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ABSTRACT 

 This paper provides a review on existing quality of library services. A pilot 

study is carried out on Six Sigma applications for select special library services 

by approaching Define, Measure, Analyze, Improve and Control (DMAIC) 

methodology. This approach focuses on finding the defects in the process of 

library services. A defect is defined on the basis of complaints received by the 

librarian from the users against the library services. Likert five point scale 

applied to collect the data from the respondents. The closest tolerance limit of 

complaints received is Likert scale one and two. The existing level of Six Sigma 

is calculated and suggestions are given to overcome the identified deficiencies. 

KEY WORDS: Six Sigma, DMAIC, Special libraries, and Library services.  

1. INTRODUCTION 

 The ultimate goal of any library is to meet the user needs. To evaluate user 

needs and to develop quality service in the library, there is need to bring an 

innovative strategy. A number of different approaches to the introduction of 

quality can now be observed in public, academic and special libraries. The 
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continuing call for value-for-money and the increasing emphasis on performance 

evaluation have also played their part in bringing the whole area of quality 

related activities into sharper focus. Quality is seen as something which is made 

up of processes, procedures, standards and the resultant performance which 

these bring about. Quality issues in special libraries will vary according to the 

mission of the library. For libraries serving the employees of a company or 

organization; quality will be mainly defined by the speed, actuality and accuracy 

of the reference and information delivery services, the possibilities of direct 

access to the collections and services of library, and special customized services 

for the users.  

 The libraries usually are able to demonstrate that their work supports the 

goals of the institution and that the money spent on them will finally result in 

cost saving for the institution. Although the idea of monitoring and measuring 

performance in libraries is not new (Sylvia P. 1995), the need for new thinking 

on what and how to deliver in terms of service provision in pursuit of greater 

efficiency and effectiveness, have led to a review of procedures in services of all 

kinds.  

 In the more recent history of the quality development, the emergence of Six 

Sigma in the service industry has renewed interest in the management of service 

process. The American company Motorola developed Six Sigma as a concept of 

poor quality and customer complaints, which affected the competitive power of 

the company negatively (Barney, 2002). In 1986 Bill Smith, engineer and 

statistician at Motorola introduced the Six Sigma concept aiming to attack the 

existing quality problems in the company.  

 The Motorola launched the Six Sigma approach in 1987, from 1995 a 

growing number of global companies have followed developing Six Sigma 

programs of their own (Magnusson, Kroslid, and Bergman, 2003). Today, Six 
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Sigma is well established in service industry like Hospitals, Call centers, and 

Financial Service Centers, etc. 

 Bergman and Klefsju (2001) claims that, the goal of Six Sigma is to 

substantially reduce unwanted variation that either results in cost reductions or 

increased customer satisfaction. The reduced variation may also lead to 

improved performance and increased process yield. Six Sigma is a disciplined 

methodology that uses data and statistical analysis to measure and improve a 

company's operational performance by identifying and eliminating defects in 

manufacturing and service related processes (De Feo, J.A. and Barnard W., 

2005). Six Sigma help us to do continues appraisal and improve the quality of 

the library to satisfy the library users in an effective and better manner. 

2. REVIEW OF LITERATURE  

 Kim Yong and others (2010) have conducted a case study into a corporate 

research library of a telecom company in Korea to identify and remove 

ineffective components and unnecessary steps in library works and services. 

Specifically, they used DMAIC approach to improve the process of purchasing 

overseas academic/scientific information and to enhance user satisfaction with 

information utilization. They identified 12 key factors, which have a great effect 

on information acquisition time and information utilization, and then proposed 

the improvement plans for those identified factors. They concluded that the 

successful implementation of Six Sigma, information acquisition time has been 

reduced from 25.9 days to 8.1 days, and the level of user satisfaction with 

information utilization has been greatly increased from 6.74 points to 8.46 points 

on the Likert scale. It is very meaningful in that it was a first attempt in Korea to 

apply Six Sigma to library and information services.  

 Kim Dong-Suk (2006) has stated in the study on Six Sigma theory in the 

library for service competitiveness enhancement. Six Sigma means "a systematic 

innovative activity to statistically measure and analyze causes of defects that 
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happen in all parts of management, and then remove those causes." The paper 

includes definition of defects as anything that interrupt the process or service. As 

a theory it was originally used in manufacturing. Today it is applied in service 

areas. In this paper quantitative analysis method is applied to evaluate library 

services and also identified user complaint factors. In this regard He identified 

the application plans of Six Sigma and its significance in the library field. He 

also established information infrastructure and secured service competitiveness 

in order to improve user satisfaction.  

 Kaushik, Chitra and others (2007) have stated that Six Sigma is now 

increasingly being applied to a wide range of processes ranging from 

manufacturing to services and variegated transactional processes. A fundamental 

objective of Six Sigma is to achieve customer satisfaction. Doing things right 

and keeping them consistent are the ideas behind Six Sigma. In a pilot study on 

Six Sigma application for library services they emphasized on necessary critical 

success factors and key performance indicators.  Applying Six Sigma to services 

is still needed more research study.  

 Dutta, Biswanath and Chowdhury, K. K. (2004) have stated that Six Sigma 

is a leading performance improvement tool in the present era. It is a business 

improvement process that focuses on organization of customer requirements, 

process alignment, analytical rigour, and timely execution. Library is an 

organization where people are directly involved. By applying Six Sigma a 

library can provide high quality and consistent services to the end user 

community. It deals with the improvement of library services through DMAIC 

approach of Six Sigma philosophy. The philosophy behind Six Sigma is that if 

one can measure how many defects are in a process, it can be figured out how to 

systematically eliminate them and get as close to perfection as possible. To 

achieve Six Sigma level, it should not more than 3.4 defects per million 

opportunities.  
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3. OBJECTIVES OF THE STUDY 

 The objective of the study is to provide an overview into the realm of 

quality assessment and use the techniques to assess the performance of special 

libraries in rendering their quality services and more specifically identify the 

quality dimensions in the light of Six Sigma DMAIC approach. 

4. NEED FOR THE STUDY 

 The costs incurred due to poor quality are often unseen within an 

organization. Poor quality of library services might lead to complaints, rework, 

delays, and other consequences. In order to rectify the loss due to these 

consequences more effort from both human and financial resources is required. 

For rectifying and improving the quality in the process of library services, the 

first step should be to identify the defects causing the poor quality. In order to 

identify the defects and further improve the process of library services, DMAIC 

approach can be adopted for eliminating variations, defects, and inefficiencies in 

any process. 

5. POPULATION OF THE STUDY 

 For identifying the defects in library services five special libraries located in 

Karnataka were selected as samples of the study. A stratified Sampling 

technique has been adopted to distribute the questionnaire for eliciting the data 

from the study population. 

6. METHODOLOGY 

 According to Six Sigma a manufacturing process with a normally 

distributed output and a standard deviation, σ, has to display a distance of six 

standard deviations between process target and the closest tolerance limit 

(Bergman and Klefsjo, 2001).  This is illustrated in figure 1. A library is a place 

where knowledge is discovered. Driven by this philosophy, the study focused on 
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using DMAIC approach to improve the quality of service process at select 

special libraries. 

 

Figure 1 : Distance between target and tolerance limits if the process 

output is normally distributed and performing at Six Sigma 

level 

Source: Bergman and Kiefsjo (2001). Kvalitet från behov till användning  (3rd ed.) Lund: 

Studentlitteratur. ISBN: 91-44-01917-3  

7. ANALYSIS OF DATA 

 In order to analyze the existing quality of the libraries in Karnataka, data is 

collected and analyzed using DMAIC approach of Six Sigma. The steps are 

explained below. 

7.1 Define 

 In the first step to analyze the quality is to define the defects in the service 

process. The goal of this study is to analyze the existing quality of library 

services and suggesting improvisations. One of the key success factors of Six 

Sigma is that it starts with an understanding of what service processes are critical 

to libraries in achieving its objectives. These are called the Critical to Quality 

(CTQ). For this study CTQs are used based on the Association of College and 

Research Libraries (ACRL), standards for higher education which serve as 
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operational definitions when measuring quality in library services. Some of the 

select CTQs of the library service process as listed below:  

• Failure of technology (library software, internet service, server failure,                

computer failure, and photocopier failure, etc) 

• Misplacement of resources  

• Infrastructural failure  

• Inconvenient timings of library services  

• Limited number of access to specific license  

• Unavailability of current information resources  

• Request to response process 

 Services offered by the library for which librarians face problems “twice in 

a month”, “once in a month”, and “frequently are considered as defective 

services. 

7.2 Measure  

 In this phase the existing service process is measured. Reliable and valid 

measurements are used to measure and understand the quality of existing 

system. These measurements help us understand the existing system. It also 

helps to work towards the goal defined in the first phase. For this study, CTQs 

and objectives defined in the first phase are used as the bases for forming the 

questionnaire for collecting data. Questionnaire is designed based on Likert five 

points scale. It is an ordered, one dimensional scale from which respondents 

choose one option that best aligns with their view. Each question is provided 

with five different options. These five options are used to measure five different 

levels of satisfaction the user for particular service of the library. The 

respondents were asked to choose one option for each question. The cumulative 

data collection is presented in Table 1.  
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Table 1 : Complaints received in the defined CTQs 

Sl. 
No. 

Opportunities 
Cumulative % 

1 2 3 4 5 

1 Shortage of staff  0 60 20 0 20 

2 Failure of technology  40 0 20 20 20 

3 Misplacement of resources  0 60 0 20 20 

4 Infrastructural failure  40 20 40 0 0 

5 Misbehavior of the staff with users  20 40 20 20 0 

6 Inconvenient  timings of library services  20 40 0 40 0 

7 Limited number of access to specific license  40 0 20 0 40 

8 
Unavailability of current information 
resources  20 40 0 40 0 

9 Request to response process  0 60 0 0 40 
 

1. Not at all, 2.Once in a month, 3.Twice in a month, 4.Once in a week, and 5. Frequently 

 In Table 1, 60% of the respondets have faced problems due to shortage of 

staff. 20% faced the same problem twice in a month and 20% of the respondetns 

faced the shortage staff probmems frequently. Row two of Table 1 indicates that 

40% of respndents did not face the problems due to failure of technology. 20% 

of the respondents faced the problems due to failure of technology twice in a 

month.  



DMAIC Approach to the Improvement of Service Quality  
among Special Libraries In Karnataka State 

19

 

Figure 2 : Pie chart illustrating the cumulative percentage value of 

complaints received from the users according to Likert five 

point scale 

 

 The Figure 2 illustrate that the maximum complaints (36%) are received 

from the users once in a month and the least complaints (13%) are received 

twice in a month.  

7.3 Analyze 

 The analyze phase is a process to identify the defects among the 

opportunities selected for the study. In order to identify the defects in the library 

services if more than 50% of results in last three points of Likert scale recoded in 

a particular opportunity then, it is considered as defect. The last three points of 

Likert scale for the study are twice in month, once in a month and frequently. 

The number of defects identified as per data collected are shown in the Table 2.  
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Table 2 : The number of defects identified 

No. Opportunities Sum Defect 

1 Shortage of staff  40 0 

2 Failure of technology  60 1 

3 Misplacement of resources  40 0 

4 Infrastructural failure  40 0 

5 Misbehavior of the staff with users  40 0 

6 Inconvenient  timings of library services  40 0 

7 Limited number of access to specific license  60 1 

8 Unavailability of current information resources  40 0 

9 Request to response process  40 0 

 

 The complaints received for shortage of staff in last three points of Likert 

scale recorded, sums up to 40%. Hence, it is not considered as defect. Problems 

faced due to failure of technology as recorded in last three points of Likert scale 

sums up to 60%. Hence, it is considered as defect. Similarly when all the CTQs 

are analyzed “failure of technology”, “Limited number of access to specific 

license” are considered to be major defects.  

 

Figure 3 : Pareto chart illustrating the defects in the library services 
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 In Figure 3, the opportunities arranged according to ascending order based 

on the responses from the respondents. It can be clearly seen that the failure of 

technology and the limited number access to specific license are above 50% 

among the other CTQs.  

 After identifying the defects the next step is to map the quality of existing 

service process to Six Sigma standards. This mapping is done in two steps. In 

the first step compute defects per million opportunities (DPMO) and in the 

second step map DPMO to the standards of Six Sigma. DPMO is computed 

using the following formula: 

                    (No. of Defects)  
 DPMO  =          x  1000000 
      No. of Units x No. of Opportunities  
 
    2 
 DPMO =              x 1000000 = 44,444.44 
                         5 x 9 
 

 For this study as analyzed there are two defects, five units, and nine 

opportunities. Giving the value of DPMO as 44,444.44 

Table 3 : DPMO values corresponding to sigma levels 

Sigma Level DPMO Percent defective Percentage yield 

1 691,462 69% 31% 

2 308,538 31% 69% 

3 66,807 6.7% 93.3% 

4 6,210 0.62% 99.38% 

5 233 0.23% 99.977% 

6 3.4 0.00034% 99.99966% 
 

 The value maps to Six Sigma level 3.2 
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7.4 Improve 

 The aim of improve phase is to identify options for solutions which can be 

useful for the identified problems during analyze phase. It was found that failure 

of technology and limited number of access to resources are found defective 

services and need to improvise. The suggested solutions to overcome the 

deficiencies are listed below: 

i. When there is specific number of licenses of publishers are available in 

the library we need to set up a process from where a user can get the 

information required from online resources. This process involves 

registering users request document to the library staff through email, 

telephone call, or by personal visit to library. The library staff is 

responsible for collecting the request documents, collecting the 

information from online and sending it to the intended users. 

ii.  In order to avoid the technological failure Annual Maintenance Contact 

(AMC) could be given. 

iii.  Staff should be trained to handle elementary technological failure 

iv. In order to recover data from server failure the backup needs to be 

taken periodically. 

v. Store the necessary consumables in advance to avoid the problems due 

to the unavailability of the same. 

vi. Periodical upgradation of machineries/software/tools as necessary 

which might have advanced technology and user friendly. 

 The above suggestions may also help in enhancing the accessibility of 

library resources, which would in turn improve the image and reputation of the 

library. 

 



DMAIC Approach to the Improvement of Service Quality  
among Special Libraries In Karnataka State 

23

7.5 Control 

 Any improvement to be gained from the study needs to be established. After 

which they need to be maintained such as plans specifying process monitoring 

and corrective action plans. Provide systematic reallocation of resources to 

ensure the process continues in a new path of optimization and ensures that 

conditions of the new process are documented and monitored. This would 

involve training the library staff on the improved processes and also data 

collection of result and accomplishment of all improvement activities and stored 

as the background material for the future maintenance or improvement.  

8. CONCLUSION 

 Through this study important CTQs that are unique to libraries are 

identified. DMAIC approach is applied to analyze the existing quality of the 

library services.  Two defects have been identified, which have a great effect on 

library service process. Based on the identified defects suggestions for 

improving the quality of library services have been suggested. This study has 

focused on improving the library services by approaching DMAIC methodology, 

but it can be extended to a variety of other library processes such as acquisition 

process, books circulation, library personnel management, etc. This could also 

be used for the purpose of raising the efficiency of library works and improving 

the quality of library management.  
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