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 This research designs information technology (IT) adoption in service system. It determines the 
role of IT in determining the performance of service delivery processes. It addresses the concept 
of IT adoption and discusses the design of the key parameters/elements. Based on a detailed 
questionnaire survey along with case studies, it outlines how IT can be implemented success-
fully. Its sole purpose is to help establish whether or not IT adoption improves service quality 
and firm performance. 
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1. Introduction 
 
 
Over the last few decades, there has been a change in the Indian banking and software industry due to 
the adoption of information technology (IT). Indian banks have been offering internet banking services 
since 2000 to their customers, especially those familiar with IT and have prompt access for banking 
transactions (Kannabiran & Narayan, 2005). Throughout the world business firms whether involved in 
manufacturing of products or delivering service or both recognize quality and performance as two com-
peting factors either to improve or maintain or regain their market share (Nudurupati et al., 2011). 
However, widespread implementation of IT has become difficult due to lack of infrastructure and low 
educational background in rural areas in India (Pick et al., 2013). 
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A service system consisting of a series of processing stages with information flow provides variety of 
services as and when required. Service systems are confronted with new pressures in evolving service 
environment to offer customized services with timely delivery, high quality and more performance (Cui 
et al, 2003). In addition, IT adopted service system has contributed towards improvement in market 
share and ability to handle various services (Dewhurst et al, 2003). IT Demand has increased with the 
development of high bandwidth telecommunications networking and database systems that allow busi-
nesses to operate in a global way (Ghobakhloo at al., 2011). Overall performance of service system 
depends upon many factors (Chang, 2014). During last few years, IT adoption has generated a mile-
stone in banking transactions through the increased use of ATMs in developing countries like India 
(KPMG, 2015). 
 
Measurement and evaluation standards and procedures for performance of service systems have be-
come practically inconvenient (Tanriverdi, 2005). For systematic assessment of performance, it is de-
sirable to develop a comprehensive methodology to enable the managers and academicians to design 
an instrument consisting of service dimensions and its related items (Liu et al., 2006). However, re-
searchers have noted that studies on barriers to adoption have been conducted in developed countries 
(Behera et al., 2015) A typical service system needs to be developed incorporating several IT adoption 
tools and techniques to ensure its performance in changing environment and market conditions 
(Mwangi & Brown, 2015). 
 
Indian banking and software industry have undertaken a number of measures to make ease in various 
operations (Behera et al., 2015). In addition, the Indian government has passed legislation covering 
internet banking services. Despite these efforts, service delivery remains a major barrier due to poor IT 
adoption (Behera et al., 2015). In response to the concerns of Indian banks and software firm, this 
research presents a development and empirical testing of a model that links the perceived level of per-
formance of service delivery systems to IT adoption (Chen et al., 2012). 
  
The objective of this study is to examine the role of tenure, utility and vendor on IT adoption and 
ultimately its role on performance of service delivery system. As the pace of development and adoption 
of new technologies varies between service firms, the type of service is likely to influence the extent 
of IT adoption. 
 
In the following sections, we discuss review of literature. We then discuss the methodology, analytical 
results, conclusions and recommendations of our findings. 

2. Literature review and hypotheses 
 
Previous literature addresses the importance of IT adoption in the success of service firms. However, a 
close look at the literature reveals that there is no common agreement among the authors on even the 
definition of IT adoption, IT adoption equipment, service system design, service quality, and system 
performance. In the era of e-Banking, IT-based systems are able to handle core-banking functionalities 
(Peter at al., 2011). Banks are motivated to incorporate IT literacy skills among the existing bank staff 
to enhance performance (Lepmets et al., 2014). Bank employee with IT knowledge caters banking 
services as per the customer requirements (Hawari & Ward, 2006). With the incorporation of IT, there 
is ample opportunity enabling organizations to succeed financially (Doha et al., 2014). 
 
Researchers and practitioners have proposed a number of models and methodologies for measuring and 
evaluating firm performance (Igbaria & Tan, 1997). Those models address operational and financial 
aspects (Mikhailov & Tsvetinov, 2004). Strategies of IT adoption are required to measure system per-
formance (Goo, 2010). The studies on the relationship between IT adoption and effectiveness are con-
ducted in either of the two ways: empirically finding out the relationships in a given service system or 
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proposing an analytical/mathematical model of these relationships (Yee et al., 2013). A few investiga-
tors have reported empirical relationships between specific IT adoption and performance dimensions 
(Zhang et al., 2007; Parka et al., 2012). The hypothesis can be formulated as: 

H1: IT adoption has significant positive effect on effectiveness 

In service sector, IT adoption process is directly affected by top management where all decisions from 
daily functions to future investments are made by them. Knowledge and experience of CEO are im-
portant factors for affecting IT adoption (Ghobakhloo et al., 2010). The study revealed that, the role 
of CEOs (top management, owner) affect activities, both in current and in future (Durdyeva et al., 
2014; Davis, 1989). The study has found that there is a negative impact on business productivity due 
to lack of sufficient IT user employees (Southern & Tilley, 2000). Performance of service system 
depends upon many factors, namely, level of IT service quality, customer attitude towards IT usage, 
customer satisfaction, and operational efficiency (Bruque & Moyano, 2007). Thus, it can be hypoth-
esized as follows:  

H2: IT adoption has significant positive effect on efficiency 

Online finance introduced by bank leverage its state of the art technology for the convenience of cus-
tomers (Jayawardhana, 2004). Online financing has been established under Supply Chain Finance Unit 
(Shaik and Abdul, 2014). Apart from the traditional banking business, banks have been strengthened 
to produce variety of financial and non-financial activities (Bergendahl & Lindblom, 2008). Techno-
logical change has been accepted by the Bankers (Arasli, 2005). Automated customer care and self-
service are the main cause to reduce costs and handle an ever-increasing number of transactions (Ther-
rien at al., 2011). Due to the changing demand, customers are not dependent on a single communication 
device (Chan & Ngai, 2010). In the shifting paradigm, customers can be expected anytime, anywhere 
access to services (Gustafsson et al., 2003). Thus, the effect of IT on productivity has been hypothe-
sized: 

H3: IT adoption has significant positive effect on productivity 

3. Methodology 
 
A questionnaire in the form of a survey instrument was developed using the total design method (Jun 
& Cai, 2010). Survey items were collected from previously published studies. The objective of ques-
tionnaire was to elicit the opinion of the respondents on the importance of the need and effectiveness 
related factors (Vera & Trujillo, 2013). The questionnaire at the initial stage was sent to selected per-
sons for pretesting. Pilot test was done for survey instrument and selected persons were included (Table 
1). Modifications were made wherever necessary and unreliable items were eliminated where ten sub-
ject matter experts conducted a Q-sort analysis (Hussain &d Gunasekaran, 2002). Then, the final ver-
sion of the questionnaire was designed. A database was created by selecting all leading service indus-
tries. The sample firms defined in the database are randomly selected.  
 

Table 1 
Distribution and Composition of Panelists 

Category No. of persons contacted No. of respondents 

Executives from Industry 30 19 
Professors and Researchers 18 11 

Total 48 30 

 
3.1 Survey Design 
 
The target population for this research was selected from Indian Bank and IT firms. By using the non-
probability sampling technique, a scientific stratified sampling scheme was implemented. The research 
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analysis was from a single branch or unit. The respondents were related with IT activities. In 2015, 
managers from various departments in the banking and software firm with IT expertise whose standard 
Industrial classification codes were 7371 (software firms) and 6021 (Nationalized commercial Banks) 
were included as respondent titles. Stratified sampling has several potential benefits (Carmeli et al., 
2008). 125 completed surveys were returned from 500 surveys that were mailed, with a response rate 
of 25 percent. Units having 51 to 100 employees corresponds 40%, between 101- 200 employees 30%, 
and more than 200 employees rest 30%. Banking (48 percent) and IT firms (52 percent) were the re-
spondents from the sample. ANOVA (analysis of variance) was carried out across the two service sec-
tors and non-response bias was assessed by comparing general characteristics of non-responding firms 
(Therrien et al., 2011). No differences were detected. Table 2 represents frequency distribution of re-
sponding firms. 
 
Table 2 
Frequency distribution of responding firms 
SIC Code Firms Approached Responses Received Percentage 
SIC 6021 300 60 48 
SIC 7371 200 65 52 
Total 500 125 100 

 

3.2 Dependent variables 

A set of variables were considered to measure performance of service system. Effectiveness is the de-
gree of achievement of the functional values of services indicative of the purpose of doing business for 
which goals and objectives are set and activities are performed. An efficient system either requires 
fewer inputs or delivers more outputs compared to a similar system. It refers to the volume of output 
achieved for the internal resources consumed. Productivity is the ability of a service organization to 
use its inputs for providing services with quality matching the expectation of customers. Effectiveness, 
efficiency and productivity are described in Table 3. 
 
Table 3 
Variables used to measure firm performance 

Effectiveness
i Software installation is easy  
ii Installation is accurate and complete  
iii Installed software functions without  problems or errors
iv Installed software  functions without service interruptions or crashes
v Installed software functions without problems or errors in long run basis 
vi Installed software after updating, functions without service interruptions 

Efficiency
i Using the software, tasks are easily performed
ii Software completeness in all aspects quickly finishes the task
iii Availability of technical support for completion of different task
iv Completeness of user documentation requires less work force
v Completeness in employee training produces more man hour 
vi Software developed in-house is of satisfaction and performs task accurately

Productivity
i Compatibility of using the software 
ii Comparison of own software to other similar software for same task
iii Ability of technical support to solve user problems
iv Documentation usefulness to complete variety of task
v Training usefulness to complete the required task
vi Overall, how useful are the own software products for support services

Independent variables 

 
Survey items of IT adoption to measure system performance are presented in Table 4. 
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 Table 4 
Variables used for IT usage  

Tenure of  IT Adoption 
i usage ˂ 2 years 
ii usage between 03- 05 years                                               
iii usage between 06 - 10  years                                     
iv usage ˃ 10 years     

Percentage of  IT Utilization  
i utilization ˂ 25 %                      
ii utilization between  26-50 %                               
iii utilization between 51-75 %                              
iv utilization between 76-100 %                               

Percentage of  IT Adoption Developed by Vendors 
i adoption ˂ 25%                                 
ii adoption between 26-50%                                              
iii adoption between 51-75%                  
iv adoption between 76-100 %               

Control variables 
 

Fig. 1 shows the ANN model relating input parameters (tenure of IT adoption, utility of IT adoption, 
and vendor support for IT adoption) and output parameters (efficiency, effectiveness and productivity) 
for service system performance. There exists one hidden layer in the model.   

 

Fig. 1. ANN model for relating IT adoption and system performance 
 

4. Analysis of Results 
 

Based upon the optimal validation performance, training R and validation R values, different process 
parameters are chosen and documented. Based upon the optimal parameter value, final model has been 
developed. Various values of neural network model which has been used in the final mapping of IT 
adoption and performance are provided in Table 5. Neural network modelling has been performed using 
MATLAB 2011b.  

Table 5 
Optimal process parameter setting of Feed Forward Neural Architecture (FFNA) 

Sl. 
No. 

Parameter Data and its range Technique and type of parameter  used 

01 Neural architecture - FFNA 
02 Number of input neurons 3 (tenure, utility and vendor) - 

03 No. of output neurons  3 (performance measures) - 
04 Total no. of exemplars 125 - 
05 Number of hidden layer 01 - 
06 Ratio of training, validation and testing of 

data 
80:10:10 - 

07 Normalization of data 0.05 to 0.95 Min-max data normalization technique 
08 Initialization of weight -0.5 to 0.5 Random wt. initialization 
09 Transfer function/ Activation function 0 and 1 for logsig and -1 to 1 for tan-

sig 
Logsig for hidden Layer  & tansig for output 

Layer 
10 Error function - Mean squared error function 
11 Training Algorithm  - Levenberg-Marquardt back propagation type 
12 Mode of training - Batch mode 
13 Type of learning rule - Supervised learning rule 
14 Stopping criteria - Early stopping 
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Choosing number of hidden Layer and transfer function / activation function: 

To select the best hidden layer and transfer/activation function, ANN modelling was performed for 
performance measures. Several variations of FFNA have been considered and documented in Table 6:  

Table 6 
Variation of Process Parameters of Feed Forward Neural Architecture (FFNA) 

Sl. No. Parameters Type of parameter Data or range of data

01 Hidden layer NA 1, 2, 3 
02 Hidden Neuron NA 8, 16 

03 Transfer function/ Activation function Tansig, logsig, purelin & hardlim NA 

 
Based upon the values of optimal validation performance, training R and validation R, different process 
parameters for ANN model was obtained. It was found that FFNA performs better than Elman and 
Layer Recurrent models. In the sub sections below, effect of IT adoption upon various performance 
measures (effectiveness, efficiency and productivity) are discussed:     

Case - 1: Effectiveness 
 
Effect of tenure of IT adoption, utility of IT and vendor contribution upon effectiveness of performance 
was carried out. Table 7 shows the process parameter setting and Evaluation parameters of Neural 
Architecture i.e., Validation Performance, Training R and Validation R. it is observed that single hidden 
layer provides the optimum results rather than multiple layers. Fig. 2 and Fig. 3 show the Main Effects 
Plot for Validation Performance and Main Effects Plot for Training R respectively. 

 
Fig. 2. Main Effects Plot for Validation Performance 

 

 
Fig. 3. Main Effects Plot for Training R 
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Table 7 
FFNA modelling of Effectiveness 

No. of 
Hidden 
Layer 

  

No. of Hidden Neurons Name of the Transfer function 
Evaluation of Neural Architecture 

HL 1 HL2 HL3 HL1 HL2 HL3 Output Layer 

Validation  Per-
formance 

Training R Validation R 

1 16 0 0 logsig NA NA tansig 0.0022182 0.89786 0.85305 

2 8 8 0 logsig tansig NA tansig 0.027104 0.74344 0.76261 

2 8 8 0 logsig logsig NA logsig 0.012225 0.18333 0.24908 

2 8 8 0 tansig tansig NA tansig 0.0057705 0.82156 0.74587 

2 8 8 0 tansig logsig NA logsig 0.017645 0.60001 0.35024 

2 8 8 0 purelin purelin NA purelin 0.016187 0.43335 0.57315 

2 8 8 0 logsig purelin NA purelin 0.0069375 0.83589 0.86004 

2 8 8 0 tansig purelin NA purelin 0.0038725 0.82706 0.68007 

2 8 8 0 hardlim hardlim NA hardlim 0.068579 -0.1771 -0.13885 

2 8 8 0 hardlim logsig NA logsig 0.021934 0.00442 0.27947 

2 8 8 0 hardlim tansig NA tansig 0.00629 0.60048 0.27669 

2 8 8 0 hardlim purelin NA purelin 0.01283 0.54185 0.12905 

3 8 8 8 logsig tansig tansig tansig 0.016268 0.78148 0.83601 

3 8 8 8 logsig logsig logsig logsig 0.048635 0.55828 0.12016 

3 8 8 8 tansig tansig tansig tansig 0.022506 0.85502 0.66007 

3 8 8 8 tansig logsig logsig logsig 0.040534 0.84533 0.021823 

3 8 8 8 purelin purelin purelin purelin 0.017976 0.51575 0.48662 

3 8 8 8 logsig purelin purelin purelin 0.020645 0.78122 0.7259 

3 8 8 8 tansig purelin purelin purelin 0.037222 0.73547 0.43607 

3 8 8 8 hardlim hardlim hardlim hardlim 0.28193 -0.1885 -0.04394 

3 8 8 8 hardlim logsig logsig logsig 0.033911 0.35464 -0.38258 

3 8 8 8 hardlim tansig tansig tansig 0.020697 0.61618 0.61917 

3 8 8 8 hardlim purelin purelin purelin 0.006463 0.57029 0.77994 

3 16 16 16 logsig tansig tansig tansig 0.038317 0.65012 0.80716 

3 16 16 16 logsig logsig logsig logsig 0.0608 0.50018 0.82947 

3 16 16 16 tansig tansig tansig tansig 0.020156 0.76911 0.38613 

3 16 16 16 tansig logsig logsig logsig 0.039306 0.65394 0.72292 

3 16 16 16 purelin purelin purelin purelin 0.038302 0.47148 0.88143 

3 16 16 16 logsig purelin purelin purelin 0.013901 0.67901 0.65135 

3 16 16 16 tansig purelin purelin purelin 0.026841 0.82076 0.52915 

3 16 16 16 hardlim hardlim hardlim hardlim 0.059187 0.04862 0.00111 

3 16 16 16 hardlim logsig logsig logsig 0.070126 0.06785 0.54197 

3 16 16 16 hardlim tansig tansig tansig 0.028457 0.76457 0.51093 

3 16 16 16 hardlim purelin purelin purelin 0.040067 0.7715 -0.07466 

 
Using statistical methods and SPSS software, data collected from questionnaire have been analyzed. 
The effect of IT on service performance was checked. Using confidence level of 95% (significance 
level of α=0.05), the analysis of variance (ANOVA) was carried out. Tenure of IT adoption, utility of 
IT and vendor contribution upon effectiveness of service system performance has been modeled. Re-
sults obtained from ANOVA have been verified with that of ANN modeling. Effectiveness linearly 
increases with tenure and utility (Fig. 4 (a), 4 (b)). However, vendor does not have significant effect on 
performance (Fig. 4 (c)). 
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Fig. 4 (c). Vendor developed IT service vs. Effectiveness 

Case - 2: Efficiency 

Process parameter setting and evaluation parameters (Validation Performance, Training R and Valida-
tion R) have been obtained using FFNA modeling, as in Table 7. Figure 5 and 6 show the Main Effects 
Plot for Training R and Main Effects Plot for Validation Performance respectively. 

 
 

Fig. 5. Main Effects Plot for Training R 

 

Fig. 6. Main Effects Plot for Validation Performance 
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Tenure of IT adoption, utility of IT and vendor contribution upon efficiency has been modeled. Results 
obtained from ANN model have been verified with that of ANOVA. Efficiency increases with increase 
in tenure and utility of IT service (Figs. 7 (a), (b)). However, vendor plays no role (Fig. 7 (c)). Thus 
more the IT service being utilized, more will be the firm’s efficiency. 
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            Fig. 7 (a). Tenure vs. Efficiency                                  Fig. 7 (b). Utility vs. Efficiency 

54321

- 0 . 0 8

- 0 . 0 9

- 0 . 1 0

- 0 . 1 1

- 0 . 1 2

- 0 . 1 3

- 0 . 1 4

- 0 . 1 5

- 0 . 1 6

V e n d o r

No
rm

al
iz

ed
 M

ea
n 

Ef
fic

ie
nc

y

 
Fig. 7 (c). Vendor developed IT service vs. Efficiency 

Case - 3: Productivity 

 
Using FFNA modeling, Validation Performance, Training R and Validation R values for process pa-
rameter setting and evaluation parameters have been obtained, as in Table 7. Figure 8 and 9 shows the 
Main Effects Plot for Training R and Validation Performance respectively. 
 

 

Fig. 8. Main Effects Plot for Training R 
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Fig. 9. Main Effects Plot for Validation Performance 
 

Tenure of IT adoption, utility of IT and vendor contribution upon productivity improvement of firm 
has been modeled. Results obtained from statistical analysis using ANOVA have been verified with 
that of ANN model. Productivity increases with tenure (Fig. 10 (a)) and utility (Fig. 10 (b)). Vendor 
does not have any significant role for enhancing the productivity of system (Fig. 10 (c)). 
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          Fig. 10 (a). Tenure vs. Productivity                         Fig. 10 (b). Utility vs. Productivity 

54321

- 0 .2 1

- 0 .2 2

- 0 .2 3

- 0 .2 4

- 0 .2 5

- 0 .2 6

- 0 .2 7

V e n d o r

No
rm

al
iz

ed
 M

ea
n 

Pr
of

ita
bi

lit
y

 
 

Fig. 10 (c). Vendor developed IT service vs. Productivity 
 

5. Conclusions and recommendations for future research 

Normal probability plot for effectiveness, efficiency and productivity were drawn for residuals. It con-
firms the normal distribution of the data as the graph approaches linearity. Relationship between pre-
dicted values and standardized residuals were also checked. It has been observed that, data were dis-
tributed in both positive and negative directions and concluded that the model was adequate having no 
cause to think about violation of the constant variance assumption or independence. Histogram for all 
the above cases were drawn and all reflects uniform distribution around ‘0’ (mean value) and shows 
conformance of the constant variance of the entire data, plotted between standard residual and obser-
vation order. 
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After analyzing the result of Training R and Validation Performance from the obtained Main Effect 
Plots and the tabulated results of various FFNA modelling for all the performance measures, it can be 
concluded that the process parameter setting of FFNA (transfer function, number of hidden layer, num-
ber of hidden neurons) that has been tabulated in Table 5 is optimal. With the help of specified process 
parameters in the above table, final neural network model has been developed. With varying hidden 
layers and learning parameter, the following observations were made: 
 

i) Changing the hidden layers and also the learning parameter there will be a variation in perfor-
mance of ANN model, and the same has been demonstrated. It is concluded that single hidden 
layer with 16 numbers of neuron gives the best result for performance.   

ii) The appropriate transfer function found from above analysis for hidden layer is logsig and for 
output layer is tansig, which has been implemented in the final model. 

iii) In neural network modelling, increasing the inputs will have impact. In this research, the num-
ber of input variable remains same for all the performance measures. 

 
Performance of ANN model is mainly dependent upon the type of neural architecture, number of hidden 
neurons, number of hidden layers, and type of transfer/activation function. In order to build up an effi-
cient ANN model, the focus has been given on the above critical parameters. However, increasing the 
number of outputs in network, will not affect the performance of the developed ANN model as the 
modelling has been done with optimal process parameter setting. 

5.1 Bivariate Correlations 

 In order to examine the bivariate relationship, scatter plots have been formed. It has been observed 
that the corresponding joint values of the variables lie along a straight line, thus a linear relationship 
or correlation exists. No combination seems to exhibit a non linear relationship that would not be rep-
resented in a bivariate correlation.  

5.2 Testing the Hypotheses 
 
The model developed for establishing relationship between IT adoption and performance is applied in 
banks as well as software firms. Both the input variable tenure and utility bears significant positive 
relationship with service system performance. However, vendor bears no relationship with perfor-
mance. The application of the methodology has been found to result in better understanding than that 
of the existing methodologies relating IT adoption - performance. 

5.3 Directions for Future Research 
 
Author identifies the following few important areas, that need further study: (i) consideration of other 
‘intangible’ factors, (ii) Contribution of resources, effect of intellectual apathy, leadership quality, (iii) 
Other services such as, hospital, hotel, airline, education may be taken into account, and (iv) Develop-
ment of suitable IT adoption and evaluation model for production firms. 
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