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Abstract—The growing popularity of art majors is overshadowed by the
difficulty for art graduates to find a decent job. The teaching and research
(T&R) performance of art majors should be evaluated comprehensively, such as
to optimize resource allocation and improve teaching quality. Based on
performance evaluation theory and input-output theory, this paper summarizes
the features, problems and problem causes of performance evaluation for art
majors. From the dimensions of teaching and research, a comprehensive index
system was designed for T&R performance evaluation of art majors. On this
basis, a performance evaluation model was constructed for art majors through
principal component analysis (PCA). Finally, single-factor evaluation and
comprehensive evaluation were conducted by our model on the T&R
performance of the school of art design and school of industrial design in a
university. The results show that: The performance evaluation of art majors is a
small-scale yet complex and professional task, but the current evaluation
methods lack sufficient attention, professionality, and targeted indices. The
school of art design had a slightly higher ratio of excellent theses than the
school of industrial design, reflecting the difference between the two schools in
teaching results and quality. The school of industrial design invested much
more than the school of art design. Both schools had improved the T&R outputs
and comprehensive performance score since 2011, and the school of industrial
design made the greater improvement in the comprehensive performance score.
The research sheds new light on comprehensive evaluation of T&R
performance in art majors.

Keywords—Art majors, performance evaluation, evaluation index system,
comprehensive evaluation of teaching and research (T&R) performance.

1 Introduction
Following the continuous improvement of their living standards, the people have

started to pursue spiritual and cultural life rather than only the material life, and the
aesthetic demands for products and living environment have also increased continu-
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ously. Facing this development trend, various universities have opened the art majors.
With the year-by-year popularization of art major and expanded enrollment of colleg-
es, the society's demands for art majors have also become saturated. Under this back-
ground, an increasing attention is paid to the quality and efficiency of art majors. The
performance evaluation of art majors is an important means to improve the quality of
running schools, cultivate high-quality talents, accelerate connotative development,
and improve operating efficiency.

The research on performance evaluation of colleges originated from abroad. The
United States was the first country to implement college performance evaluation as
early as the 1950s [1]. College performance evaluation has become an important basis
for government funding and management of college [2]. In recent years, many schol-
ars in China have also put forward their own views on performance management. For
example, some scholars believe that the college performance should comprehensively
consider the contributions of colleges to talent leadership, service to society, talent
training and scientific research, but not be limited to financial investment rate [3];
other scholars pointed out that China’s performance evaluation system has problems
such as closedness, mystery, blindness, and randomness, and it still stays at the primi-
tive level [4]. The current evaluation index system of higher education is a relatively
comprehensive system composed of 55 performance evaluation indicators proposed
by American scholars [5]. The key performance indicators were used to set up a uni-
versity performance evaluation system by some scholars [6]. Also, there are certain
domestic scholars who have designed a college management performance evaluation
system consisting of 27 indicators and divided it into two aspects: management per-
formance and financial performance [7]. Looking through the references, it can be
found that the current domestic and foreign research on the performance evaluation of
colleges involves the construction of indicator systems, specific applicable research
methods and related empirical cases [8], but there have been few studies on the per-
formance evaluation of art colleges or art majors. Among the existing researches,
some emphasized the establishment of a performance-based salary system and a job
appointment system based on performance appraisal [9], or adopted the CIPP educa-
tion evaluation model to evaluate the practical teaching of art academies [10]. There
are also a few relevant theoretical and empirical studies on the teaching quality and
performance evaluation of teachers in art colleges [11].

As above, this paper first analyzes the features, problems and problem causes of
the performance evaluation of art majors based on performance evaluation theory and
input-output theory. Then, combining the previous research results and the perfor-
mance evaluation characteristics of art majors in the new era, it designs an index sys-
tem for the T&R performance evaluation of art majors. On this basis, a related math-
ematical model was constructed through the PCA. Finally, single-factor evaluation
and comprehensive evaluation were conducted on the T&R performance of the
School of Art Design and School of Industrial Design in a university.
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2 Related Theoretical Basis

2.1  Theoretical basis of performance evaluation

The input-output theory in economics is the basic analysis theory of performance
evaluation. The early input-output theory was measured by the amount of money
invested and the amount of money earned. But now the fixed assets such as equip-
ment and human capital are also included in the input, and the quality difference be-
tween outputs is also an important part of the output [12].

2.2 Comprehensive performance evaluation

Teaching, scientific research, and serving the society are the three basic functions
of universities [13]. Combining the results of previous research and the survey results
of art majors in universities [14], this paper divides the performance evaluation of art
majors into four categories: teaching, scientific research, administration, and cultural
communication. The comprehensive performance evaluation involves two aspects: art
professional teaching and scientific research.

3 Features and Problem Analysis of Performance Evaluation of
art Majors in the New Era

3.1  Features of performance evaluation of art majors

The teaching of art major is a complex system with multiple inputs and outputs.
Therefore, the performance evaluation of art majors is complicated [15], reflecting in
the diversification of educational components. Human input is the soul of art major
input. The human here refers to the people with a certain level of knowledge, because
the art teachers are both art creators and art talent trainers. For the material input, the
evaluation of art majors is also more complicated when compared with other ordinary
majors, e.g., the evaluation of a work of art should consider its reputation value, col-
lection value, cost price, etc., so the fair value is used instead of book value [16].
Financial input is basically similar to that of other majors, including financial alloca-
tions, superior subsidies, etc. In addition, the performance evaluation of art majors
follows the general economic law, and the input and output show a nonlinear law
[17].

Besides, the performance evaluation of art majors is professional. The combination
of education and practice is the basic principle in educational behavior [18]. Art ma-
jors have higher requirements for practical skills. Thus, artistic achievements must
also be included in the performance evaluation system of art majors.

Furthermore, the performance evaluation of art majors is small-scale. At present,
undergraduate education in China's universities has successfully turned to the stage of
popular education. Since 1999, the number of graduate students has also increased on
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a large scale, and the number of doctoral students has shown a slow growth trend,
while the number of students in art colleges grows slowly, showing a relatively stable
trend. Figure 1 shows the number of students enrolled in art colleges in recent years
[19]. This is mainly because art majors usually adopt small class teaching, and re-
quires more teachers and teaching resources; also, it needs long-term training. The
shortage of students limits the number of students in art colleges to a certain extent.
Despite of the enrollment expansion, art major is far behind other disciplines in terms
of the scale of running a school, and the maturity of running a school. Therefore, a
unique performance evaluation system should be designed according to the actual
situation of art majors.
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Fig. 1. Number of students enrolled in art colleges in recent years

3.2 Analysis for performance evaluation problems of art majors

At present, the performance evaluation for art majors is not perfect, nor does it
consider the features of art majors. The specific problems are as follows:

Inadequate attention: The performance evaluation of art majors has not been val-
ued by the college managers. The main reason is that most of them are scholars and
experts in the field of art education, and in the management process, they can easily
ignore the economic cost and make decision-making investment purely from the per-
spective of art, and lack a clear awareness of performance management.

Insufficient professionalism: At this stage, the performance evaluations of art ma-
jors are mostly made in the form of large-scale survey reports issued by superiors,
which lack enough systematicness and execution force. Different from other majors,
art majors emphasize resource input and elite output [20]. Therefore, a professional
evaluation system should be designed according to the features of art majors.
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Lack of targeted evaluation indicators: At present, the performance evaluation
indicators used by colleges emphasize scientific research and ignore teaching. How-
ever, due to the particularity of the art education model, its educational output is di-
versified, and the evaluation results should not be limited to the number of topics and
theses, but focusing more on quantity and quality of artistic works. Therefore, the
performance evaluation of art majors should be improved on the basis of previous
evaluation indicators, to design the appropriate performance evaluation indicators for
art majors.

4 Comprehensive Evaluation and Analysis of T&R
Performance of Art Majors

4.1  Design of evaluation indicators

Evaluation indicators are the basic elements and key links of performance evalua-
tion, which directly determine its effectiveness. Comprehensive evaluation of T&R
performance of art majors is to judge whether the educational resources of art majors
are maximized. In this paper, the input-output performance model was used to com-
prehensively evaluate the T&R performance of art majors. The performance indica-
tors were designed from the two dimensions of teaching and research. It follows the
principles of vagueness, combination of comprehensiveness and representativeness,
operability and comparability, and dynamic development. Figure 2 shows the com-
prehensive evaluation index system for T&R performance of art majors. For better
understanding, evaluation indicators were explained as follows:

Teaching input: Teaching input was studied from three aspects of human, finan-
cial and material resources [21], including the following indicators:

Total staffs: The total number of full-time and part-time staffs currently undertak-
ing tasks in teaching and scientific research; the number of part-time staffs are calcu-
lated according to the proportion of their workload.

Full-time teaching staff: the total number of full-time teachers in art majors.

Teaching business expenses: as the main source of expenditures for teaching and
scientific research of art majors, it includes teaching expenses, research expenses, and
social security expenses etc. [22].

The purchase fee of teaching equipment such as art works, sculpture works, and
multimedia equipment for art majors.

Research input: Scientific business expenses: it refers to the scientific research
expenditure in the teaching expenses mentioned above.

Books, digitization, and laboratory construction fees: expenditures for the construc-
tion of key art laboratories, network digitization construction costs, and book pur-
chase fees.

Doctoral degree ratio of full-time teachers: the proportion of full-time teachers with
doctoral degrees to the total number of teachers.
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Fig. 2. Comprehensive Evaluation Index System of T&R Performance

Teaching output: Student equivalent [23]: Student Equivalent = Undergraduate
+1.5*MBA+1.5*Engineering Master+2*Academic Mas-
ter+3*Doctorate+4*Postdoctoral

Class hour equivalent: The number of equivalent class hours undertaken by all
teachers in art majors for teaching and scientific research.

Ratio of excellent theses [24]: the ratio of the sum of the bachelor's, master's, and
doctoral provincial graduation design (thesis) according to the proportions of 1:2:3 to
the number of student equivalent.

Research output: Number of national projects that art teachers have applied for.

Research funding: to a certain extent, it can reflect the research capabilities of art
majors, specifically referring to the total amount of project funding at all levels that
art majors have applied for.

Equivalent of scientific and technological achievements: it refers to the sum of sci-
entific and technological progress, invention and creation, natural science and other
awards received from various design works and scientific research results, which can
reflect the quality of research output.

Design (thesis, monograph): Design (thesis, monograph)=25*national lev-
el+12*national level+5*local level+20*monograph [25].
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4.2 Data analysis methods

Data standard processing and correlation analysis: In this paper, PCA was
adopted to analyze and model the data, the dimensionality of the comprehensive eval-
uation indicators was reduced for the T&R performance of art majors, to finally ob-
tain the comprehensive variables that can reflect the original indicators. In order to
eliminate the dimension of the original data and make the collected data comparable,
this paper uses the Z standardization method to normalize the data [26], as shown in

Equation (1).
7x; = (Xi—u)
/m (1)

where, ZXi is the data obtained after standardization, that is, the converted input
and output are ZX11- ZX23 and ZX11- ZX24 respectively; Xi is the collected sample
data, and the standard deviation and average of the sample data Xi are oi and ui re-
spectively.

The typical correlation analysis was performed to screen out the correlation be-
tween input and output indicators, and further eliminate the irrelevant indicators in the
two sets of variables. Standardize the original index data matrix to obtain the correla-
tion matrix, as shown in equation (2),

{ Ru R12j|
R =
Ra Ra2 @

where, R21=R12, R11, R12 and R21 respectively represent the matrix of correla-
tion coefficients between X11 and X23, Y11 and Y24, Xni and Yni.

The eigenvalues of the matrix A=R11-1R12R22-1R21 and B=R22-1R21R11-1R12
were calculated to determine the significance of the correlation. The typical correla-
tion between the two groups of variables was analyzed using the SPSS.

Determination of comprehensive variables and performance scores: The PCA
method was also used to extract comprehensive variables from the remaining input
and output variables. The number of comprehensive variables was finally determined
according to the scree plot and the total variance explained, and then the total scores
of input and output were calculated separately, as shown in Equation (3). The com-
prehensive performance score is calculated in equation (4).

Z Input (output) = Fixai+ Faxaz+---+ Fgxaq 3)
. Z Input
Comprehensive performance score= x100%
output

(4)

where, the variance explained by the comprehensive variable F1, F2, ..., Fq is rep-
resented by al, a2, ..., aq respectively.
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4.3  Empirical analysis for comprehensive evaluation of T&R performance of
art majors

Data collection and analysis: Considering the huge amount of information re-
quired for the comprehensive evaluation of T&R performance, and the availability of
comprehensive data, this paper collects and selects complete T&R data of the School
of Art Design and the School of Industrial Design in one university. Comprehensive
evaluation and analysis were conducted on the T&P performance of the two schools.
Table 1 lists the 2017 and 2018 data of various indicators collected from the two
schools.

Table 1. Data on various indicators of the School of Art Design and Industrial Design

in 2017 and 2018
Index School of Art Design School of Industrial Design
2017 2018 2017 2018

X11 76 81 168 252
X12 86 99 220 228
X13 (Ten thousand yuan) 86.75 118.27 214.64 228.4
X14 (Ten thousand yuan) 6.54 8.7 35.9 39.9
X21 (Ten thousand yuan) 602 701 1650 1915
X22 (Ten thousand yuan) 361.8 393.02 3334.56 3567.43
X23 (%) 65 83 73 89
Y11 1459.6 1438.3 4258 4319.7
Y12 (class) 17577 17768 49656.2 52043
Y13 (%) 81.33 80.69 96.92 94.39
Y14 (%) 87.33 88.39 88.22 88.89
Y15 (Articles/100 people) 0.59 0.88 0.43 0.46
Y21 0 1 4 12
Y22 345.5 78.43 353.55 968.43
Y23 2 1 1 2
Y24 1153 1049 2104 2581

Import the collected data into SPSS, standardize the input and output indicators,
and use the standardized data for correlation analysis. The correlation analysis be-
tween the input indicators showed that the indicator X11 was significantly related to
the X22; there was significant correlation between the other indicators. From the re-
sults of the correlation analysis between the output indicators, it can be seen that that
there was a significant correlation between the four indicators: Y11, Y12, Y13, and
Y24, indicating that both the input and output indicators can use the PAC method to
extract comprehensive variables.

Figure 3 shows the scree plot of the comprehensive variables extracted from the
output indicators. Three comprehensive variables were extracted to reflect the infor-
mation of the original indicators. Through rotating component matrix and the compo-
nents, the extracted indicators from the principal components 1, 2, 3 were Y11, Y12,
Y13, Y15, and Y24, Y22 and Y23, respectively. According to the percentage of vari-
ance explained by each comprehensive variable Fi, a regression equation of output
was constructed, as shown in equation (5):
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Total output ~ Zo=52.76 x F21+26.64 x F23+20.6 x F 23
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Fig. 3. Scree plot

Single factor analysis of T&R performance: The analysis for the collected data
found that the teaching level of art majors can be reflected by three indicators: the
ratio of excellent theses, teaching business fees and the average class hours of teach-
ers. Table 2 lists the teaching scores of the two selected schools. It can be seen from
the table that the ratio of excellent theses of the School of Art and Design was slightly
higher than that of the School of Industrial Design, reflecting the difference in the
teaching results and quality between the two schools. As a science and engineering
department, the School of Industrial Design had a larger number of students, the aver-
age teaching expense per student was significantly lower, and its class hours were also
slightly higher when compared with the school of art design.

Table 2. Comparison of teaching level between School of Art Design and School of Industrial

Design
. Z1 Teaching expenses Y15 Award rate of
Art major Years per student Z2 class graduation thesis
. 2011 595.15 202.13 0.6
School of Art Design 2012 817.43 181.32 0.9
School of Industrial Design 2011 507.31 226.21 0.42
2012 464.52 229.69 0.39
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From the collected data, it’s also found that the scientific research level of art ma-
jors can be reflected by the four indicators: publish designs (papers and monographs)
per teacher, scientific research funding per teacher, scientific business expenses per
student, and equipment amount per student. Table 3 lists the scores of the scientific
research level of the two schools. From the table, it can be seen from the table that
research input of the School of Art Design’s was significantly lower; from the per-
spective of research output, the School of Industrial Design in 2011 was lower than
that of the School of Art, while its output was significantly improved in 2012.

Table 3. The research level of the School of Art and Industrial Design

Amount of equip- [scientific business Res_earch All teachers publish
. funding per -
Artmajor ([Years| ment per student | expenses per teacher (Yu- designs (papers, mono-
(Yuan) student (Yuan) an) graphs) (Yuan)

School of Art | 2011 2472.55 44.11 40667.75 13.17
Design 2012 2727.03 59.98 7770.43 10.72
School of
Industrial 2011 7831.52 81.87 15980.45 9.64
Design

2012 8266.63 90.02 42346.86 11.35

Comprehensive evaluation and analysis of T&R performance: Table 4 and
Figure 4 show the total input, total output, and comprehensive performance scores of
the two schools calculated as above. From them, it can be seen that compared with
2011, the total input in T&R decreased in the School of Art Design, and that of the
School of Industrial Design increased in 2012; the T&R output and the comprehen-
sive performance evaluation of the two schools were improved, and the comprehen-
sive evaluation scores of the T&R performance in the School of Industrial Design has
improved more significantly.

Table 4. The total input, total output and comprehensive performance scores of the School of
Art and School of Industrial Design

Art major Years Total investment Total output Performance
. 2011 -67.92 -39.7 58.46
School of Art Design 2012 54,91 6341 11553
School of Industrial Design 2011 58.3 29.72 51.1
2012 64.52 73.43 113.69
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Conclusion

Compared with other majors, the T&R of art majors is unique. Its performance

evaluation involves multiple input-output elements. Based on performance evaluation
theory and input-output theory, this paper studies the comprehensive evaluation of
T&R performance of art majors in the new era through empirical analysis. The specif-
ic conclusions are as follows:

1.

The performance evaluation of art majors is small-scale, but complex and profes-
sional. It still has the problems such as inadequate attention, insufficient profes-
sionality, and lack of targeted indicators.

. According to the input-output theory, a comprehensive evaluation index system for

the T&R performance of art majors was designed from the two dimensions of
teaching and research. On this basis, a mathematical model was constructed ac-
cordingly through the PCA. Besides, taking a university’s School of Art Design
and Design and School of Industrial Design as examples, single-factor evaluation
and comprehensive evaluation analysis were conducted on their T&R performance.

. The single-factor analysis results of teaching performance showed that the ratio of

excellent theses in the School of Art and Design was slightly higher than that of the
School of Industrial Design, reflecting the difference in the teaching results and
quality between the two schools. The single-factor analysis results of scientific re-
search performance showed that the School of Industrial Design invested more
than the School of Art Design; in 2011, the T&R output of the School of Industrial
Design was lower than that of the School of Art Design, while in 2012, it was im-
proved greatly, apparently higher than the School of Art Design.
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4. The comprehensive evaluation results of T&R performance showed that compared
with 2011, the total input in T&R has decreased in the School of Art Design, and
that in the School of Industrial Design has increased in 2012; both schools had im-
proved the T&R outputs and comprehensive performance score, and the School of
Industrial Design made the greater improvement in the comprehensive perfor-
mance score.
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