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Abstract 

 

In order to accelerate and upgrade the industry in the 21
st
 century to face the wave of 

globalization, both individuals and corporate organizations encounter severe challenges in the 

era with diverse social environment and changing technology. Strategic planning and 

management are necessary for enhancing the competitiveness of an enterprise so as to 

complete the resource integration and planning as well as develop and maintain the existing 

competition ability of the organization. Aiming to integrate the mutual link of agricultural 

business management functions, domestic agricultural resource planning intends to enhance 

the utilization through resource sharing and service sharing. DEA is applied to measure the 

effectiveness of the introduction of enterprise resource planning into agriculture in this study. 

Total 3 input/output variables are used in this study, and, with cities in Fujiang Province as the 

samples, total 9 DMUs are selected. The research results show 1.the technical efficiency, 

scale efficiency, and returns to scale of cities measured with DEA, 2.sensitivity analysis with 

inputs and outputs being removed one by one and then DEA to understand the sensitivity to 

efficiency, and 3.the application of slack variable analysis to realize the improvement 

directions for inputs and outputs in areas introducing enterprise resource planning into 

agriculture. Suggestions are further proposed according to the results, expecting domestic 

agriculture to achieve resource sharing and service sharing and internal operation 

management to catch up agribusinesses. 
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1. Introduction 

 

There is not the so-called sunsetting industry or traditional industry in the 21
st
 century, 

but merely disappointing enterprises. In order to succeed in the global market nowadays, keen 

insight and the proper utilization are required for developing competitive advantages 

domestically or internationally, with any opportunities, in order to upgrade the industry to face 

the wave of globalization. In such an era with diverse social environment and changing 

technology, both individuals and corporate organizations encounter severe challenges. In 

order to enhance the competitiveness in the dynamic and changeable environment in the 21
st
 

century, strategic planning and management are required for facing various external 

environment changes. In this case, merely constant increase in internal strength and response 

ability could have an organization develop and maintain the existing competition ability by 

completing resource integration and planning through improvement. Enterprise resource 

planning (ERP) aims to assist enterprises in enhancing business effectiveness. The 

introduction of ERP is to integrate various resources in an enterprise to further promote the 

competitiveness. Enterprise resource planning is the command center for wars and could 

support existing business strategies under integration as the key success factor. 

When an organization generates the competitive advantages with various resources 

and resource management methods, the use of resource development patterns would present 

higher growth than the use of other patterns. Some domestic agricultural businesses have 

realized the provision of customer-related products and order information, while the internal 

operation and management still could not catch up with the marketing. Agricultural ERP 

mainly integrates domestic agriculture businesses to link six management functions of 

production operation, inventory, personnel salary, financial accounting, refrigerated 

warehouse lease, and farmers’ organization, which could be integrated or independently 

operated. For this reason, the introduction of agricultural ERP should be planned to guide 

agriculture managers changing towards business management. Agriculture businesses lack of 

service manpower or finance could enhance the utilization through resource sharing and 

service sharing. The performance on the introduction of enterprise resource planning to 

agriculture is therefore evaluated in this study, expecting that domestic agriculture could 

achieve resource sharing and service sharing and the internal operation management catch up 

with the path. 
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2. Literature Review 

2.1 Enterprise resource planning  

 

Feng & Xu (2015) defined enterprise resource planning as a method, in 

manufacturing, logistics, and service industries, effectively planning and controlling all 

resources required for acceptance, manufacturing, delivery, and settlement of customer orders. 

Laari et al. (2016) stated that the application of ERP should not be restricted to 

manufacturing, but expanded to logistics and service industries. Dubey et al. (2015) regarded 

ERP as an integrated information management in which production, marketing, stock, 

finance, and personnel in an enterprise were integrated. Marchewka (2015) pointed out ERP 

as the structural software to optimize internal value chain of a company. When it was installed 

in the entire enterprise, the departments could be contacted through logic transmission and 

share all data under integration. Chin et al. (2015) considered immediacy and integration as 

the difference of ERP from traditional data management that an enterprise could integrate the 

information work process in various departments and unite internal information process 

procedures so that the dispersed database could be immediately used; all operation 

information in the enterprise therefore merely needed to be produce once, i.e. “unification”. 

Luthra et al. (2016) mentioned that the introduction of ERP could result in effectiveness for a 

company; however, not all companies with the introduction could acquire the expected 

effectiveness; it might result in disasters. The introduction of ERP was expensive and time & 

strength consuming; besides, the introduction would be hard to withdraw once it was started. 

After the introduction, the recovery of any mistakes would cost more time and money. 

 

2.2. Performance evaluation 

 

Social resources are limited. The optimal utilization of limited resources has been the 

concern of managers. Efficiency and effectiveness are often used for measuring the resource 

application ability and the goal achievement of an organization, which are also the key points 

in performance evaluation. In term of the definition of effectiveness, Dugelova & 

Strenitzerova (2015) regarded it as doing the right thing, revealing that an organization, under 

the premise of customers’ maximal value, utilized the ability of acquiring income with 

external operation. It stressed on the measurement of ends, mainly discussing whether an 

organization effectively achieved the set goal within a period of time (Wijesiri & Meoli, 
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2015). Zhou et al. (2017) pointed out efficiency as doing the thing right. It emphasized the use 

of correct means, mainly to measure the effective application of internal resources in an 

organization. With the relationship between inputs and outputs, the least inputs were used for 

the most outputs or the method to reduce production costs were found out in order to enhance 

the cost effectiveness of resource use and take the result as the reference for improving 

organizational productivity (Nguyen et al., 2015). 

Efficiency could be regarded as the performance on the process of transforming a set 

of inputs into outputs; it stressed on effective utilization of existing production resources. In 

economics, the idea of Pareto Optimality (Zhou et al., 2016) could be used for the 

explanation. From the aspect of input orientation, it indicated that, under the same output 

amount, an organization could not increase the output yield unless increasing input resources 

or reducing other output yield. In this case, the organization was efficient. From the aspect of 

output orientation, an organization, under the premise of maintaining the same inputs, could 

not reduce inputs unless reducing yield or increasing other input resources. The organization 

in this case was efficiency (Galagedera et al., 2017). 

 

2.3. Data Envelopment Analysis 

 

Cabrera et al. (2018) indicated that the evaluation of efficiency was an important issue 

in management; efficiency evaluation was the core of cost control; and, an effective efficiency 

evaluation method could assist departments in enhancing the resource input and product 

output efficiency, i.e. applying the least resources to product the most products. In other 

words, a good evaluation model was able to estimate the overall efficiency to present the 

resource use. Moreover, it should be able to precede evaluation with qualitative and 

quantitative data and various calculation units, deal with multiple inputs and outputs and 

external environmental factors, and avoid subjective factors in the setting of weights so as to 

assist decision makers in making decisions. 

Chen & Jia (2017) explained Data Envelopment Analysis that Charnes et al. expanded 

Ferrel’s method and established a general linear planning model to measure the production 

efficiency of various inputs and outputs under constant returns to scale. The first proposed 

DEA model was later called CCR model. The basic model of the Data Envelopment Analysis 

was under the premise of three production assumptions. 

a) Constant returns to scale. In other words, returns would not increase or diminish 
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even the operation scale was increased. 

b) Constant marginal productivity. Regardless the yield, the increased outputs for each 

increased input was the same. 

c) Constant wasting of resource. An institution with bad efficiency would show 

constant proportion of the wasted input resources. 

The efficiency measurement with DEA is based on “Pareto optimality”, which 

indicates that no-one could increase another person’s benefits without losing others’ benefits. 

According to the point of view, the actual production could be compared with the production 

boundary (as the idea of envelope or efficiency frontier in economics) to further measure the 

efficiency. With the idea of envelope, all inputs and outputs of a decision making unit (DMU) 

are taken into account in DEA, and the relative efficiency of an individual manufacture to 

other manufacturers is calculated by dividing the weighted inputs with the weighted outputs. 

 

2.4. Delphi Method and Modified Delphi Method 

 

Delphi Method mainly combines the advantage of group expert opinions to avoid 

situational pressure caused by face-to-face discussion. Hsu & Hsu (2018) proposed 8 

situations suitable for Delphi Method. (1) The research question presented little available 

information and high uncertainties. (2) The research question could not provide accurate 

analyses, but could collect subject judgment data as the answer. (3) A participant was able to 

provide useful opinions for broad and complicated issues, but lack of interaction and 

discussion with other participants; or, there were distinct specialties and experiences requiring 

for exchange. (4) It required many people for providing opinions aiming at the issues; 

however, the number of participants would be restricted when face-to-face conversation was 

applied to achieve effective interaction. (5) Time and location for face-to-face meeting would 

be hard to arrange, and large amount of expenses would be a problem. (6) The opinion 

exchange between individuals and the group required efficient interaction, without being 

affected by secondary group communication. (7) Different opinions and positions could easily 

result in displeasure in the face-to-face meeting process that an arbitration mechanism was 

required in the group communication process and the anonymity of participants should be 

ensured. (8) The heterogeneity of participants should be remained to avoid the advantage of 

majority opinions and individual personality traits affecting the variance of research 

conclusions. Hsu & Tsai (2017) explained Modified Delphi Method that, based on special 
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considerations of research, brainstorming open-ended questionnaire was omitted and a 

structured questionnaire was directly developed for the first-run survey. Directly using the 

structured questionnaire for the first-run survey could save a lot of time; besides, the 

structured questionnaire could have the experts focus on the research subject, without making 

guess on the open-ended questionnaire. 

 

3. Research Design 

3.1. Research method and object 

 

Proper inputs/outputs should be selected for applying DEA to measure the 

effectiveness of introducing enterprise resource planning into agriculture. To combine the 

selection of inputs/outputs with expert opinions, reduce input costs, and avoid fuzziness in the 

survey process, Fuzzy Delphi Method is used for selecting inputs/outputs. Total 30 copies of 

questionnaire are distributed in this study, and 20 valid copies are retrieved, with the retrieval 

rate 67%. Researchers indicate that the public opinion with more than 5 participants could be 

the analysis reference. The interviewed experts in this study cover industry, official, and 

academia and show frequent interaction with agricultural technology that it should present 

certain representativeness. 

After the calculation with Fuzzy Delphi Method, the geometric mean is regarded as 

the consensus of experts’ evaluation of inputs/outputs, and the median or the evaluation 

scores of inputs/outputs is taken as the standard to select the inputs/outputs which are able to 

measure the introduction enterprise resource planning into agriculture. Total 3 input/output 

variables are selected, and, with strict selection among cities in Fujiang Province, total 9 

DMUs are available. The variable data are acquired from publically issued prospectuses and 

annual reports. 

 

3.2. Establishment of evaluation indicator 

 

To establish the evaluation indicators with Delphi Method, the variables are defined as 

below. 

(1) Input variable: 

1. Financial: including costs for the introduction of enterprise resource planning  

(2) Output variable: 
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I. Data quality: data correctness and data immediacy. 

II. Use feedback: period for using the data. 

 

4. Empirical Analysis 

4.1. Relative efficiency analysis 

 

For measuring the technical efficiency, scale efficiency, and returns to scale of cities 

with DEA, CCR input orientation model is first used for calculating the total efficiency to 

evaluate and compare the performance of the introduction of enterprise resource planning into 

agriculture. BCC model is further utilized for calculating the pure technical efficiency which 

is divided by total efficiency to acquire the scale efficiency. It tends to confirm the source of 

inefficiency being technical inefficiency or scale inefficiency. When scale inefficiency is the 

factor, returns to scale could be analyzed to judge the expansion, maintenance, or reduction of 

the business scale so as to enhance the business efficiency. The efficiency of the introduction 

of enterprise resource planning into agriculture of cities acquired with DEA is listed in Table 

1. 

 

Table 1: Relative efficiency 

city total efficiency 
pure technical 

efficiency 

scale 

efficiency 

return type 

Xiamen 1 1 1 CRS 

Fuzhou 0.97 0.98 0.97 IRS 

Putian 0.84 0.83 0.84 IRS 

Sanming 0.90 0.90 0.91 IRS 

Quanzhou 0.95 0.94 0.96 IRS 

Zhangzhou 0.88 0.88 0.88 IRS 

Nanping 0.82 0.81 0.83 IRS 

Longyan 0.78 0.77 0.79 IRS 

Ningde 0.72 0.70 0.74 IRS 

 

4.2. Sensitivity analysis 

 

The inputs and outputs are removed one by one for DEA to understand the sensitivity 

to efficiency. From Table 2, the removal of financial, data quality, and use feedback would 

reduce the number of relatively efficient DMUs, revealing the importance of such variables to 

affect the relative efficiency evaluated with DEA. 

 

Table 2: Sensitivity analysis of removing single input and output one by one 

DMU original relative removing removing data removing use 
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efficiency financial quality feedback 

Xiamen 1 0.92 0.90 0.91 

Fuzhou 0.97 0.90 0.88 0.93 

Putian 0.84 0.80 0.76 0.77 

Sanming 0.90 0.83 0.85 0.81 

Quanzhou 0.95 0.89 0.87 0.83 

Zhangzhou 0.88 0.84 0.83 0.80 

Nanping 0.82 0.80 0.76 0.73 

Longyan 0.78 0.72 0.70 0.7 

Ningde 0.72 0.66 0.63 0.60 

Number of efficient 

DMU 
2 0 0 0 

Data source: Self-organized in this study. 

 

4.3. Slack variable analysis 

 

In terms of slack variable analysis, the improvement of cities with excessive inputs 

and outputs in the introduction of enterprise resource planning into agriculture is shown in 

Table 3. Aiming at the items with excessive inputs to reduce input units could have the cities 

achieve business efficiency. Xiamen, with business efficiency, shows the input resources 

reaching the optimal use. 

 

Table 3: Improvement in agriculture  

decision making units 

（DMU） 

input improvement output improvement 

financial data quality use feedback 

Xiamen 0 0 0 

Fuzhou 1 0 0 

Putian 2 1 1 

Sanming 1 0 1 

Quanzhou 0 1 0 

Zhangzhou 1 1 1 

Nanping 2 0 2 

Longyan 3 1 2 

Ningde 3 3 4 

Data source: Self-organized in this study. 
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5. Conclusion 

 

The research results reveal that 1 DMU, about 11% of all DMUs, presents strong 

efficiency on the introduction of enterprise resource planning into agriculture, with the 

efficiency=1, showing the better relative efficiency; 3 DMUs, about 33% of all DMUs, appear 

the efficiency in 0.9-1, as marginal inefficiency, revealing that the relative business efficiency 

could be more easily promoted; and, 5 DMUs, about 56% of all DMUs, show the efficiency 

lower than 0.9, as obvious inefficiency, where Ningde appears the lowest efficiency 0.72. The 

scale of domestic agriculture is not large and the operation is short of manpower to reflect the 

application of strategy management is urgently required. Agricultural transaction is directly 

related to the profit and management of agriculture that an inventory management, as the prior 

for the introduction into agriculture, is mostly used. A production operation management, 

related to the supply and quality of agriculture products, is followed. Agriculture ERP are 

applied by agribusinesses of vegetables, fruit, flowers, mushroom, rice, and grains. 

Agribusinesses expect that the ERP could help them more accurately and effectively grasp the 

production and sales. It reveals the high flexibility of agriculture ERP. According to actual 

demands to adjust the parameters, the operation of agriculture ERP could be integrated into 

actual business processes. To enhance the applicability and stability of agriculture ERP, and it 

should be continuously adjusted with opinions and feedback from agribusinesses.  

 

6. Recommendations 

 

According to the research results, suggestions aiming at the introduction of enterprise 

resource planning into agriculture are proposed in this study, as followings. 

a) An ERP could be strengthened by the emphasis and support of agribusinesses 

that it could establish vision and achieve strategic objectives as other types of change 

plans. The emphasis and support of agribusinesses contain the significant meanings of the 

acquisition of more resources and encouragement function. An agribusiness should deepen 

the subordinate and organizational group activity, present equal conversation, shape 

concerning leadership styles, and create the big family full of family relationship. 

b) To guide agribusinesses which intend to use enterprise resource planning 

currently and in the future to rapidly understand the ERP function and be familiar with the 

ERP operation, explanations and learning materials of ERP functions as well as various 
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guiding channels, e.g. training for use, online real-time instruction, individual instruction 

and guidance, and establishment of basic data, should be provided. It is expected to 

shorten the introduction period, reduce the introduction failure, and accelerate the ERP 

application effectiveness. 

c) It was difficult to promote the application of enterprise resource planning in the 

beginning. Nevertheless, increasing young farmers returning hometowns for farming in 

past years reduces the average age of agribusiness owners. It develops the management of 

agriculture with the idea of business management and shows high acceptance of the 

application of ERP communication technology. The strong learning ability could 

positively assist agricultural business management. 

 

 

7. Reference 

 

CABRERA, E.; ESTRUCH-JUAN, E.; MOLINOS-SENANTE, M., Adequacy of DEA as a 

regulatory tool in the water sector, the impact of data uncertainty. Environmental Science & 

Policy, v. 85, p.155-162. 2018 

 

CHEN, L.; JIA, G. Environmental efficiency analysis of China's regional industry: a data 

envelopment analysis (DEA) based approach. Journal of Cleaner Production, v.142, p. 846-

853. 2017 

 

CHIN, T. A.; TAT, H. H.; SULAIMAN, Z., Green Supply Chain Management, 

Environmental Collaboration and Sustainability Performance, 12th Global Conference on 

Sustainable Manufacturing – Emerging Potentials, p. 695-699 2015 

 

DUBEY, R.; GUNASEKARAN, A.; PAPADOPOULOS, T.; CHILDE, S. J., Green Supply 

Chain Management Enablers: Mixed Methods Research,” Sustainable Production and 

Consumption, v. 4, n. 1, p. 72-88. 2015 

 

DUGELOVA, M. & STRENITZEROVA, M., the using of data envelopment analysis in 

human resource controlling, Procedia Economics and Finance, v.26, p.468-475, 2015 

 

http://www.custoseagronegocioonline.com.br/


A study of performance evaluation on the introduction of enterprise resource planning into agriculture 
Wu, T.-J.; Hsiao, H.-F. 

 

Custos e @gronegócio on line - v. 15, n. 3, Jul/Set - 2019.                                     ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

395 

FENG, T.; XU, S. X., How do enterprise resource planning affect firm risk? Post 

implementation impact. IS Quarterly, v. 39, n. 1, p.39-60, 2015 

 

GALAGEDERA, D.; U. A., I. ; ROSHDI, H. ; FUKUYAMA, ; J. ZHU , A new network 

DEA model for mutual fund performance appraisal: an application to U.S. equity mutual 

funds, Omega. 1-12. 2017 

 

HSU, P. F. ; HSU, C. H., An endorsement selection model for sports celebrities in China. 

International Journal of Sociotechnology and Knowledge Development, v.10, n. 2, p.1-13, 

2018 

 

HSU, P. F.; TSAI, F. C., Applying Grey Relational Analysis to Choose the Best Streamer of 

the Video Livestreaming Platform Twitch, Journal of Grey System, v. 20, n. 3, p.157-162, 

2017 

 

LAARI, S.; TÖYLI, J.;  SOLAKIVI, T.; OJALA, L., Firm Performance and Customer-driven 

Green Supply Chain Management, Journal of Cleaner Production, v.112, n. 3, p.1960-1970, 

2016 

 

LUTHRA, S. ; GARG, D. ; HALEEM, A., The Impacts of Critical Success Factors for 

Implementing Green Supply Chain Management Towards Sustainability: an Empirical 

Investigation of Indian Automobile Industry, Journal of Cleaner Production, v. 121, n. 1, p. 

142-158, 2016 

 

MARCHEWKA, J.T., Information technology project management: Providing measurable 

organizational value, 5th ed. New York: Wiley. 2015 

 

NGUYEN, N. T., TRAN, T. T., WANG, C. N., & NGUYEN, N. T., Optimization of strategic 

alliances by integrating DEA and grey model. Journal of Grey System, v.27 , n. 1, p.38-56, 

2015 

 

http://www.custoseagronegocioonline.com.br/


A study of performance evaluation on the introduction of enterprise resource planning into agriculture 
Wu, T.-J.; Hsiao, H.-F. 

 

Custos e @gronegócio on line - v. 15, n. 3, Jul/Set - 2019.                                     ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

396 

WIJESIRI, M.; MEOLI, M., Productivity change of microfinance institutions in Kenya: A 

bootstrap Malmquist approach. Journal of Retailing and Consumer Services, v. 25, p.115-121, 

2015 

 

ZHOU, H.; YANG, Y.; CHEN, Y.; ZHU, J., Data Envelopment Analysis Application in 

Sustainability: The Origins, Development and Future Directions. European Journal of 

Operational Research, v.264, n. 1, p.1-16, 2017 

 

ZHOU, P.; POH, K. L.; ANG, B. W., Data envelopment analysis for measuring 

environmental performance, In handbook of Operations Analytics Using Data Envelopment 

Analysis (p. 31-49).Springer USA, 2016 

 

8. Acknowledgements 

 

This research was supported by Huaqiao University’s Academic Project supported by the 

Fundamental Research Funds for the Central Universities (18SKGC-QT02). 

 

http://www.custoseagronegocioonline.com.br/

