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Abstract: There is much challenge from, yet great value in, research of appropriate approaches to make cost-benefit evaluation of government-invested IT projects, based on whose characteristics this paper discussed the principle of evaluation indicator system construction, the choice of evaluation methods, and identification of evaluation indicators.
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In recent years, the rapid development of information technology witnesses a wider and wider scope of government-invested IT projects [GI-IT-P], through whose information platform the government has been undertaking numerous important management responsibilities. Such GI-IT-P includes the e-government platforms accessible to government agencies at all levels, the Government Financial Management Information System as hosted by the Ministry of Finance, the Golden Customs Project to serve the customs, and the Golden Tax Project to serve the tax system—all of which marks the increasingly prominent role played by information technology for the government to fulfill its management functions. In the long run the scope of GI-IT-P is expected to be widened, since the government will rely more upon IT projects to improve its public service efficiency. Therefore, during China's economic construction and development it is necessary and inevitable to make performance audit of GI-IT-P, to supervise legality of the investment process, to offer objective and unbiased feedback to the public, as well as to evaluate government-invested decision and investment performance. However, in performance audit of GI-IT-P the greatest challenge arises from identification of performance indicators and successful investment efficiency indicators.
I. Characteristics in evaluation of government-invested IT projects 

Investment in IT projects is different from investment in other projects in that information technology enjoys daily updating and that investment occurs in highly uncertain environment. Moreover, government investment in IT projects [GI-IT-P] is different to some extent from enterprises’ investment in the same profession in that it is the government at all levels that assumes the major role of investors in GI-IT-P to satisfy public needs and offer public services; in contrast, IT projects invested by enterprises are focused on improving the enterprises’ economic performance. As a result, performance evaluation of GI-IT-P is different from economic evaluation of enterprise investment in IT projects, since the GI-IT-P is devoted to social benefits. In a word, evaluation of government investment performance in IT projects shares some characteristics as reflected in common IT projects, but is also unique in such respects as follows: 

(1) Continuity. 
Evaluation is a continuous process, not to be terminated with the completion of a particular project, this is especially true to GI-IT-Ps which are long in investment cycle, low in return on investment, but high in implicit value and non-measurable value. Consequently evaluation made during the operation period of GI-IT-P plays a complementary role to help better understand the value from IT investment and also to offer experience for future government investment in IT projects.
 (2) Complexity.
IT develops fast and rapidly, such shortened IT life cycle increases the technical risks of IT project development. Traditional investment projects are convenient in evaluation through quantitative index, and also simple in final evaluation. However, majority of IT investment projects is challenging in quantitative evaluation, which causes evaluation complexity owing to the fact that (a) economic efficiency of traditional investment projects is mainly stated in the dominant profits, while the value of information technology is relatively reflected in the invisible benefits; (b) investment in IT projects is a continuous improvement process, to produce long-term effects; and (c) IT is of high technology whose construction so far in China goes without rigorous project supervision mechanism, which increases difficulty in evaluation and adds to evaluation complexity.
(3) Integrity. 
Performance evaluation of GI-IT-P must be made in covering all respects involved on the basis of (A) all the factors of IT projects, including human resources, equipment and facilities, and information system, etc. As a result, IT project performance evaluation shall be made from the point of the entire system based on (i) the capability to achieve coordination between these IT project factors and (ii) the capacity to fully achieve the synergistic effect; (B) the government's public service functions: evaluation of GI-IT-P finds it necessary to examine and evaluate the degree of integration between the project and the public services, instead of the IT project quality alone.
(4) Service. 
The ultimate objective to make performance evaluation of GI-IT-P is to improve the efficiency of government to fulfill its responsibilities so that return on investment is maximized. To this end, the evaluation as a process not only plays the role of a watchdog of GI-IT-P for the sake of effective use of financial fund, but also, from a macro perspective, offers consultation to and experience for the government's future IT investment and existing IT project follow-up construction and expected utilization.
II. Principle in evaluation index configuration of government-invested IT projects [GI-IT-P]
Evaluation of GI-IT-P is made in order to enhance the scientific and technological support and service capability of the IT projects, to serve as a guideline for the project to achieve coordinated development between the social and economic functions of the projects, and also to provide technical support to improve people’s living standards. Such evaluation focuses upon (a) the advanced and effective technical support and service capability of the system, (b) the sharing and service capability and standard,  and (c) potential social benefits. In order to develop an evaluation indicator system [EIS] concerning GI-IT-P—such an evaluation index system must be comprehensive, objective, rational, scientific, practical, and accessible to common citizens, the design of a desirable EIS plays a vital role. However, there is much difficulty in developing an EIS both scientific and reasonable. Unless in line with certain principles to make analysis and judgment, there is no possibility to tackle this challenge. In design of EIS such principles as follows must be observed:
1. Principle of system integrity
Government investment in IT is a systematic project, not independent from any particular enterprise or governmental department. In construction of an EIS, the entire project under construction, its social context and its contribution to the society must be deemed as an integrated system for analysis, consequently the selected evaluation indicators must be systematic and complete, with emphasis not only upon the internal relations of the overall EIS, but also upon the functions and objectives of the entire system, so that the evaluation indicators fully describe the actual situation of the project under evaluation.
2. Principle of operability
The evaluation indicator system [EIS] must be designed to be operational, with consideration to the feasibility of index value measurement and data collection, hence arises the necessity to solve the contradiction between theoretical importance and practical feasibility. The EIS must be open to simplification but still precise in description of the complex phenomenon. In a word, the EIS must be definite in definition, accurate as required in statement of the content, convenient in data collection, and reliable in statistics operability.
3. Principle of combination of qualitative and quantitative evaluation 
The evaluation indicator system must combine qualitative evaluation with quantitative, in other words, quantitative assessment must be made on the basis of qualitative analysis, since only through quantitative analysis can the nature and essence of any phenomenon be accurately described. Qualitative indicators without support from any statistical data must be complimented from the method of point rating by experts whose advice approximately serves as quantitative evaluation.
4. Principle of combination of economic efficiency and social benefits
GI-IT-P is featured on the one hand by offering public services to meet social needs (one of the fundamental functions of government agencies and also objective of GI-IT-P); on the other hand, in order to accurately describe the use of financial resources, GI-IT-P’s economic efficiency must be evaluated. Therefore, in order to utilize public finances in line with the principle of “from the people, to the people,” there must be strict harmony and unity between economic efficiency and social benefits for the sake of maximum economic efficiency out of minimum capital investment.
5. Dynamic principle 
Different government agencies benefit from GI-IT-Ps to different degree in offering services to different communities, which thus creates different social impact; furthermore, there are differences in GI-IT-P requirements of IT system quality and new technology. As a result, indicators in the evaluation indicator system must be dynamically adaptable in parameters in line with the specific situation of an IT project, and also dynamically adjustable in weighing factors in order to describe the dynamic benefits of information technology.
III Construction of GI-IT-P performance evaluation index system
Currently in theories and practices concerning IT project cost-benefit evaluation there are four popular methods, including (a) the financial evaluation method, (b) the multi-indicator comprehensive evaluation method, (c) the mathematical method, and (d) the computer-based technology approach. The financial evaluation method is to identify specific indicators based on which to make IT investment evaluation on the basis of the cost and income of IT investments. This evaluation system takes comprehensive consideration to all expenses that constitute IT investment costs, but such evaluation emphasizes only the return on investment and hence ignores the social benefit which is equally important, thus this method is basically meaningless in GI-IT-P evaluation. The multi-indictor comprehensive evaluation method is mainly enterprise-oriented with focus upon its long-term development strategy. This evaluation method is difficult to implement owing to heavy workload, thus not applicable to GI-IT-P evaluation. The mathematical method includes the analytic hierarchy process and the fuzzy evaluation, etc., with focus on computing mode of the indicator weighing, while the computer-based technology approach lays emphasis upon system quality and new technology development and application. Comparison of the four methods as mentioned above concludes that, to develop a perfect GI-IT-P evaluation indicator system [EIS], the first step is not to be limited to evaluation from the financial point only, not to be concerned about the system quality and customer satisfaction only. Instead, there must be change in evaluation perspective in order to develop, on the basis of the hierarchy analysis method, a desirable GI-IT-P EIS to evaluate the IT projects (in terms of the working conditions and social impact) based upon (i) the system service quality, (ii) combination of financial indicators and non-financial indicators, (iii) combination of the system quality and customer satisfaction, and (iv) combination of internal performance and social impact.
The EIS is divided into four dimensions, namely, (a) IT user satisfaction, (b) IT value and contribution, (c) IT internal process and (d) IT learning and innovation, under detailed discussion as follows:

IT customer satisfaction: by which assessment is made of “what the users think of the services provided by IT system” in order to improve the response speed of IT services and enhance the government functions’ fulfillment and communication with people.
IT value and contribution: by which assessment is made of “what the higher authority in charge thinks of IT department's performance” in order to get well informed of the value and contribution by IT investment, improve the value of IT services, effectively control IT costs, and help improve efficiency of IT operating departments.

IT internal processes: in which assessment is made of “IT service process effectiveness and efficiency” in order to optimize the management system, simplify IT service request, and thereby improve IT service support efficiency.
IT learning and innovation: by which assessment is made of “whether the IT system satisfies future development and challenges" in order to ensure that IT staff and users receive sufficient training, and that IT is adaptable to restructure of government agencies and business orientation. 

Objectives to be achieved in the four dimensions are connected in a cause-effect way in that (a) IT customer satisfaction is the ultimate objective of GI-IT-P; (b) improvement of IT internal process provides better services to meet customer needs, thereby enhances the support to government management capacity and increases the value of IT contributions; (c) IT learning and innovation provides frame to achieve the objectives of the other three dimensions, and serves as the motivation for the other three dimensions to pursue excellence; (d) through learning and innovation, IT staff improve their skills, thus to improve IT application and development capability as well as service capability. 

The four dimensions are deemed as the first hierarchy, and the evaluation indicators are specified as shown in hierarchies in the table below:

	Hierarchy 
	Hierarchies subordinate
	Factors’ description

	IT customer satisfaction [A]
	Customer Participation
[A1]
	i) Percentage of staff accessible to IT systems in government agencies

	
	
	ii) Percentage of new internet users

	
	
	iii) Percentage of internet users among local residents 

	
	
	iv) Application system coverage

	
	Public satisfaction 

[A2]
	a) Customer satisfaction with the products delivery (in percentage) 

	
	
	b) Customer satisfaction with problem -solving (in percentage)

	
	
	c) Customer support to IT management (in percentage)

	
	
	d) Customer support to IT training (in percentage)

	
	
	e) Impact upon image of the Government

	
	
	f) Impact upon life quality and lifestyle

	
	
	g) Impact upon community welfare, social security, and interpersonal relationships

	
	
	h) Local governmental and public attitudes towards the project

	
	
	i) Sensitivity to promote departmental or regional economic development  

	
	
	j) Ability to timely provide assistance and help to the public in problem-solving   

	IT value & contribution  [B]
	Financial Investment Performance  [B1]
	a) Percentage of IT budget among the gross budget in a department

	
	
	b) The saving ratio between actual government IT costs and budget  

	
	
	c) Capital compliance rate (which describes the degree of the investment in percentage: what percentage of the investment is misappropriated, corrupted or under other major violations of financial laws and regulations, including whether the contract price is settled and assessed as required in laws and regulations)

	
	
	d) whether the project helps increase government revenue

	
	
	e) Saving ratio of service and management fee 

	
	Utilization of IT resources [B2]
	i) Percentage of inter-departmental resources utilization

	
	
	ii) Percentage of inter-departmental database sharing and application  

	
	
	iii) Comparison of realized IT income with expected performance 

	
	
	iv) Reusability of nucleus application modules 

	
	
	v) The project benefit to environmental protection

	
	
	vi) The project benefit to the surrounding community residents.

	IT internal process [C]
	Application, development & maintenance [C1]
	a) Function points delivered per person per hour

	
	
	b) Number of defects as received by the user per 100 function points 

	
	
	c) Number of critical failure per 100 function points  

	
	
	d) Average time in solution of critical defects

	
	
	e) System throughput

	
	
	f) Average response time in IT services

	
	
	g) Percentage of IT system maintenance among the gross service activities

	
	Project performance [C2]
	i) Percentage of the projects completed as required in terms of time and functions 

	
	
	ii) Percentage of function and needs as  achieved  

	IT learning/ innovation [D]
	Work team capability & development [D1]
	a) Percentage of staff who have received training in application of new technologies  

	
	
	b) Proportion of professionals

	
	
	c)Percentage of IT staff who have received management training

	
	
	d) Percentage of IT training budget among the gross budget

	
	Application of new technologies [D2]
	i) Whether the staff are adopting the latest application approaches

	
	
	ii) Percentage of staff well informed of advanced technology application and development 

	
	
	iii) Percentage of projects in adoption of approved methods and tools   

	
	Customer satisfaction & reservation [D3]
	a) Percentage of staff satisfaction with existing technologies and operating environment

	
	
	b) Percentage of users’ satisfaction with existing technologies and operating environment

	
	
	c) Percentage of new users able to use the IT applications after preparatory training  


Concerning weighing of the evaluation index, this paper adopts the method most popular at home and abroad in this area—analytic hierarchy process [AHP], whose basic idea goes this way: first the problem under analysis is divided into hierarchies. Namely, based upon the problem nature and the overall objectives to be achieved, the problem under question is decomposed into its constituents, and then these constituents, in accordance with the interaction between the factors and the membership thereof, are under combination in different hierarchies to establish a hierarchy model, and finally the problem under analysis is reduced to a problem of sequencing, sequenced from the lowest hierarchy to the highest based on quality comparison. Here it can be seen that any issue which is complex and difficult for qualitative analysis can be converted into an issue under definite and short-cut quantitative analysis in the hierarchy model. AHP can be adopted to make system performance evaluation roughly in the steps of (a) AHP modeling; (b) determination of comparison structural matrix; (c) calculation of the relative weighing of the factors under comparison; and finally (d) calculation of the combination weight of factors in each hierarchy.
Scaling of comparison in pairs
	Importance level
	Definition 
	Description 

	1
	Equally important 
	Identical functions of two factors

	3
	Slightly stronger
	One factor is slightly stronger than another factor. 

	5
	Stronger 
	One factor plays a role obviously stronger than another factor.

	7
	Very strong 
	One factor is greatly stronger than another factor in amplitude.

	9
	Absolutely strong 
	One factor is stronger than the maximum index of any other factor.

	2,4,6,8
	Intermediate value of the scales as mentioned above

	Reciprocal value
	When comparing i and j and each is assigned a scale value, then the weight of j and i under comparison is the reciprocal of the scale value. 


E.g.: A1 in the third hierarchy has four indicators. After comparison in pairs of the four indicators, the following matrix can be obtained:
      1   1/2   1/3  2 

A1=   2    1   1/2  3

      3    2     1  4

      1/2  1/3   1/4  1      

Based on the formula AW=λW

0.15

The engine vector of A1 W=    0.30     Here the characteristic root λ=4. 
                           0.45

                           0.10

Therefore, the weight of these four indicators is 0.15, 0.30, 0.45, and 0.10 respectively.
The weight of each indicator multiplied by rating is the weighted scores; and sum of all the weighted scores is the gross weighted scores, based on which it is able to conclude the audit evaluation of GI-IT-P performance.
Cost-benefit evaluation of government-invested IT projects is a topic quite challenging in theory but valuable in practice. Although this paper makes tentative discussion concerning evaluation system construction and evaluation method options and improvement, emphasis in investment evaluation varies in different government departments and different IT projects. Consequently, in audit practice there is necessity to make further in-depth research of and pre-audit investigation into the evaluation index system design and specific indicator weighing, and also there is need to solicit the views of higher-level departments in order to reduce any potential audit risk.
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