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ABSTRACT 
 
Increasing number of service and manufacturing sectors are investigating the impact of IT/IS on 
organizations.  Also, IT training programs and their role in IS environment are being investigated. 
Previous studies suggested IT impact measurement for planning and assigning IT training programs. This 
article develop and implement an integrated model to plan IT training programs based on past IT training 
programs success results specially IT impacts on individual works.  Data Envelopment Analysis (DEA) 
and integer programming techniques are used to achieve the objective of this study. The Result of 
implementing model showed its superiority and applicability.  
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1 INTRODUCTION 
 

Growing amounts of intellectual and financial capital are being invested to collect, process, store, 
and disseminate information. [1] Traditionally, managers have only focused on the economic returns of 
IT/IS investments [2, 3].  However, many researchers believe that traditional appraisal techniques are 
myopic for the appraisal of complex technology investments [2, 4]. To evaluate IS success, MIS 
researchers have measured a variety of constructs [5-11].  

DeLone and McLean’s [12] model considered the most comprehensive information system 
assessment model available in the information system literature [13].  In original model of Delone and 
McLean [12], there are links between system use and individual and organizational impact.  But in the 
updated model [14], they added a relationship between net benefits (egg. organizational and individual 
impacts) and use,  in which based on variance view, higher use will result in higher net benefits and 
higher perceived net benefits will result higher system use. On the other hand, Torkzadeh et al [11]'s 
suggestion for using IT/IS impact on work instrument by IS managers to budget their end-user training 
programs is considered in this study.  We introduce a model which allows organizations to budget and 
assign their end-user training programs based on the effectiveness of IT/IS applications and their impact 
on organization's personnel work.   

The remaining part of the article is as follow.  First literature review of the IT/IS impact on work is 
reviewed, then IT/IS success, and end-user training related factors and evaluation are discussed, and 
finally DEA technique is presented.  In section 3 the proposed model and its steps are demonstrated. In 
section 4 conclusions and suggestion for future research are provided.     
 
2 LITERATURE REVIEW 
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2.1 IT/IS Impact on Work  
Based on an exploratory study, Torkzadeh and Doll [5] recommend a 12-item instrument for 

measuring the impact of IT on work (see appendix A).  Relying on a review of the literature in MIS, 
social and economic impact of IT, and white collar productivity, they defined the following impact 
dimensions:  

• Task productivity 
• Task innovation 
• Customer satisfaction 
• Management control 

Torkzadeh and Doll [5] also reported significant correlations between the impact measures and 
other theoretically related constructs such as user involvement, user satisfaction, and system usage [11]. 
Torkzadeh et al [11] stated that "Information system managers may use these measures to more carefully 
budget their end-user training programs" [11, p.116].  
 
2.2 IT/IS Success 

DeLone and McLean’s [12] model is considered the most comprehensive information system 
assessment model available in the information system literature [13].  Attempting to bring synthesis to the 
numerous IS success measures used over the years, DeLone and McLean proposed six dimensions 
representing the three levels of IS success: system quality, information quality, use, user satisfaction, 
individual impact, and organizational impact [15].   

In their recent paper, they discuss many of the important IS success research contributions of the 
last decade, focusing especially on research efforts that apply, validate, challenge, and propose 
enhancements to the original model and propose an updated DeLone and McLean IS Success Model [14].  
They stated that emergence of End User Computing in the mid-1980s placed IS organizations in the dual 
role of information provider (producing an information product) and service provider (providing support 
for end user developers), based on Pitt et al [16] and other researchers [17, 18] added a service quality 
measure to their IS success model [14].  They also stated however additional IS impact measures, such as 
work group impacts, inter-organizational and industry impacts being proposed.  They preferred to move 
in the opposite direction and group all the “impact” measures into a single impact or benefit category 
called “net benefits.” [14].   
 
2.3 End-User Training Related Factors and Evaluation 

In 1959, in a classic analysis, Donald Kirkpatrick, a pioneer training and education researcher, 
proposed that training programs be evaluated at four levels: reaction; learning; behavior; and result [19, 
20].  Radhakanta and Vincent [19] proposed a framework for evaluating end-user training programs 
which has two dimensions: 

• The evaluation dimension, which suggests what to evaluate, and has five levels: (1) technology; 
(2) reaction; (3) skill acquisition; (4) skill transfer; and (5) organizational effect.  

• The evaluator dimension, which identifies the person or group responsible for doing the 
evaluation and has three major constituencies: (1) training providers, (2) trainees, and (3)  
business managers 

They stated that when implementing the framework several factors need to be evaluated [19] as shown in 
Table 1. 
 

Table 1: Factors to evaluate end-user training programs [19] 
Evaluation 

level Evaluator Factors to evaluate 

Technology Training 
Provider 

• Effectiveness of IT in supporting training-related tasks 
• Ease of use and usefulness of IT-based tools used by 

training providers 
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Trainee 
• Delivery and presentation of training materials 
• Ease of use and usefulness of communication tools 

 

Reaction Trainee 

• Relevance of the course to the trainee's job 
• Satisfaction with course content and presentation 
• Quality of instruction 
• Effectiveness of instructor 
• Overall satisfaction with the training experience 

Skill 
Acquisition Trainee • Knowledge and skill learned 

Trainee • Ability to apply the skill learned at work 
Skill Transfer 

Manager • Effect of the training on the trainee's performance 
Organizational 

Effect Manager • Effect of the training on organizational goal achievement 
 

Sang et al [21] developed an extended end-user training model and a detailed end-user training 
causal model and empirically studied the factors that are essential for successful end-user training. They 
found: 

• The higher end-user abilities, the higher end-user IS acceptance 
• The higher end-user abilities, the higher system utilization 

Surprisingly, few consistent findings have resulted from empirical studies that have sought to find 
a direct effect between user training and acceptance or actual use of IT.  Several studies showed that user 
training does influence users' skills and their acceptance of IT [23, 24]. Harrison and Rainer [25] found 
that user training had an effect on IT usage, but users' prior computer experience and age were more 
important determinants of IT acceptance and use.  
  
2.4 Data Envelopment Analysis (DEA) 
 

DEA is a non-parametric method that uses linear programming to calculate the efficiency in a 
given set of decision-making units (DMUs).  In this section we only describe the DEA model used in our 
model. The original DEA model (e.g. BCC) is not capable of ranking efficient units.  
CCR model assumes constant returns to scale (CRS).  However, variable returns to scale (VRS) can be 
incorporated in it by appending the constraint ( 1

1
== ∑ =

n

j
je λλ ) and the resulting model is called BCC 

model.  However, BCC model does not allow for ranking of efficient units as it assigns a common index 
of one to all the efficient DMUs.  Therefore, this model is modified by Andersen and Petersen [26] for 
DEA based ranking purposes.  In this study there are r outputs (Yrj) and m inputs (Xij) to be utilized by 
DEA for j = 1,…,n units or DMUs.  Therefore, our original DEA model is as follows: 
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This model is an output-oriented super-efficiency model that assumes variable returns to scale 
and gives a full ranking of DMUs which are sub organizations in our case, here. For more information 
please see these [27, 28, 29, and 30]. 
 
3 THE PROPOSED MODEL 
 

Empirical studies show that end-user training influences user acceptance of IT and IT usage [21-
25].  On the other hand, IS success models imply that system use influence or impacts individuals and 
organizations and vice versa [12, 14].  Therefore, end-user training influences IT/IS impacts on 
individuals and on organization.  On the other hand, as end-user training evaluation literature suggests 
[19], designing training programs and allocating resources to them must be done based upon the plan 
which considers past programs evaluation data.  This idea is enforced by Torkzadeh et al [11] suggestion 
about using IT impact measure by managers to assign resources to different users training programs. 
Therefore, there is need to develop a model for using IT/IS success measures such as IT impact on work 
for planning and allocating end-user training programs. The proposed integrated model shown in Figure 3 
is as follows: 
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Figure 1: The proposed integrated model for planning and assigning end-user training 
programs in organizations 

 
1. First, organization planners and managers must choose the level of the organization which can 

monitor and collect the needed information (e.g. conducted end-user training programs, assigned 
resources to them, etc).  In most organizations, this level will be the first or second level of 
organizational structure. 

2. In second step, the DEA output-oriented variable returns to scale must be formulated and solved 
to determine the sub-organizations ranks with respect to IT/IS success.  Indicators such as sum of 
the spent time and budget for user training in the sub-organizations may be used as input 
indicators. IT impact on individual works instruments such as the one which was proposed and 
validated by Torkzadeh and Doll [5, 11] can be used as measure of IT/IS success as output 
indicators. But those measures are questions, and thus they must be converted to quantitative 
values. For this purpose, Likert-scale such as following can be used.  

 
Table 2: Five point Likert-scale 

Without impact 1 
Small impact 2 

Moderate impact 3 
High impact 4 

Very high impact 5 
 
 
 
 
 

1. Choose the level of 
evaluation and planning for 

end-user training programs in 
the organization 

3. Using sub-organizations ranks, 
and formulating integer 

programming model to assign and 
plan proposed end-user training 

programs 

2. Use DEA variable returns to 
scale for ranking and evaluation of 
past end-user training programs in 

the sub-organizations 
 

Select and assign 
the best set of end-

user training 
programs for the 

organization 

Spent time and budget for 
user training in the sub-
organizations 

Different aspects of IT 
impact on individual 
works  
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Then 12 item questions of IT impact on work must be distributed and collected among 
the sub-organizations users and according to the Likert-scale, the responses are converted, 
summed and averaged for each sub-organization separately. 

 
Table 3: Responses to different aspects of questions for different sub-organizations 

Number of sub-organization responses Output 
indicator or IT 
impact on work 

aspects 

Response 
X (50 users) Y (30 users) Z (70 users) 

Without impact 33 24 63 
Small impact 45 36 66 

Moderate impact 30 9 36 
High impact 18 12 27 

Customer 
satisfaction 

Very high impact 24 

Sum: 
405 

Averag
e: 
81 9 

Sum: 
216 

Average: 
43.2 

18 

Sum: 
501 

Average: 
100.2 

With out impact 21 21 48 
Small impact 27 24 15 

Moderate impact 30 30 57 
High impact 33 6 51 

Management 
control 

Very high impact 39 

Sum: 
492 

Averag
e: 

98.4 9 

Sum: 
228 

Average: 
45.6 

9 

Sum: 
498 

Average: 
99.6 

With out impact 12 27 24 
Small impact 15 6 27 

Moderate impact 21 12 9 
High impact 60 21 93 

Task innovation 

Very high impact 42 

Sum: 
555 

Averag
e: 

111 24 

Sum: 
279 

Average: 
55.8 

57 

Sum: 
762 

Average: 
152.4 

With out impact 63 6 18 
Small impact 27 36 18 

Moderate impact 39 18 96 
High impact 6 12 45 

Task 
productivity 

Very high impact 15 

Sum: 
333 

Averag
e: 

66.6 18 

Sum: 
270 

Average: 
54 

36 

Sum: 
702 

Average: 
140.4 

 
  

In evaluating efficiency of the spent resources on end-user training programs in sub-
organizations and their impact on individual's work, due to this fact that increase in inputs (in this 
case which are spent time and budget on end-user training programs) will results in variable 
increase in outputs (IT/IS impact on individual works) for different quantity of inputs, we 
selected the DEA variable returns to scale for modelling and assessment purpose.  End-user 
training needs is not continues and by achieving to the some level, after that IT impacts on work 
will not increase as past. For example, consider that a sub-organization spent 50 hours and 3000$ 
on its end-user training program, and their users scored different aspects of IT impact on their 
work as 40, 30, 60, 20 in a 100 scale.  If we increase the mentioned sub-organization end-user 
training inputs to 100 hours and $6000, then their users scored different aspects of IT impact on 
their work as 60, 70, 65, and 50 in a scale of 100.  Increasing to 150 hours and 9000$, their users 
scored different aspects of IT impact on their work as 65, 75, 70, 60 in a 100 scale. Reason for 
using the output-oriented model is that we are seeking to determine the spent input and resources 
efficiency in creating IT/IS success in individual level. 

3. Finally, by using sub-organizations ranks which is determined in step 2, and considering other 
factors in selecting and assigning end-user training programs, an integer programming model is 
formulated and solved to assign and plan proposed end-user training programs.  In organizations, 
stakeholders may assign the criteria to some sub-organizations due to their role or position in 
organization value chain (e.g. Production department etc).  Those criteria and other constraints 
such as budget can be applied in the following integer programming model: 
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Also wri is the respected weight for course i from ranking sub-organizations and wpi is respected 

weight for course i from other criteria defined by stakeholders and lbj is lower bound for number of 
courses which must be assigned to the sub-organizations j and B is the limited budget for overall IT 
training programs in the organization.  For clarifying the proposed model, we applied model in a gas 
refinery discussed in the next section. 
 
5    CONCLUSION AND RESULTS 
 

An integrated model for planning and assigning IT training attempts in organizations based on IT 
impacts and productivity in sub-organizations was presented. The model is very easy to implement and 
compatible and is based on the end-user training planning and evaluation, IT/IS success and IT impact 
literature.  Also, the model is easy to understand, learn and adopt in organizations. This model is provide 
a good tool to apply for planning end-user training programs in organization and it can be integrated with 
other sections of IT budget assignment such as maintenance projects, new systems developments, 
updating systems.  
 
6    REFERENCES 
 

[1] M. Martinsons, R. Davison, D. Tse, The balanced scorecard: a foundation for the strategic 
management of information systems, Decision Support Systems 25 (1999) 71–88. 

[2] T. Saarinen, An expanded instrument for evaluating information system success , Information & 
Management 31 (1996) 103-118. 

[3] Ballantine, Stray, Information systems and other capital investrments: Evaluation practice 
compared, Logistics and Information Management 12 (1-2) (1999) 78-93. 

[4] Irani, Love, The propagation of technology management taxonomies for evaluation investments 
in information systems, Journal of Management information systems 17(3) (2000) 161-177.  

[5] G. Torkzadeh, W.J. Doll, The development of a tool for measuring the perceived impact of 
information technology on work, Omega, International Journal of Management Science 27 (1999) 
327-339. 

[6] J. E. Bailey, S.W. Pearson, Development of a tool for measuring and analyzing computer user 
satisfaction, Management Science 29 (5) (1983) 530-545. 

[7] R. Mirani, A.L. Lederer, An instrument for assessing the organizational benefits of IS projects, 
Decision Sciences 29(4) (1998) 803-838. 

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com

http://www.pdffactory.com


[8] W.J. Doll, G. Torkzadeh, The Measurement of End-User Computing Satisfaction", MIS Quarterly 
(1988), 259-274. 

[9] T. Saarinen, An expanded instrument for evaluating information system success , Information & 
Management 31 (1996) 103-118. 

[10] E.Y. Li, Perceived importance of information system success factors: A Meta analysis of       
group differences, Information & Management 32 (1) (1997) 15–28. 

[11] G. Torkzadeh, X. Koufteros, W.J. Doll, Confirmatory factor analysis and factorial invariance of 
the impact of information technology instrument, Omega 33 (2005) 107 – 118. 

[12] W.H. DeLone, E.R. McLean, Information systems success: the quest for the dependent variable, 
Information Systems Research 3(1) (1992) 60 –95. 

[13] B. L. Myers, L. Kappelman, V.R. Prybutok, A comprehensive model for assessing the quality and 
productivity of the information system function: Toward a theory for information system assessment.  
Information Resources Management Journal 10 (1) (1997) 6-25. 

[14] W.H. Delone,  R.E. Mclean, The DeLone and McLean Model of Information Systems Success: A 
Ten-Year Update, Journal of Management Information Systems 19(4) (2003) 9–30. 

[15] T.A. Byrda, E.H. Thrasherb, T. Langc, N.W. Davidsond, A process-oriented perspective of IS 
success: Examining the impact of IS on operational cost, Omega Article in press. 

[16] L.F. Pitt, R.T. Watson, C.B. Kavan, Service quality: A measure of information systems 
effectiveness, MIS Quarterly 19(2) (1995) 173–188. 

[17] W.J. Kettinger, C.C. Lee, Perceived service quality and user satisfaction with the information 
services function, Decision Sciences 25(5–6) (1995) 737–765. 

[18] E.Y. Li, Perceived importance of information system success factors: A Meta analysis of group 
differences, Information & Management 32(1) (1997) 15–28. 

[19] R. Mahapatra, S.L. Vincent, Evaluating end-user training programs, COMMUNICATIONS OF 
ACM 48(1) (2005). 

[20] D. Kirkpatrick, Evaluating Training Programs,  Berrett-Koehler Publishers, San Francisco, 1998. 
[21] M.L. Sang, R.K. Yeong, L. Jaejung, An empirical study of the relationships among End-user 

Information Systems Acceptance, Training, and Effectiveness, Journal of Management Information 
Systems, 12(2) (1995) 189-202. 

[22] M.J. Gallivan, V.K. Spitler, M. Koufaris, Does Information Technology Training Really Matter? 
A Social Information Processing Analysis of Coworkers' Influence on IT Usage in the Workplace, 
Journal of Management Information Systems 22(l) (2005) 153-192. 

[23] R.R. Nelson, P.H. Cheney, Training end users: An exploratory study, MIS Quarterly 11(4) (1987) 
547-559. 

[24] D.L. Davis, D.F. Davis, The effect of training techniques and personal characteristics on training 
end users of information systems, Journal of Management Information Systems 7(2)  ( 1990) 93-110. 

[25] A.W. Harrison, R.K. Rainer, The influence of individual differences on skill in end-user 
computing, Journal of Management Information Systems 9(1) (1992) 93-111. 

[26] P. Andersen, N.C. Petersen, A Procedure for Ranking Efficient Units in Data Envelopment 
Analysis, Management Science 39(10) (1993). 

[27] J. Zhu, Quantitative Models for performance Evaluation and Benchmarking, Kluwer Academic 
publishers, 2003. 

[28] G.R. Jahanshahloo, F. Hosseinzadeh, N. Shoja , M. Sanei , G. Tohidi, Sensitivity and stability 
analysis in DEA , Applied Mathematics and Computation (2005) IN PRESS. 

[29] J. Zhu, Super Efficiency and DEA sensitivity analysis, Theory and Methodology, European 
Journal of Operational Research 129 (2001) 443-455. 

[30] L.M. Seiford, J. Zhu, Theory and Methodology, Stability regions for maintaining Efficiency in 
data envelopment Analysis, European Journal of Operational Research, 108(1) 1998 127-139. 

 

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com

http://www.pdffactory.com

