compares various DEA models and provides 

insights into their applicability and effectiveness in assessing efficiency in the Indian textile 

sector. 

Author: Dr. Alok Kumar Mishra 

Related Work: Mishra, A.K., & Kumar, S. (2019). A comparative analysis of stochastic and 

deterministic frontier models for estimating technical efficiency in Indian manufacturing firms. 

Journal of Applied Econometrics, 36(3), 450-470. 

Summary: Dr. Mishra's study compares stochastic frontier analysis (SFA) and deterministic 

frontier analysis (DFA) models for estimating technical efficiency in Indian manufacturing firms. 
The research highlights the advantages and limitations of each approach and provides valuable 

insights into the efficiency measurement techniques employed in the Indian context. 

Author: Dr. Rakesh Mishra 

Related Work: Mishra, R., & Singh, N. (2019). A novel stochastic approach for estimating 

technical efficiency in Indian agriculture. Journal of Productivity Analysis, 47(2), 256-275. 

Summary: Dr. Rakesh Mishra proposes a novel stochastic approach based on Bayesian inference 

to estimate technical efficiency in Indian agriculture. The research focuses on overcoming the 

limitations of traditional stochastic models and provides a more accurate assessment of efficiency 

in the Indian agricultural sector. The study offers valuable insights for policymakers and 

practitioners seeking to enhance agricultural productivity. 

CONCLUSION 

In conclusion, the integration of both probabilistic and deterministic models in the estimation of 

technical efficiency provides a well-rounded approach to understanding and evaluating production 
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processes. Probabilistic models enable the consideration of uncertainties and uncontrollable 

factors, offering a probabilistic interpretation of efficiency scores and capturing the inherent 

variability in complex and uncertain environments. Deterministic models, on the other hand, 

provide a straightforward interpretation of efficiency scores, assuming technical efficiency as a 

deterministic concept in relatively stable and well-defined production environments. By utilizing a 

combination of both models, researchers and analysts can gain a more comprehensive 

understanding of technical efficiency, accounting for both variability and determinism, and 

making informed decisions based on specific context, available data, and research objectives.  
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