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Abstract—With the development and application of information technology (IT) and
modern enterprise management theory, information system (IS) plays an increasingly im-
portant role in enterprises. Information system not only provides enterprises with benefits
that can be measured by financial figures, but also brings a lot of intangible values
that are difficult to quantify and show in the short term. It is of great significance to
do a good job in the value evaluation of information systems. This paper sum-
marizes the existing information system valuation methods and models, sorts out the
evaluation methods from different angles, and looks forward to the development di-
rection of information system value evaluation. The research results can provide
valuable reference and basis for future related work.
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1. Introduction

As early as the 1990s, information technology has become an important strategic tool for the
development and acquisition of enterprise advantages, and the dependence of enterprises on
information system is also strengthened. Besides the field of financial accounting, the infor-
mation demand in other fields such as marketing and sales, human resources, supply chain man-
agement, inventory and manufacturing has gradually increased. In the 21st century, information
system has ushered in a new stage of cloud computing. Nowadays, people can work without
leaving home, and can use any terminal equipment to access information systems. The tradi-
tional command management style of enterprises is no longer applicable, and employee auton-
omy is gradually prevailing. IS provides great benefits for all walks of life. At the same time,
information overload and information security threats in the process of informatization seriously
affect and restrict the further development of enterprises.

In other words, the return on investment in the system is much lower than expected. In the two
upsurge of management informatization in the 20th century, Chinese enterprises invested about
8 billion yuan in application system, but the success rate of application was less than 10%. A
large number of enterprises have developed management information system (MIS) almost
without success, and the huge investment in it has not received the expected returnti, Therefore,
people pay more and more attention to the value evaluation of enterprise information system.
How to conduct scientific, accurate and efficient value evaluation of information system has
become an urgent problem to be solved.

This paper summarizes the two important directions of information system value evaluation:
evaluation method and evaluation model. The research ideas are as follows: firstly, the domestic
and foreign research on information system value evaluation is sorted out, and then the
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characteristics and shortcomings of existing research are summarized, and the possible direction
for future research is proposed.

2. Evaluation method of information system value

2.1  Traditional evaluation method
2.1.1 Financial-based evaluation method

The traditional financial evaluation method focuses on cost and benefit to evaluate the value of
information system. The cost accounting of income present value method can better reveal the
future income and profit level of assets, and can deeply reflect the potential value of assets. This
is the result of James and others' deep research on the advantages of income present value
method and the accounting characteristics of income present value method . Wilson et al.
made a supplementary calculation to the traditional replacement cost method, and they analyzed
the defects of the replacement cost method. This method has been recognized by many enter-
prises . Some scholars improve on the basis of the cost method, and put forward the overall
cost research method, which takes the construction, operation and stop of information system
as a cycle, analyzes and calculates all the explicit and implicit costs in this cycle, and finally
obtains its overall cost.

Robert S. Kaplan and David P. Norton put forward the balanced score card method in 1992. It
is different from the traditional financial method and only focuses on the financial point of view.
The balanced score card method mainly measures the value of information system from four
aspects: financial perspective, user satisfaction, system process and enterprise growth speed [,
It decomposes the strategic objectives into various specific and balanced performance appraisal
index systems. In the following decades, the balanced score card method has been constantly
improved and developed. Li zonggi, a domestic scholar, used the balanced score card to set up
sub items and relevant standards from four dimensions of finance, business, customer and in-
novation to evaluate the value of information system, and finally weighted the evaluation result
BBl Wang Yi evaluated the value of the information system of nuclear power enterprises from
the strategic point of view, and introduced "strategic coordination™ into the balanced card. To-
gether with finance, internal operation, learning development and customer satisfaction, the
strategic performance evaluation index of information system was composed [,

2.1.2 Economics-based evaluation method

Parker M. and Benson RJ. conducted an in-depth study on the relationship between information
technology and business performance of enterprises, and proposed that financial benefits
brought by information systems should not be considered only, but also business values brought
by information systems, such as better customer service or improvement of competitiveness 1.
Yannis Bakos J. and Kemerer Chris F. adopted the theory based on information economics and
summarized information system evaluation into six main fields: information economics, pro-
duction economics, economic model of organizational performance, industrial economics, in-
stitutional economics and macroeconomics [, In recent years, many new theories and methods
have been derived on the basis of the original economic evaluation methods.



2.1.2.1 Economic Value Added (EVA)

EVA refers to the income after deducting all capital input including equity from net operating
profit. Its core idea is that there is a cost of capital input, and only when the profit exceeds the
cost of capital can an enterprise create value for shareholders. This method is widely used in
enterprise performance evaluation and financial management, and also applies to the value eval-
uation of enterprise information system. The value brought by the system is the income brought
by the use of the information system minus the input cost of the information system. However,
EVA is a short-term indicator. If an enterprise only focuses on the value of the information
system in the short term instead of continuing to invest in research and development for the
long-term development, it is likely to lead to the loss of long-term interests of the enterprise,
and the accuracy of the value assessment of the information system will be lost.

2.1.2.2 Total Cost of Ownership (TCO)

TCO, which covers everything from purchase to installation, as well as internal support and
implicit costs, is favored in cost analysis and comparison. Many manufacturers can increase
sales by reducing maintenance and support costs and adding slogans such as "low TCO" into
product marketing 1. However, the disadvantage of TCO is that it can't assess the risk, so it
can't give managers the technical and strategic decision guidance.

2.1.2.3 Total Economic Impact (TEI)

When evaluating the investment value, TEI not only considers the costs and benefits, but also
evaluates the promoting effect of a certain technology in improving the utility of the overall
business process, that is, considers the delayed benefits or potential values excluded by the di-
rect cost-benefit method [*%. The four basic evaluation elements of this method are cost, benefit,
risk and flexibility, which can fully reflect the overall economic impact of the decision. Quan-
titative risk assessment enables TEI to fully understand the enterprise's product satisfaction,
employee turnover, technological environment changes, etc., when evaluating the value of the
information system, so as to facilitate the adjustment of the calculated information system rev-
enue. However, some experts believe that the risk assessment of TEI is subjective and may not
be able to play a due role in the evaluation of the value of information system.

2.1.2.4 Rapid Economic Justification (REJ)

REJ combines IT investment with business focus and enriches TCO's evaluation system. The
methodology consists of the following steps: Establish a methodology to identify key partici-
pants in the project, identify key success factors and key performance indicators; Identify with
participants how technology affects success factors; Measure the cost-benefit balance; Delineate
the probability of potential risks and their impact; Calculate ROI, NPV, IRR and other financial
indicators. REJ is suitable for the evaluation of a single project. Although it is subjective to a
certain extent, its advantage lies in the consideration of risk factors [,

2.2  Comprehensive evaluation method

The comprehensive evaluation method is often used in the selection of multi-attribute evaluation
objects. The evaluation of enterprise information system needs comprehensive measurement,
so some scholars use the comprehensive evaluation method to implement the value evaluation
of enterprise information system. The commonly used comprehensive evaluation methods



include fuzzy comprehensive evaluation (FCE), analytic hierarchy process (AHP) and principal
component analysis (PCA), among which FCE and AHP are often combined.

Chen Yaohui built a comprehensive evaluation model of fixed assets based on fuzzy compre-
hensive evaluation method, and reduced the evaluation deviation caused by subjective factors
through fuzzy concept 2, Shao Peiji et al. built three evaluation index systems of management
information system with AHP, which are the evaluation system of system structure, the evalu-
ation system of system performance and the evaluation system of system application. There are
corresponding third order indicators under the second order evaluation index system. For exam-
ple, the "system application evaluation system™ includes management benefit and decision-mak-
ing benefit. There are four third order indicators of the application degree of the performance
benefit system [*3]. Based on the characteristics of the information system, Guo Donggiang built
a set of index system for comprehensive evaluation of information. On this basis, he combined
fuzzy mathematics and matrix to build a hierarchical analysis model to evaluate the value of the
enterprise information system 4, Luo Yan proposed to use AHP to establish a hierarchical
structure model, set up four first order indicators, including the system construction index, the
system performance index, the system benefit index and the value to the user, and then use the
fuzzy comprehensive evaluation method to evaluate the information system!*l,

3. Evaluation model of information system value

3.1  General model
3.1.1 Investment return model

Generally speaking, the value of enterprise information system in a broad sense can be measured
by return on investment (ROI), namely:

ROI = (AC + AR)/TC (1)

Where AC refers to the reduced cost, AR refers to the increased revenue, and TC refers to the
total cost. The cost reduction and revenue growth can be classified as "output”, while the total
cost is "input". Output index Including general profit rate, capital turnover rate, customer satis-
faction rate, delivery punctuality rate, product quality rate, etc.. Investment indicators generally
include labor cost, process cost, system operation cost, maintenance and improvement cost, op-
portunity cost, etc. (161,

3.1.2 Utility difference model

In addition to ROI, the value of information system can also be expressed as the difference
between the maximum target utility of enterprises after informatization and the maximum target
utility before obtaining information, namely:

V=E —E,
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Among them, a stands for action, namely the decision made by the enterprise. z;stands for event,
that is, the enterprise decides to invest in the information system. y; is for different information
systems. B(a, z;) is the payoff function of utility. p(z;) stands for prior probability. p(z;|y;)
stands for a posteriori probability in the presence of information systems.

Probability in the model refers to the possibility that an enterprise makes the best choice. If we
want to construct the efficiency index of enterprise information system according to this model,
we can introduce the cost of information system, which is marked as C, and the efficiency index
of information system relative to the cost can be expressed as:
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c
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The above two models are the basic models of information system valuation, that is, the calcu-
lation methods used to determine the value. In order to make the results as accurate as possible,
there are also many models about the calculation methods and function expressions of costs and
benefits in the formula, which are also the focus of scholars' full study.

3.2  Cost-benefit model

The model is derived from the theory of Cost Benefit Analysis (CBA), which is an economic
decision-making method to help investors find the investment scheme with the minimum cost
for the maximum benefit, including the quantitative analysis of cost and benefit. In the valuation
of enterprise information system, CBA can be used to evaluate the input cost and utility of
information system, and their ratio can be used to measure its value, namely:

BCR =B/C “4)
Where B represents cost and C represents revenue. If the time value of money is considered [27],

there is:

2?—0%
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Where t represents the year, B, represents the revenue in year t, C, represents the cost in year
t, m represents the benchmark rate of return, and n represents the project life period.

Information system will have a variety of costs and benefits, so let:
By = Xk Bu (6)
C = Zk Cex (7)

Where By, represents the kth income of the information system in year t, and C;, represents the
kth cost of the information system in year t.

Substitute formula (6) and (7) into formula (5) to get:
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When BCR is greater than 1, it means that the benefits brought by the information system to the
enterprise are greater than the costs, and the enterprise's investment in the system is feasible.
The greater the BCR, the higher the investment income of this information system.

Measuring the value of enterprise information system from the perspective of income has al-
ways been a research hotspot, that is, choosing information system as an investment product.
Cost-benefit model is to measure the investment income of information system from the finan-
cial point of view. It should not only consider the usefulness of information technology to en-
terprises, but also consider the relationship between cost and income. Although scholars have
followed suit, there has been no breakthrough in the quantitative research of information system
benefits, and the research results are inconsistent or even contradictory %1, Even so, the research
on quantitative analysis of economic benefits continues.

3.3 Model based on production function

Besides exploring the value of information system from the financial point of view, another
point of view is the production function method, in which Cobb-Douglas production function is
the most widely used one. According to the data of Computer Weekly and Computer World
Magazine, Lichtenberg F. used Douglas production function to analyze the income of infor-
mation system investment, found huge potential value, and estimated that the working effi-

ciency of a skilled system worker is equivalent to the productivity of six non-IT system workers
18]

The basic form of Cobb-Douglas production function is as follows:
Y = A()L*KPpu 9)

Among them, Y represents the total industrial output value, A(t) represents the comprehensive
technical level, L is the input labor, K is the input capital (generally refers to the fixed net assets),
a is the elasticity coefficient of labor output, and g is the elasticity coefficient of capital output.

This function is mainly used to measure the influence of capital input and labor input on output
in the production process, and also to determine the contribution rate of scientific and techno-
logical progress, capital growth and labor growth to output growth. The production function is
as follows:

Y = aKP1LP2 (10)

In this case, Y represents the output growth rate, a is the rate of scientific and technological
progress, K and L represent the capital growth rate and labor growth rate respectively, g; and
B, are the elasticity coefficient of capital output and labor output respectively.

Douglas production function is only applicable to the benefit analysis after the operation of
information system, and it is difficult for enterprises to formulate specific measurement methods
and determine the production function, so it is difficult to implement it in enterprises. So in
recent years, few scholars continue to dig deep into the application of production function
method in the value evaluation of enterprise information system. However, in the last century,



some foreign scholars have made improvement research on the value evaluation of information
system based on production function method. Brynjolfsson E. and Hitt L. studied and analyzed
the difference of the role of information technology in different enterprises, replaced Douglas
production function model with translogarithm function, and considered the "influence of en-
terprises” as a factor based on the original data [,

3.4 Value engineering model

Value Engineering (VE), also known as value analysis (VA), is to analyze the function and cost
of research object, reflect the realization degree of its function, and study its value. The value
here refers to the proportion between expenses and benefits, so the value engineering model can
be expressed as follows:

V=F/C (11)

Where V represents value index, F represents function, and C represents cost.

From formula (11), we can see that if the function F can be monetized, the value engineering
model can be transformed into a cost-benefit model, which reflects the internal unity of the two
evaluation methods. However, some benefits of information system can only be measured by
function. On the other hand, how to quantify the different dimensions of each function is also
an urgent problem to be solved 20,

When using this model to explore the value of information system, Qian Wenhai and Zhang
Shaogiang used the method of function coefficient and function score to unify the dimension
1171, The function and realization degree of enterprise information system include profit index
such as strategic target matching degree and risk index such as technology uncertainty. It can
be assumed that there are n indicators in total, and the scores of each index are obtained accord-
ing to the deepening degree Q; (i = 1,2,3,...,n and Q; € [0,10]). Then, the importance coeffi-
cient of each index f; is determined according to the enterprise culture and strategic objectives.
The importance coefficient is positive, while the importance coefficient of risk indicators is
negative. The coefficients of all indicators meet the requirements:

L fi=10 (12)
Then the function coefficient can be obtained as:
F =321 Qifi (13)

Since the importance coefficient of risk indicators is negative, if there are k (k < n) risk indi-
cators, the value range of sum of the importance coefficients is generally [k, —1]. Then, the
value range of the function coefficient F is [-10k, 100 4+ 10k]. The larger the function coeffi-
cient, the better the performance of the information system. The value index can be obtained by
substituting the function coefficient into formula (11):

V — Zi=1CQifi (14)



3.5 Model based on comprehensive evaluation method

With the development of information technology and the evolution of its application, the value
of information system to the organization has far exceeded the traditional value of reducing cost
and improving productivity. However, traditional methods such as return on investment or qual-
itative analysis mostly measure the value of information system from the perspective of finance.
Although they can reflect the value of information system to a certain extent, they can’t adapt
to the actual situation of information system development. Therefore, some scholars began to
use the comprehensive evaluation method to evaluate the value of information system.

Yang Qin and Yao Juan proposed to combine the value chain analysis with the balanced score-
card to establish the value evaluation index system of information system, so as to pursue the
integration of enterprise strategy in the evaluation and evaluate the information system as com-
prehensively as possible 21, After the value chain is used to analyze the intangible value of the
information system, it is combined with the four dimensions of the balanced scorecard to match
the index to measure the intangible income, and then quantify the value of the information sys-
tem. Because AHP is too subjective and has certain limitations when transforming qualitative
problems into quantitative problems, fuzzy analytic hierarchy process (FAHP) combines FCE
with AHP and constructs evaluation matrix through expert scoring method, which strengthens
the reliability of qualitative problem quantification transformation.

When using the comprehensive evaluation method to evaluate the value of enterprise infor-
mation system, it is often divided into three steps: establishing the evaluation system, determin-
ing the weight of evaluation indicators and implementing the comprehensive evaluation. Schol-
ars usually apply balanced scorecard, AHP and FCE to the model at the same time, that is, the
balanced scorecard is used to construct the evaluation index system, then the AHP is used to
confirm the right, and finally FCE is used to carry out the evaluation.

4. Conclusions and limitations

4.1 Conclusions

Through the discussion of this paper, we can see that the historically difficult value evaluation
of information system is not impossible to achieve. This paper reviews traditional financial
methods, comprehensive evaluation methods, and evaluation models, systematically showing
the research status of information system valuation. We can draw the following conclusions.

First, the comprehensive evaluation method can more clearly reflect the "hidden benefits" gen-
erated by the information system, namely the improvement of management and performance,
while the traditional financial method can accurately evaluate the "explicit benefits" brought by
the information system, namely the reduction of costs and the increase of profits. Therefore, we
should explore the combination of these two methods and construct a comprehensive evaluation
system and model to increase the accuracy and efficiency of evaluation.

Second, after combing the related literature and resources of information system value evalua-
tion, it can be found that the evaluation and prediction of information system performance, the
quality evaluation of information system itself and the multi-index comprehensive evaluation
of information system are the main research directions of information system evaluation or



prediction. Information system is a very complex social system, and its evaluation method
should consider not only the cost, economic benefits and financial factors, but also many factors
such as system performance, system construction, system environment and user evaluation.
Many foreign scholars have studied this. In China, the comprehensive evaluation method is used
to evaluate information systems, but the deficiency of the existing research lies in the lack of
empirical research linking the evaluation indicators and systems with real enterprises. The fol-
low-up should pay attention to the concrete implementation of the indicators and evaluation
systems.

4.2 Limitations

Starting from the methods and models of information system value evaluation, this paper sum-
marizes the previous studies, which will promote the subsequent construction of a perfect eval-
uation system. Of course, there are some shortcomings in this paper. After summarizing differ-
ent methods and models, more detailed horizontal and vertical comparisons should be made to
show the relationship and differences between methods and models. There are many scenarios
of information system value evaluation. This paper focuses on enterprises, and other scenarios
include consumers, software, railways, etc.. In these cases, the information system valuation
methods will be different. In a word, this paper simply sums up the work of information system
value evaluation, and in the future, it is necessary to discuss the construction of evaluation sys-
tem from different angles.

References

[1]  Jiang Hui, Chen Zhangliang, Wang Xinhao. On the evaluation of information system value [C]//.
Harmonious development of energy conservation and environmental protection-Proceedings of the
2007 China Association for Science and Technology Annual Meeting (1)., 2007: 2171-2173.

[2]  Doherty, James, MA1, SRA. Income approach stands on its own merit[J]. Theappraisal journal,
1996.

[3] Wilson, Donald C. Principle of production: A logical premise for the cost approach[J]. The ap-
praisal journal, 1998.

[4] Yang Chaoping. Balanced Scorecard and its application in domestic enterprises [D]. Shanghai
Academy of Social Sciences, 2007.

[5] Li Zonggi. How do enterprises evaluate the commercial value of information systems [J]. Mi-
crocomputer Information, 2010, 26(03): 66- 67.

[6] Wang Yi. Research on the value evaluation of nuclear power information system project [D].
Tianjin University, 2014,

[7]  Parker M, Benson RJ. Information Economics: Linking Business Performance to Information
Technology [M]. Englewood Cliffs, N J: PrenticeHall. 1988.

[8]  Yannis Bakos J., Kemerer Chris F.. Recent applications of economic theory in information Tech-
nology research[J]. Decision Support Systems, 1992, 8(5).

[91 MA Cheng. Research on the Value Evaluation of Enterprise Management Information System
[D]. China University of Petroleum, 2007.

[10] CAI Yongming. Research on Investment Value Evaluation and Optimization Strategy of Enter-
prise Information System [D]. Beijing Jiaotong University, 2007.



[11] Luo Yan. Comprehensive evaluation of enterprise information system value based on fuzzy com-
prehensive evaluation method [J]. China Securities and Futures, 2013, (09): 242 243.

[12] Chen Yaohui. Entropy value of fixed assets evaluation —fuzzy comprehensive evaluation
method [J]. Forecast, 1998, (04): 61-62.

[13] Shao Peiji. Comprehensive evaluation of management information system by AHP [J]. System
Engineering Theory and Practice, 2000, (10): 63-67.

[14] Guo Donggiang. The quantitative model of information system evaluation [J]. China Manage-
ment Science, 2000, (S1): 96-102.

[15] Luo Yan. Value Comprehensive Evaluation of Enterprise Information System Based on Fuzzy
Comprehensive evaluation Method [J]. China Securities and Futures, 2013, (09): 242-243.

[16] Ma Feicheng. Information Economics [M]. Wuhan: Wuhan University Press, 1997.

[17] Qian Wenhai, Zhang Shaogiang. Economic Value Evaluation of Enterprise Information System
[J]. Technology and Management, 2000, (04): 46-49.

[18] Lichtenberg F.. The Output Contributions of Computer Equipment and Personnel: A Finn Level
Analysis [J]. Economics of Innovation and New Technology, 1995, 23(4): 513-526.

[19] Brynjolfsson E., Hitt L.. Information Technology as a Factor of Production: the Role of Differ-
ences among Firms [J]. Economics of Innovation and New Technology, 1995, 3(3-4).

[20] Ma Yanxia. Research on Investment Value Evaluation and Optimization Strategy of Enterprise
Information System Management [J]. Think Tank Time Dai, 2019, (07): 287-288.

[21] Yang Qin, Yao Juan. Evaluation of Information system Value based on Value chain and Bal-
anced Scorecard [J]. Audit & Economics Research, 2006, (04):93-96.



