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1. Introduction

Over the last two decades, the number of colleges and univer-
sities in Taiwan has increased by 40 from 123 in 1991 to 163 in 2010
(Ministry of Education in Taiwan, 2011a). According to the Ministry
of Interior in Taiwan (2010), the country has the lowest birth rate in
the world: 0.83. As a result, the number of students will probably
decrease dramatically in the coming years even though the
acceptance rate for colleges and universities has reached 94.87% in
2010 (Ministry of Education in Taiwan, 2011b). In Taiwan, higher
education has become increasingly competitive and universities
must enhance their reputation to ensure their future. In recent
years, in order to allocate more efficiently limited education
resources and control the quality of schools, the Ministry of
Education is undertaking a performance evaluation for all colleges
and universities. This is also done in many other countries around
the world. Higher education institutions (HEIs), especially the
private ones, hope to obtain an excellent evaluation in order to
receive more financial support from the Ministry of Education and
to avoid low student enrollment, high graduate unemployment,
credential inflation, and even university closure. Taiwan is not the
only country to face this kind of situation. In Europe, many coun-
tries have a very low birth rate as well. For example, Garcia-Aracil

* Corresponding author. Tel.: +886 4 26328001x12021; fax: +886 4 26334712.
E-mail addresses: bmon@pu.edu.tw (B. Montoneri), tjlin@mail.ndhu.edu.tw
(T.T. Lin), cclee.vera@msa.hinet.net (C.-C. Lee), slhuangmon@gmail.com (S.-L. Huang).

0742-051X/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tate.2011.11.006

and Palomares-Montero (2008) note that the current decline in
student numbers is extremely important in Spain. The question of
the survival of many educational institutions is inevitably posed.
The gradual decrease in some European countries has motivated
governments to implement strategies to measure universities’
performance. In Japan, according to Burden (2008), as the numbers
of prospective students decline and as most universities depend on
student tuition fees for survival, students are becoming courted
customers and student evaluation of teaching surveys (SETs)
have become indispensable to uphold the quality of university
education.

The Ministry of Education in Taiwan promotes an Excellent
Teaching Project. This program aims at encouraging HEIs to
improve teaching effectiveness. The universities which obtain this
project generally set up an Excellent Teaching Center and define
some indicators of teaching performance for teachers to follow. The
indicators selected for this paper satisfy teaching effectiveness not
only at the level of English conversation courses or any other
specific subject, but also at the level of the Excellent Teaching
Centers of Higher Education institutions as well as at the level of
the Ministry of Education. The design of teaching performance
indicators follows this bottom-up program in order to enforce the
competitiveness of the country. The results of the performance
evaluation via the selected indicators can serve as a reference for
the Ministry of Education to formulate educational policies.

Among the many evaluated items by the Ministry of Education,
one of the most fundamental is students’ learning performance.
The quality of students’ learning has an influence not only on the
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long-term relationship of a country’s future growth and competi-
tiveness, but also on the short-term impact, on the employment
rate of graduate students, or even on whether the school can attract
enough freshmen. The evaluation of learning performance is also
used for the organizations possessing human resources as their
major assets. In a fierce competitive market, employees’ working
performance and learning performance can be as fatal as in other
industries and fields.

Key performance indicators (KPIs) are measures of accom-
plishment, tools used by individuals and organizations to track
their progress and success. Higher education is now seen as an
economic commodity, leading to a greater interest from govern-
ments and funding agencies in measuring the employability of
students through measures of learning and their employment
outcomes (Australian Learning and Teaching Council, 2008).
According to Azma (2010), without the evaluation of performance
based on key factors and indicators, there will be no permanent
change and improvement in the enhancement of the quality of the
universities. In order to find out which indicators have the biggest
impact on students’ learning performance, this paper adopts the
data envelopment analysis (DEA) methodology, an evaluating
model able to provide a comparative efficiency indicator of the
units to be evaluated (Martin, 2006). As mentioned in the literature
review below, the DEA evaluation method has been widely applied
in various industries in Taiwan and abroad since 1978 and is proved
to be quite reliable. Even though it has also been used to assess the
efficiency of HEIs, there is relatively little application of DEA on
language learning performance which is mostly analyzed by qual-
itative methods. The research object consists of 18 classes of
freshmen students taught by full-time teachers from a department
of English in a university of Taiwan, entering from the academic
year 2004, 2005, and 2006. These classes, which follow the same
training program of English conversation for one semester, are
selected as the evaluated units.

This paper proposes a method to find out which indicators of
teaching and learning performance are the most suitable. To do so, we
focus on 4 indicators as an example: two inputs (the richness of
course contents, the diversity of accessed multiple teaching channels)
and two outputs (the positive degree of teaching attitude and
students’ learning performance). These 4 indicators were selected
among a total of 10 by using SPSS. The research results acquired by
applying DEA are expected to indicate whether the existing teaching
scale is in optimal size and whether students’ learning efforts and
teachers’ teaching efforts will reach the expected performance. The
sensitivity study of the evaluated indicators, which consists in with-
drawing respectively one of the 4 indicators studied in this paper, is
performed to show the priority of the evaluated indicators and
observe their impacts on each evaluated unit’s efficiency score.

The remainder of this paper is organized as follows: Section 2
(literature review) presents a few academic researches in relation
with our paper. Section 3 (methodology and chosen evaluated
indicators) designs a diagram of teaching performance improve-
ment mechanism and explains the DEA method and the important
indicators discussed in this paper. Section 4 (empirical results and
suggestions) presents the obtained numerical results based on the
empirical data which include the efficiency analysis and sensitivity
study. Section 5 describes the main findings, limitations and
directions of future studies.

2. Literature review

Based on the purposes above, this study probes into literature
related to the application of data envelopment analysis in educa-
tion around the world and to the indicators contributing to
teaching and learning performance in HEISs.

2.1. Origins and application of DEA

Data envelopment analysis (DEA) is a quantitative method
which can assess the relative efficiency of evaluated units,
commonly called decision making units (DMUs) within a sample
(Samoilenko & Osei-Bryson, 2008). According to the suggestions
provided by DEA, the inefficient DMUs can refer to the
outstanding DMUs to effectively reach an efficient state. Fersund
and Sarafoglou (2002) review the literature concerning DEA and
notably discuss its origins and further development. The starting
point is generally attributed to Farrell’s seminal 1957 paper on
concepts of efficiency. Originally, in Farrell (1957), the concept of
efficiency measurement was restricted to a single output and
multiple inputs in the development of econometric techniques.
Since 1978, DEA includes the function and concept of bench-
marking and has been applied in various fields. The concept was
introduced in the journal literature by the highly influential
paper of Charnes, Cooper, and Rhodes (1978); they notably
expanded Farrell’s efficiency measurement concept to the
concept of multiple inputs and multiple outputs. Their method,
called the “Charnes-Cooper-Rhodes (CCR) model” or “CCR
model”. The CCR (ratio) model is the most famous and the most
widely used DEA model nowadays. It estimates the efficiency
frontier by the ratio of inputs’ linear combinations to outputs’
linear combinations in order to measure the relative efficiency
of each DMU. Charnes et al. (1994) elucidated that CCR used the
optimization method of mathematical programming to perform
the efficiency calculation and to demonstrate the multiple-
outputs/multiple inputs case. CCR started a new active
research field, popularly called DEA. According to Lin, Lee, and
Chiu (2009) and Lee (2009), the efficiency value of the CCR
model corresponds to the overall efficiency of an evaluated unit.
If the efficiency value equals 1, the evaluated unit is efficient (of
optimal performance); if the efficiency value is less than 1, the
evaluated unit needs some improvement.

2.1.1. Application of DEA in various fields

DEA is a reliable and robust evaluation method. It has been
applied in various industries such as electricity sector (Cherchye &
Post, 2003), high-tech industry (Kozmetsky & Yue, 1998; Lai, 2007;
Thore et al., 1996), financial industry (Jemric and Vujcic, 2002; Lin
et al,, 2009), medical industry (Valdmanis, 1990), and transport
industry (Yang, 2005).

2.1.2. Application of DEA in education around the world

Data envelopment analysis (DEA) has also been used to assess
the efficiency of HEIs: Ahn et al. (1989) on US universities during
1981—-1985; Glass, Mckillop, and O’Roruke (1998) and Johnes and
Johnes (1993) on UK universities; Ng and Li (2000) in China;
McMillan and Datta (1998) in Canada; and Avkiran (2001) in
Australia. An assortment of methodological approaches has been
employed in an effort to resolve the problem of efficiency
measurement from the early studies which use ordinary least-
squares (OLS) regression methods (Johnes & Taylor, 1990) to the
more recent studies which use frontier methods such as DEA
(Johnes, 2006). Abbott and Doucouliagos (2003) determine the
teaching and research performance of Australian public univer-
sities in 1995. However, fewer studies measure the efficiency
at the departmental level (Madden, Savage, & Kemp, 1997 on
economics departments in Australian universities; Johnes &
Johnes, 1993 on economics departments in the UK in
1984—1988; Colbert, Levary, & Shaner, 2000, on MBA programs in
the US). DEA was also applied in Spain to analyze the research
and teaching activity of departments in public universities
(Garcia Valderrama, 1996; Pina and Torres, 1995).
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2.2. The key performance indicators of evaluation

Key performance indicators (KPIs) are tools used by individuals
and organizations to track their progress and success. They are also
used by governments to assess the efficiency of HEIs. However, the
ambiguity found in education performance measurements makes it
relatively difficult to capture the interaction among the various
inputs and outputs and the limitations with the selected output
specification (Garcia-Aracil & Palomares-Montero, 2008; Joumady
& Ris, 2005). For example, the undergraduate student number or
doctoral student number can be both a teaching and a research
indicator (Garcia-Aracil, 2006). Various studies have been con-
ducted on the key performance indicators of evaluation, but there is
little consensus concerning the choice of indicators to assess the
performance of HEIs. Therefore, our demonstration on how to
screen primary indicators will be quite useful for further studies in
different countries or fields. The following literature reviews some
studies conducted in this field according to their geographical
location. A recapitulation of some key performance indicators
studies of evaluation in global HEIs are listed in Table 1 — Table 3.

2.2.1. The key performance indicators of evaluation in America
and Australia

The higher education sector in the USA is a state based system;
the U.S. Department of Education acts mainly as a repository of
federal funds, and the quality assurance of post-secondary educa-
tion is delegated to the states and accreditation bodies. According
to Australian Learning and Teaching Council (2008), there are calls
for greater government oversight of HEIs in the US through the use
of standardized indicators and measures.

Wolf, Bender, Beitz, Wieland and Vito (2004) describe in La Salle
University School of Nursing, Philadelphia (USA), the strengths
(being a knowledgeable and strategic teacher, creating a positive

learning environment, demonstrating professionalism, demon-
strating positive personal traits, and displaying scholarly traits) and
weaknesses (providing poor delivery of course contents, acting
disorganized, being inaccessible, and displaying weak teaching
skills) in faculty teaching performance as reported by undergrad-
uate and graduate nursing students.

McGowan and Graham (2009) study the factors contributing to
improved teaching at Brigham Young University (BYU), a private
church-sponsored university. According to their research, the four
indicators contributing most to improved teaching are active/
practical learning (real-world experiences and in-class discus-
sions), teacher/student interactions (knowing students personally),
clear expectations/learning outcomes, and faculty preparation.

According the Australian Learning and Teaching Council (2008),
Australia has been one of the global leaders in development of
processes for quality assurance in teaching and learning and in
seeking valid and reliable indicators for performance. In this huge
report of 125 pages, many indicators are presented such as perceived
teaching quality, course experience questionnaire, student engage-
ment, progress rate, retention rate, graduate full-time employment,
graduate part or full-time further study, graduate satisfaction with
generic skills obtained, graduate satisfaction with the quality of
teaching received, and graduate overall satisfaction. Chalmers
(2008) presents the four main types of performance indicators,
that is, input, process, output, and outcome. Chalmers & Thomson
(2008), in the national survey of Australian practice, highlight the
widespread use of process indicators (measuring the quality of
delivery of educational programs, activities and services) in
Australian universities and identify thirteen different categories.

2.2.2. The key performance indicators of evaluation in Europe
29 European countries signed the Bologna Declaration in 1999
to increase the cooperation and the development of compatible and

Table 1
A short survey of various KPIs in some research papers in America and Australia.
Author Performance indicators Main findings Location
Wolf et al. (2004) Performance strengths: 1. undergraduate students considered teaching strategies, USA
1. Being a knowledgeable and strategic teacher faculty enthusiasm and knowledge base, and faculty
2. creating a positive learning environment support of student efforts as strengths of faculty teaching
3. demonstrating professionalism performance
4. displaying scholarly traits 2. faculty patience was valued, as were faculty answers to
5. being supportive their questions
3. graduate students’ comments emphasized faculty
excellence, knowledge base, and flexibility, and also
Performance weaknesses: emphasized a caring approach
1. Poor delivery of content
2. acting disorganized
3. being inaccessible
4, displaying weak teaching skills; being dishonorable
5. being unprofessional
6. displaying negative traits
McGowan and 1. active/practical learning (real-world experiences and in- 1. 19% of the BYU faculty members showed significant USA
Graham (2009) class discussions) improvement in their teaching over a 3-year period
2. teacher/student interactions (knowing students 2. improvement attributed to following a few simple steps
personally) such as active and practical learning experiences, seeking
3. clear expectations/learning outcomes to have meaningful interactions with students
4. faculty preparation
Australian Learning 1. perceived teaching quality 1. Australia uses a performance budgeting model rather Australia
and Teaching 2. course experience questionnaire than performance funding as do New Zealand, the United
Council (2008) 3. student engagement Kingdom and Japan
4. progress rate 2. each indicator is not strictly linked to funding and
5. retention rate is only a factor in determining the total allocation of
6. graduate full-time employment funds
7. graduate part or full-time further study 3. the trend towards quality improvement is global and has
8. graduate satisfaction with generic skills obtained not been limited to higher education
9. graduate satisfaction with the quality of teaching
received
10. graduate overall satisfaction
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Table 2
A short survey of various KPIs in some research papers in Spain and UK.
Author Performance indicators Main findings Location
Martin (2006) 1. human resources 1. shortcomings of the Spanish public university system, rigidity of the Spain
2. financial resources functional structures
3. material resources 2. 10 departments on 52 studied obtain an evaluation of 100%
4. credits registered x experimental 3. choice of discipline by students conditioned by the job prospects it
coefficient generates
5. Ph.D. credits offered
6. Ph.D. completions
7. annual research incomes
8. scientific production index
Garcia-Aracil and 1. total expenditure 1. analyze the productivity change of the Spanish public universities Spain
Palomares-Montero 2. academic staff from 2002 to 2004
(2008) 3. non-academic staff 2. most productivity growth is associated with improvements in
4. number of graduates research and knowledge transfer than teaching
5. publications 3. annual productivity growth in research model largely
6. total amount of applied research attributable to efficiency improvements rather than technological
progress
Johnes (2006) Some of the indicators: 1. efficiencies derived from DEAs performed at an aggregate level UK
1. score based on best 3 A levels or include both institution and individual components, and are
equivalent misleading
2. gender 2. measures of the efficiency of departments derived from
3. school individuals’ efficiencies are much more highly correlated with
4. % of graduates who are female department level efficiency scores
5. % of graduates who did not attend an
independent school
6. pass/other
Table 3
A short survey of various KPIs in some research papers in China and Taiwan.
Author Performance indicators Main findings Location
Zhou and Wang (2009) 1. teacher as labor power index 1. build a scientific evaluation index system China
2. financial power (including state appropriation, 2. discuss the quality of input & output efficiency with DEA
tuition income, self-financing) 3. highlight that 56% of the studied universities are not efficient
3. physical power (teaching building, lab
equipment, books)
4, number of graduates
5. scientific research and publications
Wau and Li (2009) 1. financial 1. calculate the relative efficiency between 15 Science and China
2. customer Technology universities
3. internal process
4. learning & growth
Wu (2010) 1. clients 1. calculate the relative efficiency between 24 Science and China
2. operations Technology universities in China
3. resources, participants 2. propose a model aimed at improving Chinese university
4. services performance ranking
Fu and Huang (2009) 1. average monthly starting salary of graduates 1. evaluate the performance of departments from the point of view of Taiwan
2. average search duration of graduates for the first prospective students and recruiters
job 2. concerning job market performance the average score for the overall
3. average monthly current salary of graduates sample is 81.29%
4. student satisfaction with quality of curriculum in 3. the departments in public schools perform better than those in
major field private schools in the job market
5. student satisfaction with quality of curriculum in
non-major fields
Montoneri, Lee, Lin, 1. preparation of teaching contents 1. teachers should announce the grading criteria early Taiwan
and Huang (2010a) 2. teaching skills 2. teachers’ over explanation of course contents can decrease students’
3. fair grading concentration during the class
4. students’ learning performance
Montoneri, Lee, Lin, 1. richness of course content 1. empirical results can identify the efficient classes and those needing Taiwan
and Huang (2010b) 2. diversity of accessed multiple learning channels some adjustments
3. teaching attitude 2. indicators’ improvement degree for each evaluated unit is analyzed
4. students’ learning performance 3. teachers are suggested to respond to students’ questions more
positively, to lightly reduce the quantity of teaching materials, and to
improve the learning channels
4, experienced teachers are suggested to help their colleagues and to
give them advices and ideas on how to make their class more
attractive
Montoneri, Lee, Lin, . preparation of teaching contents 1. some evaluated classes with higher actual values of inputs and Taiwan

and Huang (2011)

AW N =

. teaching skills
. fair grading
. students’ learning performance

outputs have lower efficiency because the relative efficiency of each
evaluated class is measured by their distance to the efficiency
frontier

. the benchmarking characteristics of the DEA model can

automatically segment all the evaluated classes into different levels
based on the indicators fed into the performance
evaluation mechanism
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comparable higher education systems. The main objectives are to
promote transparency, mobility, employability, and student-
centered learning within Europe (Bologna Declaration, 1999).

Martin (2006) applies DEA methodology to assess the perfor-
mance of the departments of the University of Zaragoza (Spain); the
selected indicators concern both the teaching and the research
activity of the studied departments in the academic year 1999. The
inputs are human resources, financial resources and material
resources; the outputs are credits registered x experimental coef-
ficient, Ph.D. credits offered, Ph.D. completions, annual research
incomes, and scientific production index. Martin (2006) defines
four models with different combinations of inputs and outputs. As
aresult, 10 departments on 52 studied obtain an evaluation of 100%
with all four models. The sciences knowledge area within the
University stands out for the research activity of its departments,
but their teaching activities are weaker and the number of students
enrolled is gradually diminishing.

Garcia-Aracil and Palomares-Montero (2008) collect the data
from 47 public institutions and apply the Malmquist non-
parametric approach to analyze the productivity change of the
Spanish public universities from 2002 to 2004. They use total
expenditure, academic staff, and non-academic staff as inputs and
number of graduates, publications, and the total amount of applied
research as outputs. They find that most productivity growth is
associated with improvements in research and knowledge transfer
than teaching.

In the United Kingdom, the higher education system is highly
managed and centralized. Although HEIs are self-governing and
independent, most of them receive government funding. Like in
many other countries, British policy makers increasingly desire to
hold educational institutions accountable for their performance.
According to Johnes (2006), there has been a growing need for
accountability in sectors which are in receipt of large amounts of
public money. He states that DEA is an attractive tool of analysis in
the context of measuring the performance of HEIs and he applies this
method to assess the teaching efficiency of 2547 Economics gradu-
ates from UK Universities in 1993. The multiple input multiple output
nature of production in a HEIs makes DEA rather than stochastic
frontier analysis (SFA) the ideal choice of technique in this context
(Johnes, 2006). Using an output-oriented approach and indicators
such as score based on best 3 A levels or equivalent, gender, school, %
of graduates who are female, % of graduates who did not attend an
independent school, and pass/other, he finds out that measures of the
efficiency of departments derived from individuals’ efficiencies are
much more highly correlated with department level efficiency
scores. Many other studies have measured efficiency measures in UK
higher education, such as Tomkins and Green (1988), Johnes and
Taylor (1990), Pugh, Coates and Adnett (2005) or Glass, McCallion,
McKillop, Rasaratnam, and Stringer (2006).

2.2.3. The key performance indicators of evaluation in China and
Taiwan

Zhou and Wang (2009) use DEA to analyze the efficiency of 16
universities in China. Their performance indicators are teachers as
labor power index, financial power, physical power, number of
graduates, and scientific research. They find out that 9 DMUs have
reached the optimal state with a value of 1. The other DMUs are not
considered efficient.

Wu and Li (2009) construct a performance measure indicators
system for higher education using four perspectives: financial,
customer, internal process, and learning & growth. They notably
apply DEA to calculate the relative efficiency between 15 Science
and Technology universities in China.

Wu (2010) uses PCA (Principal Component Analysis) and DEA
methods to analyze five performance measure indicators for higher

education, such as clients, operations, resources, participants, and
services. This study concerns 24 Science and Technology universi-
ties in China and proposes a model aimed at improving Chinese
university performance ranking.

Fu and Huang (2009) conducted a survey of college graduates in
2003 in Taiwan and collected different dimensions of performance
indicators, including college graduate performance in the job
market after graduation and student satisfaction with regard to the
school environment and curriculum, as the student’s devotion to
the school and its related activities. Fu and Huang (2009) use an
output-oriented BCC type of the DEA model to provide useful
information for prospective students in terms of their choices
regarding which college to join and to evaluate the relative
resource use efficiency of schools for school administrators.

Montoneri, Lee, Lin, and Huang (2010a) explore the learning
performance of English as Second Language (ESL) learners in
a university of Taiwan. Freshmen following English writing cour-
ses from the academic year 2004—2006 are the research object. A
total of 50 classes are selected as the evaluated units, named from
D1 to D50. This paper uses students’ ratings of teachers (ques-
tionnaires filled at the end of each semester) and applies data
envelopment analysis (DEA) to calculate the evaluated classes’
efficiency. In our study, four selected indicators satisfy the prin-
ciple of Isotonicity and are proved to be representative after
a correlation analysis. The two input indicators are the prepara-
tion of teaching contents and the teaching skills; they have
a significant impact on the two output indicators, that is, the fair
grading and the students’ learning performance. Montoneri et al.
(2010a) perform a preliminary qualitative analysis of the 4 indi-
cators revealing that teachers should announce the grading
criteria early in the semester to help students follow the rules and
obtain guidance before preparing the exams. In addition, teachers’
over explanation of writing course contents can also decrease
students’ concentration during the class: they are advised to give
students more opportunities to do exercises or to revise the
course contents so as to achieve the optimal performance of the
outputs and enhance students’ learning performance. It is sug-
gested to conduct further quantitative studies of indicators’
contributing to efficiency value in order to enhance the evaluated
classes’ performance.

Montoneri, Lee, Lin, and Huang (2010b) use the results of
students’ ratings of teachers for preliminary identification of the
teaching resource inputs which have a significant impact on
students’ learning performance. Freshmen following English
conversation courses from the academic year 2004—2006 are the
research object. A total of 18 students’ classes taught by full-time
teachers are selected as the evaluated units. They are named from
D1 to D18. The selected teaching resource inputs (the richness of
course content and the diversity of accessed multiple teaching
channels) show a very high degree of correlation with the
selected outputs (the positive degree of teaching attitude and the
students’ learning performance). The empirical results can help
to identify the evaluated classes with the best performance and
those needing some adjustments. In addition, the indicators’
improvement degree for each evaluated unit is also analyzed.
Teachers are notably suggested to respond to students’ questions
more positively, to lightly reduce the quantity of teaching
materials, and to improve the teaching channels (such as
language learning websites, learning softwares, online courses). It
is suggested that experienced teachers help their colleagues and
give them suggestions and ideas on how to make their class more
attractive.

Montoneri, Lee, Lin, and Huang (2011) apply DEA to assess the
performance of English writing courses in a university of Taiwan and
select the following indicators: preparation of teaching contents,
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teaching skills, fair grading, and students’ learning performance.
They propose an output-oriented model and demonstrate that some
evaluated classes with higher actual values of inputs and outputs
have lower efficiency because the relative efficiency of each evalu-
ated class is measured by their distance to the efficiency frontier.
Evaluated classes may refer to different facet reference sets
according to their actual values located in lower or higher ranges. In
the managerial strategy of educational field, this paper can
encourage inefficient evaluated classes to always compare them-
selves with efficient evaluated classes in their range and make
improvement little by little. This paper also demonstrates that the
benchmarking characteristics of the DEA model can automatically
segment all the evaluated classes into different levels based on the
indicators fed into the performance evaluation mechanism. The
efficient evaluated classes on the frontier curve can be considered as
the boundaries of the classification which are systematically defined
by the DEA model according to the statistic distribution.

3. Methodology and chosen evaluated indicators

The efficiency assessment is often conducted by using the
stochastic frontier analysis (SFA) or the data envelopment analysis
(DEA). Which analysis is more suitable depends on the research
environment (Ferrier & Knox Lovell, 1990). Once the defined
function is inappropriate, the efficiency obtained by SFA will be
inaccurate and meaningless. DEA uses linear programming analysis
to calculate the relative efficiencies of evaluated units in order to
avoid the evaluation bias due to the inappropriate function design.

There is a trend since the works of famous scholars such as
Johnes and Johnes (1993) to use DEA to assess the performance of
HEIs. Different with other sectors, the evaluation of language
learning performance is often conducted through statistical anal-
ysis or qualitative methods (Leshem & Bar-Hama, 2008; Richards,
2010; Thaine, 2004). The number of papers applying DEA to

Students’ learning adjustments can be
influenced by teachers’ behavior after
performance evaluation, and therefore
improve teaching and learning

performance.

language performance is growing, such as McGowan and Graham,
2009, Montoneri et al. (2010a, 2010b, 2011).

DEA can measure the relative efficiency of HEIs from commonly
available performance indicators. However, the choice of perfor-
mance indicators can often affect learning and teaching perfor-
mance. Therefore, the main purpose of this study is not to decide
which indicators are the most suitable, but to design a teaching
performance improvement mechanism which can find the priority
of the selected evaluated indicators and help to formulate
improvement suggestions for educators. This study applies DEA to
investigate the indicators contributing to learning and teaching
performance and focuses on the indicators coming from students’
ratings of teachers (questionnaires filled at the end of each
semester) about the course they follow. The results of these ratings
are often considered an important reference to evaluate whether
teachers’ teaching performance can meet one of the criteria
demanded by the case school to teachers.

3.1. Teaching performance improvement mechanism

This paper aims at designing a teaching performance improve-
ment mechanism as illustrated in Fig. 1. Each year, the students who
enter university have different background and characteristics.
Even though freshmen follow the same training, they meet
different teachers providing different teaching efforts. As students
have different learning efforts, the learning results will be unpre-
dictable. The 4 following categories, teachers, students, input
indicators, and output indicators, vary directly each semester. They
can be classified as the major dynamic items in the teaching
performance improvement mechanism. The objective of this
mechanism is to identify the important indicators having a signifi-
cant impact on learning and teaching performance based on
students’ ratings of teachers in order to offer suggestions for further
teaching improvement.

Find efficient classes on
frontier curve by using Pearson
correlation coefficient test and

CCR model of DEA in order to
formulate teaching suggestions.

=L Learning adjustments ]

Input /

Output
indicators

Results
treating

Results
interpreting

The study can
help to find

important
Indicators’ ) indicators.
sensitivity
study

Teachers can
concentrate their
efforts on the
more important

[ Teaching efforts
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Fig. 1. Diagram of teaching performance improvement mechanism.
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In Fig. 1, part of the mechanism is composed of the DEA model
and the statistics method, the results treating, and the results
interpreting. It can indicate whether the selected indicators have
a significant impact on the learning results and can be the repre-
sentative KPIs or not. If not, the input or the output indicators
should be replaced. This evaluating process is presented by the sign
with a double sided arrow between the DEA model/Pearson
correlation coefficient test and the indicators. Once the indicators
are chosen, a sensitivity study will be conducted in order to help
teachers to concentrate their efforts on the more important
indicators.

3.2. DEA model

DEA is a non-parametric technique used for benchmarking and
to measure performance. It can determine the relative efficiencies
of a set of homogeneous and comparable units. These entities are
commonly called decision making units (DMUs), that is, the eval-
uated units, which receive multiple inputs and produce multiple
outputs (Lee, 2009; Lin et al., 2009). Decision making unit (DMU)
was the name used by Charnes, Cooper, and Rhodes (1978) to
describe the units being analyzed in DEA. The purpose of the DEA is
to establish the relative efficiency of each DMU within a sample
(Samoilenko & Osei-Bryson, 2008).

Charnes, Cooper, and Rhodes (1978) expand Farrell’s (1957)
efficiency measurement concept of multiple inputs and single
output to the concept of multiple inputs and multiple outputs
converted to single virtual input and output by a linear combina-
tion. They estimate the efficiency frontier by the ratio of two linear
combinations and measure the relative efficiency of each DMU in
constant returns to scale (CRS). As there is a linear relationship
between inputs and outputs, an increase in a unit’s inputs leads to
a proportionate increase in its outputs. This method is now so
called “Charnes-Cooper-Rhodes (CCR) model or CCR model”. The
efficiency value of the CCR model is the overall efficiency of the
DMU. DEA is appealing to scholars since it can assess the efficiency
of decision making units (DMUs) with multiple inputs and multiple
outputs using only information on input and output quantities (Fu
& Huang, 2009).

This paper adopts the evaluating method—DEA to build up the
learning performance mechanism and perform the efficiency
evaluations of a specific course. We investigate the operation
performance of DMUs by analyzing these input items and by
interpreting the output items according to different domain
knowledge. Thus, the DMUs will be the classes that have this
course; the input items can be the background or the learning
efforts of students, etc.; the output items can be the results of
learning such as score, satisfaction, and so on.

Through the analysis of a specific evaluating method, we can
better understand the operational efficiency of DMUs and
provide the references of concrete and practical strategies for
those units with lower operating efficiency. That is, we can focus
on the learning performance of each class through the quanti-
tative analysis and provide some concrete and practical learning
or teaching strategies for the classes with lower average scores.
This notion can be explained by the efficient frontier curve which
analyzes, under certain circumstances, how many efforts are
necessary for the output performance to come close to the effi-
cient frontier. In our paper, under the same input resources, we
firstly focus on the gap between the actual output performance
and the target output performance. That is, we would like to
clarify how many improvements are necessary to reach the
optimal performance of outputs. It is also possible to realize the
minimum input resources necessary by fixing the output
resources.

3.3. Data selecting—input and output indicators

3.3.1. Ethical considerations

The university studied in this paper gave the authors the
authorization to conduct this research and made the needed data
available to us. Teacher and student anonymity and confidentiality
are respected and protected. Faculty names were deleted and
classes were named from D1 to D18.

3.3.2. The data source

The study case is a private church-sponsored university estab-
lished in 1956 in Taiwan. Approximately 11,000 undergraduates
and a little more than 1000 graduates attend the university. The
Department of English Language, Literature and Linguistics is one of
the oldest departments in the university; it provides both graduate
and undergraduate education (more than 700 students). The data
comes from the university’s online student rating system, which
provides student feedback to professors at the end of each
semester. Students are required to fill out the feedback.

The characteristics of the research object are as follows:

1. Freshmen students of a department of English in a university of
Taiwan, entering from the academic year 2004, 2005, and 2006.

2. They follow the same training program of English conversation
for two consecutive semesters to meet the homogeneity of the
evaluated object. English conversation is a required course for
freshmen.

3. The English conversation course for freshmen is required (2 h/
week). Each teacher can choose the text-book of his/her choice.
Most of the teachers propose group discussions and role plays
during the class. The teachers set various goals, such as: to foster
self-confidence in students’ ability to spontaneously express
their feelings, ideas, and opinions; to enhance students’ listening
and speaking abilities using various themes; to improve students’
abilities for passing TOEFL or GEPT Listening & Speaking.

4. A total of 18 classes taught by full-time teachers (part-time
teachers are not included in this paper in order for teachers’
characteristics to be more consistent) are selected as the
decision making units (DMUs), that is, the evaluated units. They
are named from D1 to D18.

5. Each class contains around 50 students.

The characteristics of the data source are as follows:

1. The data are based on questionnaires (10 questions) filled out
by the students at the end of each semester for each class. Each
question is rated from 1 (very unsatisfied) to 5 (very satisfied)
by the students.

2. Beginning with 2007, the university has made some modifi-
cations in the questionnaires. Therefore, this paper, for the sake
of consistency and because of insufficient number of evaluated
classes, selects data prior to 2007. In any case, this paper aims at
providing a method to identify the indicators contributing to
learning and teaching performance; this method can be
applicable to different kinds of data and various types of
courses.

3. To ensure the reliability of the questionnaires, at least half of
the class must answer seriously. If a student gives ratings too
different from the rest of the class, he/she is excluded.

4. The average scores of each question undergo a correlation
analysis to test the reliability of the ratings and to find repre-
sentative indicators in this study.

5. The data concerning the selected indicators is fed in the soft-
ware Frontier Analyst to calculate the performance values of
each evaluated class.
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The specification of the outputs and inputs is a crucial first step
in DEA. According to Martin (2006), the reliability of the results
depends on the accurate selection of the indicators best adapted to
the objective of the study. After the rule of thumb, the number of
evaluated units is suggested to be two times or even four times the
number of indicators. Therefore, based on the questionnaires, four
indicators are appropriate in the current study. A correlation
coefficient test is conducted in order to understand whether the
principle of isotonicity is satisfied and the degree of the correlation
between the output items and input items. The input and output
indicators chosen for the evaluation model, which are highly
correlated, are presented as follows:

Input indicators:

I1. The richness of course contents: it refers to the degree of
teachers’ professional knowledge for the preparation of
teaching materials.

2. The diversity of accessed multiple teaching channels: it
indicates whether teachers can increase students’ learning
interest and learning motivation.

Output indicators:

O1. The positive degree of teaching attitude: it signifies
whether teachers can positively respond to students’
questions and the maturity of teachers’ teaching skills and
communication skills.

02. Students’ learning performance: it indicates students’
learning performance after receiving a period of language
training.

All the data acquired are fed into the teaching performance
improvement mechanism designed for this paper in order to obtain
the relative efficiency values, indicators’ priority and improvement
suggestions for each inefficient evaluated class.

3.4. Correlation analysis of input and output indicators

Generally speaking, the correlation of the input items and
output items in the evaluated units of DEA is commonly verified
by the statistics method such as regression analysis, factor anal-
ysis, and correlation coefficient test. The correlation analysis used
in this paper is the Pearson correlation coefficient test. The higher
the Pearson correlation coefficient is, the more closely the rela-
tionship between two variables will be; on the contrary, the lower
the correlation coefficient is, the lower the correlation between
two variables will be. In general, the Pearson correlation coeffi-
cient of 0.8 or above represents a very high correlation; the value
of 0.6—0.8 represents a high correlation; the value of 0.2—0.4
represents a low correlation; the value inferior to 0.2 represents
the extremely low correlation or not correlated. The input and
output items listed in Table 4 are abbreviated by I1, 12 and 01, 02
respectively. The correlation coefficients among these 4 indicators
are all above 0.8 with a significant level of 1%. This shows a very
high degree of correlation. The principle of isotonicity is satisfied.

Table 4
Correlation coefficients between input and output items.
Outputs Inputs
11 (Richness 12 (Diversity
of teaching of learning
materials) channels)
01 (Positive degree 0.974*** 0.802***
of teaching attitude)
02 (Students’ learning 0.903*** 0.878***

performance)

Note: *** denotes significant levels at 1%.

4. Empirical results and suggestions

The calculation is performed in two phases. In phase 1, all the 4
evaluated indicators chosen in Section 3.4 are used in the DEA model.
The results of numerical analysis in phase 1 are used to clarify
whether the existing teaching methods can achieve the desired
results and what are the improved methods. The research results
acquired by applying DEA are expected to indicate whether the
existing teaching scale is in optimal size and whether students’
learning efforts and teachers’ teaching efforts will reach the expected
performance. In phase 2, a sensitivity study is performed by with-
drawing one of the 4 indicators respectively in order to realize the
indicators’ influence scale on the evaluated DMUs. As a result, we can
identify the important and adequate items suitable for the perfor-
mance evaluation. This paper can provide suggestions for teachers
about how to make better use of limited teaching and learning
resources. The teaching performance improvement mechanism can
be also applied to other fields or other languages in future studies.

4.1. Efficiency analysis of learning performance

The relative efficiency value of the CCR model is the overall
efficiency of the evaluated unit. If the efficiency value equals to 1,
the evaluated unit is efficient; if the efficiency value is less than 1,
the evaluated unit is inefficient (Lee, 2009; Lin et al., 2009). This
paper analyzes the learning performance by using the frontier
analysis. The CCR score listed in Table 5 refers to the overall effi-
ciency in the CCR model for 18 DMUs, named from D1 to D18. The
average efficiency is 0.986. The overall efficiency of the DMUs D1,
D4, D6, D10, and D13 shows the best performance with the value of
1. That is, their CCR efficiency value is all on the frontier curve
without the need of any further improvement in the inputs and
outputs from the perspective of efficiency.

InTable 5, the column “Room for improvement” reveals how many
improvements are necessary for the DMU and in what dimension.
Since this empirical result is output oriented, we emphasize firstly on
how much the insufficiency of output performance is under the
current input resources; that is, without any additional input effort.
That explains why the values of input dimensions, I1 and 12, are
always 0 or negative. For example, the class D3’s overall efficiency is
the lowest. There is still 4.6% of effort to do in the positive degree of
teaching attitude and students’ learning performance. Teachers are
suggested to respond to students’ questions more positively with
more detailed explanations and to improve the teaching skills and
communication skills so as to meet students’ needs. As for the case of
the class D9, the improvement value of 12 is —0.5%. Teachers are
suggested to lightly reduce the quantity of course contents. As
a result, students can better assimilate the basic and important
information of the course and enhance their learning performance.

The column “Refs” indicates the number of times the other DMUs
are referring to it but not including themselves. For example, there are
12 DMUs referring to the class D4. No DMUs will refer to the ineffi-
cient DMUs; this explains why their Refs values are all equal to 0.

The column “Peers” indicates the number of times the ineffi-
cient DMUs refer to other efficient DMUs, that is, the number of
efficient units in each inefficient DMU’s reference set. For example,
the class D3 refers 3 times to other DMUs; that is, D3’s reference set
contains 3 efficient DMUs which are D4, D10, and D13. D3 is sug-
gested to refer to D4, D10, and D13’s inputs and outputs’ scales and
to seek advice and ideas on how to make their class more attractive.

4.2. Input/output contributions to CCR efficiency

The input/output contribution percentage gives information
about the emphasis for each input/output indicator. As a result, it is
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Table 5
Overall technical efficiency and relative performance index of evaluated units.
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DMU name CCR score Room for improvement (%) Refs Peers Contribution (%)
01 02 I 12 01 02 I V]

D1 1.000 0 0 0 0 9 0 0 100 100 0
D2 0.982 1.9 1.9 0 0 0 3 81.2 18.8 80.9 19.1
D3 0.956 4.6 4.6 0 0 0 3 81.1 18.9 814 18.6
D4 1.000 0 0 0 1] 12 0 100 0 100 0
D5 0.989 24 1.1 0 0 0 1 0 100 100 0
D6 1.000 1.2 0 0 0 0 1 0 100 100 0
D7 0.995 0.5 0.5 0 0 0 3 72.9 27.1 829 171
D8 0.959 43 6.5 0 0 0 2 100 0 81 19
D9 0.982 1.8 1.8 0 -0.5 0 2 67.2 32.8 100 0
D10 1.000 0 0 0 0 8 0 0 100 74.7 253
D11 0.972 2.9 11.9 0 0 0 2 100 0 82.7 17.3
D12 0.972 29 29 0 0 0 3 72.6 274 83.6 16.4
D13 1.000 0 0 0 0 7 0 0 100 0 100
D14 0.997 0.3 5.5 0 0 0 2 100 0 80.7 19.3
D15 0.972 2.9 29 0 0 0 3 729 271 83.1 16.9
D16 0.986 1.5 2.8 0 0 0 2 100 0 81.7 183
D17 0.997 1.7 03 0 0 0 2 0 100 73.6 26.4
D18 0.998 0.2 0.2 0 0 0 3 729 27.1 83.1 16.9
Average 0.986 1.62 2.38 56.7 433 81.6 184

Note: O1 refers to the positive degree of teaching attitude; O2 refers to students’ learning performance; I1 refers to the richness of course contents; 12 refers to the diversity of

accessed multiple teaching channels.

possible to identify which inputs and outputs have been used or not
in determining efficiency. The values listed in Table 5 indicate
a percentage of the overall input and output contributions.

For the DMU D1, the contribution values of O1 and O2 in the
calculation of the CCR score (overall efficiency) are 0% and 100%
respectively and the contribution values of I1 and 12 are 100% and
0% respectively. This means that students’ learning performance
(02) of the class D1 can totally explain its overall efficiency, which
is only influenced by the input item I1, that is, the richness of
course contents. The input and output indicators’ average contri-
bution reveals that O1 and I1 are the major indicators in this
evaluation mechanism; the proportions are 56.7% and 81.6%,
respectively. That is, generally speaking, the positive degree of
teaching attitude is the major output indicator and the richness of
course contents is the major input indicator. Therefore, teachers
should focus on enhancing the preparation of course contents and
adapt to students in order to know whether the amount of infor-
mation is suitable during the class. Students’ motivation will
probably decrease if there is too much or not enough information
to learn.

4.3. Sensitivity study of evaluated indicators

Boussofiane, Dyson, and Thanassoulis (1991) indicate that an
additional input or output item will weaken the discrimination of
DMUs’ efficiency evaluated by the DEA model. If the evaluated
indicators of DEA are excessive, the DMUs will all become efficient.
Therefore, it will be difficult to observe their performances. By
inference, decreasing the number of input and output items will
decrease the overall efficiency of evaluated units. Therefore,
a sensitivity study by withdrawing an input or output item can help
to further identify the characteristics and performance among the
efficient DMUs in phase 1. In addition, the result of the sensitivity
study can also help to clarify the influences of inputs and outputs on
the different evaluated units. The base case is the previous study in
phase 1 with 4 indicators (2 inputs and 2 outputs in this paper). The
sensitivity study consists here in withdrawing one of the 4 indi-
cators in order to observe its impact on each DMU’s CCR score. For
example, in case 2—01-02, I1 is not included in the study. The
variation scale of CCR score compared with the base case can show

that the higher the variation scale is, the more sensitive the DMU on
the withdrawn indicator will be.

Table 6 lists the overall efficiency and ranking order of evaluated
units according to different indicator combinations. The empirical
results show that the number of efficient DMUs decreases from 5
for the base case to 1, 3, 4, or 2 for the cases withdrawing indicators
I1, 12, O1, or O2, respectively. In addition, the variation percentages
of CCR (denoted as ACCR) are negative or equal to 0; the average
CCR efficiency decreases from the base case’s 0.986 to even 0.879 in
the case 12—01—02 (withdrawing evaluated indicator I1). This
confirms the above-mentioned assumption that “withdrawing an
input or output item will decrease the overall efficiency of evalu-
ated units”.

If 11 is withdrawn (case 12—01—02), only one DMU (D13)
remains efficient compared with the base case; D4’s ACCR equal
to —16.2% is the maximum value among all the ACCR values. The
efficient DMU D4 becomes inefficient with the ranking order of 17.
This means that the evaluated indicator 11 has the maximum
impact on D4 and minimum impact on D13 among all the DMUs.
Concerning the average ACCR of all the 18 DMUs, the value of case
[2—01-02 is up to —10.9% which is largely higher than those
(varying from —0.6% to —2.0%) of cases [1-01—02, [1-12—02, and
1-12—-01.

Similarly, the evaluated indicator 12 has the maximum impact
on D13 (ACCR is up to —3.8%) and minimum impact on D1, D4, D5,
D6 and D9 whose CCR values remain constant compared with the
base case. The indicator O1 has the maximum impact on D11 (ACCR
is up to —8.6%) and minimum impact on D1, D5, D6, D10, D13 and
D17. The indicator 02 has the maximum impact on D5 (ACCR is up
to —2.4%) and minimum impact on D4, D8, D11, D13, D14 and D16.

The sensitivity degree indicated in the Fig. 2 is defined as the
variation of DMUs’ CCR compared with that of the base case,
denoted as the ACCR. The negative value of ACCR means that the
indicator’s absence will reduce DMUs’ efficiency value. As illus-
trated in Fig. 2, the sensitivity degree of evaluated indicators on
DMUs can clearly indicates that D13 is always efficient for all the
cases except the case without taking into account the indicator 12,
the case [1-01-02. This phenomenon confirms that D13 is more
sensitive with the indicator 12. Compared with the indicators 12, O1,
and 02, almost all the DMUs are more sensible with 11 except the
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Table 6
Comparison of CCR efficiency and ranking according to different indicators combinations.
DMU Base case Case 2-01-02*° Case 11-01-02 Case 11-12—-02 Case 11-12-01
CCR Rank CCR ACCRP Rank CCR ACCR Rank CCR ACCR Rank CCR ACCR Rank

D1 1.000 1 0.869 —-13.1% 8 1.000 0.0% 1 1.000 0.0% 1 0.990 -1.1% 7
D2 0.982 13 0.855 —12.9% 14 0.975 —0.7% 11 0.964 —-1.8% 12 0.980 —0.2% 9
D3 0.956 18 0.859 -10.2% 12 0.945 -1.2% 17 0.945 -1.2% 15 0.954 -0.3% 18
D4 1.000 1 0.838 —-16.2% 17 1.000 0.0% 1 0.973 —2.7% 9 1.000 0.0% 1
D5 0.989 10 0.860 —-13.1% 11 0.989 0.0% 6 0.989 0.0% 6 0.966 —2.4% 16
D6 1.000 1 0.869 -13.1% 8 1.000 0.0% 1 1.000 0.0% 1 0.977 -2.3% 10
D7 0.995 9 0.857 —-13.9% 13 0.992 —0.3% 5 0.978 —-1.7% 8 0.992 —0.3% 6
D8 0.959 17 0.850 —-11.3% 15 0.946 —1.4% 16 0917 —4.4% 17 0.959 0.0% 17
D9 0.982 12 0.830 —15.5% 18 0.982 0.0% 10 0.967 —-1.5% 11 0.977 —0.5% 11
D10 1.000 1 0.930 -7.1% 3 0.984 —1.6% 9 1.000 0.0% 1 0.995 —0.5% 4
D11 0.972 14 0.946 —2.7% 2 0.939 —3.4% 18 0.888 —8.6% 18 0.972 0.0% 13
D12 0.972 14 0.879 —9.6% 6 0.962 —1.0% 14 0.970 —0.2% 10 0.966 —0.6% 15
D13 1.000 1 1.000 0.0% 1 0.962 —3.8% 15 1.000 0.0% 1 1.000 0.0% 1
D14 0.997 8 0.870 —-12.7% 7 0.987 —1.0% 8 0.924 —7.3% 16 0.997 0.0% 3
D15 0.972 14 0.848 —-12.7% 16 0.966 —0.6% 12 0.958 —1.5% 13 0.969 —0.3% 14
D16 0.986 11 0.908 —7.9% 4 0.964 —2.2% 13 0.954 —3.2% 14 0.986 0.0% 8
D17 0.997 7 0.888 —10.9% 5 0.988 —0.9% 7 0.997 0.0% 5 0.975 —2.2% 12
D18 0.998 6 0.869 —-12.9% 8 0.992 —0.5% 4 0.983 —1.5% 7 0.994 —0.3% 5
CCR Avg. 0.986 0.879 —10.9% 0.976 —1.0% 0.967 —2.0% 0.980 —0.6%

2 “I2—01—02” means the studied case takes into consideration only the input 12 and outputs O1 and 02.
b ACCR means the variation percentage of studied case’s CCR score compared with that of the base case.

DMU D11. Generally speaking, O1 is the secondly most influential
among the 4 indicators.

In conclusion, the results of Table 6 and Fig. 2 show that the
indicator priority is I1 > 01 > 12 > 02; that is, the richness of course
contents > the positive degree of teaching attitude > the diversity
of accessed multiple teaching channels > students’ learning
performance. The preparation of course contents and a positive
attitude, that is, a good atmosphere during the class, are very
important indicators. According to personal observations, Taiwa-
nese students are quite shy and do not like to express their opinions
and speak a foreign language in public, especially in front of their
classmates (fear to lose face generally associated with a lack of self-
confidence). Teachers are suggested to encourage them to practice
during the class. They should find a balance between correcting
students’ mistakes and motivating them so that they are not afraid
to participate. As to students, they have to show their efforts during
the training and accept criticism. However, if they are over criti-
cized by their teachers, they will probably lose their motivation. It is
always preferable to tell students in private what their problems are
(pronunciation, speaking louder, articulation, grammatical
mistakes, too poor contents and vocabulary, etc...). It is important
they do not feel humiliated in public.
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Fig. 2. Sensitivity degrees of evaluated indicators on DMUs.

4.4. Case study: improvement suggestions for an inefficient DMU

We provide a detailed demonstration of indicators’ importance
by studying the case of an inefficient DMU, D3. The analysis
procedure is divided into two parts: base case study and indicator’s
sensitivity study, in order to formulate improvement suggestions
for inefficient DMUs. The relative data are presented in Table 7.

4.4.1. Part 1: base case study

It consists in taking into consideration all the input/output
indicators in calculating all the DMUs’ relative efficiency values by
applying DEA method in order to identity the inefficient and effi-
cient DMUs. Then, we list each inefficient DMU’s reference set
members’ contributions to the inputs’/outputs’ optimal values.
These contributions are ranked item by item in order to know
efficient DMUs’ impact order. Considering input/output items’
room for improvement and their contribution in calculating the
relative efficiency helps to provide some clues in finding indicators’
importance.

4.4.2. Part 2: indicator’s sensitivity study

The indicator’s sensitivity study of all the DMUs consists in
withdrawing indicators one after another in order to observe the
impact of indicator’s absence on DMUSs’ efficiency values. We can
obtain each indicator’s sensitivity degree and their impact on the
ranking variation compared with the base case. The indicator’s
sensitivity study helps to more objectively formulate improvement
suggestions for the inefficient DMU.

4.4.3. Improvement suggestions for case study D3

In Part 1, the base case study, D3’s relative efficiency value is
0.956. The efficient DMUs composing D3’s reference set are D4, D10
and D13.

1. All the D3’s output items should be improved equally to 4.57%.

2. All the D3’s inputs, 11 (richness of course contents) and 12
(diversity of teaching channels), can be maintained at the same
level.

3. All the input and output items have a contribution in calcu-
lating D3’s relative efficiency, notably O1 (positive degree of
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Table 7
Efficiency improvement analysis for the inefficient DMU D3.

Outputs Inputs

01

02 I 12

Part 1

Reference set’s contributions (%) to indicators’ benchmark values
D4

D10

D13

Room for improvement (%)

Outputs/Inputs contribution (%) in calculating relative efficiency

Part 2
Sensitivity degree (%)
Ranking variation in sensitivity study compared with the base case

Base case study

36.3 (2) 35.7 (2) 35.7(2) 38.4(2)
56.0 (1) 56.7 (1) 56.4 (1) 54.8 (1)
7.7 (3) 7.6 (3) 7.9 (3) 6.8 (3)
4.57 4.57 0 0

81.1 18.9 814 18.6
Indicator’s sensitivity study

-1.2 -0.3 -10.2 -1.2
+3 0 +6 +1

Note: 1. O1 refers to the positive degree of teaching attitude; O2 refers to students’ learning performance; I1 refers to the richness of course contents; I2 refers to the diversity
of accessed multiple teaching channels. 2. The numbers in the parentheses indicate the contributions ranking for each input/output item.

teaching attitude representing 81.1%) and I1 (richness of course
contents representing 81.1%).

4. Taking into account the I/O items’ room for improvement and
contribution in calculating efficiency, the items with values not
equal to zero at the same time should be improved in a priority
in order to rapidly increase the DMU'’s relative efficiency.
Therefore, D3 can only make efforts on 01 and 02, notably on
01 which represents 81.1%.

5. If D3 hopes to rapidly increase its relative efficiency, D3 is
suggested to mainly refer to D10’s positive degree of teaching
attitude (O1) up to 56.0%, to D4’s O1 to 36.3% and to D13’s O1 to
7.7%; then refer to D10’s students’ learning performance (02)
up to 56.7%, to D4’s 02 to 35.7% and to D13’s 02 to 7.6%.

6. If D3 hopes to increase its overall performance in each I/O item
in the long term, its performance improvement measures can
not merely refer to one single efficient DMU, even though D10
is the major model for D3. D3 is suggested to mainly refer to all
the D10’s input and output items around 56%, then refer to all
the D4’s items around 36%, and finally refer to all the D13’s
items around 8%.

In Part 2, the indicator’s sensitivity study, D3’s efficiency values
are 0.859, 0.945, 0.945, and 0.954 in an indicators’ sensitivity study
by withdrawing I1, 12, O1, and 02, respectively.

7. The indicator’s sensitivity study shows that I1 (richness of
course contents) has the major impact on D3’s relative effi-
ciency; the withdrawal of I1 can reduce D3’s relative efficiency
by up to 10.2%, from 0.956 to 0.859.

8. Even though O1 and I2 have the same sensitivity degree
(—1.2%), the withdrawal of O1 helps D3’s ranking among all the
DMUs gaining 3 places instead of 1 place in the case of with-
drawing 12. Therefore, O1 (the positive degree of teaching
attitude) is slightly more important than 12 (diversity of
teaching channels) for D3.

9. We conclude that for the case study D3, the indicators’ priority
isl1 > 01>12>02.

4.5. A brief qualitative study of factors affecting teaching and
learning performance

In addition to above-mentioned evaluated indicators, various
factors can also have an impact on inefficient DMUs. A brief qual-
itative exploration of some factors affecting teaching and learning
performance is conducted after a few informal interviews, discus-
sions and even some personal observations. Some factors affecting
teachers and students are presented as follows:

1

For teachers:

. Teacher seniority: according to students’ ratings at the end of

each semester, experienced teachers do not necessarily obtain
higher scores. It could probably be because some of them are
not as enthusiastic as the new teachers and because they do not
update their teaching contents enough (high-tech channel,
online courses). According to Centra (1993), the greatest
teaching improvement occurs during a teacher’s first few years
of teaching.

. Teaching load: teachers teaching many different courses or

changing their courses every year may have a lower score
because they spend less time preparing for each course and
because they do not have time to accumulate enough knowl-
edge and experience.

. Research: teachers who can guide students in their area of

expertise may have a better evaluation, if they are able to adapt
to the level of their students. However, they should not lower
the level in order to obtain a better evaluation from the
students. Wang (2010) shows that only 60.3% teachers
combined teaching and researching to improve teaching
quality.

. Administration load: some teachers have a lot of administra-

tion obligations (meetings, promotion of the university, orga-
nization of various activities, such as the English festival,
cooperation with enterprises, being tutors, writing recom-
mendation letters...). These activities are time-consuming and
may affect not only teaching, but also research.

. Teachers’ information skill: teachers who can design multi-

media courses and use Internet to communicate with students
can improve and enrich the teaching contents and skills.
According to Carlson and Gadio (2002), one of key determining
factors for improving student performance is the use and
application of technology by teachers, such as learning from
the Internet. In Taiwan, Chen (2008) studies the factors influ-
encing teachers in integrating the Internet into their instruc-
tion and shows that continuous professional development
focused on technology application in language instruction is
imperative.

For students:

Part-time work: some students are able to find a job in relation
with English, such as being a teacher in a cram school, working
for a publishing company, or being a translator during inter-
national events. In this case, having a work may be beneficial
and give students opportunities to practice English and meet



B. Montoneri et al. / Teaching and Teacher Education 28 (2012) 382—395 393

foreigners. If the part-time job has nothing to do with English,
it may distract students from their courses.

2. Professional license: in Asia, students are encouraged to take
English proficiency tests, which can help when applying for
a grant, entering a graduate school, and eventually finding
a job. For example, the TOEIC (Test of English for International
Communication) test and the TOEFL (Test of English as
a Foreign Language) can measure the English skills of foreign
students and entice them to improve their level.

3. Participation in associations and clubs: even though these
activities can enrich students’ life and allow them to meet
people with similar interests, they are time-consuming and
exhausting. Students who participate in too many activities
reduce the amount of time left for preparing their courses and
exams accordingly. In order to increase their English learning
performance, students are suggested to participate in one or
two associations in relation with English (theater club, English
Corner...).

4. Personality: some students are more energetic and enjoy
participating in the class. But most students have difficulty to
express their feelings and their ideas in a foreign language. The
teacher should try to motivate students to participate during
the class and give their opinion. Taylor et al. (2004) design
a four-cell matrix of teaching practice classification and showed
that the teaching and learning performances are improved
when the teacher is the facilitator and when the teaching is
student-centered.

5. Learn other foreign languages than English: for students
speaking non-Latin languages, English is relatively more diffi-
cult to learn. It is indeed easier for French students to learn
English and vice versa as around 70% of the vocabulary is
identical in the two languages. Meyerhoff (2009) adapt a study
to Japanese students by Yuan, Liberman and Cieri (2006) which
showed that fluent speakers of ESL from various nationalities
have varying rates of speaking in English. He stated that fluent
Japanese English learners spoke English the slowest, and fluent
French English speakers spoke English most rapidly.

6. Teamwork: Clinton and Kohlmeyer (2005) show that students
doing teamwork during the class express greater motivation
and rated their teacher higher even if they did not show
evidence of any significantly different performance results.

5. Conclusions
5.1. Findings

This paper applies data envelopment analysis (DEA) to explore
the relative overall efficiency of evaluated units and to identify
which are the efficient ones. The overall efficiency of D1, D4, D6,
D10, and D13 shows the best performance with the value of 1.
Inefficient DMUs can know how much effort they need to do by
looking at the performance indicators’ room for improvement; they
can also seek advice and ideas on how to make their class more
attractive in order to improve their performance from the efficient
DMUs in their own reference set.

The sensitivity study performed in this paper can also help to
clarify the influences of inputs and outputs on the different eval-
uated units. The results show that the number of efficient DMUs
decreases from 5 for the base case to 1, 3, 4, or 2 for the cases
withdrawing indicators I1, 12, O1, or 02, respectively. In addition,
the average relative efficiency decreases from the base case’s 0.986
to even 0.879 in the case 12—01—02 (withdrawing evaluated
indicator I1). This confirms the assumption that withdrawing an
input or output item will decrease the overall efficiency of evalu-
ated units. It appears that the evaluated indicator I1 has the

maximum impact on D4; 12 has the maximum impact on D13; O1
has the maximum impact on D11; and 02 has the maximum impact
on D5. A detailed analysis of the data shows that the indicator
priority is I1 > O1 > I2 > 02; that is, the richness of course
contents > the positive degree of teaching attitude > the diversity
of accessed multiple teaching channels > students’ learning
performance.

This paper presents then the case study of one inefficient DMU,
D3. This DMU has a relative efficiency value is 0.956. I1 (richness of
course contents) has the major impact on D3’s relative efficiency.
D3 is suggested to mainly refer to all of D10’s input and output
items around 56%, then to refer to all of D4’s items around 36%, and
finally to refer to all of D13’s items around 8%. Concerning D3, the
indicators’ priority is, like for most DMUs, I1 > 01 > 12 > 02.

Finally, a brief qualitative study shows that some of the factors
affecting teachers’ performance are teacher seniority, teaching,
research, and administration loading, and teachers’ information
skills. Concerning the problem of burnout (emotional exhaustion
and depersonalization), it seems that it affects teaching more than
research productivity. Some of the factors affecting students’
performance are part-time work (very few students have a full-
time job), proficiency tests, participation in associations and
clubs, personality, learning a second or third foreign language,
teamwork, and health.

5.2. Implications

Various studies select different evaluated indicators according
to their availability, to the purpose of their research, and to each
country’s culture of performance. The main contribution of this
study is not to decide which indicators are the most suitable, but to
design a teaching performance improvement mechanism which
can find the priority of the selected evaluated indicators and help to
formulate improvement suggestions for educators. Therefore, our
demonstration on how to screen primary indicators will be quite
useful for further studies in other countries or fields. The results of
this paper can serve as a model for decision-makers to design the
educational policies satisfying the objectives of enhancing the
competitiveness of HEIs as well as the goal of the Ministry of
Education.

5.3. Limitations and future directions

The results of the study have to be interpreted in light of its
limitations. DEA only gives efficiencies relative to the data consid-
ered. Some DMUs may be efficient simply because no one else is
competing in that range (Johnes & Johnes, 1993). Moreover, it might
be possible to improve the performance of even the efficient units
(Martin, 2006). Our previous study also demonstrates that the
efficient evaluated classes do not necessarily have higher actual
values of inputs and outputs than the inefficient ones, but in other
ranges (Montoneri et al., 2011). However, the DEA model provides
few clues on how to improve the performance of empirically effi-
cient units (Sowlati & Paradi, 2004). This study offers suggestions to
teachers on how to improve their teaching and proposes a method
to find out on which indicators they should focus as a priority.
Future studies could not only analyze teachers’ response to student
evaluation of teaching, but how they would respond to improve-
ment suggestions. It would also be interesting to explore students’
perceptions of the faculty and class evaluation process.
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